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STATE OF HAWAII
DEPARTMENT OF TRANSPORTATION

HIGHWAYS DIVISION

ADDENDUM NO. 1
for

KAMEHAMEHA HIGHWAY
KAIPAPAU STREAM BRIDGE REPLACEMENT

FEDERAL AID PROJECT NO. BR-083-1(48)

The following amendments shall be made to the Bid Documents:

A. SPECIAL PROVISIONS

1. Replace Special Provision Table of Contents dated 5/27/21 with the
attached Special Provision Table of Contents dated r07/07/21. Added
Section 632.

2. Replace Special Provision Section 511 – Drilled Shafts dated 02/24/21 with
the attached Special Provision Section 511 – Drilled Shafts dated r07/07/21.
Revised Lines 15-18 (maximum water to cement ratio and maximum
cementitious content); revised Line 35 (max concrete temperature at time
of placement).

3. Replace Special Provision Section 631 – Traffic Control, Regulatory,
Warning, and Miscellaneous Signs dated 2/3/20 with the attached Special
Provision Section 631 – Traffic Control, Regulatory, Warning, and
Miscellaneous Signs dated r07/07/21. Revised Line 43 to add Relocation
of Existing Sign.

4. Add attached Special Provision Section 632 – Markers dated r07/07/21.

B. FEDERAL WAGE RATES

1. Replace Federal Wage Rates dated 05/07/2021 with the attached
Federal Wage Rates dated 07/02/2021.

C. PROPOSAL SCHEDULE

1. Replace Proposal Schedule pages P-8 to P-19 dated 5/21/21 with the
attached Proposal Schedule pages P-8 to P-19 dated r7/07/21.



Addendum No. 1
-2- r7/8/21

D. PLANS

1. Replace Plan Sheets No. 14, 20, 26, 31, 35, 37 and 39 with the attached
Plan Sheets No. ADD. 14, ADD. 20, ADD. 26, ADD. 31, ADD. 35, ADD.
37 and ADD. 39.

E. PRE-BID MEETING MINUTES

1. Pre-bid meeting attendance and minutes are attached for
information.

F. ANSWERS TO QUESTIONS FROM PROSPECTIVE BIDDERS

1. Attached are RFIs and responses for your information.

Please acknowledge receipt of this Addendum No. 1 by recording the date of its receipt
in the space provided on page P-4 of the Proposal.

JADE T. BUTAY
Director of Transportation
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Amend Section 511 - Drilled Shafts to read as follows: 1 
 2 

 3 
“SECTION 511 - DRILLED SHAFTS 4 

 5 
 6 

511.01 Description.     This section is for installing, drilling, reinforcing, concreting 7 
and crosshole sonic logging of drilled shafts in the locations shown on the plans.  8 

 9 
511.02 Materials.     Materials shall conform to the following: 10 
 11 

(A) Portland Cement Concrete.     Concrete shall conform to Section 601 - 12 
Structural Concrete and Section 511 – Drilled Shafts.   13 
 14 
 The in-place concrete shall have minimum 28-day compressive strength 15 
f'C = 4500 pounds per square inch and maximum water to cement ratio of 0.45 16 
based on a maximum cementitious material content of 720 pounds per cubic 17 
yard. 18 

 19 
Proportion the concrete mix designs to get properties of high workability, 20 

compaction under self-weight, resistance to segregation, and resistance to 21 
excessive bleeding.  The maximum nominal aggregate size shall be 0.375 inch. 22 
The slump range shall be 7.0 inches ± 1.0 inch for concrete poured into a water 23 
free borehole and 8.0 inches ± 1.0 inch for concrete placed under water or under 24 
drilling slurry.  Slump for the concrete shall be a minimum of four inches after four 25 
hours from initial mixing or after the completion of the concrete placement, 26 
whichever occurs later. 27 

 28 
A migrating corrosion inhibiting amine carboxylate water-based admixture 29 

shall be added to the concrete.  The minimum dosage shall be 1.5 pints per cubic 30 
yards of concrete. 31 

 32 
The Engineer will permit superplasticizers. 33 
 34   At the time of placement, the concrete temperature shall not exceed 90°F. 35 
 36 
The final concrete mix design shall be based on field trial batches to 37 

determine the most suitable materials and proportions that will provide a concrete 38 
mixture having the least amount of segregation and bleeding, and at the same 39 
time provide the necessary workability to meet placing requirements. 40 

 41 
(B) Reinforcing Steel.     Reinforcing steel shall conform to Section 602 - 42 
Reinforcing Steel. 43 
 44 
(C) Casings.     Casings shall have inside diameters not less than the 45 
required diameter of the shafts and wall thicknesses specified or adequate to 46 
withstand construction loads and stresses. 47 
 48 
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(D) Cement Grout.     Cement grout used for setting the expandable load 49 
cells and for filling the access tubes after completion of crosshole sonic logging 50 
tests and cored holes, shall be prepackaged, non-shrink, and non-metallic grout.  51 
The grout shall, at a minimum, have the same strength as the drilled shaft 52 
concrete.  The grout shall contain 10 grams of water-based migrating amine 53 
carboxylate corrosion inhibitor per 0.5 cubic feet.  Cement grout used to fill cored 54 
holes shall be extended with 3/8 inch pea gravel per manufacturer’s 55 
recommendations. 56 
 57 
(E) Crosshole Sonic Logging (CSL) Test Access Tube.     Access tube 58 
shall be at least 2-inch inside diameter, Standard steel pipe conforming to ASTM 59 
A53, Grade B, Type E. 60 
 61 

Access tube shall have round, regular inside diameter, free of defects and 62 
obstructions, including all pipe joints, in order to permit free unobstructed 63 
passage of 1.375-inch maximum diameter source and receiver probes used for 64 
crosshole sonic logging testing.  Access tube shall be watertight, free from 65 
corrosion, with clean internal and external faces to ensure good bonding between 66 
the drilled shaft concrete and access tubes.  Fit access tubes with watertight 67 
caps on bottom and top.  Both ends of the access tube shall be capped at all 68 
times except when being connected to another access tube.  The end of the 69 
tubes shall be undamaged and suitably prepared for the end caps and coupling 70 
system adopted.  Access tube coupling shall be used when extension of the 71 
access tubes is necessary.  The access tube coupling shall be watertight. 72 

 73 
When crosshole sonic logging testing is indicated in the contract 74 

documents, submit manufacturer’s certificate of compliance for the acceptance of 75 
the access tube. 76 

 77 
511.03 Construction 78 
 79 

(A)   Qualifications of Drilled Shaft Contractor.     Be capable of installing 80 
drilled shafts, conducting load tests and other related work as specified in the 81 
contract and shall have the following minimum experience requirements below. 82 

 83 
(1) Drilled Shaft Experience.     Because of the expertise required to 84 
successfully complete the drilled shafts according to the contract, a 85 
qualified drilled shaft Contractor shall install the drilled shaft.  The drilled 86 
shaft Contractor shall have installed at least three projects completed in 87 
the last three years on which the Contractor has installed a minimum of 88 
five drilled shafts per project of a diameter and length similar to those 89 
shown in the contract.  Include in list of projects, names and phone 90 
numbers of owner’s representatives who can verify the drilled shaft 91 
contractor’s participation on those projects.  Drilled shaft Contractor shall 92 
have on its payroll and on the project for the entire duration, supervisory 93 
personnel who have participated in drilled shaft construction, similar to the 94 
type proposed in the contract, for duration of at least three years within the 95 
last 10 years. 96 

 97 
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(B)   Preconstruction Requirements.  98 
 99 

(1) Experience Information.     Submit the following information to the 100 
Engineer within 30 days after award of contract for acceptance by the 101 
Engineer: 102 

 103 
(a) List of drilled shaft projects completed in the past 10 years.  104 
The list of projects shall contain the names and phone numbers of 105 
owner’s representatives who can verify participation on that project.  106 
 107 
(b) Name and experience record of the drilled shaft 108 
superintendent who will be in charge of drilled shaft operations for 109 
this project.  Drilled shaft superintendent shall have minimum three 110 
years experience within the last 10 years in drilled shaft 111 
construction similar to type proposed.  Drilled shaft superintendent 112 
shall remain on the project for the duration of the drilled shaft work.  113 
Drilled shaft superintendent who leaves the project shall be 114 
replaced with personnel with equal or better experience.  Submit 115 
proposed replacement superintendent’s name and experience 116 
record for acceptance. 117 

 118 
(2) Protection of Existing Structures.     Prevent damage to existing 119 
structures and utilities.     Preventive measures shall include: 120 

 121 
(a) Selecting construction methods and procedures that will 122 
prevent caving of the shaft excavation and  123 
 124 
(b) Monitoring and controlling the vibrations from construction 125 
activities such as the driving of casing or sheeting or drilling of the 126 
shaft  127 

 128 
(3) Installation Plan.     At least 30 days before constructing the drilled 129 
shafts, submit an installation plan for acceptance by the Engineer. This 130 
plan shall at a minimum provide information on the following: 131 

 132 
(a) List of proposed equipment such as cranes, drills, augers, 133 
bailing buckets, final cleaning equipment, concrete pumps, and 134 
casing, 135 
 136 
(b) Details of construction operation sequence and the 137 
sequence of shaft construction in bents or groups, 138 
 139 
(c) Details of shaft excavation methods including how the 140 
excavated material from the drilled shaft will be controlled on site 141 
and removed; and method of setting and extracting temporary 142 
casing, 143 
 144 
(d) If the Contractor plans to use slurry, details of the methods 145 
to mix, circulate and desand slurry, 146 
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 147 
(e) Details of methods to clean the shaft excavation, include the 148 
method that shall be used to determine that the bottom of the drilled 149 
shaft has been cleaned to contract document requirements 150 
 151 
(f) Details of reinforcement placement including lifting, support, 152 
and centralization methods, 153 
 154 
(g) Details of concrete placement including proposed 155 
operational procedures for pumping method,   156 
 157 
(h) Details of attaching the crosshole sonic logging test access 158 
tubes to the reinforcing cage, details of testing access tubes for 159 
leakage after cage installation and prior to shaft concrete 160 
placement, and details for grout placement in the crosshole sonic 161 
logging test access tubes after testing is completed,  162 
 163 
(i) Details of required load tests, including equipment, 164 
procedures, and recent calibrations for jacks or load cells supplied 165 
by the Contractor, 166 
 167 
(j) Proposed concrete mix design, including expected strengths 168 
at 3,7, and 28 days.  Submit test results of both a trial mix and a 169 
slump loss test, conducted by State-accepted accredited testing 170 
laboratory using methods specified in Section 601 - Structural 171 
Concrete.  Tests shall demonstrate that concrete meets 4-hour 172 
plasticity requirement at expected ground ambient temperature and 173 
at highest expected ambient air temperature (two separate slump 174 
loss tests required), and 175 
 176 
(k) Test results from laboratory measurements of the ultrasonic 177 
pulse velocity, performed in accordance with ASTM C 597, on 3-178 
day, 7-day, and 28-day concrete trial mix samples described in 179 
Subsection 511.03(B)(3)(j). 180 
 181 
 The Engineer will evaluate the drilled shaft installation plan 182 
for conformance with the contract documents.  Within 30 days after 183 
receipt of the plan, the Engineer will notify the Contractor of 184 
additional information required including if applicable, changes 185 
necessary to meet the contract requirements.  The Engineer will 186 
reject parts of the installation plan that are unacceptable.  The 187 
Contractor shall resubmit changes for re-evaluation within 15 days.  188 
The Engineer will have another 30 days to review all resubmittals.  189 
Procedural acceptance given by the Engineer shall be subject to 190 
trial in the field.  The acceptance shall not relieve the Contractor of 191 
the responsibility to complete the work according to the contract. 192 

 193 
(4) Trial Shaft Installation.     Demonstrate adequacy of proposed 194 
methods and equipment by successfully constructing a trial shaft of the 195 
shaft diameter to be installed, in accordance with contract documents.  196 
The details of reinforcement shall be the same as for the production drilled 197 
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shafts.  Position trial shaft away from production shafts, at location shown 198 
in the contract documents, or as ordered by the Engineer.  Drill trial shaft 199 
to the depth shown on the contract documents. 200 
 201 
 CSL test access tubes shall be installed in the trial shaft as shown 202 
on the contract to allow performance of CSL tests.  Installation of the CSL 203 
tubes shall be in accordance with Subsection 511.02(E) Crosshole Sonic 204 
Logging (CSL) Test Access Tube and shall be incidental to the trial shaft 205 
work. 206 

 207 
The trial shaft shall be subject to integrity testing using concrete 208 

coring to evaluate the effectiveness of the concrete placement method 209 
proposed by the Contractor.  Coring shall be conducted by the Contractor 210 
in the presence of the Engineer.  The Contractor shall core a vertical hole 211 
throughout the full depth at two locations of the trial shaft determined by 212 
the Engineer. Core specimens shall be a minimum diameter of 3.7 inches.  213 
The Contractor shall submit the coring samples to the Engineer in core 214 
boxes properly labeled with the core number and depths. Coring of the 215 
trial shaft shall be incidental to the trial shaft work.  The measured unit 216 
weight of the air-dry core samples shall not be less than three pounds per 217 
cubic foot of the air-dry unit weight test cylinders. 218 

 219 
If the Engineer rejects trial shaft due to deviation from requirements 220 

of the contract documents, alterations to proposed methods and 221 
equipment may be required.  The concrete mix design may also be altered 222 
to meet the contract document requirements.  Drill additional trial holes to 223 
demonstrate adequacy of altered construction methods or equipment at 224 
no increase in contract price or contract time.  Once the Engineer has 225 
accepted trial shaft and has authorized construction of production shafts, 226 
do not deviate from accepted methods or equipment without the 227 
Engineer’s written approval. 228 

 229 
Fill trial drilled shaft hole with concrete using the accepted 230 

production drilled shaft concrete mix design, using method proposed for 231 
production shaft construction.  Cut the concreted trial shafts off 24 inches 232 
below finished grade and leave in place.  Restore disturbed areas at trial 233 
shaft sites to original condition, unless otherwise specified. 234 

 235 
(5) Drilled Shaft Load Tests.     Load test shall be performed at the 236 
location shown on the plans and be completed before construction of any 237 
production drilled shafts.     This work includes all labor, materials, 238 
equipment and services necessary for conducting the bi-directional axial 239 
load tests and reporting the results, including the following:  (a) the 240 
number of bi-directional expandable load cells as indicated on the plans, 241 
(b) materials to construct a stable reference beam system(s) for 242 
monitoring vertical and horizontal deflection of the drilled shaft during 243 
testing, supported a minimum distance of the reference system, (c) 244 
materials sufficient to construct and protect the work area, load test 245 
equipment, and personnel from inclement weather and sunlight, and 246 
illuminate area as needed, (d) electric power as required and suitable for 247 
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lights, welding, instruments, etc., working all at once and (e) suitable 248 
optical survey equipment to measure the horizontal and vertical 249 
displacement of shafts during tests independent of the reference beam(s) 250 
and electronic equipment. 251 

 252 
(a) Experience Requirements.     The Contractor shall obtain 253 
the services of an experienced specialty Subcontractor with a 254 
minimum of three years of bi-directional load testing experience 255 
accepted by the Engineer to direct the assembly and 256 
instrumentation of the load cells, and to record all data and furnish 257 
results of the test to the Engineer. 258 
 259 
(b) Materials.     Materials for the drilled shaft load test shaft 260 
shall conform to the requirements of Section 511.02 - Materials. 261 
 262 
(c) Load Test Instrumentation.     Provide instrumentation 263 
consisting of vibrating wire embedment strain gauges connected to 264 
a central data collection terminal; expandable load cell with readout 265 
device, and/or other equipment specified or indicated to measure 266 
movement of the top and bottom plates of the load cell, top of 267 
shafts, and strain at indicated locations within the shaft. 268 
 269 
 The embedment strain gauges shall be positioned along the 270 
test shaft at intervals shown on the Plans.  The embedment strain 271 
gauges shall be attached securely to prevent movement from the 272 
installed location.  The Engineer may require relocation of the 273 
embedment strain gauges and load cell based on the submittals 274 
provided by the Contractor.    Each embedment strain gauge shall 275 
be capable of measuring strain to the nearest 0.0001 inch/inch and 276 
shall be capable of measuring or compensating for temperature.    277 
All embedment strain gauges shall have been calibrated or certified 278 
as accurate prior to installation.  Take precautions not to damage 279 
the embedment strain gauges. 280 

 281 
 Load cell shall be a flat, hydraulically expandable load cell of 282 
a minimum of 26 inches in diameter and capable of applying a load 283 
test of at least 3,600 kips in each direction.     The load cell shall be 284 
accurate to within 1%, shall expand uniformly, and shall be capable 285 
of being installed as described herein.    The load cell shall have 286 
provisions for monitoring displacements of the upper and lower 287 
plates to an accuracy of 0.001 inch.     The load cell shall have 288 
been calibrated or certified as accurate to within 1% of the true 289 
loads not more than six months prior to installation. 290 

 291 
(d) Construction Requirement.    The drilled shaft load test 292 
shall be a bi-directional load test utilizing a hydraulically expanded 293 
load cell.     The bi-directional load test separately tests the shear 294 
resistance and end-bearing of the drilled shaft by loading the shaft 295 
in two directions (upward-shear resistance, downward-end bearing 296 
and shear resistance), using hydraulically expanded load cell, or by 297 
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loading the shaft using other accepted methods capable of full 298 
separation of the shear bearing components.     The drilled shaft 299 
used for the load test program shall be instrumented, as specified 300 
in this Section, by an experienced specialty Subcontractor accepted 301 
by the Engineer.  Load test shaft with excessive lateral extension 302 
(more than 12 inches) of the shaft diameter will be rejected, unless 303 
accepted by the Engineer.  Rejected load test shaft shall be 304 
replaced at no additional cost to the State. 305 

 306 
 The Contractor shall supply equipment required to install the 307 
load cell, conduct the load test, and remove the load test apparatus 308 
as required.     For the drilled shaft load test, the following set up 309 
procedure shall be used: 310 

 311 
(1) The load cell, piping and other attachments will be 312 
assembled and made ready for installation under the 313 
direction of the specialty Subcontractor, in a suitable area, 314 
adjacent to the load test shaft, to be provided by the 315 
Contractor.     The load cell assembly shall be placed at the 316 
location shown on the plans in conjunction with the 317 
construction of the reinforcing cage.  The Engineer reserves 318 
the right to adjust the location of the load cell prior to 319 
installation. 320 

 321 
(2) Advance the load test excavation to the maximum 322 
depth shown on the plans.     A successfully completed trial 323 
shaft that is acceptable to the Engineer may not be used as 324 
the load test shaft. 325 

 326 
(3) Clean the bottom of the shaft excavation after drilling 327 
is complete. 328 

 329 
(4) Caliper testing shall be performed on the load test 330 
shaft to obtain profile shape data to be used to verify the 331 
shaft verticality and diameter.  A minimum of eight data 332 
points around the circumference of the load test shaft shall 333 
be obtained at every one foot increment throughout the 334 
depth of the load test shaft.  Caliper testing may be 335 
performed using a sonar-type caliper. 336 
 337 
(5) Install the rebar cage assembly and load cell under 338 
the direction of the specialty Subcontractor and in the 339 
presence of the Engineer.     The Contractor shall use the 340 
utmost care in handling the rebar cage/test equipment 341 
assembly so as not to damage the instrumentation during 342 
installation. 343 

 344 
(6) After the installation of the rebar cage/test equipment 345 
assembly, the drilled shaft shall be concreted in the same 346 
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manner as accepted by the Engineer based on the trial shaft 347 
installation and as specified for production shafts. 348 

 349 
(e) Load Test Schedule.     The Contractor shall notify the 350 
Engineer of the load testing schedule a minimum of fifteen calendar 351 
days prior to the commencement of load testing. 352 
 353 
(f) Load Test Procedures.     The load test shall be completed 354 
and the load test data evaluated by the Engineer for revision to the 355 
production shaft length before construction of any production 356 
shafts.     The Engineer shall have at least 21 calendar days after 357 
submission of the load test report to review the load test result prior 358 
to providing the production shaft lengths.     Load testing on the 359 
shaft shall not begin until the concrete has attained a compressive 360 
strength of 4,000 psi and aged for seven days. 361 
 362 
 Load the load test shaft using the quick load test method of 363 
ASTM D1143 except as modified herein.     Apply the test load in 364 
increments of 50 to 100 kips, as directed by the Engineer.     A 365 
load-deflection curve shall be plotted as the test progresses to 366 
avoid missing information near the failure load or to correct the 367 
precise load increments. 368 
 369 
 The load test shall be conducted to the maximum test load of 370 
3,000 kips or plastic failure, whichever occurs first.    Plastic failure 371 
is defined as the load corresponding to mobilization of side shear or 372 
end bearing and no further increase in load can be obtained. 373 
 374 
 The load test shall be held for a minimum of 4 hours each at 375 
the 2,000, 2,500, and 3,000-kip load interval to evaluate the creep 376 
effects, or at specific loads as directed by the Engineer. 377 

 378 
(g) Cleanup.     After completion of the load test, and at the 379 
direction of the Engineer, the Contractor shall remove all 380 
equipment, waste and other material that is not a part of the 381 
finished structure.     The load cell remaining in the shafts shall then 382 
be grouted through the piping provided as a part of the load cell 383 
assembly.  Use non-shrink, non-metallic grout that at a minimum 384 
has the same strength as the drilled shaft concrete. 385 

 386 
 After completing the test, cut off the load test shafts at an 387 
elevation 24 inches below the finished ground surface.     The 388 
portion of the shafts cut off and removed shall remain the property 389 
of the Contractor. 390 

 391 
(h) Replacement.     Load test shaft found inadequate because 392 
of improper or failure of instrumentation, testing or construction 393 
procedures shall be replaced and retested, at no additional cost to 394 
the State. 395 
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 396 
(i) Reporting.     Report the test results as specified in ASTM 397 
D1143-81 including, but not limited to, the following: 398 

 399 
(1) Introduction; 400 

 401 
(2) Drilled shaft installation procedure; 402 

 403 
(3) Load test procedure and instrumentation; and 404 

 405 
(4) Appendix which shall include report of calibration of 406 
instruments, plan view location of the load test and test 407 
boring related to the Project, records of subsurface 408 
exploration, records of load test shaft installation, tabular and 409 
graphical presentation of the load-deflection data of end-410 
bearing and side shear from the load test. 411 

