SECTION 07142 - HOT FLUID-APPLIED WATERPROOFING


BUILDING NO.
SC#

PROJECT NAME


SECTION 315100 –tieback anchors
PART 1 -  GENERAL

1.1 SUMMARY

A. Related Documents:

1. Drawings and general provisions of the Subcontract apply to this Section.

2. Review these documents for coordination with additional requirements and information that apply to work under this Section.

B. Section Includes:

1. Tieback anchors in applications such as tieback retaining walls.
2. Quality level for corrosion protection of pre-stressing steel used permanent ground anchors. 
3. The corrosion protection provisions do not apply to anchors and retaining structures identified on the Drawings as temporary.
C. Related Sections:
1. Division 01 Section "General Requirements."
2. Division 01 Section "Special Procedures."
3. Division 31 Section "Driven Piles" for placement of concrete for driven piles.

1.2 REFERENCES  

A. General:

1. The following documents form part of the Specifications to the extent stated. Where differences exist between codes and standards, the one affording the greatest protection shall apply.

2. Unless otherwise noted, the referenced standard edition is the current one at the time of commencement of the Work.

3. Refer to Division 01 Section "General Requirements" for the list of applicable regulatory requirements.

B. "Recommendations for Pre-stressed Rock and Soil Anchors," Post Tensioning Institute.

C. "Tiebacks," FHWA/RA-82/047, Federal Highway Administration.

1.3 SUBMITTALS

A. Submit under provisions of Division 01 Section "General Requirements."
B. Certified mill test reports for steel.

C. Foundry test reports for cast items.

D. Proof test certifications for anchor heads.

E. Certification of compliance for corrosion protection materials.

F. Samples:  Five 1 foot (300 mm) long samples of pre-stressing steel.

G. Shop Drawings showing details and specifications of anchorage components, corrosion protection system, the anchor bar or strands, stressing length, bond length, location on wall, and description of installation procedure.

H. Design mix of cement grout and lean concrete.

I. Load test procedure, prepared by a certified testing laboratory, proposed for field load testing of tieback anchors including a description of the equipment proposed. The tieback anchors shall gain their load capacity entirely within the tieback anchorage zone shown on the drawings. The load test procedure submittal shall describe how load test procedure, setup and installation methods will result in an accurate determination of the anchorage zone load capacity.
J. Certified calibration data for the hydraulic jack, load cell, and pressure gauge system including at least one spare pressure gauge and a dimensioned copy of the manufacturer's jack drawings.  Jacks shall be calibrated and load versus gauge pressure/load cell reading curves provided for each pressure gauge for 25  and 75  of the test load.

K. Project Record Documents, including the following:
1. As built locations of tieback anchors.

2. Reports of field load tests of tieback anchors.

1.4 QUALITY ASSURANCE

A. The Subcontractor performing the work specified shall have at least 10 years of experience in the construction of permanently anchored walls.  Written verification of two projects on which the Subcontractor has installed permanent anchors of similar load capacity in the past 5 years shall be submitted prior to Subcontract award.

B. The Subcontractor shall retain a supervising engineer with at least 3 years of experience in the design and construction of tieback anchors.

C. Drilling operators and foreman shall have a minimum of 1 year experience installing permanent anchors.

D. Before Subcontract award, submit documentation that company and project personnel have appropriate qualifications.  Inadequate proof of the qualifications of the aforementioned personnel, as judged by the University, shall be cause for withholding Subcontract award and rejection of the bid.
PART 2 -  PRODUCTS

<Select one of the following two Articles (MATERIALS). >

2.1 MATERIALS
A. Pre-stressing steel:  7 wire strand, grade 270K conforming to ASTM A-416.

B. Corrosion inhibitor (for permanent 7-wire strand anchors): Corrosion inhibitor shall meet the following requirements:

1. Drop point - 300(F (150 ºC) minimum as determined by ASTM D-566 or D-2265.

2. Flash point - 300(F (150 ºC) minimum as determined by ASTM D-92.

3. Water content - 0.1 percent maximum as determined by ASTM D-95.

4. Oil separation - .05 percent maximum by weight at 160(F (71 ºC) as determined by FTMS 791B.

5. Corrosion test  - 5 percent salt fog at 100(F (150 ºC), 5 mils (Q panel type S) in accordance with ASTM B-117 and D-610: 

a. Normal conditions- rust grade 7 or better after 720 hours.

b. Aggressive conditions- rust grade 7 or better after 1,000 hours.

