
Section 6-19, Shafts 1 
January 3, 2017 2 

6-19.3  Construction Requirements 3 
This section is supplemented with the following new subsection: 4 
 5 

6-19.3(10)  Engineer’s Final Acceptance of Shafts 6 
The Engineer will determine final acceptance of each shaft, based on the 7 
nondestructive QA test results and analysis for the tested shafts, and will provide a 8 
response to the Contractor within 3 working days after receiving the test results and 9 
analysis submittal. 10 

 11 
6-19.3(1)B  Nondestructive Testing of Shafts 12 
This section’s content is deleted and replaced with the following new subsections: 13 
 14 

6-19.3(1)B1  Nondestructive Quality Assurance (QA) Testing of Shafts 15 
Unless otherwise specified in the Special Provisions, the Contractor shall perform 16 
nondestructive QA testing of shafts, except for those constructed completely in the dry. 17 
Either crosshole sonic log (CSL) testing in accordance with ASTM D 6760 or thermal 18 
integrity profiling (TIP) testing in accordance with ASTM D 7949 shall be used. 19 
 20 
6-19.3(1)B2  Nondestructive Quality Verification (QV) Testing of Shafts 21 
The Contracting Agency may perform QV nondestructive testing of shafts that have 22 
been QA tested by the Contractor. The Contracting Agency may test up to ten percent 23 
of the shafts.  The Engineer will identify the shafts selected for QV testing and the 24 
testing method the Contracting Agency will use. 25 
 26 
The Contractor shall accommodate the Contracting Agency’s nondestructive testing. 27 

 28 
6-19.3(2)  Shaft Construction Submittal 29 
This section is revised to read: 30 
 31 

The shaft construction submittal shall be comprised of the following four components: 32 
construction experience; shaft installation narrative; shaft slurry technical assistance; 33 
and nondestructive QA testing personnel. The submittals shall be Type 2 Working 34 
Drawings, except the shaft slurry technical assistance and nondestructive QA testing 35 
personnel submittals shall be Type 1. 36 

 37 
This section is supplemented with the following new subsection: 38 
 39 

6-19.3(2)D  Nondestructive QA Testing Organization and Personnel 40 
The Contractor shall submit the names of the testing organizations, and the names of 41 
the personnel who will conduct nondestructive QA testing of shafts. The submittal shall 42 
include documentation that the qualifications specified below are satisfied. For TIP 43 
testing, the testing organization is the group that performs the data analysis and 44 
produces the final report. The testing organizations and the testing personnel shall meet 45 
the following minimum qualifications: 46 
 47 

1. The testing organization shall have performed nondestructive tests on a 48 
minimum of three deep foundation projects in the last two years. 49 

 50 



2. Personnel conducting the tests for the testing organization shall have a 1 
minimum of one year experience in nondestructive testing and interpretation. 2 

 3 
3. The experience requirements for the organization and personnel shall be 4 

consistent with the testing methods the Contractor has selected for 5 
nondestructive testing of shafts. 6 

 7 
4. Personnel preparing test reports shall be a Professional Engineers, licensed 8 

under Title 18 RCW, State of Washington, and in accordance with WAC 196-9 
23-020. 10 

 11 
6-19.3(3)  Shaft Excavation 12 
The second paragraph is revised to read: 13 
 14 

Shaft excavation shall not be started until the Contractor has received the Engineer’s 15 
acceptance for the reinforcing steel centralizers required when the casing is to be pulled 16 
during concrete placement. 17 

 18 
This section is supplemented with the following: 19 
 20 

Except as otherwise noted, the Contractor shall not commence subsequent shaft 21 
excavations until receiving the Engineer’s acceptance of the first shaft, based on the 22 
results and analysis of the nondestructive testing for the first shaft. The Contractor may 23 
commence subsequent shaft excavations prior to receiving the Engineer’s acceptance 24 
of the first shaft, provided the following condition is satisfied: 25 
 26 

The Engineer permits continuing with shaft construction based on the Engineer’s 27 
observations of the construction of the first shaft, including, but not limited to, 28 
conformance to the shaft installation narrative in accordance with Section 6-29 
19.3(2)B, and the Engineer’s review of Contractor’s daily reports and Inspector’s 30 
daily logs concerning excavation, steel reinforcing bar placement, and concrete 31 
placement. 32 

 33 
6-19.3(5)B  Steel Reinforcing Bar Cage Centralizers 34 
This section is supplemented with the following new sentence: 35 
 36 

The Contractor shall furnish and install additional centralizers as required to maintain 37 
the specified concrete cover throughout the length of the shaft. 38 

