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Contractor and depend on the hardness of the aggregate. Each machine shall be capable of cutting a path at least 3 
feet (0.9 m) wide.  Equipment that causes ravels, aggregate fractures, spalls or disturbance to the joints will not be 
permitted. The area corrected by diamond grinding the surface of the hardened concrete should not exceed 10% of 
the total area of any sublot. The depth of diamond grinding shall not exceed 1/2 inch (13 mm) and all areas in which 
diamond grinding has been performed will be subject to the final pavement thickness tolerances specified. Grinding 
will be tapered in all directions to provide smooth transitions to areas not requiring grinding. All pavement areas 
requiring plan grade or surface smoothness corrections in excess of the limits specified above, may require removing 
and replacing in conformance with paragraph 501-4.19. 

501-4.20 Existing concrete pavement removal and repair. 

All operations shall be carefully controlled to prevent damage to the concrete pavement and to the underlying 
material to remain in place. All saw cuts shall be made perpendicular to the slab surface. 

a. Removal of existing pavement slab. 

When it is necessary to remove existing concrete pavement and leave adjacent concrete in place, unless there 
are dowels present,   the joint between the removal area and adjoining pavement to stay in place, including dowels 
or tie bars,   shall first be cut full depth with a standard diamond-type concrete saw.  If dowels are present at this 
joint, the saw cut shall be made full depth just beyond the end of dowels. The edge shall then be carefully sawed on 
the joint line to within one inch (25 mm) of the top of the dowel.   Next, a full depth saw cut shall be made parallel 
to the joint at least 24 inches (600 mm) from the joint and at least 12 inches (300 mm) from the end of any dowels. 
All pavement between this last saw cut and the joint line shall be carefully broken up and removed using hand-held 
jackhammers, 30 lb (14 kg) or less, or the approved light-duty equipment which will not cause stress to propagate 
across the joint saw cut and cause distress in the pavement which is to remain in place. Where dowels are present, 
care shall be taken to produce an even, vertical joint face below the dowels. If the Contractor is unable to produce 
such a joint face, or if underbreak or other distress occurs, the Contractor shall saw the dowels flush with the joint. 
The Contractor shall then install new dowels, of the size and spacing used for other similar joints, by epoxy resin 
bonding them in holes drilled in the joint face as specified in paragraph 501-4.10g.  All this shall be at no additional 
cost to the Owner.   Dowels of the size and spacing indicated shall be installed as shown on the drawings by epoxy 
resin bonding them in holes drilled in the joint face as specified in paragraph 501-4.10g.   The joint face shall be 
sawed or otherwise trimmed so that there is no abrupt offset in any direction greater than 1/2 inches (12 mm) and no 
gradual offset greater than one inch (25 mm) when tested in a horizontal direction with a 12-foot (3.7-m) 
straightedge. 

b. Edge repair. 

The edge of existing concrete pavement against which new pavement abuts shall be protected from damage at 
all times. Areas that are damaged during construction shall be repaired at no cost to the Owner.   

(1) Spall repair. Spalls shall be repaired where indicated and where directed by the Engineer. Repair 
materials and procedures shall be as previously specified in subparagraph 501-4.19f. 

(2) Underbreak repair. All underbreak shall be repaired. First, all delaminated and loose material shall be 
carefully removed. Next, the underlying material shall be recompacted, without addition of any new material. 
Finally, the void shall be completely filled with paving concrete, thoroughly consolidated. Care shall be taken to 
produce an even joint face from top to bottom. Prior to placing concrete, the underlying material shall be thoroughly 
moistened. After placement, the exposed surface shall be heavily coated with curing compound. 

(3) Underlying material. The underlying material adjacent to the edge and under the existing pavement 
which is to remain in place shall be protected from damage or disturbance during removal operations and until 
placement of new concrete, and shall be shaped as shown on the drawings or as directed. Sufficient material shall be 
kept in place outside the joint line to prevent disturbance (or sloughing) of material under the pavement that is to 
remain in place. Any material under the portion of the concrete pavement to remain in place, which is disturbed or 
loses its compaction shall be carefully removed and replaced with concrete as specified in paragraph 501-4.20b(2). 
The underlying material outside the joint line shall be thoroughly compacted and moist when new concrete is 
placed. 
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MATERIAL ACCEPTANCE 
501-5.1 Acceptance sampling and testing. All acceptance sampling and testing necessary to determine 
conformance with the requirements specified in this section, with the exception of coring for thickness 
determination, will be performed by the Engineer at no cost to the Contractor. The Contractor shall bear the cost of 
providing curing facilities for the strength specimens, per paragraph 501-5.1a(3), and coring and filling operations, 
per paragraph 501-5.1b(1). Testing organizations performing these tests shall be accredited in accordance with 
ASTM C1077.  The laboratory accreditation must be current and listed on the accrediting authority’s website.  All 
test methods required for acceptance sampling and testing must be listed on the lab accreditation.  A copy of the 
laboratory’s current accreditation and accredited test methods shall be submitted to the Engineer prior to start of 
construction. 

Concrete shall be accepted for strength and thickness on a lot basis. 

A lot shall consist of a day’s production not to exceed 2,000 cubic yards (1530 cubic meters). 

a. Flexural strength. 

(1) Sampling. Each lot shall be divided into four equal sublots. One sample shall be taken for each sublot 
from the plastic concrete delivered to the job site. Sampling locations shall be determined by the Engineer in 
accordance with random sampling procedures contained in ASTM D3665. The concrete shall be sampled in 
accordance with ASTM C172. 