6. Soak test - No emulsification after the Q panel (type S, 5 mils) is immersed in a 50 percent salt solution and exposed to a 5 percent salt fog at 100(F (150 ºC) for 720 hours.

7. Water soluble ions - Chlorides shall not exceed 10 ppm as determined by ASTM D-512, nitrates shall not exceed 10 ppm as determined by ASTM D-992 and sulfides shall not exceed 10 ppm as determined by APHA 427D.

8. Sheathing hardness change shall not exceed 15 percent maximum and volume change shall not exceed 10 percent maximum after 40 days at 150(F (66 ºC) in accordance with ASTM D4289.

9. Sheathing tensile strength change shall not exceed 30 percent after 40 days at 150(F (66 ºC) in accordance with ASTM D-638.

C. Polymer sheathing (for permanent 7-wire strand anchors)

1. Polypropylene shall be designation type II 26500D conforming to ASTM D-2146, or,

2. Polyethylene shall have high density cell classification 334413 conforming to ASTM D3350.

3. The sheath shall have a wall thickness of 0.06 inches and shall be hot melt extruded over the tieback anchor after it is coated with corrosion inhibitor.

D. Portland Cement grout

1. Cement shall be Type II conforming to ASTM C-150. The 28 day compressive strength of the grout shall be [4000 psi (27.6 MPa)] [5000 psi (34.5 MPa) psi.]
2. Accelerating admixtures which can be shown not to corrode the specified steel and which prevent bleed and shrinkage may be submitted for approval for the grout used to fill bond length encapsulating sheaths and the trumpets.

E. Metals

1. Steel bearing plates and anchor heads shall conform to ASTM A-36.

2. Cast ductile iron anchor heads shall conform to ASTM A-536, grade 80-55-06.

F. Centralizers: Place centralizers at 10-foot (3 m) intervals along the length starting at the end so that no less than 0.5 inches (12 mm) of grout cover is achieved along the tendon.  Centralizers and spacers may be made of material, except wood, not deleterious to the pre-stressing steel or plastic sheathing.]

<Select the Article (MATERIALS) below or the one above>
2.1 MATERIALS
G. Pre-stressing steel:  Deformed grade 150K anchors conforming to ASTM A-722.  Permanent anchors shall be covered with corrugated polyvinylchloride (PVC) sheathing filled with cement grout over the entire length. Bars shall be centered in the sheathing.

H. PVC sheathing:

1. Corrugated PVC sheathing shall form a gas and watertight barrier around the bar. The sheathing shall be resistant to chemical attack, aging and be free of substances that may enhance corrosion.

2. A smooth PVC sheath shall be installed over the corrugated sheathing in the unbonded zone and sealed at both ends.  

I. Portland Cement grout

1. Cement shall be Type II conforming to ASTM C-150.

2. Accelerating admixtures which can be shown not to corrode the specified steel and which prevent bleed and shrinkage may be submitted for approval for the grout used to fill bond length encapsulating sheaths and the trumpets.

J. Metals:
1. Steel bearing plates and anchor heads shall conform to ASTM A-36.

2. Cast ductile iron anchor heads shall conform to ASTM A-536, grade 80-55-06.

K. Centralizers:
1. Centralizers shall be placed at 10-foot (3 m) intervals in the bond length starting at the end so that no less than 1/2 inches (12 mm) of grout cover is achieved along the tendon.  Multi-element tendons shall also employ spacers at 10-foot (3 m) intervals throughout the tendon length to insure grout cover on elements.  Centralizers and spacers may be made of material, except wood, not deleterious to the pre-stressing steel or plastic sheathing.
PART 3 -  EXECUTION

3.1 PREPARATION
A. Identify required lines, levels, contours, and datum.

B. Existing Utilities:

1. Verify the location of active utilities protect them from harm to prevent damage and to maintain their use.  Consult the University if utility lines or piping are encountered during drilling of anchors.  Use care in drilling so that the following indications of utilities in the way will be recognized.

a. Abnormal resistance to drilling.

b. Foreign material pulled from the hole.

c. Notify the Project Manager prior to removing and/or relocating utilities. 

d. Protect above and below grade utilities which are to remain.

e. Protect plant life, lawns, and other features remaining as a portion of final landscaping.

f. Protect bench marks, existing structures, fences, sidewalks, paving, and curbs from excavation equipment and vehicular traffic.