 412 
(C)   Construction Requirement.     This subsection shall be applicable to 413 
trial, load test and production drilled shafts unless otherwise directed by the 414 
Engineer. 415 

 416 
(1) Construction Sequence.     Complete the excavation to footing 417 
elevations before shaft construction begins. Repair the disturbances 418 
caused by shaft installation to the footing area before pouring the footing. 419 
 420 
 When installing drilled shafts with embankment placement, 421 
construct drilled shafts after the placement of fills. 422 
 423 
 Do not cap the drilled shafts before placing the fills as near to final 424 
grade as possible.  Only leave room for construction of the caps. 425 

 426 
(2) Construction Methods.     Excavate for shafts to the dimensions 427 
and elevations shown in the contract.  Its methods and equipment shall be 428 
suitable for the intended purpose and materials met.  Use the permanent 429 
casing method only when required by the contract or authorized by the 430 
Engineer.  Blasting shall not be permitted. 431 

 432 
(a) Dry Construction Method.     The dry method includes 433 
drilling the shaft excavation, removing accumulated water and 434 
loose material from the excavation, and placing the reinforcing cage 435 
and shaft concrete in a dry excavation.  Use this method only at 436 
sites where the groundwater table and soil conditions are suitable 437 
to permit construction of the shaft in a dry excavation.  The 438 
Engineer will inspect the sides and bottom of the shaft visually 439 
before placing the concrete.  Dry excavation is defined as an 440 
excavation where maximum depth of water does not exceed 3 441 
inches. 442 
 443 



 BR-083-1(48) Addendum No. 1 
 511-10a r07/07/21 

 
 

(b) Wet Construction Method.     This method includes using 444 
water, mineral, or polymer slurry to maintain stability of the hole 445 
perimeter while advancing the excavation to final depth, placing the 446 
reinforcing cage, and concreting the shaft.  Use this method at sites 447 
where a dry excavation for placement of the shaft concrete cannot 448 
be maintained  449 

 450 
Reuse drilling water only if permitted by the Engineer and 451 

contingent upon control of unit weight to no more than 62.5 pounds 452 
per cubic foot and Marsh funnel viscosity to not more than 27 453 
seconds per quart, at the time drilling water is introduced into the 454 
borehole. 455 

 456 
When locating drilled shafts in open water areas, extend the 457 

exterior casings from above the water elevation into the ground.  458 
Install the exterior casing to produce a positive seal at the bottom of 459 
the casing so that no intrusion or extrusion of water or other 460 
materials occurs into or from the shaft excavation. 461 
 462 
(c) Casing Construction Method.     The casing method may 463 
be used when shown in the contract or at sites where the  dry or 464 
wet construction methods are inadequate.   The casing may be 465 
placed either in a predrilled hole or advanced through the ground 466 
by twisting, driving, before cleaning the casing. 467 

 468 
(3) Excavation. 469 

 470 
(a) General. Make the shaft excavations at locations, and to 471 
shaft geometry and dimensions shown in the contract.  After 472 
acceptance by the Engineer, adjust drilled shaft tip elevations when 473 
the material met during excavation is unsuitable and/or differs from 474 
that anticipated in the design of the drilled shaft. 475 
 476 
Maintain a construction method log during shaft excavation. Submit 477 
method log within 24 hours of shaft drilling completion.  The log 478 
shall contain information such as: 479 

 480 
(1) Excavation diameters; 481 
 482 
(2) Equipment used; 483 
 484 
(3) Type of material excavated with the elevations of the 485 
material; 486 
 487 
(4) Rate of excavation including time drilling started, 488 
when different material is encountered, tool changes, finish 489 
of shaft excavation, and difficulties encountered; include 490 
start, end time of obstruction encounters as well as type, 491 
 492 
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(5) The description of and approximate top and bottom 493 
elevation of each soil or rock material as well as type of 494 
obstruction, encountered. 495 
 496 
(6) Elevation and approximate rate of any seepage or 497 
groundwater;  and 498 
 499 
(7) Remarks, including temporary stoppages 500 

 501 
Drilling of shafts within a horizontal distance of 3.0 times the 502 

shaft diameter to the hole being drilled shall not commence until a 503 
minimum of 24 hours after the drilled shaft has been completed by 504 
placement of concrete to the top of shaft elevation in order to avoid 505 
interaction effects between adjacent shafts.  506 

 507 
On projects with cofferdams, provide a qualified diver to 508 

inspect the cofferdam conditions when the contract requires a seal 509 
for construction.    Before placing the concrete seal, the diver shall 510 
inspect the cofferdam interior periphery.  The cofferdam interior 511 
periphery inspection includes each sheeting indentation and around 512 
each drilled shaft. 513 

 514 
Furnish drilled shaft concrete required to fill excavations for 515 

shafts dimensioned in the contract documents. 516 
 517 
Any drilled shaft concrete over the theoretical amount 518 

required to fill any excavations for the shafts dimensioned on the 519 
plans shall be furnished at no additional cost.  520 

 521 
Dispose the excavated material according to Section 203 - 522 

Excavation and Embankment. 523 
 524 
Do not permit workers to enter the shaft excavation unless: 525 
 526 
(1) A suitable casing is in place. 527 
 528 
(2) The water level is lowered and stabilized below the 529 
level the workers will occupy, and 530 
 531 
(3) Adequate safety equipment and procedures are 532 
provided, performed and in place. 533 

 534 
(b) Excavation and Drilling Equipment.     The excavation and 535 
drilling equipment shall have adequate capacity including power, 536 
torque, and down thrust to excavate a hole to the maximum 537 
diameter and to a depth of ten feet or 20% beyond the depths 538 
shown in the contract, whichever is greater. 539 
 540 
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 The use of special drilling equipment and/or procedures will 541 
be necessary to drill through the cobbles and boulders.  The 542 
Contractor shall anticipate an abundance of boulders or various 543 
sizes in deposits classified as ”fill” and “older alluvium” on the 544 
boring logs and shall make allowance for difficult drilling in his bid.  545 
In addition, the Contractor shall make allowance for difficult drilling 546 
in his bid within the basalt rock formation. 547 
 548 
 The excavation and overreaming tools shall be of adequate 549 
design, size, and strength to do the work shown in the contract. 550 

 551 
(1) Special Drilling Equipment.     When conventional 552 
earth augers and/or underreaming tools cannot be used for 553 
drilling, provide special drilling equipment including rock core 554 
barrels, rock tools, air tools and other equipment as 555 
necessary to construct the shaft excavation to the size and 556 
depth required.  The use of special drilling equipment and/or 557 
procedures will be necessary to drill through the cobbles and 558 
boulders, and cost shall be incidental to unclassified shaft 559 
excavation.   560 
 561 
(2) Sidewall Overreaming.     When the sidewall of the 562 
hole has softened, swelled, or degraded, sidewall 563 
overreaming will be required by the Engineer.  Overreaming 564 
thickness shall be a minimum of 0.5 inch and a maximum of 565 
3.0 inches.  The Contractor may overream with a grooving 566 
tool or overreaming bucket.  The thickness and elevation of 567 
sidewall overreaming shall be according to the contract or as 568 
directed by the Engineer.  Overream sidewall and place 569 
additional shaft concrete at no cost to the State. 570 

 571 
(c) Unclassified Excavation.     All excavation for the 572 
production drilled shafts shall be designated as unclassified.  The 573 
Contractor shall  anticipate the presence of cobbles and boulders 574 
within the depths of the drilled shafts.  The Contractor shall provide 575 
the necessary equipment to remove and dispose of materials met 576 
in forming the drilled shaft excavation, including installation of 577 
temporary casing and/or use of slurry, as necessary.  The Engineer 578 
will not make separate payment for excavation of materials of 579 
different densities and character (hardness) or employment of 580 
special tools and procedures necessary to excavate.  The Engineer 581 
will pay for obstruction removal separately. 582 
 583 
(d) Obstructions Removal.     Remove obstructions at drilled 584 
shafts locations when authorized by the Engineer.  Obstructions 585 
shall include man-made materials such as but not limited to old 586 
concrete foundations not shown on the Plans. 587 
 588 
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The Contractor shall employ special procedures and/or tools 589 
after the Contractor cannot advance the hole using conventional 590 
augers fitted with soil or rock teeth, drilling buckets, core barrels 591 
and/or underreaming tools.  Such special procedures/tools may 592 
include: chisels, boulder breakers, air tools, hand excavation, 593 
temporary casing, and increasing the hole diameter. 594 

 595 
Drilling tools and any other equipment, lost in excavation, 596 

are not considered obstructions.  Remove the drilling tools and any 597 
other equipment promptly.  The cost due to tools lost in the 598 
excavation shall be at no additional cost to the State including costs 599 
associated with hole degradation (requiring overreaming or other 600 
methods) due to removal operations or the time the hole remains 601 
open or any other remedial actions needed to be performed to 602 
correct the situation caused by the tool lost. 603 

 604 
Natural materials used as fill materials such as cobbles and 605 

boulders shall be anticipated at the site during excavation and shall 606 
not be considered an obstruction regardless of the size and 607 
hardness of the boulder.  These natural materials used as fill 608 
materials shall not be considered an obstruction under this section. 609 
 610 

(4) Casings. 611 
 612 

(a) General.     Casings shall be steel, smooth, watertight, and 613 
of ample strength to withstand both handling and driving stresses 614 
and the pressure of concrete and the surrounding earth materials.  615 
The inside diameter of the casing shall not be less than the 616 
specified size of the shaft.  The Engineer will not allow extra 617 
compensation for concrete required to fill the oversized casing or 618 
oversized excavation.  Remove casings from shaft excavations 619 
except when the casing is permanent.  If the Contractor elects to 620 
pre-drill for the permanent casing, the pre-drilled hole diameter 621 
shall be no larger than the outside diameter of the permanent 622 
casing.  The Contractor shall take proper measures and shall be 623 
responsible for maintaining the tip elevation of the permanent 624 
casing at the specified elevations. 625 
 626 
 When the shaft extends above ground or through a body of 627 
water, the shaft may be formed with removable casing except when 628 
the casing is permanent.  Remove the casing carefully, where 629 
specified, so that the casing will not damage the cured concrete.  630 
When the casing needs to be removed after the concrete hardens 631 
in open water, design and submit the special system for 632 
acceptance by the Engineer.  The Contractor may remove the 633 
casings only when the concrete attains sufficient strength provided: 634 

 635 
(1) The curing of the concrete continues for the full 72 636 
hour period, 637 
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 638 
(2) The shaft concrete is not exposed to salt water or 639 
moving water for a minimum of 7 days after placement, and 640 
 641 
(3) The concrete reaches a compressive strength of at 642 
least 2,500 pounds per square inch. 643 

 644 
(b) Temporary Casing.     The Engineer will consider 645 
subsurface casing temporary unless shown in the contract as 646 
permanent casing.  Remove the temporary casing before 647 
completing the placing of concrete in the drilled shaft.  The 648 
Contractor may require telescoping, predrilling with slurry, and/or 649 
overreaming to beyond the outside diameter of the casing to install 650 
casing. 651 

 652 
When choosing to remove a casing and substituting a longer 653 

or larger diameter casing through caving soils, stabilize the 654 
excavation with slurry or backfill before installing the new casing. 655 

 656 
Before withdrawing the casing, the level of fresh concrete in 657 

the casing shall be the higher of the following: 658 
 659 
(1) Minimum of five feet above the hydrostatic water 660 
level, or 661 
 662 
(2) Level of drilling fluid, outside the casing. 663 

 664 
While withdrawing the casing, maintain an adequate level of 665 

concrete within the casing to:  666 
 667 

(1) Displace the fluid trapped behind the casing upward 668 
and 669 
 670 
(2) Discharge the fluid at the ground surface without 671 
contaminating or displacing the shaft concrete. 672 

 673 
When temporary casings become bound or fouled during 674 

shaft construction and cannot be removed, the Engineer will 675 
consider the drill shaft defective.  Improve such defective shafts 676 
according to the contract or submit remedial repair for acceptance 677 
by the Engineer.     Such improvement may consist of removing the 678 
shaft concrete and extending the shaft deeper, providing straddle 679 
shafts to compensate for capacity loss, or providing a replacement 680 
shaft. Do corrective measures including redesign of footings 681 
caused by defective shafts according to the contract at no cost to 682 
the State or extension of the contract time.  Any redesign of the 683 
footing shall be submitted to the Engineer for acceptance.  The 684 
redesign shall be performed by a structural engineer and a civil 685 
engineer specializing in the geotechnical practice both licensed in 686 
the State of Hawaii.  All remedial repairs shall have drawings and 687 
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calculations signed and stamped by both of the above licensed 688 
engineers.  The Engineer will not pay for the casing remaining in 689 
place as well as any redesign or remedial repair. 690 

 691 
(5) Slurry.     If required, use only polymer slurry in the drilling process.  692 
The polymer slurry shall have sufficient viscosity and gel characteristics to 693 
transport excavated material to suitable screening system.  The 694 
percentage and specific gravity shall be sufficient to maintain the stability 695 
of the excavation and to allow proper concrete placement. 696 
 697 
 During construction, maintain the level of the slurry at a height 698 
sufficient to prevent caving of the hole.   When a sudden significant loss of 699 
slurry occurs, delay the construction of that foundation until an alternate 700 
construction procedure is submitted for acceptance by the Engineer.  701 
 702 
 Premix the polymer slurry thoroughly with clean fresh water in 703 
slurry tanks and adequate time (as prescribed by the manufacturer) 704 
allotted for dehydration before introducing the slurry by pumping into the 705 
shaft excavation.  The slurry tanks shall have capacity for adequate slurry 706 
circulation, storage, and treatment.  Excavated slurry pits in lieu of slurry 707 
tanks will not be allowed without the written permission of the Engineer. 708 
 709 
 Use desanding equipment to control slurry sand content to less 710 
than 0.5% by volume in the borehole for polymer slurry.  The Engineer will 711 
not require desanding equipment for setting temporary casing, sign post, 712 
or lighting mast foundations. 713 
 714 
 Prevent the slurry from "setting up" in the shaft, such as: agitation, 715 
circulation and/or adjusting the properties of the slurry.  Dispose of slurry 716 
in suitable areas off from the project site. 717 
 718 
 The Contractor shall have the representative from the manufacturer 719 
of the slurry product on site providing the technical support for the slurry 720 
preparation, placement, testing and other quality control.  Also, make 721 
adjustment as needed to slurry due to difference in ambient temperature 722 
from the tables.  Carry out the control tests using suitable apparatus on 723 
the polymer or mineral slurry to resolve the density, viscosity, pH, and 724 
sand content.  Acceptable range of values for those physical properties for 725 
two types of polymer slurries is in Tables 511-1 – Shore Pac GVC 726 
(CETCO Drilling Products Group) IN FRESH WATER and 511-2 – 727 
SLURRYPRO CDP (KB Technologies Ltd.) IN FRESH WATER. 728 
 729 
 Test the density, viscosity, and pH value during the shafts 730 
excavation to establish a consistent working pattern.  Make a minimum of 731 
four sets of tests during the first 8 hours of slurry use.  When the results 732 
show consistent behavior, decrease the testing frequency to one set every 733 
four hours of slurry use. 734 

735 
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 737 
TABLE 511-1  -  Shore Pac GCV (CETCO Drilling Products Group) 

 IN FRESH WATER 
 

Property 
 

Range of Values *  
Test 

Method 
Time of Slurry 
Introduction 

In Hole At Time 
Of Concreting 

Density (pcf) Less than or 
equal to 64.0** 

Less than or 
equal to 64.0** Density Balance 

Viscosity 
(sec/qt) 33 - 74 Less than or 

equal to 57 
 

Marsh Cone 

PH 8.0 – 11.0 8.0 – 11.0 pH paper 
pH meter 

 * At 20 0 C(68 degrees F)  
** Increase by two pounds per cubic foot in salt water 
 
Notes: a.  When the Contractor does not need to control the bottom hole 
                 conditions or when tests show that other criteria are appropriate, 
                 the Engineer may modify the values. 
 
           b.  When the contract requires desanding, the sand content 
                shall not exceed 0.5% percent (by volume) in the bore hole 
                as resolved by the American Petroleum Institute sand 
                content test. 
 
           c.  Submit changes for acceptance in writing by the Engineer. 
 

d.  Increases in the viscosity of polymer slurry beyond the above 
acceptable ranges during drilling may be allowed by the Engineer.  
However, increases in the viscosity of the polymer slurry beyond 
the above acceptable ranges during concrete placement will not 
be allowed.  Use of other polymer materials that increase the 
cohesion of the soil material, or other construction methods to 
reduce the slurry viscosity just prior to concrete placement may be 
considered in-lieu of increasing the viscosity of the slurry. 

 738 
  739 

740 
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 741 
 742 
 743 
 744 

TABLE 511-2  -  SLURRYPRO CDP (KB Technologies Ltd.) 
 IN FRESH WATER 

 
Property 

 

Range of Values *  
Test 

Method 
Time of Slurry 
Introduction 

In Hole At Time 
Of Concreting 

Density (pcf) Less than or 
equal to 67.0** 

Less than or 
equal to 64.0** Density Balance 

Viscosity 
(sec/qt) 50 - 120 Less than or 

equal to 70 
 

Marsh Cone 

PH 6.0 – 11.5 6.0 – 11.5 pH paper 
pH meter 

 * At 20 0 C (68 degrees F) 
** Increase by two pounds per cubic foot in salt water 
 
Notes: a.  When the Contractor does not need to control the bottom hole 
                 conditions or when tests show that other criteria are appropriate, 
                 the Engineer may modify the values. 
 
           b.  When the contract requires desanding, the sand content 
                shall not exceed 0.5% percent (by volume) in the bore hole 
                as resolved by the American Petroleum Institute sand 
                content test. 
 
           c.  Submit changes for acceptance in writing by the Engineer.  
 

d.  Increases in the viscosity of polymer slurry beyond the above 
acceptable ranges during drilling may be allowed by the Engineer.  
However, increases in the viscosity of the polymer slurry beyond 
the above acceptable ranges during concrete placement will not 
be allowed.  Use of other polymer materials that increase the 
cohesion of the soil material, or other construction methods to 
reduce the slurry viscosity just prior to concrete placement may be 
considered in-lieu of increasing the viscosity of the slurry. 

 
 

 745 
 746 

 Before placing concrete in the shaft excavation, take slurry samples 747 
from the base of the shaft using a sampling tool.  Extract slurry samples 748 
from the base of the shaft and at intervals not exceeding 10 feet up the 749 
shaft. Extract samples until two consecutive samples produce acceptable 750 
values for density, viscosity,  pH,  and sand content (within the values 751 
shown on Table 511-1 - Shore Pac GCV (CETCO Drilling Products Group) 752 
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IN FRESH WATER or 511-2 - SLURRYPRO CDP (KB Technologies Ltd.) 753 
IN FRESH WATER. 754 
 755 
 Ensure that the bottom of the shaft does not accumulate heavily 756 
contaminated slurry suspension.  The heavily contaminated slurry 757 
suspension could impair the free flow of concrete.  When finding 758 
unacceptable slurry samples, take actions necessary to bring the slurry as 759 
specified in the contract.     Do not pour the concrete until re-sampling and 760 
testing results produce acceptable values. 761 
 762 
 Furnish the reports of tests required above to the Engineer on 763 
completion of each drilled shaft.     An authorized person of the Contractor 764 
shall sign the reports. 765 
 766 
 During construction, maintain at the level of slurry not less than five 767 
feet above the highest piezometric water pressure along the depth of a 768 
shaft.     When the slurry construction method fails, stop this method and 769 
propose an alternate method for acceptance by the Engineer  770 
 771 
 The Contractor shall use and dispose of slurry in accordance with 772 
applicable Federal, State, and County requirements. 773 

 774 
(6) Excavation Inspection.     Provide equipment for checking the 775 
dimensions and alignment of each permanent shaft excavation.  776 
Determine the dimensions and alignment according to the contract.  777 
Measure the final shaft depths with a suitable weighted tape after final 778 
cleaning. 779 
 780 

A minimum of 50% of the base of each shaft shall have less than 781 
0.5 inch of sediment at the time the concrete is placed.  The maximum 782 
depth of sediment or debris on the base of the shaft shall not exceed 1.5 783 
inches.  The Contractor will measure the shaft cleanliness in the presence 784 
of the Engineer by methods deemed appropriate to the Engineer. 785 

 786 
Also, for dry excavations the maximum depth of water shall not 787 

exceed 3 inches before pouring the concrete.  788 
 789 

(7) Reinforcing Steel Cage Construction and Placement.     790 
Assemble and place the reinforcing steel cage immediately after the 791 
Engineer inspects and accepts the shaft excavation before pouring the 792 
concrete.  To prevent deformation of the cage and CSL test access tubes 793 
while lifting, brace the reinforcing steel cage and CSL test access tubes 794 
until the cage is set in it’s final position.  The reinforcing steel cage 795 
includes longitudinal bars, ties, cage stiffener bars, spacers, centralizers, 796 
and other necessary appurtenances to acceptably complete and place the 797 
cage. 798 
 799 
Tie and support the reinforcing steel in the shaft so that the reinforcing 800 
steel will remain within allowable tolerances given in Subsection 801 
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511.03(C)(10) – Construction Tolerances.  Use the concrete spacers or 802 
other approved non-corrosive spacing devices at sufficient intervals (near 803 
the bottom and at intervals not exceeding 10 feet up the shaft) to insure 804 
concentric spacing for the entire cage length.  Use minimum of four 805 
spacers, equally spaced around circumference, at each vertical interval.  806 
The spacers shall be constructed of accepted material equal in quality and 807 
durability to concrete specified for the shaft, and shall be of adequate 808 
dimension to insure a minimum of four inches annular space between the 809 
outer portion of the reinforcing steel cage and the side of the excavated 810 
hole.  Provide accepted cylindrical concrete bottom supports to maintain 811 
the proper distance between bottom of the cage and base of the shaft 812 
excavation.  Securely attach CSL test access tubes to reinforcing steel 813 
cage so that it maintains during reinforcing steel cage placement.  Check 814 
CSL test access tubes that they are straight and its proper location add 815 
additional devices to assure that the VSL test access tubes will remain in 816 
the required location and alignment during the pouring of the drilled shaft 817 
concrete. 818 
 819 
Check the elevation of the top of the steel reinforcing cage and center of 820 
cage location before, during and after pouring the concrete.  When not 821 
maintaining the rebar within the specified tolerances, make the corrections 822 
needed to bring to within tolerances of the contract.  Do not construct 823 
additional shafts until after modifying the reinforcing steel cage support 824 
according to the contract. 825 
 826 
When the excavation at the bottom of the constructed shaft elevation is 827 
lower than shown in the contract, extend at least half of the longitudinal 828 
bars required in the upper portion of the shaft the additional length.  829 
Continue the tie bars for the extra depth, spaced two-foot on center 830 
measured along the circumference of the reinforcing steel cage.  Extend 831 
the stiffener bars to the final depth.  These bars may be lap spliced or 832 
unspliced bars of the proper length.  The Engineer will not permit welding 833 
to the reinforcing steel.  Unless the extra depth of the drilled shaft is 834 
required due to modifications by the Engineer, the additional reinforcing 835 
bars shall be at no additional cost to the State. 836 