 39 
6-19.3(5)C  Concrete Cover Over Steel Reinforcing Bars 40 
In the table, the second column (including heading) is revised to read: 41 
 42 

Minimum Concrete Cover, and 
Concrete Cover Tolerance, Except at 

Permanent Slip Casing (Inches) 
3, -1½ 
4, -2 
4, -2 
6, -3 

 43 
The following new paragraph is inserted after the table: 44 
 45 



The concrete cover tolerances specified above apply to the concrete cover specified in 1 
the Plans, even if it exceeds the minimum concrete cover. 2 

 3 
6-19.3(6)  Access Tubes for Crosshole Sonic Log (CSL) Testing 4 
This section title is revised to read: 5 
 6 

6-19.3(6)  Contractor Furnished Accessories for Nondestructive QA Testing 7 
 8 
This section is supplemented with the following three new subsections: 9 
 10 

6-19.3(6)D  Shafts Requiring Thermal Wire 11 
The Contractor shall furnish and install thermal wire in all shafts receiving the thermal 12 
wire method of TIP testing, except as otherwise noted in Section 6-19.3(1)B1. 13 
 14 
6-19.3(6)E  Thermal Wire and Thermal Access Points (TAPs) 15 
The thermal wire and associated couplers shall be obtained from the source specified in 16 
the Special Provisions. 17 
 18 
The Contractor shall securely attach the thermal wire to the interior of the reinforcement 19 
cage of the shaft in conformance with the supplier’s instructions. At a minimum, one 20 
thermal wire shall be furnished and installed for each foot of shaft diameter, rounded to 21 
the nearest whole number, as shown in the Plans. The number of thermal wires for 22 
shaft diameters specified as "X feet 6 inches" shall be rounded up to the next higher 23 
whole number. The thermal wires shall be placed around the shaft, inside the spiral or 24 
hoop reinforcement, and tied to the vertical reinforcement with plastic "zip" ties at a 25 
maximum spacing of 2-feet. Steel tie wire shall not be used. 26 
 27 
The thermal wire shall be installed in straight alignment and taut, but with enough slack 28 
to not be damaged during reinforcing cage lofting. The wires shall be as near to parallel 29 
to the vertical axis of the reinforcement cage as possible. The thermal wire shall extend 30 
from the bottom of the reinforcement cage to the top of the shaft, with 15-feet of slack 31 
wire provided above the top of shaft. Care shall be taken to prevent damaging the 32 
thermal wires during reinforcement cage installation and concrete placement operations 33 
in the shaft excavation. 34 
 35 
After completing shaft reinforcement cage fabrication at the site and prior to installation 36 
of the cage into the shaft excavation, the Contractor shall install and connect thermal 37 
access points (TAPs) to the thermal wires. The TAPs shall record data for at least one 38 
hour after the cage is placed in the excavation to measure the slurry temperature and 39 
enable the steel and slurry temperatures to equilibrate prior to placing concrete in the 40 
shaft.  The TAPs shall record and store data every 15 minutes. The TAPs shall remain 41 
active for a minimum of 36 hours. 42 
 43 
Prior to beginning concrete placement the TAPs shall be checked to ensure they are 44 
recording data and that the wires have not been damaged. If a TAP unit is not 45 
functioning due to a damaged wire, the Contractor shall repair or replace the wire. If a 46 
TAP unit fails or a wire breaks after concrete placement has started, the Contractor 47 
shall not stop the concrete placement operation to repair the wire. 48 
 49 
6-19.3(6)F  Use of Access Tubes for TIP Testing Under the Thermal Probe Method 50 
The Contractor may use access tubes for TIP testing under the thermal probe method. 51 
Access tubes shall be cared for in accordance with Section 6-19.3(6)C. Prior to TIP 52 



testing under the thermal probe method, the water in each tube shall be removed, 1 
collected, and stored in an insulated container. The access tube shall be blown dry and 2 
swabbed to remove residual water. After TIP testing, the collected and stored tube 3 
water shall be introduced back into the access tube. New potable water may be used, 4 
provided the water temperature is not more than 10°F cooler than the average concrete 5 
temperature measured by the probe. 6 

 7 
6-19.3(6)A  Shafts Requiring CSL Access Tubes 8 
This section, including title, is revised to read: 9 
 10 

6-19.3(6)A  Shafts Requiring Access Tubes 11 
The Contractor shall furnish and install access tubes in all shafts receiving CSL testing 12 
or the thermal probe method of TIP testing, except as otherwise noted in Section 6-13 
19.3(1)B1. 14 

 15 
6-19.3(6)B  Orientation and Assembly of the CSL Access Tubes 16 
This section’s title is revised to read: 17 
 18 