3.2 CORROSION PROTECTION OF PERMANENT TIEBACK ANCHORS

A. Anchorage assembly shall include a bearing plate, washer and nut. Steel pipe (trumpet) and studs shall also be included in the anchorage assembly where required. Trumpet pipe shall have a minimum thickness of 0.2” and be sized to fit over the rod and corrugation.  Anchorage assembly shall be hot-dipped galvanized.

3.3 INSTALLATION
A. Drilling:
1. Drill holes for the tiebacks at the locations indicated in the plans.  A tolerance of plus or minus 3 degrees will be permitted on the angle of inclination and plus or minus 6 inches on the location. Minimum embedded length of the stressing length shall be as shown on the drawings.

2. Drilling equipment shall be suitable for the  strata encountered.  Drilling may be accomplished by rotary or percussion methods.  The method selected shall not cause cavitation or subsidence of the soils in and around the site.

3. The Subcontractor shall be responsible for redrilling, if necessary, anchor that otherwise does not provide a suitable anchorage as required per the specification and shall do so at its expense.
4. The Subcontractor shall notify the University’s Geotechnical Engineer at least 5 working days in advance of the beginning of tieback drilling or the resumption of drilling after stoppage. Any hole drilled or tieback installed without continuous observation by the University’s Geotechnical Engineer will be rejected.
B. Grouting Tiebacks:
1. The grouting equipment shall include a mixer capable of producing a grout free of lumps and undispersed cement.  The grout pump shall be equipped with a pressure gauge to monitor grout pressures.  The grouting equipment shall be sized to enable the entire tieback to be grouted in one continuous operation.  Neat cement grouts shall be screened to remove lumps.  The maximum size of the screen openings shall be 0.25 inches (6.4mm).  Mixing and storage times shall not cause excessive temperature build up in the grout.  The mixer shall be capable of continuously agitating the grout.

2. Portland cement grout shall be injected at the lowest point of the tieback after installation of tieback.  Grout tubes shall be used to place the grout.  Grouting pressure shall not be less than 60 psi at the pump.  The quantity of grout and the grout pressure shall be recorded.

3. Anchors shall be grouted with Portland cement grout for the full length of the hole to within 6 inches of [the ground surface] [back of the pier].
C. When the grout has attained the minimum compressive strength load test the anchor (see Paragraph 3.04). After successfully load testing the anchor lock off at the post tension force specified on the drawings and fill the trumpet with Portland cement grout. The exposed surfaces of the anchor shall be covered by a metal cap filled with Portland cement grout.

D. Continue to the next tieback (if any) and repeat the above procedure.

3.4 LOAD TESTING 

A. Test each anchor.  The maximum load test shall not exceed 80%  of the guaranteed ultimate tensile strength of the tendon.  Stressing shall not start before the grout has reached a compressive strength of 3500 psi (24.1 MPa).  The first three production anchors shall be performance tested.  Other anchors shall be proof tested.  Lift-off test shall be performed on the anchors for which performance test was carried out.

B. Performance test shall be made by incrementally loading and unloading the anchor in accordance with the load schedule.  At each increment the movement of the tendon shall be recorded to the nearest 0.001 inches (0.25 mm) with respect to an independent fixed reference point.  The jack load shall be monitored with a pressure gauge calibrated with the jack and accurate enough to read 100 psi (0.069 MPa) changes in pressure.  The pump shall be capable of applying each load increment in less than 60 seconds.  A calibrated master gauge shall be kept on the site to periodically check the test gauge. The increment of load shall be as follows:
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C. The load shall be held at each increment just long enough to obtain movement reading.  Except for the reading of the residual movement at AL, no movement reading needs to be taken during unloading of the anchor.  The test load shall be held for 10 minutes.  Total movements with respect to a fixed reference point shall be recorded at 1 minute, 2, 3, 4, 5, 6, and 10 minutes.  If the total movement between 1 minute and 10 minute exceeds 0.04 inches the test load shall be held for additional 50 minutes.  Total movements shall be recorded at 15 minutes, 20, 25, 30, 45, and 60 minutes.  The Test Load time shall start when the Test Load is reached.

