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Use for lining tunnels between 1.2 m {4 feet} and 4.6 m {15 feet} in diameter in soft ground constructed by conventional methods of excavation, such as full face, heading and bench, or multiple drift procedures.  Type of liner plate, thickness required for 2‑flange and equivalent thickness required for 4‑flange MUST be shown on the plans in the same manner as alternative pipe culverts.

10‑1.__  METAL LINER PLATE PIPE

Metal liner plate pipe shall be 2‑flange or 4‑flange, at the option of the Contractor, and shall be constructed in conformance with the details shown on the plans and these special provisions.

2

GENERAL

The pipe shall be circular and shall consist of a series of galvanized corrugated metal liner plates with a minimum width of 450 mm {18 inches} for 2‑flange plates and 400 mm {16 inches} for 4‑flange plates.

3

A sufficient number of plates shall be provided with 50‑mm {2‑inch} diameter, or larger, grouting holes with pipe plugs, and spaced so that when the plates are installed there will be one line of holes at the crown of the pipe and one line on each side at approximately the mid-point, as shown on the plans.  The holes in each line shall be not more than 1.8 m {6 feet} apart and shall be staggered.

4

The pipe shall be installed in existing embankments and natural ground by the tunnel method, except that open trench methods may be used near the entrance when permitted by the Engineer.

5

Shaped bedding will be required when pipe is installed by the open trench method.

6

Metal liner plate pipe shall not vary from the line established by the Engineer by more than 300 mm {one foot}, nor from the grade established by the Engineer by more than 150 mm {0.5‑foot}.

7*.  Edit for correct classification.

The tunneling operations have been classified  "Potentially Gassy"    "Non Gassy"     by the State Division of Occupational Safety and Health under Section 8422 of the Tunnel Safety Orders.

8

Earthwork shall conform to the provisions in Section 19, "Earthwork," of the Standard Specifications.

9

MATERIALS

The base metal for liner plates shall conform to the requirements in ASTM Designation:  A 569/A 569M.  Ungalvanized flat sheets and plates shall conform to the following mechanical requirements:

Tensile Strength, MPa {psi}
290 {42,000} min.

Yield Point, MPa {psi}
193 {28,000} min.

Elongation in 50 mm {2 inches}, percent
30 min.

10

Tension test specimens shall be prepared and tested in conformance with the requirements in ASTM Designation:  A 570/A 570M for sheets or A 283/A 283M for plates.  Mill test reports for each heat and thickness shall be available to the Engineer for review upon request.
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Galvanizing of plates shall conform to the requirements in AASHTO Designation:  M 167/A 167M and shall be performed after the plates are formed, punched, and curved.

12

Bolts and nuts for the assembly of 2‑flange plates shall be not less than 16 mm {5/8 inch}, nominal diameter.  Bolts and nuts for circumferential (flange) seams shall conform to the requirements in ASTM Designation:  A 307, with chemical and mechanical requirements conforming to Grade A and dimensions conforming to Grade B.  Bolts and nuts for longitudinal seams shall have square heads with a square shoulder to engage the plate.  Bolts and nuts for longitudinal seams of plates 1.91 mm {0.075‑inch} to 4.55 mm {0.179‑inch} thick, inclusive, shall conform to the requirements in ASTM Designation:  A 307, with chemical and mechanical requirements conforming to Grade A.  Bolts for longitudinal seams of plates 5.31 mm {0.209‑inch} to 6.07 mm {0.239‑inch} or thicker shall conform to the chemical and mechanical requirements in ASTM Designation:  A 449.  Nuts for use on ASTM Designation:  A 449 bolts shall conform to the requirements in ASTM Designation:  A 307, with chemical and mechanical requirements conforming to Grade A, and dimensions conforming to Grade B.
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Bolts and nuts for the assembly of 4‑flange plates shall be not less than 13 mm {1/2 inch}, nominal diameter for plates 2.67 mm {0.105‑inch} to 4.55 mm {0.179‑inch} thick, inclusive, and not less than 16 mm, {5/8 inch} nominal diameter for plates of greater thickness.  Bolts and nuts shall be quick-acting coarse thread and shall conform to the requirements in ASTM Designation:  A 307.

14

Bolts and nuts shall be galvanized in conformance with the requirements in ASTM Designation:  A 153.