6-19.3(6)B  Orientation and Assembly of the Access Tubes 19 
 20 
6-19.3(6)C  Care for CSL Access Tubes from Erection through CSL Testing 21 
This section’s title is revised to read: 22 
 23 

6-19.3(6)C  Care for Access Tubes from Erection Through Nondestructive QA 24 
Testing 25 

 26 
The second sentence is revised to read: 27 
 28 

The Contractor shall keep all of a shaft’s access tubes full of water through the 29 
completion of nondestructive QA testing of that shaft. 30 

 31 
6-19.3(7)A  Concrete Class for Shaft Concrete 32 
This section is revised to read: 33 
 34 

Shaft concrete shall be Class 5000P conforming to Section 6-02. 35 
 36 
6-19.3(7)B  Concrete Placement Requirements 37 
The last sentence of the last paragraph is revised to read: 38 
 39 

The Section 6-02.3(6) restriction for 5 feet maximum free fall shall not apply to 40 
placement of concrete into a shaft. 41 

 42 
6-19.3(7)I  Requirements for Placing Concrete Above the Top of Shaft 43 
This section is revised to read: 44 
 45 

Concrete shall not be placed above the top of shaft (for column splice zones, columns, 46 
footings, or shaft caps) until the Contractor receives the Engineer’s acceptance of 47 
nondestructive QA testing, if performed at that shaft, and acceptance of the shaft. 48 

 49 



6-19.3(9)  Nondestructive Testing of Shafts (Crosshole Sonic Log (CSL) 1 
Testing) 2 
This section, including title, is revised to read: 3 
 4 

6-19.3(9)  Nondestructive QA Testing of Shafts 5 
The Contractor shall provide nondestructive QA testing and analysis on all shafts with 6 
access tubes or thermal wires and TAPs facilitating the testing (See Section 6-7 
19.3(1)B). The testing and analysis shall be performed by the testing organizations 8 
identified by the Contractor’s submittal in accordance with Section 6-19.3(2)D. 9 
 10 
The Engineer may direct that additional testing be performed at a shaft if anomalies or a 11 
soft bottom are detected by the Contractor’s testing. If additional testing at a shaft 12 
confirms the presence of a defect(s) in the shaft, the testing costs and the delay costs 13 
resulting from the additional testing shall be borne by the Contractor in accordance with 14 
Section 1-05.6. If the additional testing indicates that the shaft has no defect, the testing 15 
costs and the delay costs resulting from the additional testing will be paid by the 16 
Contracting Agency in accordance with Section 1-05.6, and, if the shaft construction is 17 
on the critical path of the Contractor’s schedule, a time extension equal to the delay 18 
created by the additional testing will be granted in accordance with Section 1-08.8. 19 

 20 
6-19.3(9)A  Schedule of CSL Testing 21 
This section, including title, is revised to read: 22 
 23 

6-19.3(9)A  TIP Testing Using Thermal Probes or CSL Testing 24 
If selected as the nondestructive QA testing method by the Contractor, TIP testing using 25 
thermal probes, or CSL testing shall be performed after the shaft concrete has cured at 26 
least 96 hours. Additional curing time prior to testing may be required if the shaft 27 
concrete contains admixtures, such as set retarding admixture or water-reducing 28 
admixture, added in accordance with Section 6-02.3(3). The additional curing time prior 29 
to testing required under these circumstances shall not be grounds for additional 30 
compensation or extension of time to the Contractor in accordance with Section 1-08.8. 31 

 32 
6-19.3(9)B  Inspection of CSL Access Tubes 33 
This section’s title is revised to read: 34 
 35 

6-19.3(9)B  Inspection of Access Tubes 36 
 37 
6-19.3(9)C  Engineer’s Final Acceptance of Shafts 38 
This section, including title, is revised to read: 39 
 40 

6-19.3(9)C  TIP Testing With Thermal Wires and TAPs 41 
If selected as the nondestructive QA testing method by the Contractor, TIP testing with 42 
thermal wires and TAPs (See Section 6-19.3(6)E) shall be performed. The TIP testing 43 
shall commence at the beginning of the concrete placement operation, recording 44 
temperature readings at 15-minute intervals until the peak temperature is captured in 45 
the data. Additional curing time may be required if the shaft concrete contains 46 
admixtures, such as set retarding admixture or water-reducing admixture, added in 47 
accordance with Section 6-02.3(3). The additional curing time required under these 48 
circumstances shall not be grounds for additional compensation or extension of time to 49 
the Contractor in accordance with Section 1-08.8. 50 
 51 