 837 
(8) Crosshole Sonic Logging (CSL) Test Access Tubes.     838 
Installation of access tubes shall be in accordance with ASTM Standard 839 
Test Method for Integrity Testing of Concrete Deep Foundations by 840 
Ultrasonic Crosshole Testing Designation D 6760, except as modified 841 
herein.  Install access tubes in all drilled shafts to allow performance of 842 
CSL tests.  Attach CSL access tubes securely to the interior of the 843 
reinforcement cage as near to parallel as possible to the vertical center 844 
axis of the drilled shaft in each drilled shaft and in the pattern shown on 845 
the plans.  Extend the access tubes from the bottom of the reinforcement 846 
cage to at least 3.5 feet above the top of the shaft.  The bottom of the 847 
access tube shall be capped permanently.  Joints required to achieve full 848 
length of access tubes shall be watertight.  Contractor shall take extra 849 
care to prevent damaging the access tubes during reinforcement cage 850 
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installation.  Fill the tubes with potable water to the top of the tubes as 851 
soon as the reinforcing steel cage is installed.  Check for leakage, 852 
misalignment, and damage before placing concrete in the drilled shaft.  853 
Stop all leaks if present and repair any damages or misalignment before 854 
placement of concrete starts.  Check water level as soon as possible after 855 
concrete placement (within 4 hours after concrete placement) and fill with 856 
potable water if needed.  Check water level in tubes every day until CSL 857 
testing is completed.  Top off tubes with potable water if needed.  Always 858 
reinstall the top watertight caps.  Installation of CSL access tubes shall be 859 
incidental to the construction of the drilled shaft and shall be at no 860 
additional cost to the State. 861 
 862 

The completed drilled shaft foundations will be tested by crosshole 863 
sonic logging (CSL) after at least five days of curing time, but no later than 864 
20 days after concreting.  The CSL test will be performed by the Engineer.  865 
The Contractor shall assist in the testing by making all the shafts in the 866 
project accessible to the Engineer; provide electricity, lights and other 867 
needs  whenever requested by the Engineer.  Assistance by the 868 
Contractor shall be incidental to the construction of the drilled shaft and 869 
shall be at no additional cost to the State.  The Contractor shall provide 870 
accurate data on the dates and time of concrete placement for each drilled 871 
shaft and the surveyed location of each tube.  Also, provide the elevation 872 
of the concrete at the top of the drilled shaft.  The Engineer will require a 873 
minimum of 20-working days after testing of any drilled shaft to accept or 874 
reject that shaft. 875 
 876 

The results of the CSL tests will be based on the percentage 877 
decrease in velocity as correlated to the following Concrete Condition 878 
Rating Criteria (CCRC), as shown in Table 511-3 – Concrete Condition 879 
Rating Criteria.  Deviations from the following values shall be used for 880 
determining the Concrete Condition Rating. 881 

882 
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 883 
Table 511-3  Concrete Condition Rating Criteria 

Concrete 
Condition Rating 

Rating 
Symbol 

Velocity 
Reduction Indicative Results 

Good G 0 – 10% Acceptable concrete 
Questionable Q 10% - 25% Minor concrete 

contamination or 
intrusion.  Questionable 
quality concrete. 

Poor P/D > 25% Defects exist, possible 
water slurry 
contamination, soil 
intrusion, and or poor 
quality concrete. 

Water W V=4760 – 5005 
feet/sec 

Water intrusion or water 
filled gravel intrusion 
with few or no fines 
present. 

No Signal NS No signal 
received 

Soil intrusion or other 
severe defect absorbed 
the signal, tube 
debonding if near top. 

 884 
Shafts with test results other than “Good” will be tested in 885 

accordance with Subsection 511.03(C)(12), Integrity Testing.    886 
 887 
After completion of the crosshole sonic logging tests and final 888 

acceptance of the drilled shaft, all the access tubes shall be completely 889 
filled using a tremie method of placement.  Access tubes shall be free of 890 
debris and water before filling with grout.  Use non-shrink, non-metallic 891 
grout that at a minimum has the same strength as the drilled shaft 892 
concrete.  Filling the access tubes shall be at no additional cost to the 893 
State. 894 

 895 
(9) Concrete Placement. 896 

 897 
(a) General.     Place the concrete through a concrete pump or 898 
other means as accepted by the Engineer using accepted methods 899 
as described below. 900 

 901 
Concrete shall be placed in the shaft immediately after 902 

placing the reinforcing steel. 903 
 904 

Concrete placement for the load test drilled shaft shall be 905 
continuous from the bottom to at least the top of shaft cutoff 906 
elevation and until good quality concrete emerges above the top of 907 
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the shaft cutoff elevation.  To ensure that the drilled shaft concrete 908 
is sound below the top of shaft cutoff elevation, the trial and 909 
production drilled shafts shall be poured at least four feet above the 910 
cutoff elevation and until good quality concrete is evident at least 911 
four feet above top of shaft cutoff elevation.    The start of the 912 
removal of concrete above the cutoff elevation shall begin no 913 
sooner than 12 hours after the completion of the production drilled 914 
shafts concrete pour.  For the trial drilled shafts, the concrete above 915 
the cutoff elevation shall be removed after the coring is completed.  916 
Prior to removing the concrete above the cutoff elevation, a 917 
circumferential diamond blade sawcut 2 ½ inches deep shall be 918 
made at the cutoff elevation.  Then the portion of the drilled shaft 919 
more than one foot above the cutoff elevation shall be removed 920 
with equipment no larger than a 90-pound pavement breaker.  921 
Thereafter the remaining one foot of the drilled shaft above the 922 
cutoff elevation shall be removed using demo hammers no heavier 923 
than 30 pounds for the upper nine inches and 15 pound maximum 924 
for the lowest three inches, i.e., three-inches above the cutoff 925 
elevation.  Hydro wash the demoed surface with a minimum of 926 
2500 psi before pouring concrete. 927 

 928 
 A minimum of four and two, 6-inch by 12-inch concrete 929 

cylinders shall be made for the compressive strength testing and 930 
unit weight testing, respectively.  Production shafts with 931 
compressive strength less than the minimum 28-day compression 932 
strength will be considered defective. Production shafts with air-dry 933 
core sample unit weight less than three pounds per cubic foot of the 934 
air-dry unit weight test cylinders will be considered defective.  935 
Contractor shall submit a corrective method plan for the defective 936 
shaft to the Engineer for review and approval prior to their use. 937 

 938 
The elapsed time from the beginning of concrete placement 939 

in the shaft to the completion of the placement shall not exceed two 940 
hours.  Adjust admixtures accepted by the Engineer so that 941 
concrete remains in a workable plastic state throughout 2-hour 942 
placement limit.  A longer placement time may be requested, and 943 
requests shall be submitted to the Engineer for review and 944 
acceptance 30  days prior to the time the concrete pour (with a 945 
longer placement time) is needed.  Should the Contractor exceed 946 
the 2-hour limit without obtaining prior acceptance by the Engineer, 947 
the Contractor may be required to core the drilled shaft.  These 948 
drilled shaft corings shall be at no additional cost to the State and 949 
no additional time will be granted.  950 

 951 
Before placing the concrete, provide results of 3-day, 7-day, 952 

14-day and 28-day compressive strength tests of a trial mix and a 953 
slump loss test at least 30 days prior to placement of concrete. 954 
Supply a concrete mix that will maintain a slump of four inches or 955 
greater after four hours from initial mixing. Conduct the trial mix and 956 
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slump loss tests using concrete and under ambient temperatures 957 
appropriate for the site conditions.  The ambient temperature used 958 
shall be the temperature at the elevation of existing ground before 959 
any excavation started.  960 

 961 
The top surface of the drilled shafts shall be leveled and 962 

roughened.  Hydro wash the roughen surface with a minimum of 963 
2500 psi prior to concrete placement for the footing.  964 
 965 
(b) Monitoring Concrete Volume. For each drilled shaft, 966 
prepare and submit a monitoring record the next working day after 967 
concrete placement has been completed. All monitoring shall be 968 
performed in the presence of the Engineer or his representative. As 969 
a minimum, the monitoring record shall consist of the following:  970 

 971 
(1) A chart that is made up after drilled shaft excavation 972 
has been completed and accepted by the Engineer and 973 
before concrete placement has commenced. Indicated on 974 
the chart, depth of hole plotted with theoretical volume of 975 
concrete to fill drilled shaft hole. Plot concrete elevation 976 
(surface) along the vertical axis and concrete volume along 977 
the horizontal axis.  978 

 979 
(2) As concrete is being place, measure concrete surface 980 
at an interval of approximately each cubic yard of concrete 981 
discharged. Plot concrete volume actually placed at each 982 
elevation point. Use this chart to determine if any necking 983 
down or enlargement of shaft has occurred during concrete 984 
placement.  985 
 986 
(3) Keep records of steel and concrete movement to 987 
document the following conditions:  988 

 989 
(a) When removing temporary or permanent 990 
casing, elevation of the top of reinforcing cage shall 991 
not rise more than 2 inches from its original elevation;  992 
 993 
(b) As temporary casing is extracted, static level of 994 
fluid concrete shall not rise.  995 

 996 
(c) Concreting by Pump.     Concrete pumps and discharge 997 
lines for concrete placement in wet or dry excavations shall be 998 
used. Pumps and pump lines used to place concrete shall be of 999 
sufficient length, weight, and diameter to discharge concrete at the 1000 
shaft base elevation. The pump and pump lines that will come in 1001 
contact with concrete shall not contain aluminum parts. Discharge 1002 
line shall have a minimum diameter of 4 inches and watertight 1003 
joints. Concrete placement shall not begin until the pump line 1004 
discharge orifice is at the shaft base elevation.  1005 
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 1006 
For wet excavations, use a plug to separate the concrete 1007 

from the fluid in the hole until pumping begins. Remove the plug 1008 
from the excavation or use plugs, made from a material accepted 1009 
by the Engineer that will not cause a defect, if not removed. 1010 

 1011 
The discharge orifice shall remain at least five feet below the 1012 

surface of the fluid concrete. When lifting the pump line during 1013 
concreting, reduce the line pressure temporarily until the orifice at a 1014 
higher level in the excavation has been repositioned.  1015 

 1016 
Upon removal of the pumpline orifice from the fluid concrete 1017 

column and/or discharging concrete above the rising concrete level 1018 
during the concrete pour, the Engineer will consider the shaft 1019 
defective. In such a case, remove the reinforcing cage and 1020 
concrete, the necessary sidewall removal specified by the 1021 
Engineer, and repour the shaft. Costs of replacement of defective 1022 
shafts shall be at no costs to the State and no additional time will 1023 
be granted. 1024 

 1025 
(10) Construction Tolerances.     The following construction tolerances 1026 
apply to drilled shafts: 1027 

 1028 
(a) The center of the drilled shaft concrete and reinforcing bars 1029 
shall be within 1/12 of the shaft diameter or 3 inches, whichever is 1030 
less, in the horizontal plane at the plan elevation for the top of the 1031 
shaft.  1032 
 1033 
(b) The vertical alignment of the shaft excavation shall not vary 1034 
from the plan alignment by more than 0.25 inch per foot of depth. 1035 
The alignment of a battered shaft excavation shall not vary by more 1036 
than 0.5 inch per foot of depth from the prescribed batter.  1037 
 1038 
(c) After placing the concrete, the top of the reinforcing steel 1039 
cage shall be no more than 6.0 inches above and no more than 3.0 1040 
inches below plan position.  1041 
 1042 
(d) The cutoff (top) elevation of the shaft shall have a tolerance 1043 
of ± 0.5 inch from the plan top of shaft elevation.  1044 
  1045 
(e) The dimensions of casing are subject to American Pipe 1046 
Institute tolerances applicable to regular steel pipe. 1047 
 1048 
(f) Design the excavation equipment and methods so that the 1049 
completed shaft excavation will have a flat bottom. The cutting 1050 
edges of excavation equipment shall be normal to the vertical axis 1051 
of the equipment within a tolerance of ± 3/8 inch per foot of 1052 
diameter.  1053 
 1054 
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(g) Casing diameters shown in the contract documents to 1055 
outside diameter (OD) dimensions.  When accepted by the 1056 
Engineer, a casing larger in diameter than shown in the contract 1057 
documents may be provided to facilitate meeting this requirement.  1058 
When using a series of telescoping casings, size casing to maintain 1059 
shaft diameters. 1060 

 1061 
Drilled shaft excavations that cannot be completed within the 1062 

required tolerances are unacceptable. When accepted by the Engineer, 1063 
corrections may be made to an unacceptable drilled shaft excavation by 1064 
accepted combination of the following methods:  1065 

 1066 
(a) Overdrill the shaft excavation to a larger diameter to permit 1067 
accurate placement of the reinforcing steel cage with the required 1068 
minimum concrete cover. 1069 
 1070 
(b) Increase the number, size, or length of the reinforcing steel. 1071 
 1072 
(c) Redesign the foundation. 1073 
 1074 
(d) Other methods accepted by the Engineer. 1075 

 1076 
The acceptance of correction procedures is dependent on 1077 

analysis of the effect of the degree of misalignment and improper 1078 
positioning. The Contractor is solely responsible to submit remedial 1079 
repair procedures that shall make the structure equal to or better 1080 
than the original design.  The Engineer will solely determine if the 1081 
remedial repair meets the requirements and is acceptable.   A 1082 
Hawaii Licensed Professional Structural Engineer and a Hawaii 1083 
Licensed Professional Civil Engineer who specializes in 1084 
Geotechnical Engineering shall stamp and sign the redesign 1085 
drawings and computations. Correct out of tolerance drilled shaft 1086 
excavations including engineering analysis and redesign at no cost 1087 
to the State.  No time extension will be granted for any impact to 1088 
the critical path due to the Contractor’s incorrect installation of the 1089 
drilled shaft. 1090 

  1091 
(11) As-Built Drilled Shaft Location.     The Contractor shall provide 1092 
survey ties to all as-built location of all drilled shafts.  All survey work shall 1093 
be done by a surveyor licensed in the State of Hawaii.  1094 
 1095 

The Contractor shall notify the Engineer prior to performing the 1096 
survey work and the Contractor shall survey the drilled shafts under the 1097 
supervision of the Engineer or the Engineer's representative. A copy of the 1098 
survey notes and the scaled plan locating all the completed drilled shafts 1099 
for each footing shall be submitted to the Engineer for review and 1100 
acceptance.  The submittal shall be stamped and signed by the Hawaii 1101 
licensed surveyor who did the work.  Submit accepted copy of the survey 1102 
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notes and the scaled plan as an electronic file, the Engineer will determine 1103 
the acceptable format and media.  1104 

 1105 
No form work for any footing shall proceed until the drilled shafts 1106 

are found acceptable by the Engineer.  1107 
 1108 

(12) Integrity Testing.     Drilled shafts shall be visually inspected and 1109 
tested for density, strength and soundness.  Integrity testing will be 1110 
performed on drilled shafts as determined by the Engineer.  Integrity 1111 
testing shall consist of partial or full depth concrete coring at drilled shafts 1112 
determined by the Engineer.  Coring shall be performed by the Contractor 1113 
at the locations designated by the Engineer in the presence of the 1114 
Engineer.  The Engineer will solely determine if the cored shaft is 1115 
acceptable or defective.  Defective shafts shall be replaced or repair using 1116 
engineer accepted drawings and computations by a Hawaii Licensed Civil 1117 
Engineer specializing in Geotechnical Engineering and Structural 1118 
Engineer currently licensed in the State of Hawaii, and it shall bear their 1119 
stamps and signatures.  The Contractor shall core vertical holes at 1120 
locations and depths determined by the Engineer.  The number of core 1121 
holes to be done shall be determined by the Engineer.  The core hole shall 1122 
be accepted by the Engineer.  The recovered core samples shall have a 1123 
minimum diameter of 3.7 inches or 3 times the nominal maximum 1124 
aggregate size of the concrete mix, use whichever is larger 1125 
 1126 

Provide concrete cores properly marked in a core box with labels of 1127 
the drilled depth at each interval of core recovery to the Engineer for 1128 
evaluation and testing.  The Engineer will be allowed a minimum of 7 1129 
working days for evaluation and testing of the core samples.  The cored 1130 
holes shall be filled with prepackaged, non-shrink, non-metallic grout that 1131 
at a minimum has the same strength as the drilled shaft concrete. 1132 

 1133 
Cost of coring performed on acceptable production drilled shafts 1134 

with no defects will be borne by the State.  Cost of full depth coring of trial 1135 
shaft shall be borne by the Contractor.  Cost of coring performed on any 1136 
drilled shaft that has defects shall be borne by the Contractor.  If the drilled 1137 
shaft in question is on the critical path, a time extension and the linear foot 1138 
payment for coring will be the sole remedy given if the drilled shaft has no 1139 
defects.  The delay will be calculated from the end of the 20 working days 1140 
review period of the cores to when the last core was taken.  Contractor 1141 
shall submit a corrective methods plan for the defective shafts to the 1142 
Engineer for review and approval prior to their use.  The corrective 1143 
methods plan shall restore the defective drilled shaft to a condition equal 1144 
or better that of a drilled shaft that had no defects.  Do not begin repair 1145 
operations until receiving the Engineer’s acceptance of the corrective 1146 
methods plan for that defective drilled shaft. 1147 
 1148 

511.04 Measurement.  1149 
 1150 
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(A) Furnishing drilled shaft drilling equipment and furnishing instrumentation 1151 
and collecting data will be paid on a lump sum basis.  Measurement for payment 1152 
will not apply. 1153 

 1154 
(B) The Engineer will measure obstruction per hour in accordance with the 1155 
contract documents.  Once the Engineer authorizes compensation for obstruction 1156 
removal, duration of obstruction removal, including time required for obstruction 1157 
disposal, will be measured for payment.  Depth of obstruction removed will be 1158 
subtracted from total depth measured for payment under other applicable drilled 1159 
shaft excavation pay items. 1160 
 1161 
(C) The Engineer will measure load test per each in accordance with the 1162 
contract documents. 1163 
 1164 
(D) The Engineer will measure trial shaft per linear foot.  The Engineer will 1165 
compute length between existing ground surface elevation at trial shaft hole 1166 
center, before drilling, and authorized bottom elevation of hole. 1167 
 1168 
(E) The Engineer will measure unclassified shaft excavation per linear foot, 1169 
along shaft centerline, including bells.  The Engineer will compute length 1170 
between plan top of shaft elevation to plan estimated tip elevation. 1171 
 1172 
(F) The Engineer will measure drilled shaft per linear foot.  The Engineer will 1173 
compute length between plan top of shaft elevation and to plan estimated tip 1174 
elevation. 1175 
 1176 
(G) The Engineer will measure coring for integrity testing per linear foot.  The 1177 
Engineer will compute length between the bottom of coring elevation and the top 1178 
of the shaft concrete elevation. 1179 

 1180 
511.05 Payment.     The Engineer will pay for the accepted pay items listed below 1181 
at the contract price per pay unit, as shown in the proposal schedule.  Payment will be 1182 
full compensation for the work prescribed in this section and the contract documents. 1183 
 1184 

The Engineer will pay for each of the following pay items when included in the 1185 
proposal schedule. 1186 
 1187 
 Pay Item     Pay Unit 1188 
 1189 
Furnishing Drilled Shaft Drilling Equipment  Lump Sum 1190 
 1191 
 The Engineer will pay for: 1192 
 1193 

(A) 60 percent of the contract bid price when drilling equipment is on job site, 1194 
assembled, and ready to drill foundation shafts. 1195 
 1196 
(B) 40 percent of the contract bid price upon completion of drilling shafts, and 1197 
placing shaft concrete up to top of shafts. 1198 
 1199 
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Obstructions     Hour 1200 
 1201 

The Engineer will pay for: 1202 
 1203 

(A) 80 percent of the contract bid price upon completion of removing the 1204 
obstruction. 1205 
 1206 
(B) 20 percent of the contract bid price upon removing and disposing of the 1207 
obstruction. 1208 
 1209 

The maximum payment per designated obstruction shall not exceed 20 1210 
times the unit cost for unclassified excavation. 1211 

 1212 
Load Test        Each 1213 
 1214 

The Engineer will pay for: 1215 
 1216 

(A) 100 percent of the contract bid price upon completion of load test shaft 1217 
installation/construction and testing, and other related costs to the performance 1218 
of the load test. 1219 
 1220 

Trial Shaft    Linear Foot 1221 
 1222 
The Engineer will pay for: 1223 

 1224 
(A) 60 percent of the contract bid price upon completion of excavation trial 1225 
shaft holes through to bottom of shaft elevation or as authorized by the Engineer 1226 
and providing inspection facilities. 1227 
 1228 
(B) 20 percent of the contract bid price upon completion of backfilling hole. 1229 
 1230 
(C) 20 percent of the contract bid price upon completion of CSL testing and 1231 
restoring the site. 1232 

 1233 
The Engineer will not pay for trial shaft holes that the Contractor failed to 1234 

demonstrate to the Engineer the adequacy of its proposed methods and 1235 
equipment. 1236 

 1237 
Unclassified Shaft Excavation (________)  Linear Foot 1238 

 1239 
The Engineer will pay for: 1240 

 1241 
(A) 60 percent of the contract bid price upon completion of using drilling 1242 

equipment, using special tools and drilling equipment to excavated shaft. 1243 
 1244 
(B) 20 percent of the contract bid price upon completion of furnishing and 1245 

installing temporary casing. 1246 
 1247 
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(C) 20 percent of the contract bid price upon completion of removing and 1248 
disposing of excavated material. 1249 
 1250 