D. Proof test shall be performed by incrementally loading the anchors in accordance with the load schedule.  At each increment the movement of the tendon shall be recorded to the nearest 0.001 inches (0.25 mm) with respect to an independent fixed reference point.  The jack load shall be monitored with a pressure gauge or load cell.  The increments of load shall be as follows:
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E. The load shall be held at each increment just long enough to obtain movement reading but not more than for 1 minute.  The test load shall be held for 10 minutes.  Total movements with respect to a fixed reference point shall be recorded at 1 minute, 2, 3, 4, 5, 6, and 10 minutes.  If the total movement between 1 minute and 10 minute exceeds 0.04 inches the test load shall be held for additional 50 minutes.  Total movements shall be recorded at 15 minutes, 20, 25, 30, 45, and 60 minutes.  The Test Load time shall start when the pump begins to load the anchor from the 1.20P load to the Test Load.
The proof test results shall be compared to the performance test results.  The University’s Geotechnical Engineer will determine whether there is significant variation from the performance test results. Significant variations from the performance test results will require performance test on the anchor. 
F. Lift-Off test shall be performed on the same anchors for which performance test was carried out.  

1. After transferring the load to the stressing anchorage and prior to removing the jack, a lift-off reading shall be made.  The load determined from the lift-off reading shall be within 5%  of the specified lock-off load.  If the load is not within 5%  of the lock-off load, the end anchorage shall be reset and another lift-off reading shall be made. An additional lift-off test shall be performed on initial performance test anchors 7 days after the load was locked-off in the anchor.  Additional lift-off test shall be performed as required to verify production lock-off load and when requested by the engineer.

G. The University reserves the right to perform Creep Test in accordance with provision of "Recommendations Pre-stressed Rock and Soil Anchors" of Post-Tensioning Institute if warranted by the results of the Performance Test.  The Subcontractor's compensation by the University for the test will be on a time and material basis.

3.5 FIELD QUALITY CONTROL
A. Field inspection will be performed under provisions of Division 01 Section "General Requirements." Record and maintain the following data which will be submitted to the University for retention at the end of construction:

1. General:

a. Project Identification

b. Location

c. Tieback number

d. Tieback contractor

e. Type of tieback

f. Shaft diameter

g. Jack length

h. Non-bonded length

i. Bond Length

j. Total Length

k. Test load schedule

2. Tendon Data:

a. Type

b. Size (number and size of individual tendon elements)

c. Guaranteed ultimate capacity of the tendon

3. Grouting Data:

1) Data grouted 

2) Grout type

3) Grout pressure

4. Test Results:

a. Data Tested 

b. Test Type (Performance, Proof)

c. Adjustments made during tests

d. Unusual occurrences during test
B.
The University’s Geotechnical Engineer will continuously observe tieback drilling, installation, grout placement, load testing and lock-off.


1.

The University’s Geotechnical Engineer will ensure subsurface conditions are consistent with the Geotechnical Investigation Report and adjust tieback length where unanticipated conditions are encountered.

2.
The University’s Geotechnical Engineer will special inspect for conformance with the Contract Documents.
3.6 UNACCEPTABLE TIEBACK ANCHORS
A. Unacceptable tieback anchors:  In the event that the Project Manager deems a tieback unsuitable based on the observations of the University’s Geotechnical Engineer, the Project Manager shall establish remedial work and the Subcontractor shall bear the cost of such remedial work.
1. The University’s Geotechnical Engineer shall determine whether anchors are acceptable per the requirements of the Contract Documents.

2. Any tieback drilled or installed without continuous observation by the University’s Geotechnical Engineer will be deemed unsuitable.
END OF SECTION 315100
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