TIP testing shall be conducted at all shafts in which thermal wires and TAPs have been 1 
installed for thermal wire analysis (Section 6-19.3(6)A). 2 

 3 
6-19.3(9)D  Requirements to Continue Shaft Excavation Prior to Acceptance of 4 
First Shaft 5 
This section, including title, is revised to read: 6 
 7 

6-19.3(9)D  Nondestructive QA Testing Results Submittal 8 
The Contractor shall submit the results and analysis of the nondestructive QA testing for 9 
each shaft tested. The Contractor shall submit the test results within three working days 10 
of testing. Results shall be a Type 1 Working Drawing presented in a written report. 11 
 12 
TIP reports shall include: 13 
 14 

1. A map or plot of the wire/tube location within the shaft and their position 15 
relative to a known and identifiable location, such as North. 16 

 17 
2. Graphical displays of temperature measurements versus depth of each wire or 18 

tube for the analysis time selected, overall average temperature with depth, 19 
shaft radius or diameter with depth, concrete cover versus cage position with 20 
depth, and effective radius. 21 

 22 
3. The report shall identify unusual temperatures, particularly significantly cooler 23 

local deviations from the overall average. 24 
 25 
4. The report shall identify the location and extent where satisfactory or 26 

questionable concrete is identified. 27 
 28 

a. Satisfactory (S) - 0 to 6% Effective Radius Reduction and Cover Criteria 29 
Met 30 

 31 
b. Questionable (Q) - Effective Local Radius Reduction > 6%, Effective Local 32 

Average Diameter Reduction > 4%, or Cover Criteria Not Met 33 
 34 
5. Variations in temperature between wire/tubes (at each depth) which in turn 35 

correspond to variations in cage alignment. 36 
 37 
6. Where shaft specific construction information is available (e.g. elevations of 38 

the top of shaft, bottom of casing, bottom of shaft, etc.), these values shall be 39 
noted on all pertinent graphical displays. 40 

 41 
CSL reports shall include: 42 
 43 

1. A map or plot of the tube location within the shaft and their position relative to 44 
a known and identifiable location, such as North. 45 

 46 
2. Graphical displays of CSL Energy versus Depth and CSL signal arrival time 47 

versus depth or velocity versus depth. 48 
 49 
3. The report shall identify the location and extent where good, questionable, and 50 

poor concrete is identified, where no signal was received, or where water is 51 
present. 52 



 1 
a. Good (G) - No signal distortion and decrease in signal velocity of 10% or 2 

less is indicative of good quality concrete. 3 
 4 
b. Questionable (Q) - Minor signal distortion and a lower signal amplitude 5 

with a decrease in signal velocity between 10% and 20%. 6 
 7 
c. Poor (P) - Severe signal distortion and much lower signal amplitude with a 8 

decrease in signal velocity of 20% or more. 9 
 10 
d. No Signal (NS) - No signal was received. 11 
 12 
e. Water (W) - A measured signal velocity of nominally V = 4,800 to 5,000 13 

fps. 14 
 15 
All QA test reports will provide a recommendation to accept the shaft as-is, 16 
recommendation for further review by the Engineer, or will provide a plan for further 17 
testing, investigation or repair to address any deficiencies identified by the testing. 18 

 19 
6-19.3(9)E  Additional CSL Testing 20 
This section, including title, is revised to read: 21 
 22 

6-19.3(9)E  Vacant 23 
 24 
6-19.3(9)I  Requirements for CSL Access Tubes and Cored Holes After CSL 25 
Testing 26 
This section’s title is revised to read: 27 
 28 

6-19.3(9)I  Requirements for Access Tubes and Cored Holes After CSL Testing 29 
 30 
6-19.4  Measurement 31 
This section is revised to read: 32 
 33 

Constructing shafts will be measured by the linear foot.  The linear foot measurement 34 
will be calculated using the top of shaft elevation and the bottom of shaft elevation for 35 
each shaft as shown in the Plans. 36 
 37 
Rock excavation for shaft, including haul, will be measured by the linear foot of shaft 38 
excavated. The linear feet measurement will be computed using the top of the rock line, 39 
defined as the highest bedrock point within the shaft diameter, and the bottom elevation 40 
shown in the Plans. 41 
 42 
QA shaft test will be measured once per shaft tested. 43 

 44 
6-19.5  Payment 45 
This section is revised to read: 46 
 47 

Payment will be made for the following Bid items when they are included in the 48 
Proposal: 49 
 50 

“Constructing___Diam. Shaft”, per linear foot. 51 



The unit Contract price per linear foot for “Constructing___Diam. Shaft” shall be full 1 
pay for performing the Work as specified, including: 2 
 3 