Drilled Shaft (________)    Linear Foot 1251 
 1252 
The Engineer will pay for: 1253 

 1254 
(A) 60 percent of the contract bid price upon completion of drilling. 1255 
 1256 
(B) 15 percent of the contract bid price upon completion of furnishing, 1257 
assembling, and placing steel cage. 1258 
 1259 
(C) 15 percent of the contract bid price upon completion of furnishing and 1260 
placing concrete. 1261 
 1262 
(D) 10 percent of the contract bid price upon completion of removing and 1263 
disposing of excavated material. 1264 

 1265 
Coring for Integrity Testing for acceptable drilled shaft. Linear Foot 1266 

 1267 
The Engineer will pay for: 1268 

 1269 
(A) 70 percent of the contract bid price upon completion of concrete coring. 1270 
 1271 
(B) 20 percent of the contract bid price upon completion of filling cored holes 1272 
with non-shrink grout of the same minimum strength as drilled shaft. 1273 
 1274 
(C) 10 percent of the contract bid price upon completion of packaging the core 1275 
samples and delivering them to the Engineer.” 1276 

 1277 
 1278 

END OF SECTION 511 1279 
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SECTION 631 – TRAFFIC CONTROL, REGULATORY, WARNING, AND 1 
MISCELLANEOUS SIGNS 2 

 3 
Make the following amendment to said Section: 4 
 5 
(I)   Amend Section 631.03(C) Labeling of Signs, from lines 42 to 51 to read: 6 
 7 
              “(C) Labeling of Signs.  Label back of each sign with sign stickers as 8 
directed by the State.  Sign stickers will be provided by the State.” 9 
 10 
(II)  Amend Section 631.04 – Measurement by replacing lines 67 to 69 to read: 11 
 12 
“631.04 Measurement.  The Engineer will measure regulatory, warning, 13 
and miscellaneous signs as complete units of the type and design specified in 14 
the proposal. 15 
 16 
The Engineer will not measure removal and disposal and storing of existing and 17 
temporary signs that the Contractor will not incorporate in the completed highway 18 
for payment.” 19 
 20 
(III) Amend Section 631.05 – Payment by replacing lines 71 to 99 to read as 21 
follows: 22 
 23 
“631.05 Payment. The Engineer will pay for regulatory, warning, and 24 
miscellaneous signs at the contract price per each for the type and design 25 
specified complete in place.  Payment will be full compensation for excavating 26 
and backfilling, furnishing and installing materials, furnishing equipment, tools, 27 
labors and incidentals necessary to complete the work. 28 
 29 
 The Engineer will not pay for removing and disposing or storing of existing 30 
and temporary signs that the Contractor will not incorporate in the completed 31 
highway separately.  The Engineer will consider them incidental to the various 32 
contract items. 33 
 34 
 The Engineer will pay for the following pay items when included in the 35 
proposal schedule: 36 
 37 
 Pay Item               Pay Unit 38 
 39 
 40 
__________ Sign          Each 41 
 42 
Relocation of Existing _________ Sign       Each” 43 
 44 
 45 
 46 

END OF SECTION 631 47 
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SECTION 632 – MARKERS  1 
 2 
Make the following amendment to said Section: 3 
 4 
(I)   Amend Section 632.04 - Measurement by replacing lines 79 to 81 to read: 5 
 6 
 “632.04 Measurement.  The Engineer will measure object marker with post 7 
per each as complete units of the type and design specified in the proposal.” 8 
 9 
(II)  Amend Section 632.05 – Payment by replacing lines 83 to 100 to read: 10 
 11 
“632.05 Payment.  The Engineer will pay for object marker with post at the 12 
contract price per each for the type and design specified complete in place.  13 
Payment will be full compensation for excavating and backfilling, furnishing and 14 
installing materials, furnishing equipment, tools, labors and incidentals necessary 15 
to complete the work. 16 
 17 
 The Engineer will pay for the following pay items when included in the 18 
proposal schedule: 19 
 20 
 Pay Item               Pay Unit 21 
 22 
Type ______ Object Marker with Post                 Each” 23 
 24 
 25 
 26 
 27 
 28 

END OF SECTION 632 29 













































PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNT

201.0000 Clearing and Grubbing L.S. L.S. L.S. $_____________

201.0100 Removal of Trees L.S. L.S. L.S. $_____________

202.0420 Removal of Guardrails 122 L.F. $_____________ $_____________

202.0430 Removal of AC Pavement 1,837 S.Y. $_____________ $_____________

202.0435 Removal of AC Pavement Driveways 65 S.Y. $_____________ $_____________

202.0440 Removal of Existing Concrete Bridge and Pedestrian Walkway L.S. L.S. L.S. $_____________

202.0442 Removal of Concrete Pavement 10 S.Y. $_____________ $_____________

202.0444 Removal of Concrete and CRM Retaining Walls L.S. L.S. L.S. $_____________

202.0446 Removal of Miscellaneous Retaining Walls and CMU Walls With Wood 
Fence Panels L.S. L.S. L.S. $_____________

202.0460 Removal of Riprap 25 S.Y. $_____________ $_____________

202.0470 Removal of Pavement Striping and Markers L.S. L.S. L.S. $_____________

202.0510 Removal of 6-Inch, 8-Inch, 12-Inch and 16-Inch Water line 264 L.F. $_____________ $_____________

202.0520 Removal of gate valves, valve boxes, reaction blocks, fire hydrants, 
concrete jacket, and any other waterline appurtenances and incidentals. L.S. L.S. L.S. $_____________

ITEM
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

202.0600 Removal of Cesspools and Septic Tanks F.A. F.A. F.A. $20,000.00

202.0700 Removal of Excavated Material L.S. L.S. L.S. $_____________

202.0800 Removal of Houses L.S. L.S. L.S. $_____________

202.0910 Removal of Chain Link Fencing and Salvaging at 5-4-18:3, 5-4-11:20 and 5-
4-11:21 370 L.F. $_____________ $_____________

202.0920 Removal of Chain Link Fencing and Salvaging at 5-4-11:4 200 L.F. $_____________ $_____________

203.0100 Roadway Excavation 600 C.Y. $_____________ $_____________

203.0300 Borrow Excavated Material 553 C.Y. $_____________ $_____________

204.0100 Trench Excavation for 6-inch Water line 11 C.Y. $_____________ $_____________

204.0110 Trench Backfill for 6-inch Water line 6 C.Y. $_____________ $_____________

204.0200 Trench Excavation for 8-inch Water line 111 C.Y. $_____________ $_____________

204.0210 Trench Backfill for 8-inch Water line 38 C.Y. $_____________ $_____________

204.0300 Trench Excavation for 12-Inch Water line 134 C.Y. $_____________ $_____________

204.0310 Trench Backfill for 12-inch Water line 108 C.Y. $_____________ $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

204.0400 Trench Excavation for 16-inch Water line 222 C.Y. $_____________ $_____________

204.0410 Trench Backfill for 16-inch Water line 171 C.Y. $_____________ $_____________

205.6101 Structure Excavation for Bridge Abutment, Wingwalls, Return Wall and 
Barrier Walls 850 C.Y. $_____________ $_____________

205.7201 Structure Backfill for Bridge Abutments, Wingwalls, Return Wall and Barrier 
Wall 400 C.Y. $_____________ $_____________

205.8200 Filter Material 50 C.Y. $_____________ $_____________

206.1000 Excavation for 4-inch Drain line 25 C.Y. $_____________ $_____________

206.2000 Excavation for Dumped Rirap 700 C.Y. $_____________ $_____________

209.0100 Installation, Maintenance, Monitoring, and Removal of BMP L.S. L.S. L.S. $_____________

209.0200 Additional Water Pollution, Dust, and Erosion Control F.A. F.A. F.A. 175,000.00$       

209.0300 Water Quality Sampling L.S. L.S. L.S. $_____________

219.1000 Determination and Characterization of Fill Material L.S. L.S. L.S. $_____________

301.1000 Hot Mix Asphalt Base Course 130 C.Y. $_____________ $_____________

304.1000 Aggregate Base 115 C.Y. $_____________ $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

305.1000 Aggregate Subbase 310 C.Y. $_____________ $_____________

401.1000 HMA Pavement, Mix No. IV  392 TON $_____________ $_____________

401.2000 Pavement Smoothness Incentive Allowance Allowance Allowance 2,700.00$           

411.0100 6-Inch Concrete Pavement 16 C.Y. $_____________ $_____________

503.1091 Concrete for Abutments, Wingwalls, Return Wall and Barrier Walls 300 C.Y. $_____________ $_____________

503.1093 Concrete for Bridge Deck, Topping over End Beam and Concrete encasing 
ducts with bridge 280 C.Y. $_____________ $_____________

503.1095 Concrete for Approach Slabs and Sleeper Slabs 140 C.Y. $_____________ $_____________

503.1096 Concrete for W16 Cradles 5 C.Y. $_____________ $_____________

503.1097 Concrete for Diaphragms 20 C.Y. $_____________ $_____________

503.1099 Concrete for Reaction Blocks at Wing Wall No. 3 and No. 4 30 C.Y. $_____________ $_____________

503.2050 Concrete for Reaction Blocks, Test Blocks, Jackets and Reaction Beams 122 C.Y. $_____________ $_____________

503.8000 Mechanical Grooving 6,500 S.F. $_____________ $_____________

504.7400 Precast Prestressed Concrete Girder 1,227 L.F. $_____________ $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

504.7401 Inspections in a State other than Hawaii F.A. F.A. F.A. 100,000.00$       

507.1501 Metal Railing 231 L.F. $_____________ $_____________

507.7000 Concrete  Barrier (Including End Posts) 280 L.F. $_____________ $_____________

507.7001 Aesthetic Bridge Railing (Including End Posts) 231 L.F. $_____________ $_____________

511.0100 Furnishing Drilled Shaft Drilling Equipment L.S. L.S. L.S. $_____________

511.0200 Obstructions 120 Hour $_____________ $_____________

511.0300 Load Test 1 EA $_____________ $_____________

511.0310 Trial Shaft 100 LF $_____________ $_____________

511.0400 Drilled Shaft (48-Inch Diameter) 600 LF $_____________ $_____________

511.0510 Unclassified Shaft Excavation (48-Inch Diameter) 600 LF $_____________ $_____________

511.1100 Coring for Integrity Testing for Acceptable Drilled Shaft 154 LF $_____________ $_____________

512.0200 Installing Prefabricated Steel Beam Bridge Abutments and Piers 1 EA $_____________ $_____________

512.0300 Installing Prefabricated Steel Beam Bridge 1 EA $_____________ $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

512.0500 Removal of Prefabricated Steel Beam Bridge, Prefabricated Steel Beam 
Bridge Abutments and Piers 1 EA $_____________ $_____________

540.1000 VESLMC (Bridge Deck Closure) 10 C.Y. $_____________ $_____________

540.1001 VESLMC (End Beam Closures) 5 C.Y. $_____________ $_____________

602.1091 Reinforcing Steel for Abutments, Wingwalls, Return Wall and Barrier Walls 80,000 LBS $_____________ $_____________

602.1093 Reinforcing Steel for Bridge Deck, Topping over End Beam and Concrete 
encasing ducts with bridge 85,000 LBS $_____________ $_____________

602.1095 Reinforcing Steel for Approach Slabs and Sleeper Slabs 48,000 LBS $_____________ $_____________

602.1097 Reinforcing Steel for Diaphragms 7,000 LBS $_____________ $_____________

602.1099 Reinforcing Steel for Reaction Blocks 4,000 LBS $_____________ $_____________

602.1100 Reinforcing Steel (Epoxy Coated) for Corbels 600 LBS $_____________ $_____________

603.1000 Bed Course Material for Culvert 10 C.Y. $_____________ $_____________

603.2000 4-Inch High Density Polyethylene Pipe, Type S 70 L.F. $_____________ $_____________

606.3000 Guardrail Type MGS with Standard 8" Offset Block 175 L.F. $_____________ $_____________

607.0140 6-Feet, Chain Link Fence 55 L.F. $_____________ $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

607.0150 8-Feet, Chain Link Fence With Barbed Wire 610 L.F. $_____________ $_____________

607.0160 Chain Link Gate, 8 Feet High and 20 feet Wide 2 Each $_____________ $_____________

614.0100 Adjusting Street Survey Monuments 1 Each $_____________ $_____________

617.1000 Imported Planting Soil 64 C.Y. $_____________ $_____________

621.1000 Security Guard Services L.S. L.S. L.S. $_____________

621.1100 Rodent Control L.S. L.S. L.S. $_____________

622.1000 Highway Lighting Luminaire and Bracket Arm, 84W LED 4 Each $_____________ $_____________

622.8000 Temporary Highway Lighting L.S. L.S. L.S. $_____________

624.1003 Temporary Water Systems L.S. L.S. L.S. $_____________

624.1004 Permanent Water Systems L.S. L.S. L.S. $_____________

626.1000 Type A Manhole, 3.0 feet to 4.0 feet 1 Each $_____________ $_____________

626.1100 Type A Manhole, 4.0 feet to 5.0 feet 1 Each $_____________ $_____________

626.3100 6-Inch Standard Valve Box 1 Each $_____________ $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

626.3200 8-Inch Standard Valve Box 2 Each $_____________ $_____________

627.1000 Lightweight Concrete 10 C.Y. $_____________ $_____________

628.0100 Shotcrete for Stream Lining L.S. L.S. L.S. $_____________

629.1010 4-Inch Pavement Striping (Thermoplastic) (Diversion Road) 3,419 L.F. $_____________ $_____________

629.1012 4-Inch Pavement Striping (Thermoplastic) (Final) 2,163 L.F. $_____________ $_____________

629.1014 8-Inch Pavement Striping (Thermoplastic) (Diversion Road) 25 L.F. $_____________ $_____________

629.1016 12-Inch Pavement Striping (Thermoplastic) (Diversion Road) 14 L.F. $_____________ $_____________

629.1018 12-Inch Pavement Striping (Thermoplastic) (Final) 17 L.F. $_____________ $_____________

629.1020 Pavement Arrow (Thermoplastic) (Diversion Road) 1 Each $_____________ $_____________

629.1022 Pavement Word (Thermoplastic) (Diversion Road) 2 Each $_____________ $_____________

629.2010 Type C Pavement Marker 54 Each $_____________ $_____________

629.2020 Type D Pavement Marker 58 Each $_____________ $_____________

631.3000 New "No Jumping From Bridge" Sign 4 Each $_____________ $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

631.4000 New "Unlawful to Litter $1000 Fine" Sign 2 Each $_____________ $_____________

631.5000 New "The Bus" Sign 1 Each $_____________ $_____________

631.6000 New Stop and Street Sign 1 Each $_____________ $_____________

631.7000 New "No Parking" and Supplemental Signs 2 Each $_____________ $_____________

631.8001 Relocation of Existing Bus Stop Sign 1 Each $_____________ $_____________

631.8002 Relocation of Existing Street Sign 2 Each $_____________ $_____________

631.8003 Relocation of Existing Stop Sign 1 Each $_____________ $_____________

632.1000 Type OM 3-1 Object Marker With Post 4 Each $_____________ $_____________

636.1000 E-Construction license F.A. F.A. F.A. 234,800.00$       

641.1000 Hydro-mulch seeding (Seashore Paspalum) 580 S.Y. $_____________ $_____________

642.1000 Plant Maintenance 3 Month $_____________ $_____________

643.1000 Maintenance of Existing Landscape Areas F.A. F.A. F.A. 70,000.00$         

645.1000 Traffic Control L.S. L.S. L.S. $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

645.2000 Additional Police Officers, Additional Traffic Control Devices and 
Advertisements F.A. F.A. F.A. 100,000.00$       

648.1000 Field Posted Drawings L.S. L.S. L.S. $_____________

651.1000 HECO Ductline, One 3-Inch PVC, Schedule 40, Concrete Encased L.S. L.S. L.S. $_____________

651.2000 HECO Handhole, 2' x 4' 1 Each $_____________ $_____________

651.3001 HECO Pole Riser, One 3-Inch 4 Each $_____________ $_____________

651.3005 Remove HECO Pole Riser 4 Each $_____________ $_____________

652.1001 HT Ductline, One 2-Inch, Type GT 42, Concrete Encased L.S. L.S. L.S. $_____________

652.1002 HT Ductline, One 1-Inch, Type GT 42, Concrete Encased L.S. L.S. L.S. $_____________

652.1008 JTS Ductline, Two 4-Inch, PVC Schedule 40, Concrete Encased L.S. L.S. L.S. $_____________

652.1009 JTS Conduit In Bridge Structure, Two 4-Inch, PVC Schedule 40 L.S. L.S. L.S. $_____________

652.2001 HT Handhole, 2' x 4' 1 Each $_____________ $_____________

652.2005 JTS Manhole, 4' x 6' 2 Each $_____________ $_____________

652.3001 HT Pole Riser, One 2-Inch 2 Each $_____________ $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

652.3002 HT Pole Riser, One 1-Inch 2 Each $_____________ $_____________

652.3005 Remove HT Pole Riser 5 Each $_____________ $_____________

655.0100 Dumped Riprap 700 C.Y. $_____________ $_____________

657.1000 Handling and Disposal of Hazardous Items and Material from Existing 
Bridge and Pedestrian Walkway F.A. F.A. F.A. 20,000.00$         

657.2000 Handling and Disposal of Hazardous Excavated Items and Material F.A. F.A. F.A. 20,000.00$         

665.1000 Pest Control L.S. L.S. L.S. $_____________

688.1000 Asbestos Removal L.S. L.S. L.S. $_____________

688.2000 Additional Asbestos Removal F.A. F.A. F.A. 5,000.00$           

688.3000 Asbestos Removal Monitoring F.A. F.A. F.A. 10,000.00$         

691.1000 Archaeological Monitoring F.A. F.A. F.A. 100,000.00$       

693.1000 Terminal Impact Attenuator - Quadguard 3 Each $_____________ $_____________

693.2000 Terminal Impact Attenuator - Crash Cushion System 1 Each $_____________ $_____________

693.3000 Terminal Impact Attenuator - Quadguard (Diversion Road) 4 Each $_____________ $_____________
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PROPOSAL SCHEDULE

APPROX
QUANTITY UNIT UNIT PRICE AMOUNTITEM

693.4000 Terminal Impact Attenuator - Crash Cushion System (Diversion Road) 2 Each $_____________ $_____________

695.1000 Public Education Materials or Services F.A. F.A. F.A. 50,000.00$         

696.0200 Field Office Trailer (Not to Exceed $32,000) L.S. L.S. L.S. $_____________

696.1000 Project Site Laboratory Trailer (Not to Exceed $22,000) L.S. L.S. L.S. $_____________

696.2000 Maintenance of Trailers F.A. F.A. F.A. 80,000.00$         

699.1000 Mobilization (Not to Exceed 6% of the Sum of All Items Excluding the Bid 
Price of This Item). L.S. L.S. L.S. $_____________

TOTAL AMOUNT FOR COMPARISON OF BIDS $_____________

NOTES: 1.  Bids shall include all Federal, State, County and other applicable taxes.
2.  The TOTAL AMOUNT FOR COMPARISON OF BIDS will be used to determine the lowest responsible bidder.
3.  In case of a discrepancy between unit price and the total in said bid, the unit price shall prevail.
4.  Bidders must complete all unit prices and amounts.  Failure to do so may be grounds for rejection of bid.
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STATE OF HAWAII
DEPARTMENT OF TRANSPORTATION

HIGHWAYS DIVISION

PRE-BID MEETING ATTENDANCE AND MINUTES FOR

Project Title: Kamehameha Highway, Kaipapau Stream Bridge Replacement

Federal-Aid Project No.: BR-083-1(48)

Date, Time & Place: June 22, 2021 at 1:30 p.m. HST
Pre-bid meeting was held virtually on Microsoft Teams.

Attendees:

Name Organization/Company Contact Information
Jennifer Russell HDOT HWY-DD jennifer.t.russell@hawaii.gov
Li Nah Okita HDOT HWY-DD li.nah.okita@hawaii.gov
Jillian Chen HDOT HWY-DD jillian.m.chen@hawaii.gov
Matthew Morita HDOT HWY-OR matthew.s.morita@hawaii.gov
Francis Perez HDOT HWY-OR francis.m.perez@hawaii.gov
Kevin Kasamoto HDOT HWY-DH kevin.kasamoto@hawaii.gov
Brent Wakuzawa HDOT HWY-DB brent.a.wakuzawa@hawaii.gov
Brandon Hee HDOT HWY-LG brandon.h.hee@hawaii.gov
Steven Yoshida HDOT HWY-TD steven.yoshida@hawaii.gov
Daniel Williams HDOT OCR Daniel.K.Williams@hawaii.gov
Karen Awana HDOT OCR karen.l.awana@hawaii.gov
Melanie Martin HDOT OCR Melanie.Martin@hawaii.gov
Walter Chong R. M. Towill Corporation WalterC@rmtowill.com
Emmanuel Minde Global Specialty Contractors, Inc. Eminde@globalspecialty.net
Sean McGowan Kelikai Pacific Foundation seanm@ssihawaii.com
Shane Lee Hawaiian Dredging Construction Co. spasion@hdcc.com

Items of Discussion:

A. Jennifer Russell (HDOT HWY-DD) called the meeting to order at 1:30 p.m. and noted
the following:

1. Anything said at the meeting was for clarification only. The bid documents shall
govern over anything said in the meeting and discrepancies shall be clarified by
addendum.

2. Summarized the scope of work as described in the Notice to Bidders.

B. Daniel Williams (HDOT OCR) discussed Sections IV, V.A., V.C. V.D. and XII of the
Disadvantaged Business Enterprise (DBE) Requirements and noted the following:

1. The DBE Project Goal for this project is 4.8%.
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2. Refer to Section VIII regarding Demonstration of Good Faith Efforts for Contract
Award. Bidders are advised to document all discussions, phone calls, faxes,
communications relating to their efforts in meeting the DBE goals with both non-
DBE and DBE entities.

3. All firms bidding or quoting on DOT projects including vendors, subcontractors,
manufacturers, truckers, etc., must register as a bidder. The form can be
downloaded from https://hidot.hawaii.gov/administration/files/2019/03/Bidder-
Registration-Fillable-Form.pdf.

4. Bidders are advised to check the DBE directory at https://hdot.dbesystem.com to
ensure all the DBEs that they list on their DBE documents are indeed DBE-
certified.