15

The manufacturer of the metal liner plate pipe shall furnish the Engineer a Certificate of Compliance in conformance with the provisions in Section 6‑1.07, "Certificates of Compliance," of the Standard Specifications.
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SECTIONAL PROPERTIES

The moment of inertia in mm4  {inches4 } per millimeter {inch} of plate width, based on the average of one ring of plates, shall be not less than the following:

Uncoated Plate Thickness
Moment of Inertia

 (mm4/mm) {inches 4/inch}

(mm {Inches})
2-flange
4-flange

1.91 {0.075}
555 {0.034}
-------

2.67 {0.105}
805 {0.049}
690 {0.042}

3.43 {0.135}
1050 {0.064}
900 {0.055}

4.17 {0.164}
1295 {0.079}
1145 {0.070}

4.55 {0.179}
1425 {0.087}
1230 {0.075}

5.31 {0.209}
1690 {0.103}
1430 {0.087}

6.07 {0.239}
1935 {0.118}
1970 {0.120}

6.35 {0.250}
-------
1660 {0.101}

7.95 {0.313}
------- 
2020 {0.123}

9.53 {0.375}
------- 
2340 {0.143}
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Longitudinal seams shall be provided with a sufficient number of bolts to develop the following ultimate seam strength per meter {foot} of pipe length:

Uncoated Plate Thickness
Strength (kiloNewtons Per Meter {Pounds Per Foot})

(mm {Inches)
2-flange
4-flange

1.91 {0.075}
292 {20,000}
-------

2.67 {0.105}
438 {30,000}
380 {26,000}

3.43 {0.135}
686 {47,000}
628 {43,000}

4.17 {0.164}
803 {55,000}
730 {50,000}

4.55 {0.179}
905 {62,000}
788 {54,000}

5.31 {0.209}
1270 {87,000}
978 {67,000}

6.07 {0.239}
1343 {92,000}
1183 {81,000}

7.95 {0.313}
------- 
1679 {115,000}

9.53 {0.375}
------- 
1737 {119,000}
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FABRICATION

Plates shall be punched for bolting on both longitudinal and circumferential seams or joints; shall be formed to produce squarely formed flanges; and shall be fabricated so that complete erection will be from the inside of the pipe.  The bolt holes in the flanges shall be spaced so that plates of the same curvature are interchangeable and to permit staggering of the longitudinal seams.  Drilling, punching or drifting to correct defects in manufacturing will not be permitted.  Plates with holes improperly punched shall be replaced at the Contractor's expense.  Circumferential bolt spacing shall be 240 mm {9 1/2 inches}, approximately center to center for 4‑flange plates and shall be 320 mm {12 1/2 inches}, approximately center to center for 2‑flange plates.

19

INSTALLATION

Liner plates shall be assembled in conformance with the manufacturer's instructions.  A copy of the instructions shall be furnished to the Engineer prior to assembling the pipe.
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The plates shall be handled in such a manner that prevents bruising, scaling or breaking of the spelter coating.  Plates that are damaged during handling or placing, or with damaged spelter coating, shall be replaced at the Contractor's expense, except that small areas of spelter coating with minor damage may be repaired in conformance with the provisions in Section 75‑1.05, "Galvanizing," of the Standard Specifications, subject to approval by the Engineer.

21

Bolts conforming to the requirements in ASTM Designation:  A 307 shall be tightened to not less than 35 N•m {25 foot‑pounds}, but not more than 80 N•m {60 foot‑pounds}.  Bolts conforming to the requirements in ASTM Designation:  A 449 shall be tightened to not less than 80 N•m {60 foot‑pounds}, but not more than 160 N•m {120 foot‑pounds}.
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Excavation shall not precede plate installation by more than the width of one plate.  Except during excavation operations, no excavation, including face, shall be left unsupported.  Voids between the liner plate and the wall of the excavation shall be force-grouted within 8 hours of excavation.

23

Grout shall consist of a suitable mixture of portland cement, sand, and a chloride-free admixture designed to provide a pumpable mix.  The grout shall contain not less than 275 kg {463 pounds} of portland cement per cubic meter {cubic yard}, and no more water than necessary to provide a pumpable grout.  Materials shall be of commercial quality.

24

The grout shall be forced through the grouting holes in the plates in such sequence and with sufficient pressure that voids will be completely filled.  Plugs in the grouting holes adjacent to the grouting hole being force-grouted shall be removed to permit inspection of grout filling, when directed by the Engineer.
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At the option of the Contractor, free running aggregate pneumatically forced into the voids between the liner plate and the wall of the excavation may be used as temporary support of the excavation, provided the aggregate is pressure grouted within 72 hours of excavation.  Pressure grouting of aggregate shall conform to the provisions in paragraphs 2 through 10 of Section 50‑1.09, "Bonding and Grouting," of the Standard Specifications.
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MEASUREMENT

The length of metal liner plate pipe to be paid for will be the slope length designated by the Engineer.  No payment will be made for pipe placed in excess of the length designated.

27*

PAYMENT

The contract price paid per meter {linear foot} for _____‑mm {_____‑inch} metal liner plate pipe (Type _____ ) shall include full compensation for furnishing all labor, materials (including grout), tools, equipment, and incidentals, and for doing all the work involved in installing the pipe, complete in place, including force-grouting voids, excavating for the pipe, and disposing of material resulting from the excavation, as specified in the Standard Specifications and these special provisions, and as directed by the Engineer.
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Full compensation for structure excavation, structure backfill, and shaped bedding, when pipe is installed by the open trench method, shall be considered as included in the contract price paid per meter {linear foot} for the type of metal liner plate pipe involved and no separate payment will be made therefor.