1. Soil excavation for shaft, including all costs in connection with furnishing, 4 
mixing, placing, maintaining, containing, collecting, and disposing of all 5 
mineral, synthetic and water slurry, and disposing of groundwater 6 
collected by the excavated shaft. 7 

 8 
2. Furnishing and placing temporary shaft casing, including temporary casing 9 

in addition to the required casing specified in the Special Provisions, and 10 
including all costs in connection with completely removing the casing after 11 
completing shaft construction. 12 

 13 
3. Furnishing permanent casing for shaft. 14 
 15 
4. Placing permanent casing for shaft. 16 
 17 
5. Casing shoring, including all costs in connection with furnishing and 18 

installing casing shoring above the specified upper limit for casing shoring 19 
but necessary to provide for sufficient water head pressure to resist 20 
artesian water pressure present in the shaft excavation, removing casing 21 
shoring, and placing seals when required. 22 

 23 
6. Furnishing and placing steel reinforcing bar and epoxy-coated steel 24 

reinforcing bar, including furnishing and installing steel reinforcing bar 25 
centralizers. 26 

 27 
7. Installation of CSL tubes or thermal wires. 28 
 29 
8. Furnishing, placing and curing concrete to the top of shaft or to the 30 

construction joint at the base of the shaft-column splice zone as 31 
applicable. 32 

 33 
Payment for “Constructing___Diam. Shaft” will be made upon Engineer acceptance 34 
of the shaft, including completion of satisfactory QA shaft tests as applicable. 35 
 36 
“Rock Excavation For Shaft Including Haul”, per linear foot. 37 
When rock excavation is encountered, payment for rock excavation is in addition to 38 
the unit Contract price per linear foot for “Constructing___Diam. Shaft” 39 
 40 
“Shoring Or Extra Excavation Cl. A - ___”, lump sum. 41 
The lump sum Contract price for “Shoring Or Extra Excavation Cl. A - ___” shall be 42 
full pay for performing the Work as specified, including all costs in connection with 43 
all excavation outside the limits specified for soil and rock excavation for shaft 44 
including haul, all temporary telescoping casings, and all temporary casings beyond 45 
the limits of required temporary casing specified in the Special Provisions. 46 
 47 
 “QA Shaft Test”, per each. 48 
The unit Contract price per each for “QA Shaft Test” shall be full pay for performing 49 
the Work as specified, including operating all associated accessories necessary to 50 
record and process data and develop the summary QA test reports. Section 1-04.6 51 
does not apply to this bid item. 52 



 1 
“Removing Shaft Obstructions”, estimated. 2 
Payment for removing, breaking-up, or pushing aside shaft obstructions, as defined 3 
in Section 6-19.3(3)E, will be made for the changes in shaft construction methods 4 
necessary to deal with the obstruction. The Contractor and the Engineer shall 5 
evaluate the effort made and reach agreement on the equipment and employees 6 
utilized, and the number of hours involved for each. Once these cost items and 7 
their duration have been agreed upon, the payment amount will be determined 8 
using the rate and markup methods specified in Section 1-09.6. For the purpose of 9 
providing a common proposal for all Bidders, the Contracting Agency has entered 10 
an amount for the item “Removing Shaft Obstructions” in the Bid Proposal to 11 
become a part of the total Bid by the Contractor. 12 
 13 
If drilled shaft tools, cutting teeth, casing or Kelly bar is damaged as a result of the 14 
obstruction removal work, the Contractor will be compensated for the costs to 15 
repair this equipment in accordance with Section 1-09.6. 16 
 17 
If shaft construction equipment is idled as a result of the Work required to deal with 18 
the obstruction and cannot be reasonably reassigned within the project, then 19 
standby payment for the idled equipment will be added to the payment calculations. 20 
If labor is idled as a result of the Work required to deal with the obstruction and 21 
cannot be reasonably reassigned within the project, then all labor costs resulting 22 
from Contractor labor agreements and established Contractor policies will be added 23 
to the payment calculations. 24 
 25 
The Contractor shall perform the amount of obstruction Work estimated by the 26 
Contracting Agency within the original time of the Contract. The Engineer will 27 
consider a time adjustment and additional compensation for costs related to the 28 
extended duration of the shaft construction operations, provided: 29 
 30 

1. The dollar amount estimated by the Contracting Agency has been 31 
exceeded, and 32 

 33 
2. The Contractor shows that the obstruction removal Work represents a 34 

delay to the completion of the project based on the current progress 35 
schedule provided in accordance with Section 1-08.3. 36 

 37 