C. Melanie Martin (HDOT OCR) emphasized that the DBE forms are due five (5) days after
bid opening and explained how the five days are calculated. Refer to the footnote in
Section V.C. of the DBE Requirements. Failure to provide the forms by the due date
shall be cause for bid/proposal rejection.

D. Bidders were invited to ask questions, but there were none.

E. The following reminders were given:
1. All requests for information (RFIs) must be submitted in writing through HIePRO

no less than 14 calendar days before bid opening. Bid opening is currently
scheduled for Thursday, July 15, 2021 at 2:00 p.m., Hawaii Standard Time, so
questions are due by Thursday, July 1, 2021 at 2:00 p.m. Any questions received
after the deadline will not be addressed and verbal RFIs will not receive a
response.

2. All bidders must email their DBE Forms to the Project Manager within 5 calendar
days after bid opening by Tuesday, July 20, 2021 at 2:00 p.m. Hawaii Standard
Time. Failure to provide these documents shall be cause for bid/proposal
rejection.

F. The meeting concluded at 1:45 p.m.
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STATE OF HAWAII

DEPARTMENT OF TRANSPORTATION

HIGHWAYS DIVISION

Project: KAMEHAMEHA HIGHWAY

KAIPAPAU STREAM BRIDGE REPLACEMENT

FEDERAL AID PROJECT NO. BR-083-1(48)

Prospective bidders had submitted RFIs in HIePRO. Questions and responses are as
follows:

1. Can you provide us with a copy of the Geotech report?

Response: A copy of the report has been included in Addendum No. 1.

2. Please provide the geotechnical engineering report entitled "Geotechnical
Engineering Exploration, Kamehameha Highway Replacement, Koolauloa, Oahu,
Hawaii" dated August 6, 2014 by Geolabs, Inc. as stated on sheet G-2.

Response: See response to #1.

3. Sheet C-18 calls for 12’h Dust Fence while Sheet C-29 calls for 16’h Dust Fence.
Please clarify.

Response: The dust fence along TMK: 5-4-11: 20 and within TMK: 5-4-11: 4
should be 16’ high and the other dust fences should be 12’ high. Sheets C-18
and C-29 have been revised to show this and have been included in Addendum
No. 1.

4. Sheet C-17: Wingwalls No. 3 & No. 4: Please provide detail for the 6’h chain link
fence & gate.

Response: The 6’ high chain link fence & gate shall be constructed per HDOT
Std. Plan D-02.

5. Sheet C-37: Please provide the on center spacing of the #4 fiberglass bars.

Response: The spacing shall be 24” on center. Sheet C-37 has been revised to
show this and has been included in Addendum No. 1.

6. Sheet C-12, Typical Crash Cushion Section detail: Please provide dimension of
the 8” Concrete Pad.
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Response: The Energite III sand barrels can be placed on AC pavement. Sheet
C-12 has been revised by deleting the callout of the concrete pad and the revised
Sheet C-12 has been included in Addendum No. 1.

7. Please provide limit of removal for the 16” Waterline in the stream. Phase 2 on
Sheet C-31 shows to remove 16”WL all the way down to the bend. Sheet C-33
shows to remove 16” waterline down to Elev +2.

Response: Sheet C-33 has been revised to show exist. 16” waterline to be
removed down to the bend. The revised Sheet C-33 has been included in
Addendum No. 1.

8. Sheet S2.2: Please confirm that the caissons are to be removed down to Elev.
(-)7.30.

Response: The existing caissons shall be removed, at a minimum, down to
Elev. (-)2.0. The portions of existing caissons that remain shall also be, at a
minimum, 2’-0” below the finish grade and the bottom of the new structure.

9. Please provide as-built drawings for the existing Kaipapau Stream Bridge

Response: A copy of the available as-built drawings for the bridge from 1932
has been included in Addendum No. 1.

10. Please provide as-built drawings for the existing 16” Waterline.

Response: A copy of the available as-built drawings for the 16” waterline from
1992 has been included in Addendum No. 1.

11. How many W16 cradles are required? Sheet C-34 shows 17ea while Sheet S3.1
shows 2ea. Please clarify.

Response: The number of W16 cradles shall be based on the pipe
requirements shown in the contract documents. Sheet C-34 provides criteria for
the placement of the pipe supports (cradles). Sheet S1.1 (Layout Plan) notes
that the balance of W16 cradles are not shown for clarity and to see sheet S11.1
and S11.1A for details. Sheet S11.1 notes that the Contractor shall submit
locations of W16 cradles. The Contractor shall coordinate locations with the
precast girder manufacturer, deck reinforcing, abutment reinforcing, and wing
wall reinforcing.

12. We would like to request an extension to the bid date of 2 weeks.

Response: The bid opening date will not be extended at this time.
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13. Sheet S8.1 Note 13. The Contractor shall record actual volume of drilled shaft
concrete placed and compare with predicted and/or theoretical values. For
bidding purposes, please provide a % for drilled shaft concrete over theoretical
neat volume. This is also required for comparison per Note 13.

Response: The actual volume placed shall be compared to the theoretical
volume and not the predicted volume.

14. Drilled shaft specification states “At the time of placement, the concrete
temperature shall not exceed 85 degrees F”. Due to the location of the project,
there may be logistical challenges for concrete trucks arriving at the site within a
specific time frame, 85 degrees may be a little rigid for the temperature
requirement. We would like to request that the maximum temperature at time of
placement be adjusted to “not exceed 90 degrees F”. Slightly elevated
temperature variations of 87 and 88 degrees have previously been accepted.

Response: Specification Section 511 has been revised to state “At the time of
placement, the concrete temperature shall not exceed 90°F.” The revised
Specification Section 511 has been included in Addendum No 1.

15. Due to project complexities, please consider an extension of the bid date for this
project.

Response: The bid opening date will not be extended at this time.

16. Due to prescriptive construction sequence as shown on plan sheets C11 and
S0.7 and S0.8, Please consider a bid extension of 3 weeks in order to
adequately quantify, coordinate with subcontractors & vendors, and price the
required construction activities associated with the temporary bridge bypass and
permanent bridge construction.

Response: The bid opening date will not be extended at this time.

17. Please provide copies of all utility agreements required or executed for
construction of this project.

Response: Copies will not be provided.

18. Please provide copies of the 404 permit in order to determine allowable means
and methods for all in water work including but not limited to construction of new
temporary bridge pier, demolition of existing bridge foundations, and installation
of permanent scour protection.

Response: The 404 permit documentation is provided in HIePRO as part of the
documents for this project (see Nationwide Permit Pre-Construction Notification
and Verification).
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19. Please confirm that the installation of the temporary street light poles are the
responsibility of 3rd party utility companies.

Response: Temporary street light luminaires and bracket arms will be mounted
on temporary or permanent joint utility poles. All joint utility poles will be
installed by the utility companies.

20. Please advise who is responsible for installation of pole P 117T.

Response: Temporary joint pole P117T will be installed by Hawaiian Electric.

21. Please advise if the existing US Signal Corps cable is to remain in service for the
duration of the project. If the line is to remain in service, please provide a
temporary utility plan for this service.

Response: The existing US Signal Corps cable is currently not-in-service and
does not need to be temporarily relocated/reconnected during construction.
Note that the cable will be cut and capped within the new Signal Corps manholes
on the Kaneohe and Kahuku sides of the bridge.

22. Please confirm relocation of all utilities to be performed by 3rd parties shall be
completed prior to construction NTP.

Response: Temporary relocation of electrical/telecommunications utilities will be
performed after construction NTP.

23. Please confirm that all costs for 3rd party utility relocations as shown on the
plans are the responsibility of HDOT.

Response: Cost for relocation of utility company overhead facilities (poles,
conductors, transformers, etc.) will be the responsibility of the State and/or utility
companies.

24. Please provided anticipated Notice to Proceed for this project.

Response: Notice to Proceed for this project is anticipated to be issued by
September 25, 2021.
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SUMMARY OF FINDINGS AND RECOMMENDATIONS 

 
Our exploratory program generally involved drilling three deep borings at the future 

abutment and center pier locations for the Kaipapau Stream Bridge Replacement project. 
In addition, we also drilled four shallow borings along the roadway for utility relocations, 
earthwork and pavement design purposes. Generally, we encountered stiff surface fill 
materials placed over loose to very loose recent alluvium followed by dense old alluvium. 
Conglomerate and saprolitic soils were encountered below the old alluvium, and basalt 
formation was encountered below the saprolitic soil horizon in some of the deeper borings. 
Groundwater was encountered at depths ranging from about 5.9 to 10 feet below the 
existing ground surface. We did not encounter groundwater in Boring Nos. 6 and 7. 

Based on the subsurface conditions encountered, the estimated scour depth, and 
the foundation loads provided, we recommend utilizing a deep foundation system 
consisting of drilled shafts to support the replacement bridge structure. In general, we 
recommend utilizing a nominal shaft diameter of 4 feet embedded into the dense old 
alluvium, conglomerate and/or basalt formation to support the abutments. The 
recommended minimum drilled shaft lengths range from 70 to 84 feet for the south 
abutment and 52 to 68 feet for the north abutment. 

It should be noted that potentially difficult drilling conditions may be encountered 
during installation of the drilled shafts due to the presence of very loose alluvial soils, hard 
basaltic boulders and cobbles, and shallow groundwater levels. Therefore, placement of 
concrete by tremie methods will be required for the drilled shafts where groundwater would 
be encountered within the depths of the drilled shafts. 

The text of this report should be referred to for more detailed discussions and 
specific design recommendations. 

 

END OF SUMMARY OF FINDINGS AND RECOMMENDATIONS 
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SECTION 1.  GENERAL 

1.1 Introduction 
This report presents the results of our geotechnical engineering exploration 

performed for the Kaipapau Stream Bridge Replacement project located along 

Kamehameha Highway (Route 83) at Mile Post (MP) 20.99 in the Koolauloa area on the 

Island of Oahu, Hawaii. The project location and general vicinity are shown on the 

Project Location Map, Plate 1. 

This report summarizes our findings and presents our geotechnical engineering 

recommendations derived from our field exploration, laboratory testing, and engineering 

analyses. These recommendations are intended for the design of foundations, retaining 

structures, and site grading only. The findings and recommendations presented herein 

are subject to the limitations noted at the end of this report. 

1.2 Project Considerations 
The replacement bridge project site is along Kamehameha Highway traversing 

Kaipapau Stream and is adjacent to some residential dwellings. We understand it is 

proposed to demolish the existing bridge structure and construct a replacement bridge 

across Kaipapau Stream. The existing bridge structure is a two-span bridge with a total 

span of about 82 feet measured from abutment to abutment. The existing bridge 

structure is supported on a composite foundation system consisting of timber piles and 

shallow spread footings. 

We understand the existing bridge is hydraulically inadequate and does not 

conform to current State of Hawaii - Department of Transportation (HDOT) and Federal 

Highway Administration (FHWA) design standards. Due to site constraints and hydraulic 

requirements, the bridge structure should not significantly increase the elevation of the 

approaches to the bridge and the bridge deck elevation. 

The current design concept involves replacing the existing bridge with a new 

concrete bridge that will meet current HDOT and FHWA standards. Based on the 

available plans, the new bridge structure will be a concrete girder bridge measuring 

110 feet long by 57 feet wide supported by abutments at both ends. A temporary 
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bypass roadway will be constructed on the makai side of the bridge to allow traffic to 

traverse around the bridge construction area.  

In general, the existing abutments will be kept in place with the new abutments 

positioned behind the existing abutment structures. In addition, the existing center pier 

structure will be demolished. The planned finished deck elevation of the new bridge 

structure will be about +11.5 to +13.0 feet Mean Sea Level (MSL). The bottom of footing 

elevation for the abutments is set at approximately +2.40 and +3.52 feet MSL for 

Abutment Nos. 1 and 2, respectively. In addition, new wing walls will be constructed at 

the abutment structures. It should be noted that a pavement justification report 

presenting the pavement structural sections will be provided separately. 

1.3 Purpose and Scope 
The purpose of our geotechnical engineering exploration is to obtain an overview 

of the surface and subsurface conditions to develop a soil and/or rock data set to 

formulate geotechnical recommendations for design of the bridge replacement project. 

Our work was performed in general accordance with our fee proposal dated 

September 20, 2001. Our scope of work generally consisted of the following tasks and 

work efforts: 

1. Review of available in-house soil and geologic information around the 
bridge replacement project location. 

2. Application of the necessary excavation permits from the City and County 
of Honolulu and State of Hawaii – Department of Transportation, 
Highways Division prior to drill crew mobilization (including preparation of 
a traffic control plan). 

3. Coordination of the utility toning with the various utility companies and 
utility clearance of the proposed boring locations by our field 
engineer/geologist. 

4. Provision of traffic control at the proposed boring locations during our field 
exploration program. 

5. Mobilization and demobilization of truck-mounted drilling equipment, water 
truck, and operators to the project site and back. 
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6. Drilling and sampling of seven borings extending to depths ranging from 
about 13 to 112.5 feet below the existing ground for a total of about 
397.5 lineal feet of exploration. 

7. Coordination of the field exploration and logging of the borings by our field 
geologist. 

8. Performance of eight percolation tests to evaluate the permeability 
characteristics of the subsurface materials for dewatering considerations. 

9. Laboratory testing of selected soil and/or rock core samples obtained 
during the field exploration as an aid in classifying the materials 
encountered and evaluating their engineering properties. 

10. Analyses of the field and laboratory data to develop geotechnical 
recommendations for design of the bridge replacement project. 

11. Preparation of this report summarizing our work on the project and 
presenting our findings and geotechnical design recommendations.  In 
addition, a separate pavement justification report was prepared for the 
bridge approach pavements. 

12. Coordination of our work on the project by our engineer. 

13. Quality assurance of our overall work on the project and client/design 
team consultation by our principal engineer. 

14. Miscellaneous work efforts such as drafting, word processing, clerical 
support, and reproductions. 

Detailed descriptions of our field exploration methodology and the Logs of 

Borings are presented in Appendix A. Results of the laboratory tests performed on 

selected soil samples obtained from our field exploration are presented in Appendix B. 

Results of the field percolation tests performed are presented in Appendix C.  Core 

photographs are presented in Appendix D. 
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SECTION 2.  SITE CHARACTERIZATION 

2.1 Regional Geology 
The Island of Oahu was formed by the merging of basalt lavas erupted from the 

prominent Wai`anae and Ko`olau Volcanoes. Of the two, the Wai`anae Volcano is the 

older volcano that breached the ocean surface nearly 4 million years ago. The Ko`olau 

Volcano rose above sea level approximately 2.7 million years ago, making it the 

younger of the two volcanoes. 

In general, the two volcanoes were built by the long-term eruption of thinly 

bedded a’a and pahoehoe type lava flows, which erupted from the elongated and linear 

trending volcanic vents associated with the prominent rift zones of each of the 

volcanoes. The Ko`olau lavas banked against the lava flows of the Wai`anae Volcano to 

form the Schofield Plateau of the central interior portion of Oahu. The Wai`anae 

Mountains, which form the western third of the Island of Oahu, contain the oldest basalt 

rock formations on the Island. The Ko`olau Mountains form the eastern two-thirds of the 

island and include the rock layers exposed along the Ko`olau Pali extending from 

Waimanalo to Kahuku. 

During the final stages of eruption and continuing well after the cessation of 

Wai`anae and Ko`olau volcanic eruptions, the island mass began to subside thousands 

of feet under the tremendous weight of the rock. In addition to the subsidence of the 

island, the force of stream erosion worked in conjunction with the large-scale fracture 

and slumping of portions of the land mass to form the island’s topography of today. 

Erosion by streams and ocean waves has continued to work on the exposed land 

surfaces to form the topography of the present day. 

The coastal area of Koolauloa lies within the Coastal Plain of Oahu and is to the 

northeast of the Ko`olau Mountain. As a result, much of the generally flat land area is 

underlain by unconsolidated coastal sediments (coralline sands and silts) with pockets 

of hard, cemented sand dunes (sandstone) and coral/limestone rock formation. 

Progressing toward the hills of the Ko`olau Mountains, the subsurface conditions 

gradually change to reflect an increase in thickness of terrestrial sediments, such as the 
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alluvial soils derived from the hills and valleys located to the southwest of the coastline. 

The alluvial soils may overlie the buried coral and sand deposits in the subsurface. 

The coral and limestone rock encountered in the subsurface often contain locally 

occurring voids and cavity structures originating during the deposition of the calcareous 

deposits in shallow marine environments. In addition, some of the voids develop 

following the coral and limestone deposition as a result of the slow percolation of 

freshwater down through the geologic strata leaching the calcareous mineralogy of the 

materials. 

2.2 Site Description 
The project site is at Kamehameha Highway (Route 83), MP 20.99, in the 

Koolauloa area on the Island of Oahu, Hawaii. The existing bridge, which spans across 

Kaipapau Stream, is a two-lane, two-span concrete structure supported by 

two abutments and one center pier. The north abutment is supported by timber piles 

while the center pier and the south abutment are supported on shallow continuous strip 

footings. The existing bridge is approximately 82 feet long by 28 feet wide. A wooden 

pedestrian walkway was observed along upstream side of the existing bridge. The 

bridge center pier, abutments and wing walls are constructed of cement rubble masonry 

(CRM) and concrete construction.  

Based on the topographic survey, the existing bridge deck elevations range from 

about +11 to +12 feet MSL. Residential properties with existing dwellings abut the 

bridge site.  

2.3 Subsurface Conditions 
Our field exploration program consisted of drilling and sampling seven borings, 

designated as Boring Nos. 1 through 7, extending to depths from about 13 to 112.5 feet 

below the existing ground surface at the proposed bridge alignment. Generally, Boring 

Nos. 1 through 3 were drilled at the proposed south abutment, center pier and north 

abutment locations, respectively. Boring Nos. 4 and 5 were drilled at the south side of 

the bridge approach, and Boring Nos. 6 and 7 were drilled at the north side of the bridge 

approach. The approximate boring locations are shown on the Site Plan, Plate 2. 
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In general, we encountered surface fills consisting of medium stiff to stiff clays 

and silts extending to about 8 feet below the existing ground. The fills were underlain by 

recent alluvium consisting of loose to very loose sands and gravel. The recent alluvium 

grades to older alluvium at about 28 to 31 feet below the existing roadway level. The 

older alluvium consists of sandy gravel and grades with cobbles and boulders at greater 

depths. Conglomerate and saprolitic soils (varying from dense/stiff to hard) were 

encountered below the older alluvium. Basalt formation was encountered below the 

saprolitic soil horizon at various depths below the ground level. The basalt formation (or 

saprolitic soils) extended to the maximum depth explored of about 112.5 feet below the 

existing ground surface. It should be noted that the saprolitic soil and/or basalt formation 

layer was not encountered at Boring No. 3 (within the stream channel) at the maximum 

depth explored of about 112 feet below the roadway level.  

An idealized cross section depicting the anticipated subsurface conditions at the 

new bridge site is shown on the Generalized Geologic Cross-Section, Plate 3. The 

approximate surface projections of the idealized cross section prepared for this report is 

shown on the Site Plan, Plate 2. 

We encountered groundwater in the borings at depths of about 5.9 to 10 feet 

below the existing ground surface at the time of our field exploration. These 

groundwater depths correspond to elevations ranging from about +1.5 to +3.1 feet MSL. 

It should be noted that groundwater levels are expected to fluctuate depending on tides, 

seasonal rainfall, time of year, surface runoff, and other factors. Considering the bridge 

is adjacent to an active stream, the groundwater level at the site will vary in response to 

the water level in the stream. 

Detailed descriptions of the field exploration methodology are presented in 

Appendix A. Descriptions and graphic representations of the materials encountered in 

the borings are provided on the Logs of Borings, Plates A-1 through A-7. Results of the 

laboratory tests performed on selected soil samples retrieved from our field exploration 

are presented in Appendix B. The field percolation test results are presented in 

Appendix C. 
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2.4 Earthquakes and Seismicity 
In general, earthquakes that occur throughout the world are caused by shifts in 

the tectonic plates. In contrast, earthquake activity in Hawaii is primarily linked to 

volcanic activity. Therefore, earthquake activity in Hawaii generally occurs before or 

during volcanic eruptions. In addition, earthquakes may result from the underground 

movement of magma that comes close to the surface but does not erupt. The Island of 

Hawaii experiences thousands of earthquakes each year, but most are so small that 

they can only be detected by sensitive instruments. However, some of the earthquakes 

are strong enough to be felt, and a few cause minor to moderate damage. 

In general, earthquakes associated with volcanic activity are most common on 

the Island of Hawaii. Earthquakes that are directly associated with the movement of 

magma are concentrated beneath the active Kilauea and Mauna Loa Volcanoes on the 

Island of Hawaii. Because the majority of the earthquakes in Hawaii (over 90 percent) 

are related to volcanic activity, the risk of seismic activity and degree of ground shaking 

diminishes with increased distance from the Island of Hawaii. The Island of Hawaii has 

experienced numerous earthquakes greater than Magnitude 5 (M5+); however, 

earthquakes are not confined only to the Island of Hawaii. 

To a lesser degree, the Island of Maui has experienced numerous earthquakes 

greater than Magnitude 5. Therefore, moderate to strong earthquakes have occurred in 

the County of Maui. The effects of earthquakes occurring on the Islands of Hawaii and 

Maui may be felt on the Island of Oahu. For example, several small landslides occurred 

on the Island of Oahu as a result of the Maui Earthquake of 1938 (M6.8). In addition, 

some houses on the Island of Oahu were reportedly damaged as a result of the Lanai 

Earthquake of 1871 (M7+). 

Over the last 150 years of recorded history, we are not aware of reported 

earthquakes greater than Magnitude 6 occurring on the Island of Oahu. We understand 

that an earthquake of Magnitude 4.8 to 5.0 occurred along the Diamond Head Fault in 

1948 on the Island of Oahu. The moderate tremor resulted in broken store windows, 

ruptured building walls, and broken underground water mains. 
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2.5 Field Percolation Tests 
Eight field permeability tests were conducted at the proposed replacement bridge 

abutment locations to evaluate the infiltration characteristics of the subsurface materials 

encountered in the borings. The permeability tests were performed in Boring Nos. 1 

and 3. 

Four falling head and four constant head permeability tests were performed to 

evaluate the average hydraulic conductivity of the underlying subsurface materials. The 

test results are summarized in the following table. The field percolation test results are 

presented in Appendix C. 

FIELD PERCOLATION TEST RESULTS 
 

Location 
 

Permeability 
Test Type 

 

Test  
Depth 
(feet) 

Test 
Duration 
(minutes) 

Hydraulic 
Conductivity, k 
(feet/minute) 

Constant Head 20.0 3.2 x 10-2 

Falling Head 
16.5 

6.0 5.8 x 10-3 

Constant Head 20.0 3.8 x 10-2 
Boring No. 1  
(Kaneohe Side) 

Falling Head 
21.5 

10.5 3.2 x 10-3 

Constant Head 20.0 7.8 x 10 -2 

Falling Head 
17.0 

3.0 5.2 x 10-3 

Constant Head 20.0 4.2 x 10-2 
Boring No. 3 
(Kahuku Side) 

Falling Head 
22.0 

10.0 9.4 x 10-4 
 

In general, the calculated k-values for the tests indicate the subsurface materials 

encountered at the two boring locations may be considered moderately to highly 

permeable in terms of water transmission.  

 

END OF SITE CHARACTERIZATION 
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SECTION 3.  DISCUSSION AND RECOMMENDATIONS 

 
The project site is underlain by fills placed over soft to stiff alluvial soils overlying 

dense/stiff conglomerate, saprolitic soils and basalt formation at greater depths. 

Groundwater was encountered in the borings at depths of about 5.9 to 10 feet below the 

existing ground surface. 

Based on the subsurface conditions encountered, the estimated scour depth, and 

the foundation loads provided, we recommend utilizing a deep foundation system 

consisting of drilled shafts to support the replacement bridge structure. In general, we 

recommend utilizing a nominal shaft diameter of 4 feet embedded into the dense old 

alluvium, conglomerate and/or basalt formation to support the abutment structures. The 

drilled shaft foundations would derive support principally from adhesion between the 

shaft and the dense older alluvium, conglomerate and/or basalt formation encountered 

in the borings.  

It should be noted that potentially difficult drilling conditions likely will be 

encountered during installation of the drilled shafts in the stream channel due to the 

presence of the very loose sandy recent alluvium and the boulders and cobbles in the 

subsurface. Temporary steel casings will likely be required to reduce the potential for 

caving-in of the drilled holes during the drilling operation for the shafts at the abutment 

locations. Special drilling tools will be required to advance the drilled holes considering 

the presence of dense basaltic boulders and cobbles and hard basalt formation at the 

site. Detailed discussions and recommendations for design of the bridge structure are 

presented in the following sections. 

3.1 General Information 
Based on the information provided, the new replacement bridge structure will be 

a one-span bridge spanning approximately 110 feet from abutment to abutment. Based 

on information provided by the project structural engineer, general information and the 

foundation loads pertaining to the new bridge structure are presented in the following 

table. 
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FOUNDATION LOADING INFORMATION 

 
Location 

Loading 
Condition 

Axial 
Compression
  (kips) 

Longitudinal
Shear 
(kips) 

Transverse
Shear 
(kips) 

Longitudinal 
Moment 
(kip-feet) 

Transverse
Moment 
(kip-feet) 

Torsional
Moment 
(kip-feet) 

South 
Abutment 
(Kaneohe 

Side) 

Strength I 
Limit 
State 

2,623 253 0 4,898 3,844 608 

North 
Abutment 
(Kahuku 

Side) 

Strength I 
Limit 
State 

2,623 253 0 4,898 4,648 736 

South 
Abutment 
(Kaneohe 

Side) 

Extreme 
Event 
Limit 
State 

2,265 806 537 9,551 4,054 1,448 

North 
Abutment 
(Kahuku 

Side) 

Extreme 
Event 
Limit 
State 

2,257 774 544 9,531 4,839 1,596 

 

3.2 Seismic Design Considerations 
Based on the design criteria provided by the State of Hawaii - Department of 

Transportation, Highways Division, the Kaipapau Stream Bridge Replacement project 

will need to be designed based on a peak horizontal bedrock acceleration (PBA) 

coefficient of 0.18g. Based on the average penetration resistance of the subsurface 

materials encountered in the borings and the geologic setting in the area, the project 

site may be classified as a “Stiff Soil” profile for seismic design considerations. 

Therefore, the project site may be classified as and designed based on a Site Class D 

soil profile based on Table No. 3.10.3.1-1 of the 2008 Interim Revisions to the AASHTO 

LRFD Bridge Design Specifications.  

When seismic waves propagate through a soil profile, the seismic shear waves 

are usually intensified and amplified depending on the thickness and properties of the 

soils. Based a Site Class D soil profile, we estimate the peak ground acceleration (PGA) 

at the ground surface may be amplified to about 0.26g based on a peak bedrock 

acceleration (PBA) of 0.18g. 
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3.3 Stream/Channel Material for Scour Analysis 
One of the most common causes of bridge failure stems from scouring of bridge 

foundations from flood or other water flow damage. Therefore, the foundation design of 

the bridge structure will need to take into consideration the potential for stream scour. 

Scour is the result of erosive action of flowing water, excavating and carrying 

material away from the bed and banks of streams/channels. Total scour over a period of 

time generally consists of three components:  1) Aggregation and Degradation; 

2) Contraction Scour; and 3) Local Scour. The rates of scour depend on a number of 

factors such as the shape and dimensions of a pier or abutment, depth of flow, velocity 

of approach flow, size and gradation of stream/channel bed material, and bed 

configuration. 

One of the factors affecting the scour depth is the grain size characteristics of the 

stream bed material. The median diameter of the stream bed material (D50), in 

conjunction with the depth of flow and flow velocity, is used to calculate fall velocity of 

stream bed materials in scour depth analysis. In order to evaluate the size and 

gradation of the stream bed material for scour depth analysis at the bridge location, soil 

samples from the boring (Boring No. 2) within the stream channel were retrieved for 

laboratory analysis. The stream bed materials generally consist of sands and gravel. 

Sieve analysis tests were performed on the recovered soil samples to provide the grain 

size distribution of the materials. Based on the laboratory test results, the median 

diameter of the stream bed material (D50) at the replacement bridge structure was 

approximately 4 to 10 millimeters. 

We understand that the total scour elevation for the 100-year storm event is 

elevation -8 feet MSL for the bridge abutments. For the Strength Limit State, 100 percent 

of the 100-year scour depth was used in the analysis. As suggested by HDOT, 25 percent 

of the 100-year scour depth was used in the Extreme Event Limit State analysis. The 

foundation design recommendations presented in the following sections of this report have 

incorporated these potential scour depths for the replacement bridge structure. 
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3.4 Drilled Shaft Foundations 
Based on our field exploration, the project site is underlain by fills placed over 

alluvial soils overlying dense/stiff conglomerate, saprolitic soils and basalt formation at 

greater depths. Groundwater was encountered in the borings at depths of about 5.9 to 

10 feet below the existing ground surface. Based on the subsurface conditions 

encountered, estimated scour depth elevation, and the foundation loads presented 

above, we recommend using drilled shaft foundations with a nominal diameter of 4 feet 

to support the proposed replacement bridge structure. The drilled shaft foundations 

would derive support principally from adhesion between the drilled shaft and the 

alluvium and basalt formation encountered in the borings. The contribution from end 

bearing of the drilled shafts has been discounted in our analyses due to the difficulties 

of obtaining a clean bottom for end-bearing shafts in these subsurface conditions during 

construction. 

Based on our field exploration, engineering analyses, and the above 

assumptions, we recommend using drilled shafts with the following compressive load 

capacities for the extreme event and strength limit states based on Load and 

Resistance Factor Design (LRFD) methods for design of highway bridges. For the 

strength limit state, a resistance factor of 0.45 has been applied to the extreme event 

limit state capacities for design of the drilled shaft foundations.  Based on the spacing of 

the drilled shafts (3.5 to 4 diameters center-to-center), efficiency factors of 0.75 to 0.82 

are applied to the extreme event and strength limit state capacities for the shaft group 

presented in the following table. Bottom of footing elevations of +2.40 and +3.52 MSL 

were used in the analysis for Abutment Nos. 1 and 2, respectively. 
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FOUNDATION LAYOUT AND DRILLED SHAFT CAPACITIES 

Compressive Load Capacity 
Per Drilled Shaft 

(kips) 
Location 

 
 
 

Shaft 
Identification 

 
 

Shaft 
Diameter 

(feet) 
 
 

Drilled 
Shaft Tip 

Elev. 
(feet MSL)

 
 

Unfactored 
Single 
Shaft 

Capacity 

Extreme 
Event Limit 

State 

Strength 
Limit 
State 

South 
Abutment 
(Kaneohe 

Side) 

Mauka Shaft 4 -79.6 2,620 1,960 885 

 South 
Abutment 
(Kaneohe 

Side) 

Center Two 
Shafts 

4 -71.6 2,065 1,550 700 

South 
Abutment 
(Kaneohe 

Side) 

Makai Shaft 4 -67.6 1,695 1,360 610 

North 
Abutment 

(Kahuku 
Side) 

Mauka Shaft 4 -64.5 2,745 2,060 925 

North 
Abutment 

(Kahuku 
Side) 

Center Two 
Shafts 

4 -54.5 2,050 1,540 695 

North 
Abutment 

(Kahuku 
Side) 

Makai Shaft 4 -48.5 1,535 1,225 555 

 
3.4.1 Uplift Load Resistance 

In general, uplift loads may be resisted by a combination of the dead weight of the 

drilled shaft and by shear along the shaft surface and the adjacent soils. We 

recommend using following uplift load capacities for the extreme event and strength 

limit states. For the strength limit state, a resistance factor of 0.35 has been applied 

to the extreme event limit state capacities for design of the drilled shaft foundations. 

The uplift load capacities provided also include the weight of the drilled shaft. The 

project structural engineer should check the structural capacity of the shaft member 

in tension. 
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UPLIFT LOAD CAPACITIES FOR DRILLED SHAFT FOUNDATIONS 

Uplift Load Capacity 
Per Drilled Shaft 

(kips) Location 

 
Shaft 

Identification 
 

Drilled 
Shaft 

Diameter 
(feet) 

 
Extreme Event 

Limit State 
Strength 

Limit State 
South Abutment 
(Kaneohe Side) 

Mauka Shaft 4 2,000 700 

South Abutment 
(Kaneohe Side) 

Center Two 
Shafts 

4 1,545 540 

South Abutment 
(Kaneohe Side) 

Makai Shaft 4 1,345 470 

North Abutment 
(Kahuku Side) 

Mauka Shaft 4 2,060 720 

North Abutment 
(Kahuku Side) 

Center Two 
Shafts 

4 1,545 540 

North Abutment 
(Kahuku Side) 

Makai Shaft 4 1,230 430 

 

3.4.2 Lateral Load Resistance 

In general, lateral load resistance of drilled shafts is a function of the stiffness of the 

surrounding soil, the stiffness of the shaft, allowable deflection at the top of shaft, 

and induced moment in the shaft.  The lateral load analyses were performed using 

the “GROUP” program. The program solves for deflection and bending moment 

along several deep foundation elements under lateral loads as a function of depth. 

The analysis was carried out with the use of non-linear “p-y” curves to represent soil 

moduli. The lateral deflection was then computed using the appropriate soil moduli 

at various depths.  

Based on the available plan provided, the drilled shafts will be spaced at a 

minimum of 3.5 to 4 times the diameter of the shaft from center-to-center.  

Therefore, the effect of group action was considered in our lateral load analyses by 

including an efficiency factor in the direction of loading.  Based on the anticipated 

load acting at the top of the drilled shaft group, the lateral deflection at the top of the 

drilled shaft group, and the maximum induced moments and shears are presented 

in the table below. 
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LATERAL DEFLECTION AND MAXIMUM INDUCED MOMENT 
IN THE DRILLED SHAFT FOUNDATIONS 

 
 

Location 
 

 
Loading 

Condition 
 

 
Lateral 

Deflection 
(inches) 

Maximum 
Moment 
Induced 

(kips-feet) 

Maximum 
Shear 

Induced 
(kips) 

South Abutment 
(Kaneohe Side) 0.1 1,475 83 

North Abutment 
(Kahuku Side) 

Strength I 
Limit State 

0.1 1,430 79 

South Abutment 
(Kaneohe Side) 

Extreme 
Event 

Limit State – 
Longitudinal 

 

0.4 2,470 209 

South Abutment 
(Kaneohe Side) 

Extreme 
Event 

Limit State – 
Transverse 

 

0.5 1,405 147 

North Abutment 
(Kahuku Side) 

Extreme 
Event 

Limit State – 
Longitudinal 

 

0.4 2,445 199 

North Abutment 
(Kahuku Side) 

Extreme 
Event 

Limit State – 
Transverse 

 

0.6 1,460 209 

3.4.3 Foundation Settlements 

Settlement of the drilled shaft foundations would result primarily from elastic 

compression of the drilled shaft and subgrade response. We estimate the total 

settlement of the drilled shaft supported foundation to be less than 0.5 inches with 

differential settlements between drilled shafts not exceeding about one-half that 

amount. We believe that these settlements are essentially elastic and should occur 

as the loads are applied. 

3.4.4 Construction Considerations 

The performance of drilled shafts depends significantly upon the contractor's 

method of construction and construction procedures. As a result of these potential 
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variations, a Geolabs representative should be present to observe the installation of 

drilled shafts during construction. In our opinion, the following may have a 

significant impact on the effectiveness and cost of the drilled shaft foundations. 

Based on our field exploration, the abutment locations are underlain by very loose 

recent alluvium and dense cobbles and gravel with some boulders. Due to the 

presence of very loose soils, we anticipate that caving-in of the materials are highly 

likely during the drilling operations. To reduce the potential for caving-in of the 

drilled holes, temporary casing of the drilled holes should be provided during the 

drilled shaft installation. Care should be exercised during removal of the temporary 

casing to reduce the potential for "necking" of the drilled shaft. Therefore, a 

minimum 5-foot head of concrete above the bottom of the casing or adequate 

concrete head to counter hydrostatic pressures from the groundwater should be 

maintained during removal of the casing. The anticipated shallow groundwater 

levels at the bridge location also may pose some construction difficulties because 

proper observation of the sides and bottoms of the drilled shaft may not be 

possible. 

It should be noted that dense basaltic cobbles and gravel with boulders and hard 

basalt formation were encountered in the borings. Therefore, special drilling tools 

for coring into the basaltic cobbles, boulders and basalt formation will be required.  

Appropriate measures also will be needed to avoid dislodging the boulders into the 

drilled shaft hole during the drilling and shaft installation process. 

The drilled shaft contractor will need to demonstrate that the proposed drilling 

equipment (and coring tools) and construction methodology will be capable of 

installing the drilled shafts to the recommended depths and dimensions by 

performance of a trial shaft program. We recommend the trial shaft extend to a 

depth of at least 100 feet below the ground surface. 

3.4.5 Workmanship 

The load carrying capacities of drilled shafts depend, to a large extent, on the 

contact between the drilled shafts and the surrounding subsurface materials. 
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Therefore, proper construction techniques are important. The contractor should 

exercise care in drilling the shaft holes, installation of the temporary casing, placing 

concrete into the holes, and removal of the temporary casing. 

Because of the shallow groundwater conditions at the site, concrete placement by 

tremie methods will be required during construction of the drilled shafts. The 

concrete should be placed in a suitable manner by displacing the water in an 

upward fashion from the bottom of the drilled hole.  A low-shrink concrete mix with 

high slump (7 to 9-inch slump range) should be used to provide close contact 

between the drilled shafts and the surrounding soils. In addition, the maximum 

particle size of the aggregates in the concrete should be limited to 0.375 inches.  

The concrete should be placed in a suitable manner to reduce the potential for 

segregation of the aggregates from the concrete mix, and the concrete should be 

deposited into the drilled hole by pumping through a solid tremie pipe.  A Geolabs 

representative should be present to observe the drilled shaft installation during 

construction because relatively high compressive load capacities are 

recommended for these drilled shafts. 

3.4.6 Trial Shaft Program 

A trial shaft program is normally required and highly recommended for bridge 

projects. Considering the diameter and structural load capacities of the drilled 

shafts, we recommend undertaking a trial shaft program, including the performance 

of an instrumented load test, to fulfill the following objectives: 

 To examine the adequacy of the methods and equipment proposed by the 
contractor to install the drilled shafts through the loose alluvial soils, into 
the conglomerate layers consisting of basaltic cobbles and gravel with 
some boulders, and into the hard basalt formation. 

 To confirm or modify the estimated tip elevations of the drilled shafts. 

 To assess the contractor’s method of placing and extracting the temporary 
casing for the drilled shaft. 

 To assess the contractor’s method of tremmie concrete placement. 
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To achieve these objectives, we recommend that the trial shaft program consist of 

drilling a 4-foot diameter trial shaft extending to a depth of at least 100 feet below 

the existing ground surface at a location near the north abutment. The location of 

the trial shaft should be near, but outside of, the abutment foundations. After drilling 

the trial shaft, the trial shaft should be filled with concrete similar to a production 

drilled shaft. In addition, we recommend constructing a separate load test shaft for 

load testing purposes. The load test shaft should be structurally reinforced and 

instrumented with embedment strain gauges for load testing. The embedment 

strain gauges should be placed starting from the bottom at an elevation of about 

5 feet above the tip of the trial shaft and subsequently at 5-foot intervals, as shown 

on the Drilled Shaft Load Test Detail, Plate 4. 

 Due to the high capacities recommended for the drilled shafts, a conventional 

load test would not be practical and would be costly to conduct. Therefore, a 

bi-directional axial load test should be conducted on the reinforced load test shaft 

using an expandable base load cell (Osterberg Load Cell). The expandable base 

load cell will need to be attached to the reinforcing cage prior to lowering the 

reinforcing cage in place.  The drilled shaft load test should be performed in 

general accordance with the Quick Load Test Method of ASTM D1143. In 

general, the load test shaft should be loaded at increments of about 100 

to 200 kips and should be held for a minimum of 12 hours at or near failure to 

evaluate the potential for creep effects. The load test shaft should be loaded to 

failure to evaluate the ultimate side shear resistance of the trial shaft.  Installation 

of the expandable base load cell and embedment strain gauges, performance of 

the bi-directional axial load test, and analyses of the load test data should be 

performed by a qualified professional experienced in these types of load testing 

procedures. 

 Considering the specialized nature of the trial shaft program, a Geolabs 

representative should be present during the trial shaft and load testing program 

to evaluate the contractor’s method of drilled shaft installation and to evaluate the 

subsurface materials encountered. In addition, Geolabs should observe the 

instrumented load test on the reinforced load test shaft. It should be noted that 
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the drilled shaft design was developed from our analyses using the field 

exploration data. Therefore, observation of the drilled shaft installation operations 

by Geolabs is a vital part of the foundation design to confirm the design 

assumptions. 

3.4.7 Non-Destructive Integrity Testing 

Based on the critical nature of the drilled shaft foundations for the replacement 

bridge structure, we recommend conducting non-destructive integrity testing on the 

production drilled shafts for the project. Crosshole Sonic Logging (CSL) is one of 

the non-destructive integrity testing methods that have been gaining widespread 

use and acceptance for integrity testing of drilled shafts. 

Crosshole Sonic Logging techniques are based on the propagation of sound waves 

through concrete. In general, the actual velocity of sound wave propagation in 

concrete is dependent on the concrete material properties, geometry of the element 

and wavelength of the sound waves. When ultrasonic frequencies are generated, 

Pressure (P) waves and Shear (S) waves travel though the concrete. If anomalies 

are contained in the concrete, the anomalies will reduce the P-wave travel velocity 

in the concrete. Anomalies in the drilled shaft concrete may include soil particles, 

gravel, water, voids, contaminated concrete, and highly segregated constituent 

particles. 

The transit time of an ultrasonic P-wave signal may be measured between an 

ultrasonic transmitter and receiver in two parallel water-filled access tubes placed 

into the concrete during construction. The P-wave velocity can be obtained by 

dividing the measured transit time from the distance between the transmitter and 

receiver. Therefore, anomalies may be detected (if they exist). 

In general, the access tubes should be securely attached to the interior of the 

reinforcing cage as near to parallel as possible in the drilled shaft. We recommend 

casting a minimum of four access tubes into the concrete of the 4-foot diameter 

drilled shafts.  Details are shown on the Access Tube Detail for Crosshole Sonic 

Logging Test, Plate 5.  
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In addition, the access tubes should extend from the bottom of the drilled shaft 

reinforcing cage to at least 3.5 feet above the top of the shaft. It is imperative that 

joints required to achieve the full length of the access tubes should be watertight. 

The contractor is responsible for taking extra care to prevent damage of the access 

tubes during the placement of the reinforcing cage into the drilled hole. The tubes 

should be filled with potable water as soon as possible after concrete placement, 

but water filling of the access tubes should not be later than 4 hours after the 

concrete placement. Subsequently, the top of the access tubes should be capped 

with watertight caps. 

The Crosshole Sonic Logging (CSL) test of drilled shafts should be conducted after 

at least 7 days of curing time, but no later than 28 days after concrete placement. In 

addition, the CSL test of drilled shafts should be performed in general accordance 

with ASTM D6760. In the event that a drilled shaft is found to have significant 

anomalies and/or is suspected to be defective based on the CSL testing and/or field 

observations, the drilled shaft should be cored to evaluate the integrity of the 

concrete in the drilled shaft. The coring location within the drilled shaft should be 

determined by our representative, who should be present to observe the installation 

of the drilled shafts. After completion of the crosshole sonic logging of the drilled 

shafts, all the access tubes should be filled with grout of the same strength as the 

drilled shaft concrete. 

3.5 Structure Approach Slabs 
We anticipate that a relatively substantial excavation of about 10 feet deep 

followed by subsequent backfilling will be required in order to construct the abutment 

structures of the new replacement bridge. To reduce the potential for appreciable abrupt 

differential settlements between the drilled shaft supported bridge structure and the 

compacted backfills behind the abutment structures, we recommend providing structure 

approach slabs at the abutment locations. In general, the structure approach slabs 

should be at least 20 feet in length. 

The structure approach slabs should be supported on a minimum of 8 inches of 

aggregate subbase course placed on a prepared subgrade. The subgrade should be 
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scarified to a depth of about 8 inches, moisture-conditioned to above the optimum 

moisture content, and compacted to no less than 95 percent relative compaction. The 

aggregate subbase course should also be moisture conditioned to above the optimum 

moisture content and compacted to at least 95 percent relative compaction. Relative 

compaction refers to the in-place dry density of soil expressed as a percentage of the 

maximum dry density of the same soil established in accordance with AASHTO T-180 

(or ASTM D1557). Optimum moisture is the water content (percentage by dry weight) 

corresponding to the maximum dry density. 

3.6 Retaining Structures 
Based on the information provided, we understand retaining structures, such as 

the abutment walls and wing walls, on the order of about 10 feet in height will be 

required for the replacement bridge project. In general, foundations for the abutment 

structure and wing walls (structural elements attached to the bridge structure) should be 

designed based on the recommendations for support of the bridge structure (drilled 

shaft foundations). The following guidelines may be used in designing the retaining 

structures for this project. 

3.6.1 Static Lateral Earth Pressures 

The abutment walls and wing walls for the replacement bridge should be designed 

to resist the lateral earth pressures due to the adjacent soils and surcharge effects 

caused by loads adjacent to the abutment and wing walls. The recommended 

lateral earth pressures for design of the retaining structures, expressed in 

equivalent fluid pressures of pounds per square foot per foot of depth (pcf), are 

presented in the following table.  

LATERAL EARTH PRESSURES FOR 
DESIGN OF RETAINING STRUCTURES 

 
Backfill Condition 

 

Earth Pressure 
Component 

 

 
Active 
(pcf) 

 
At-Rest 

(pcf) 

Above Groundwater 40 58 Level 
Backfill Below Groundwater 80 88 
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Backfill behind the retaining structures (above the groundwater level) may consist 

of the on-site soils or select granular fills (Type A Structure Backfill) compacted to at 

least 90 percent relative compaction. Because shallow groundwater conditions are 

anticipated, backfill materials below the groundwater level should consist of 

free-draining granular materials, such as AASHTO M43, No. 67 gradation 

(ASTM C 33, No. 67 gradation), wrapped on all sides with non-woven filter fabric 

(Mirafi 180N or equivalent). The free-draining granular materials should be used up 

to a level of about 12 inches above the groundwater level to facilitate compaction of 

the backfill materials. 

In general, an active condition may be used for gravity retaining walls or walls that 

are free to deflect by as much as 0.5 percent of the wall height. If the tops of walls 

are not free to deflect beyond this degree, or are restrained, the walls should be 

designed for the at-rest condition. These lateral earth pressures do not include 

hydrostatic pressures that might be caused by groundwater trapped behind the 

walls. 

Surcharge stresses due to areal surcharges, line loads, and point loads within a 

horizontal distance equal to the depth of the wall should be considered in the 

design. For uniform surcharge stresses imposed on the loaded side of the wall, a 

rectangular distribution with uniform pressure equal to 36 percent of the vertical 

surcharge pressure acting over the entire height of the wall, which is free to deflect 

(cantilever), may be used in design. For walls that are restrained, a rectangular 

distribution equal to 53 percent of the vertical surcharge pressure acting over the 

entire height of the wall may be used for design. Additional analyses during design 

may be needed to evaluate the surcharge effects of point loads and line loads.  

3.6.2 Dynamic Lateral Earth Forces 

We understand dynamic lateral earth forces will need to be considered in the 

design of the retaining structures based on LRFD methods. An appropriately 

reduced factor of safety may be used when dynamic lateral earth forces are 

accounted for in the design of retaining structures. In general, a force due to 

dynamic lateral earth pressures on the retaining structure will increase with 
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decreased lateral movement of the structure. The table below summarizes the 

dynamic lateral earth forces acting on the abutment and wing walls in the event of 

an earthquake producing a peak ground acceleration of about 0.26g versus various 

wall displacements. 

DYNAMIC LATERAL EARTH FORCES 
FOR RETAINING STRUCTURES 

Allowable Lateral 
Wall Movement  

(inches) 

Dynamic Lateral  
Earth Forces  

(H2 pounds per linear foot) 
0.5 19.6 

1.0 14.8 

1.5 11.5 

2.0 8.1 

2.5 5.8 
 

It should be noted that the above table only applies to level backfill conditions, 

where H is the height of the wall in feet. The resultant force should be assumed to 

act through the mid-height of the wall. The total lateral earth forces presented 

above includes both static and dynamic lateral earth pressures. 

3.6.3 Drainage 

Retaining structures should be well drained to reduce the build-up of hydrostatic 

pressures. A typical drainage system should consist of permeable material, such as 

AASHTO M43, No. 67 gradation material, placed near the bottom and along the 

length of the wall discharging to an appropriate outlet or weep holes. As an 

alternative, the drainage system may consist of about 1 cubic foot of permeable 

material, such as AASHTO M43, No. 67 gradation material, wrapped with 

non-woven, filter fabric at each of the weep hole locations. The weep holes should 

be spaced not more than 8 feet apart. 

Backfill behind the permeable drainage zone should consist of Type A Structure 

Backfill Material conforming to Section 703.20 of the State of Hawaii Standard 

Specifications for Road and Bridge Construction, 2005 (HSS). Unless covered by 

concrete slabs or pavements, the upper 12 inches of backfill should consist of 

relatively impervious material to reduce the potential for significant water infiltration 



SECTION 3. DISCUSSION AND RECOMMENDATIONS 
 
 

 
W.O. 5014-00(A) GEOLABS, INC. Page 24 
 Hawaii • California 

behind the walls. In addition, the backfill from the bottom of the wall to about the 

elevation of the weepholes should consist of relatively impervious soil backfill, such 

as the on-site clayey soils, to reduce the potential for excess water infiltration into 

the foundation materials. 

3.7 Bypass Roadway 
A temporary bypass road will be required during the construction of the 

replacement bridge structure. The bypass road will include a stream crossing structure 

with a span of about 91 feet supported on a center pier and abutments at each end of 

the structure. We understand that an Acrow type of bridge structure will be used. In 

addition, we understand that scour protection will be provided for the center pier footing 

and that scour need not be considered for the temporary bridge foundations. 

We anticipate that the center pier footing will be bearing on loose to medium 

dense silty sands and gravels and cobbles and boulders.  Should loose/soft subsoils be 

encountered at the footing level, the loose/soft materials should be over-excavated a 

minimum of 24 inches and replaced with stabilization layer consisting of No. 2 Coarse 

rock wrapped with a filter fabric (Mirafi 180N).  Bearing resistance of up to 4,500 and 

2,000 pounds per square foot (psf) may be used for the Extreme Event and Strength 

Limit States, respectively.  For the Service Limit State, a bearing resistance of up to 

1,500 psf may be used. 

For the temporary bridge abutments, we anticipate that the abutment footings will 

be bearing on medium stiff silty clay/clayey silt.  The bearing resistance provided for the 

center pier footing may be used for the abutment footings. 

3.8 Temporary Segmental Retaining Wall 
A temporary segmental retaining wall will be constructed for the bypass roadway.  

In general, the segmental retaining wall system is a composite wall system, which 

utilizes high-density polyethylene, or other reinforcing elements, to reinforce the backfill 

zone and improve the shear strength of the reinforced soil zone. This composite system 

essentially forms a gravity wall structure with an ability to tolerate significant total and 

differential settlements.   
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We believe that the reinforced fill material for the segmental retaining wall should 

consist of imported select granular fill materials. In general, the imported select granular fill 

materials should be well graded from coarse to fine with particles no larger than 3 inches 

in largest dimension. The material should also contain less than 15 percent particles 

passing the No. 200 sieve. The material should have a California Bearing Ratio (CBR) 

value of 25 or higher and a swell potential of one percent or less when tested in 

accordance with ASTM D1883. 

In addition, the reinforced fill material (imported select granular fill materials) should 

have an angle of internal friction of at least 34 degrees when tested by the standard direct 

shear test (ASTM D3080). The sample to be tested should be compacted to 95 percent 

relative compaction at moisture contents above the optimum. 

Reinforced fill materials should be placed in level loose lifts not exceeding 8 inches 

in loose thickness and be compacted to at least 95 percent of the maximum dry density 

established in accordance with AASHTO T-180 at moisture contents above the optimum. 

Geogrids should consist of geosynthetic reinforcement material having regular and 

defined open areas. The geogrid structure should be select high density polyethylene or 

polypropylene resin.  During wall construction, the geogrids should be oriented with the 

highest strength axis perpendicular to the wall alignment. The geogrid should lay 

horizontally on compacted backfill, pulled taut, and anchored before placing backfill on the 

geogrid. 

The geogrid should be continuous throughout the geogrid embedment lengths. 

Splices to connect two sections of geogrids may be used provided the splice connector is 

capable of providing 100 percent load transfer between the two geogrid sections. 

Based on our analysis, a minimum base width to wall height ratio of at least 1.33 

is recommended for the segmental retaining wall structure. 

 



SECTION 3. DISCUSSION AND RECOMMENDATIONS 
 
 

 
W.O. 5014-00(A) GEOLABS, INC. Page 26 
 Hawaii • California 

3.9 Site Grading 
Based on the existing topography and the design finished grades of the new 

bridge approaches, the extent of grading required to construct the proposed 

replacement bridge will consist of cuts and fills up to about 2 feet thick. In addition, we 

anticipate an excavation of about 10 feet deep followed by backfilling will be required for 

construction of the abutment and wing walls. In general, the site grading for the project 

should conform to Section 203 of the HSS and the site-specific recommendations 

contained in this report. 

A Geolabs representative or a qualified personnel experienced in earthwork 

construction should observe the site grading operations to monitor whether undesirable 

materials are encountered during the excavation and scarification process, and to 

confirm whether the exposed soil conditions are similar to those encountered in our 

exploration. 

In general, areas to receive fills should be cleared of vegetation and deleterious 

materials. The resulting grub/spoil materials should be disposed of properly off-site. 

Soft, weak, or yielding areas disclosed during clearing operations should be 

over-excavated to expose firm or dense ground, and the resulting excavation should be 

backfilled with general fill materials moisture-conditioned to above the optimum moisture 

content and compacted to a minimum of 90 percent relative compaction. After clearing 

and grubbing, the exposed subgrades should be scarified to a minimum depth of 

8 inches, moisture-conditioned to above the optimum moisture content, and compacted 

to a minimum of 90 percent relative compaction. Relative compaction refers to the 

in-place dry density of soil expressed as a percentage of the maximum dry density of 

the same soil established in accordance with AASHTO T-180 (or ASTM D1557). 

Optimum moisture is the water content (percentage by dry weight) corresponding to the 

maximum dry density. 

In general, the excavated on-site materials may be re-used as a source of 

general fill and backfill materials provided that they are free of organic materials and 

contain no lumps or rock fragments greater than 3 inches in largest dimension. It should 

be noted that the excavated soft clays and silts should not be used as a source of 
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general fill and backfill. Where used as general fill and backfill materials, the on-site 

materials should be moisture-conditioned to above the optimum moisture content, 

placed in level lifts not exceeding 8 inches in loose thickness, and compacted to a 

minimum of 90 percent relative compaction.  

Imported material should consist of "select granular fill," such as crushed coral, 

basalt, or cinder sand. Select granular fill materials should be well graded from coarse 

to fine with particles no larger than 3 inches in largest dimension. Select granular fill 

should have a laboratory CBR value of 20 or more with a maximum swell value of 

1 percent or less when tested in accordance with AASHTO T-193 (or ASTM D1883). In 

addition, select granular fill material should contain between 10 and 30 percent particles 

passing the No. 200 sieve. Imported materials should be brought to above the optimum 

moisture content and compacted to a minimum of 95 percent relative compaction. 

Surfaces should be finished to create smooth, unyielding subgrades and should be kept 

moist until covered by concrete slabs or pavements. Imported materials should be 

tested and approved prior to delivery to the project site for its intended use. 

For backfill behind the abutment structure, the backfill material should consist of 

well-graded, granular fill material conforming to Type A Structure Backfill Material of 

Section 703.20 of the HSS. The material should be moisture-conditioned to above the 

optimum moisture content, placed in level loose lifts not exceeding 8 inches, and 

compacted to a minimum of 90 percent relative compaction. For backfill below the 

ground water level, free-draining granular material, such as AASHTO M43, No. 67 

gradation, wrapped on all sides with non-woven filter fabric should be used. This free 

draining granular material should be used up to a level of about 12 inches above ground 

water level to facilitate compaction of the backfill materials. 

3.10 Underground Water Line 
Based on the plans provided, we understand that a 16-inch diameter water line 

will be installed along the downstream side of the bridge and will be connected to the 

existing water line system. It is anticipated that the trench for the underground water line 

generally will be excavated in the near-surface fills consisting of medium stiff silts and 

clays and recent alluvium. In general, we recommend providing granular bedding 
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consisting of 6 inches of free-draining granular materials (AASHTO M43 Size No. 67 

gradation) below the pipes. If soft and/or loose soils (recent alluvium) are exposed at or 

near the invert of the pipes, an additional 24 inches of free-draining gravel wrapped in a 

non-woven filter fabric (Mirafi 180N or equivalent) should be provided below the bedding 

layer for uniform support. 

Free-draining granular materials, such as AASHTO M43, No. 67 gradation, also 

should be used for the initial trench backfill up to about 12 inches above the pipes or 

about 12 inches above the groundwater level to provide adequate support around the 

pipes. It is critical to use free-draining materials to reduce the potential for formation of 

voids below the haunches of pipes and to provide adequate support around the sides of 

the pipes. Improper trench backfill could result in backfill settlement and pipe damage. 

The upper portion of the trench backfill from the level 12 inches above the pipes 

(or groundwater level) to the top of the subgrade may consist of the excavated on-site 

soils with a maximum particle size of 6 inches (excluding the very soft or loose soils). 

The backfill material should be moisture-conditioned to above the optimum moisture 

content, placed in maximum 8-inch level loose lifts, and mechanically compacted to a 

minimum of 90 percent relative compaction to reduce the potential for significant future 

ground subsidence. Where trenches are below pavement areas, the upper 3 feet of the 

trench backfill below the pavement grade should be compacted to a minimum of 

95 percent relative compaction. 

3.11 Design Review 
Drawings and specifications for the proposed construction should be forwarded 

to Geolabs for review and written comments prior to bid advertisement. This review is 

necessary to evaluate adherence of the plans and specifications to the intent of the 

foundation and earthwork recommendations provided herein. If this review is not made, 

Geolabs cannot assume responsibility for misinterpretation of the recommendations 

presented. 
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3.12 Post Design / Construction Observation Services 
It is recommended to retain Geolabs for geotechnical engineering services during 

construction. The critical items of construction monitoring that require "Special 

Inspection" include observation of the drilled shaft foundation installation and testing, 

subgrade proof-rolling, and other aspects of the earthwork construction. This is to 

observe compliance with the intent of the design concepts, specifications, or 

recommendations and to expedite suggestions for design changes that may be required 

in the event that subsurface conditions differ from those anticipated at the time this 

report was prepared. The recommendations provided herein are contingent upon such 

observations. If the actual subsurface conditions encountered during construction are 

different from those assumed or considered herein, then appropriate design 

modifications should be made. 

 
END OF DISCUSSION AND RECOMMENDATIONS 
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SECTION 4.  LIMITATIONS 

 
The analyses and recommendations submitted in this report are based in part 

upon information obtained from the field borings and bulk samples. Variations of 

conditions between and beyond the field borings and bulk samples may occur, and the 

nature and extent of these variations may not become evident until construction is 

underway. If variations then appear evident, it will be necessary to re-evaluate the 

recommendations presented in this report. 

The field boring and bulk sample locations are approximate, having been 

estimated from the topographic survey transmitted by R.M. Towill Corporation on 

February 17, 2006. Elevations of the field borings were interpolated from the contour 

lines shown on the same plan. The boring locations and elevations should be 

considered accurate only to the degree implied by the methods used. 

The stratification breaks shown on the Logs of Borings depict the approximate 

boundaries between soil/rock types and, as such, may denote a gradual transition. 

Water level data from the borings were measured at the times shown on the graphic 

representations and/or presented in the text herein. These data have been reviewed 

and interpretations made in the formulation of this report. However, it must be noted that 

fluctuation may occur due to variation in seasonal rainfall, and other factors. 

This report has been prepared for the exclusive use of R.M. Towill Corporation 

and their client, State of Hawaii – Department of Transportation, Highways Division, for 

specific application to Kaipapau Stream Bridge Replacement project in accordance with 

generally accepted geotechnical engineering principles and practices. No warranty is 

expressed or implied. 

This report has been prepared solely for the purpose of assisting the design 

engineers in the preparation of the design drawings for the bridge replacement project. 

Therefore, this report may not contain sufficient data, or the proper information, for use 

to form the basis for preparation of construction cost estimates or contract bidding. A 

contractor wishing to bid on this project should retain a competent geotechnical 



SECTION 4. LIMITATIONS 
 
 

 
W.O. 5014-00(A) GEOLABS, INC. Page 31 
 Hawaii ● California 

engineer to assist in the interpretation of this report and/or performance of site-specific 

exploration for bid estimating purposes. 

The owner/client should be aware that unanticipated soil conditions are 

commonly encountered. Unforeseen subsurface conditions, such as perched 

groundwater, soft deposits, hard layers or cavities, may occur in localized areas and 

may require additional probing or corrections in the field (which may result in 

construction delays) to attain a properly constructed project. Therefore, a sufficient 

contingency fund is recommended to accommodate these possible extra costs. 

This geotechnical engineering exploration conducted at the project site was not 

intended to investigate the potential presence of hazardous materials existing at the 

site. It should be noted that the equipment, techniques, and personnel used to conduct 

a geo-environmental exploration differ substantially from those applied in geotechnical 

engineering. 

 
END OF LIMITATIONS 
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A P P E N D I X   A 

 
Field Exploration 

 
 
 
 We explored the subsurface conditions by drilling and sampling seven borings to 
depths from approximately 13 to 112.5 feet below the existing ground surface. The 
borings were drilled with a truck-mounted drill rig equipped with auger equipment and 
coring tools at the approximate locations shown on the Site Plan, Plate 2. 
 
 Our geologist classified the materials encountered in the borings by visual and 
textural examination in the field and observed the field exploration operations on a 
near-continuous basis. These classifications were further reviewed by visual 
observation and testing in the laboratory. Soils were classified in general conformance 
with the Unified Soil Classification System, as shown on the Soil Log Legend, Plate A. 
Graphic representations of the materials encountered are presented on the Logs of 
Borings, Plates A-1 through A-7. 
 
 Relatively “undisturbed” soil samples were obtained in general accordance with 
ASTM D3550, Ring-Lined Barrel Sampling of Soils, by driving a 3-inch OD Modified 
California sampler with a 140-pound hammer falling 30 inches. In addition, some 
samples were obtained from the drilled borings in general accordance with 
ASTM D1586, Penetration Test and Split-Barrel Sampling of Soils, by driving a 2-inch 
OD standard penetration sampler using the same hammer and drop. The blow counts 
needed to drive the sampler the second and third 6 inches of an 18-inch or 24-inch drive 
are shown as the “Penetration Resistance” on the Logs of Borings at the appropriate 
sample depths. 
 
 Core samples of the rock materials (and boulders and cobbles) encountered at 
the site were obtained using diamond core drilling techniques in general accordance 
with ASTM D2113, Diamond Core Drilling for Site Investigation. Core drilling is a rotary 
drilling method that uses a hollow bit to cut into the rock formation. The rock material left 
in the hollow core of the bit is mechanically recovered for examination and description. 
 
 Recovery (REC) is used as a subjective guide to the interpretation of the relative 
quality of rock masses. Recovery is defined as the actual length of material recovered 
from a coring attempt versus the length of the core attempt. For example, if 3.7 feet of 
material is recovered from a 5.0-foot core run, the recovery would be 74 percent and 
would be shown on the Logs of Borings as REC = 74%. 
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 The Rock Quality Designation (RQD) is a subjective guide to the relative quality 
of rock masses.  RQD is defined as the percentage of the core run that is sound 
material in excess of 4 inches in length without discontinuities, discounting drilling 
induced fractures or breaks.  If 2.0 feet of sound material is recovered from a 5.0-foot 
core run, the RQD would be 40 percent and would be shown on the Logs of Borings as 
RQD = 40%. Generally, the following is used to describe the relative quality of the rock, 
based on the "Practical Handbook of Physical Properties of Rocks and Minerals." 
 

 
Rock Quality 

 
RQD 
(%) 

Very Poor   0 – 25 

Poor 25 – 50 

Fair 50 – 75 

Good 75 – 90 

Excellent 90 – 100 
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   stiff (residual soil)
grades with moderately weathered boulders

(basaltic) at 69.8 feet

Grayish brown with multi-color mottling SILT with
sand, medium stiff (saprolite)

grades to brown with multi-color mottling with
clay

Greenish gray with multi-color mottling BASALT,
closely to severely fractured, highly to extremely
weathered, medium hard (basalt formation)

Brown to gray with multi-color mottling CLAYEY
SAND, medium dense (saprolite)

Gray with multi-color mottling BASALT, closely to
severely fractured with some slickensided
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   surfaces on fractures, highly to extremely
weathered, medium hard (basalt formation)

Brownish gray with multi-color mottling SILTY
SAND with gravel, dense (saprolite)

 Boring terminated at 112.5 feet
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3-inch ASPHALTIC CONCRETE

6-inch CONCRETE

 AIR

 WATER

Grayish dark brown SILTY GRAVEL with sand
(basaltic), medium dense

Gray CONCRETE, very hard (debris)

Gray rounded GRAVEL AND COBBLES
(BASALTIC), very loose (recent alluvium)

Brown SAND with silt and gravel (basaltic),
medium dense (old alluvium)

Brown with multi-color mottling SILTY SAND with
gravel, medium dense (old alluvium)
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Brownish gray to grayish brown with multi-color
mottling COBBLES AND GRAVEL (BASALTIC)
with some boulders, slightly cemented, dense
(conglomerate)

grades with clayey silt, medium dense
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Brownish gray with multi-color mottling SILTY
SAND, dense (saprolite)

Greenish gray with white and black mottling
BASALT, closely to severely fractured, highly
weathered, medium hard to hard

grades to severely fractured

Brown with multi-color mottling SILTY SAND with
some clay, dense (saprolite)

Grayish brown with multi-color mottling BASALT,
closely to severely fractured, highly weathered,
medium hard

Gray with multi-color mottling SILTY GRAVEL
with sand, medium dense (saprolite)
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Gray with dark gray and brown mottling vesicular
to dense BASALT, closely to moderately
fractured, moderately weathered, hard

 Boring terminated at 112 feet

GM

83 10/0"
Ref.

100

Field

August 24, 2006

August 25, 2006

Y. Chiba

112 feet

5014-00(A)

U
S

C
S

D
e

p
th

 (
fe

e
t)

P
o

c
k
e

t 
P

e
n

.
(t

s
f)

Date Started:

Date Completed:

Logged By:

Total Depth:

Work Order:

2

R
Q

D
 (

%
)

A - 2.4

Description

Water Level: 10 ft. 8/24/06 1230 HRS

O
th

e
r 

T
e

s
ts

Log of
Boring

Plate

P
e

n
e

tr
a

ti
o

n
R

e
s
is

ta
n

c
e

(b
lo

w
s
/f

o
o

t)

S
a

m
p

le

G
ra

p
h

ic

Drill Rig:

Drilling Method:

Driving Energy:

M
o

is
tu

re
C

o
n

te
n

t 
(%

)

110

115

120

125

130

135

140

D
ry

 D
e

n
s
it
y

(p
c
f)

CME-75

5" Auger & PQ Coring

140 lb. wt., 30 in. drop

C
o

re
R

e
c
o

v
e

ry
 (

%
)

(Continued from previous plate)

Laboratory

GEOLABS, INC.

Geotechnical Engineering

KAMEHAMEHA HIGHWAY (ROUTE 83)
KAIPAPAU STREAM BRIDGE REPLACEMENT

KOOLAULOA, OAHU, HAWAII

B
O

R
IN

G
_

L
O

G
  

5
0

1
4

-0
0

(A
).

G
P

J
  

G
E

O
L

A
B

S
.G

D
T

  
1

2
/2

9
/0

8



9-inch ASPHALTIC CONCRETE

Brown SANDY GRAVEL (CORALLINE) with silt,
dense, dry (base course)

Brown with multi-color mottling CLAYEY SILT
with extremely weathered gravel (basaltic),
medium stiff, moist (fill)

Brown with multi-color mottling fine SANDY SILT
with gravel (basaltic), medium stiff, damp (fill)

Dark brown SILTY SAND with gravel, very loose
(recent alluvium)

grades with organic matter

Dark brown poorly graded SAND with some
well-rounded gravel in a silt matrix, very loose
(recent alluvium)

grades with well-rounded cobbles and boulders
(basaltic)

Brown with multi-color mottling CLAYEY
ROUNDED GRAVEL (BASALTIC) with sand,
medium dense (old alluvium)
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Brown with multi-color mottling SANDY CLAY
with rounded gravel (basaltic), medium stiff (old
alluvium)

Brown with multi-color mottling rounded
GRAVEL (BASALTIC) with sand and silt in a
clay matrix, slightly cemented, dense (old
alluvium)

Greenish gray with multi-color mottling slightly
cemented COBBLES AND BOULDERS
(BASALTIC) with gravel in a clay matrix, dense
(old alluvium)

grades to medium dense, breaks down to silty
sand
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grades to brown with multi-color mottling

Brown with multi-color mottling SANDY CLAY,
medium stiff (old alluvium)

Gray with multi-color mottling densely cemented
COBBLES AND GRAVEL (BASALTIC), dense
(weathered conglomerate)

grades to brownish gray with multi-color mottling,
medium dense

grades to moderately cemented, dense

grades to gray with multi-color mottling, densely
cemented

grades to reddish brown with black mottling

68

62

41

55

57

CL

23

26

10/0"
Ref.

25/3"
Ref.

15/3"
Ref.

10/0"
Ref.

15/1"
Ref.

100

100

75

100

84

100

100

Field

August 22, 2006

August 24, 2006

Y. Chiba

112 feet

5014-00(A)

U
S

C
S

D
e

p
th

 (
fe

e
t)

P
o

c
k
e

t 
P

e
n

.
(t

s
f)

Date Started:

Date Completed:

Logged By:

Total Depth:

Work Order:

3

R
Q

D
 (

%
)

A - 3.3

Description

Water Level: 9.7 ft. 8/22/06 1310 HRS

O
th

e
r 

T
e

s
ts

Log of
Boring

Plate

P
e

n
e

tr
a

ti
o

n
R

e
s
is

ta
n

c
e

(b
lo

w
s
/f

o
o

t)

S
a

m
p

le

G
ra

p
h

ic

Drill Rig:

Drilling Method:

Driving Energy:

M
o

is
tu

re
C

o
n

te
n

t 
(%

)

75

80

85

90

95

100

105

D
ry

 D
e

n
s
it
y

(p
c
f)

CME-75

5" Auger & PQ Coring

140 lb. wt., 30 in. drop

C
o

re
R

e
c
o

v
e

ry
 (

%
)

(Continued from previous plate)

Laboratory

GEOLABS, INC.

Geotechnical Engineering

KAMEHAMEHA HIGHWAY (ROUTE 83)
KAIPAPAU STREAM BRIDGE REPLACEMENT

KOOLAULOA, OAHU, HAWAII

B
O

R
IN

G
_

L
O

G
  

5
0

1
4

-0
0

(A
).

G
P

J
  

G
E

O
L

A
B

S
.G

D
T

  
1

2
/2

9
/0

8



grades to very dense
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6-inch ASPHALTIC CONCRETE

Dark brown GRAVELLY SAND (CORALLINE)
AND SOME CLAY, medium dense, damp

Dark brown with tan mottling poorly graded fine
SAND, medium dense, damp

Dark brown with tan mottling SILTY SAND, loose

Dark brown with tan mottling rounded GRAVEL
with sand (coralline and basaltic), very loose

Tannish gray SILTY SAND with some gravel
(coralline), very loose
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LL=68
PI=41
LL=64
PI=39

LL=54
PI=40

5-inch ASPHALTIC CONCRETE

Brownish gray SANDY GRAVEL (BASALTIC)
with silt, medium dense, dry

Dark brown with orange mottling CLAY with
some gravel (basaltic), medium stiff, damp

grades to medium stiff to stiff at 3.3 feet

Brownish tan fine CLAY with sand, soft to
medium stiff, moist

Grayish dark brown fine SANDY SILT, very loose

Brownish dark gray with light gray mottling poorly
graded fine SAND with silt, medium dense
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LL=56
PI=31
LL=56
PI=27

LL=55
PI=25

6-inch ASPHALTIC CONCRETE

Tan SANDY GRAVEL (CORALLINE), dense, dry

Dark brown CLAY with some rounded gravel
(basaltic), stiff, damp

Dark brown SILTY CLAY with sand, medium stiff
to stiff, damp

Dark brown SILT with clay and sand, stiff, damp

grades with cobbles and boulders (basaltic)

Dark brown with multi-color mottling rounded
GRAVEL AND COBBLES (BASALTIC) with silt,
dense, damp
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LL=95
PI=64

6-inch ASPHALTIC CONCRETE

Brownish gray SANDY GRAVEL (BASALTIC),
dense, dry

Dark brown with white and black mottling CLAY
with some gravel (coralline), medium stiff to stiff,
damp

Light brownish tan SILTY SAND (CORALLINE),
loose to medium dense, damp

Brownish tan CLAYEY SILT, medium stiff to stiff,
damp

Dark brown with multi-color mottling SILTY
SAND with some well-rounded gravel, medium
dense, damp

Dark brown GRAVEL with silt and sand, medium
dense, damp

grades with cobbles and boulders (basaltic) at
11.7 feet
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 Hawaii • California 

 
A P P E N D I X   B 

 
Laboratory Tests 

 
 
 
 Moisture Content (ASTM D 2216) and Unit Weight determinations 
(ASTM D 2937) were performed on selected soil samples as an aid in the classification 
and evaluation of soil properties. The test results are presented on the Logs of Borings 
at the appropriate sample depths. 
 
 Seven Atterberg Limits tests (ASTM D 4318) were performed on selected soil 
samples to evaluate the liquid and plastic limits and to aid in soil classification. Test 
results are summarized on the Logs of Borings at the appropriate sample depth. 
Graphic presentation of the test results is provided on Plate B-1. 
 
 Fourteen Sieve Analysis tests were performed on selected samples of the soils 
to evaluate the gradation characteristics and to aid in soil classification. The tests were 
performed in accordance with ASTM C 117 and C 136. Graphic presentation of the 
grain size distribution is provided on Plate B-2 through B-4. 
 
 Two California Bearing Ratio (CBR) tests (ASTM D 1883) were performed on 
bulk samples of the near-surface soils to evaluate the strength characteristics for 
pavement subgrade support. CBR test results are presented on Plate B-5 and B-6. 
 
 Two laboratory Resistance (R) Value tests (ASTM D 2844) were performed by 
Signet Testing Labs on two selected bulk samples of the near-surface soils to evaluate 
the pavement support characteristics of the soils. The test results are presented on 
Plates B-7 and B-8. 
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Days Soaked 3
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CALIFORNIA BEARING RATIO - ASTM D 1883

No. of Blows

Depth:

Description:

124.6

Molding Moisture (%)

Hammer Wt. (lbs)

Hammer Drop (inches)

Sample:

Molding Dry Density (pcf)

10.3

Swell (%)

37.7

Bulk-1

Gray silty sand

3/4 inch minus
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CALIFORNIA BEARING RATIO - ASTM D 1883
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Depth:

Description:

101.6

Molding Moisture (%)

Hammer Wt. (lbs)

Hammer Drop (inches)

Sample:

Molding Dry Density (pcf)

24.6

Swell (%)

12.9

Bulk-2

Dark gray silty clay with sand and gravel (coralline)

3/4 inch minus
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Hawaii • California 

 
A P P E N D I X   C 

 
Field Permeability Tests 

 
 
 

The permeability of the in-situ materials at the bridge abutment locations was 
evaluated by performing both falling and constant head tests in Boring Nos  1 and 2. 
The falling and constant head tests were performed at various depths below the existing 
ground surface. The approximate boring locations are shown on the Site Plan, Plate 2. 
Casing was used for drilling and testing. 

 
During the falling head testing, the borehole was carefully filled with water to the 

top. The time intervals and water drops were then recorded to provide data upon which 
to base calculation of the permeability value of the subsoils. Falling head permeability 
test results are presented on Plates C-1, C-3, C-5 and C-7. 
 

The constant head test was performed by pumping water into the borehole until 
the water surface has stabilized and remained at equilibrium for a sufficient period of 
time. The water height and the rate of pumping were then measured to provide data 
upon which to base calculation of the subsoil permeability. Constant head permeability 
test results are presented on Plates C-2, C-4, C-6 and C-8.  
 
 



GEOTECHNICAL ENGINEERING EXPLORATION
KAMEHAMEHA HIGHWAY (ROUTE 83)

KAIPAPAU STREAM BRIDGE REPLACEMENT 
KOOLAULOA, OAHU, HAWAII

B-1 @ 16.5 feet
7.15 feet

3 feet
14 feet
17 feet
2.5 feet
4.5 inches
4 inches

7.50 gpm
4.95 feet

7.50 gpm
= 1.00 feet³/min

5.20 feet

1.00

Permeability, k

= 0.032 feet/min
0.016 cm/s

Percolation Test Calculation Sheet (Constant Head Method: Well point-filter in uniform soil)

Boring:
GW table, b (from ground):
Datum, a (above ground):
Depth of casing:
Length, L (from datum):
Open hole Length, l:

Constant flow rate, Q    =

Piezometer head, Hc=

Factor of m (                      ) =

Diameter of open hole (D):
Diameter of casing (d):

Constant flow rate, Q:
Constant water level (FD):

v

h

k
k

cHI
D
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D
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k
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=
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GEOTECHNICAL ENGINEERING EXPLORATION
KAMEHAMEHA HIGHWAY (ROUTE 83)

KAIPAPAU STREAM BRIDGE REPLACEMENT 
KOOLAULOA, OAHU, HAWAII

B-1 @ 16.5 feet
7.15 feet

3 feet
14 feet
17 feet
2.5 feet
4.5 inches
4 inches

1.00

Time Depth of water 
(from datum)

(min) (feet)
0.0 5.0
1.0 7.8
2.0 8.8
3.0 9.2
4.0 9.5
5.0 9.6
6.0 9.6

Constant factor of the trendline y = λecx

λ= 2.9452
c= -0.3429

ln ( H1c / H2c )
(t2-t1)

Permeability, k, When 2ml/D <= 4, 

4.9E-03 feet/min
2.5E-03 cm/s

Permeability, k, When 2ml/D > 4, 

4.9E-03 feet/min
2.5E-03 cm/s

= 0.34

0.6

Piezometer Head, Hc

(feet)
5.2
2.4
1.35
0.95
0.7
0.6

Factor of m (                          ) =

Diameter of open hole (D):
Diameter of casing (d):

Datum, a (above ground):
Depth of casing:
Length, L (from datum):
Open hole Length, l:

Percolation Test Calculation Sheet (Falling Head Method: Well point-filter in uniform soil)

Boring:
GW table, b (from ground):
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GEOTECHNICAL ENGINEERING EXPLORATION
KAMEHAMEHA HIGHWAY (ROUTE 83)

KAIPAPAU STREAM BRIDGE REPLACEMENT 
KOOLAULOA, OAHU, HAWAII

B-1 @ 21.5 feet
7.5 feet
3 feet

13.5 feet
16.5 feet

8 feet
4.5 inches
4 inches

8.00 gpm
8.39 feet

8.00 gpm
= 1.07 feet³/min

2.11 feet

1.00

Permeability, k

= 0.038 feet/min
0.019 cm/s

Constant flow rate, Q    =

Piezometer head, Hc=

Factor of m (                      ) =

Diameter of open hole (D):
Diameter of casing (d):

Constant flow rate, Q:
Constant water level (FD):

Datum, a (above ground):
Depth of casing:
Length, L (from datum):
Open hole Length, l:

Percolation Test Calculation Sheet (Constant Head Method: Well point-filter in uniform soil)

Boring:
GW table, b (from ground):

v

h

k
k

cHI
D
mI

D
mIq

k
×××

++×
=

π2

])(1[ln 2

GW

GL
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d
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D l
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GEOTECHNICAL ENGINEERING EXPLORATION
KAMEHAMEHA HIGHWAY (ROUTE 83)

KAIPAPAU STREAM BRIDGE REPLACEMENT 
KOOLAULOA, OAHU, HAWAII

B-1 @ 21.5 feet
7.5 feet
3 feet

13.5 feet
16.5 feet

8 feet
4.5 inches
4 inches

1.00

Time Depth of water 
(from datum)

(min) (feet)
0.0 8.4
1.0 9.1
2.0 9.8
3.0 10.0
4.0 10.2
5.0 10.5
6.0 10.5

Constant factor of the trendline y = λecx

λ= 2.1274
c= -0.4845

ln ( H1c / H2c )
(t2-t1)

Permeability, k, When 2ml/D <= 4, 

3.2E-03 feet/min
1.6E-03 cm/s

Permeability, k, When 2ml/D > 4, 

3.2E-03 feet/min
1.6E-03 cm/s

Percolation Test Calculation Sheet (Falling Head Method: Well point-filter in uniform soil)

Boring:
GW table, b (from ground):

Factor of m (                          ) =

Diameter of open hole (D):
Diameter of casing (d):

Datum, a (above ground):
Depth of casing:
Length, L (from datum):
Open hole Length, l:

Piezometer Head, Hc

(feet)
2.1
1.4
0.7
0.6
0.3
0.1

= 0.48

0.0

v

h

k
k
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GEOTECHNICAL ENGINEERING EXPLORATION
KAMEHAMEHA HIGHWAY (ROUTE 83)

KAIPAPAU STREAM BRIDGE REPLACEMENT 
KOOLAULOA, OAHU, HAWAII

B-3 @ 17 feet
10.4 feet
1.8 feet
10.2 feet
12 feet
5 feet

4.5 inches
4 inches

20.00 gpm
8.60 feet

20.00 gpm
= 2.67 feet³/min

3.60 feet

1.00

Permeability, k

= 0.078 feet/min
0.039 cm/s

Constant flow rate, Q    =

Piezometer head, Hc=

Factor of m (                      ) =

Diameter of open hole (D):
Diameter of casing (d):

Constant flow rate, Q:
Constant water level (FD):

Datum, a (above ground):
Depth of casing:
Length, L (from datum):
Open hole Length, l:

Percolation Test Calculation Sheet (Constant Head Method: Well point-filter in uniform soil)

Boring:
GW table, b (from ground):

v

h
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k
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D
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D
mIq

k
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++×
=
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GEOTECHNICAL ENGINEERING EXPLORATION
KAMEHAMEHA HIGHWAY (ROUTE 83)

KAIPAPAU STREAM BRIDGE REPLACEMENT 
KOOLAULOA, OAHU, HAWAII

B-3 @ 17 feet
10.4 feet
1.8 feet
10.2 feet
12 feet
5 feet

4.5 inches
4 inches

1.00

Time Depth of water 
(from datum)

(min) (feet)
0.0 8.6
1.0 9.8
2.0 11.1
3.0 12.1

Constant factor of the trendline y = λecx

λ= 3.8037
c= -0.5706

ln ( H1c / H2c )
(t2-t1)

Permeability, k, When 2ml/D <= 4, 

5.2E-03 feet/min
2.6E-03 cm/s

Permeability, k, When 2ml/D > 4, 

5.2E-03 feet/min
2.6E-03 cm/s

Percolation Test Calculation Sheet (Falling Head Method: Well point-filter in uniform soil)

Boring:
GW table, b (from ground):

Factor of m (                          ) =

Diameter of open hole (D):
Diameter of casing (d):

Datum, a (above ground):
Depth of casing:
Length, L (from datum):
Open hole Length, l:

Piezometer Head, Hc

(feet)
3.6
2.4
1.2
0.1

= 0.57
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h
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k
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y = 3.8037e-0.5706x

R2 = 0.9728
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GEOTECHNICAL ENGINEERING EXPLORATION
KAMEHAMEHA HIGHWAY (ROUTE 83)

KAIPAPAU STREAM BRIDGE REPLACEMENT 
KOOLAULOA, OAHU, HAWAII

B-3 @ 22 feet
10.5 feet

2 feet
17 feet
19 feet
5 feet

4.5 inches
4 inches

12.00 gpm
8.55 feet

12.00 gpm
= 1.60 feet³/min

3.95 feet

1.00

Permeability, k

= 0.042 feet/min
0.022 cm/s

Percolation Test Calculation Sheet (Constant Head Method: Well point-filter in uniform soil)

Boring:
GW table, b (from ground):
Datum, a (above ground):
Depth of casing:
Length, L (from datum):
Open hole Length, l:

Constant flow rate, Q    =

Piezometer head, Hc=

Factor of m (                      ) =

Diameter of open hole (D):
Diameter of casing (d):

Constant flow rate, Q:
Constant water level (FD):

v
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k
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=
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GEOTECHNICAL ENGINEERING EXPLORATION
KAMEHAMEHA HIGHWAY (ROUTE 83)

KAIPAPAU STREAM BRIDGE REPLACEMENT 
KOOLAULOA, OAHU, HAWAII

B-3 @ 22 feet
10.5 feet

2 feet
17 feet
19 feet
5 feet

4.5 inches
4 inches

1.00

Time Depth of water 
(from datum)

(min) (feet)
0.0 8.6
1.0 10.9
2.0 11.1
3.0 11.2
4.0 11.3
5.0 11.5

10.0 12.5

Constant factor of the trendline y = λecx

λ= 1.7798
c= -0.1032

ln ( H1c / H2c )
(t2-t1)

Permeability, k, When 2ml/D <= 4, 

9.4E-04 feet/min
4.8E-04 cm/s

Permeability, k, When 2ml/D > 4, 

9.4E-04 feet/min
4.8E-04 cm/s

= 0.10

0.0
1.1

Piezometer Head, Hc

(feet)
4.0
1.6
1.5
1.3
1.2

Factor of m (                          ) =

Diameter of open hole (D):
Diameter of casing (d):

Datum, a (above ground):
Depth of casing:
Length, L (from datum):
Open hole Length, l:

Percolation Test Calculation Sheet (Falling Head Method: Well point-filter in uniform soil)

Boring:
GW table, b (from ground):
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KAMEHAMEHA HIGHWAY (ROUTE 83), KAIPAPAU STREAM BRIDGE REPLACEMENT, KOOLAULOA, OAHU, HAWAII 
 

 

W.O. 5014‐00(A)  GEOLABS, INC.  PLATE D‐1 
  Hawaii • California 

B‐1     31.0’ TO 66.0’ 

 



KAMEHAMEHA HIGHWAY (ROUTE 83), KAIPAPAU STREAM BRIDGE REPLACEMENT, KOOLAULOA, OAHU, HAWAII 
 

 

W.O. 5014‐00(A)  GEOLABS, INC.  PLATE D‐2 
  Hawaii • California 

B‐1     66.0’ TO 110.0’ 
 

 



KAMEHAMEHA HIGHWAY (ROUTE 83), KAIPAPAU STREAM BRIDGE REPLACEMENT, KOOLAULOA, OAHU, HAWAII 
 

 

W.O. 5014‐00(A)  GEOLABS, INC.  PLATE D‐3 
  Hawaii • California 

B‐2    17.0’ TO 57.0’ 
 



KAMEHAMEHA HIGHWAY (ROUTE 83), KAIPAPAU STREAM BRIDGE REPLACEMENT, KOOLAULOA, OAHU, HAWAII 
 

 

W.O. 5014‐00(A)  GEOLABS, INC.  PLATE D‐4 
  Hawaii • California 

B‐2    57.0’ TO 87.0’ 



KAMEHAMEHA HIGHWAY (ROUTE 83), KAIPAPAU STREAM BRIDGE REPLACEMENT, KOOLAULOA, OAHU, HAWAII 
 

 

W.O. 5014‐00(A)  GEOLABS, INC.  PLATE D‐5 
  Hawaii • California 

B‐2    87.0’ TO 112.0 

 



KAMEHAMEHA HIGHWAY (ROUTE 83), KAIPAPAU STREAM BRIDGE REPLACEMENT, KOOLAULOA, OAHU, HAWAII 
 

 

W.O. 5014‐00(A)  GEOLABS, INC.  PLATE D‐6 
  Hawaii • California 

B‐3    57.0’ TO 87.0’ 

 



KAMEHAMEHA HIGHWAY (ROUTE 83), KAIPAPAU STREAM BRIDGE REPLACEMENT, KOOLAULOA, OAHU, HAWAII 
 

 

W.O. 5014‐00(A)  GEOLABS, INC.  PLATE D‐7 
  Hawaii • California 

B‐3    87.0’ TO 112.0’ 
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