(2) Testing. Two (2) specimens shall be made from each sample. Specimens shall be made in accordance 
with ASTM C31 and the flexural strength of each specimen shall be determined in accordance with ASTM C78. The 
flexural strength for each sublot shall be computed by averaging the results of the two test specimens representing 
that sublot. 

Immediately prior to testing for flexural strength, the beam shall be weighed and measured for 
determination of a sample unit weight. Measurements shall be made for each dimension; height, depth, and length, 
at the mid-point of the specimen and reported to the nearest 1/10 inch (3 mm). The weight of the specimen shall be 
reported to the nearest 0.1 pound (45 gm). The sample unit weight shall be calculated by dividing the sample weight 
by the calculated volume of the sample. This information shall be reported as companion information to the 
measured flexural strength for each specimen. 

The samples will be transported while in the molds. The curing, except for the initial cure period, will be 
accomplished using the immersion in saturated lime water method. 

Slump, air content, and temperature tests will also be conducted by the quality assurance laboratory for 
each set of strength test samples, per ASTM C31. 

(3) Curing. The Contractor shall provide adequate facilities for the initial curing of beams. During the 24 
hours after molding, the temperature immediately adjacent to the specimens must be maintained in the range of 60° 
to 80°F (16° to 27°C), and loss of moisture from the specimens must be prevented. The specimens may be stored in 
tightly constructed wooden boxes, damp sand pits, temporary buildings at construction sites, under wet burlap in 
favorable weather, or in heavyweight closed plastic bags, or using other suitable methods, provided the temperature 
and moisture loss requirements are met. 

(4) Acceptance. Acceptance of pavement for flexural strength will be determined by the Engineer in 
accordance with paragraph 501-5.2b. 

b. Pavement thickness. 

(1) Sampling. Each lot shall be divided into four equal sublots and one core shall be taken by the 
Contractor for each sublot. Sampling locations shall be determined by the Engineer in accordance with random 
sampling procedures contained in ASTM D3665. Areas, such as thickened edges, with planned variable thickness, 
shall be excluded from sample locations. 

Cores shall be neatly cut with a core drill. The Contractor shall furnish all tools, labor, and materials for 
cutting samples and filling the cored hole. Core holes shall be filled by the Contractor with a non-shrink grout 
approved by the Engineer within one day after sampling. 

(2) Testing. The thickness of the cores shall be determined by the Engineer by the average caliper 
measurement in accordance with ASTM C174. 
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(3) Acceptance. Acceptance of pavement for thickness shall be determined by the Engineer in accordance 
with paragraph 501-5.2c. 

c. Partial lots. When operational conditions cause a lot to be terminated before the specified number of tests 
have been made for the lot, or when the Contractor and Engineer agree in writing to allow overages or minor 
placements to be considered as partial lots, the following procedure will be used to adjust the lot size and the number 
of tests for the lot. 

Where three sublots have been produced, they shall constitute a lot. Where one or two sublots have been 
produced, they shall be incorporated into the next lot or the previous lot and the total number of sublots shall be used 
in the acceptance criteria calculation, that is, n=5 or n=6. 

d. Outliers. All individual flexural strength tests within a lot shall be checked for an outlier (test criterion) in 
accordance with ASTM E178, at a significance level of 5%. Outliers shall be discarded, and the percentage of 
material within specification limits (PWL) shall be determined using the remaining test values. 

501-5.2 Acceptance criteria. 

a. General. Acceptance will be based on the following characteristics of the completed pavement discussed in 
paragraph 501-5.2e: 

(1) Flexural strength 
(2) Thickness 
(3) Smoothness 
(4) Grade 
(5) Edge slump 

Flexural strength and thickness shall be evaluated for acceptance on a lot basis using the method of estimating 
PWL. Acceptance using PWL considers the variability (standard deviation) of the material and the testing 
procedures, as well as the average (mean) value of the test results to calculate the percentage of material that is 
above the lower specification tolerance limit (L). 

Acceptance for flexural strength will be based on the criteria contained in accordance with paragraph 501-
5.2e(1). Acceptance for thickness will be based on the criteria contained in paragraph 501-5.2e(2). Acceptance for 
smoothness will be based on the criteria contained in paragraph 501-5.2e(3). Acceptance for grade will be based on 
the criteria contained in paragraph 501-5.2e(4). 

The Engineer may at any time, notwithstanding previous plant acceptance, reject and require the Contractor to 
dispose of any batch of concrete mixture which is rendered unfit for use due to contamination, segregation, or 
improper slump. Such rejection may be based on only visual inspection. In the event of such rejection, the 
Contractor may take a representative sample of the rejected material in the presence of the Engineer, and if it can be 
demonstrated in the laboratory, in the presence of the Engineer, that such material was erroneously rejected, 
payment will be made for the material at the contract unit price. 

b. Flexural strength. Acceptance of each lot of in-place pavement for flexural strength shall be based on PWL. 
The Contractor shall target production quality to achieve 90 PWL or higher. 

c. Pavement thickness. Acceptance of each lot of in-place pavement shall be based on PWL. The Contractor 
shall target production quality to achieve 90 PWL or higher. 

d. Percentage of material within limits (PWL). The PWL shall be determined in accordance with procedures 
specified in Section 110 of the General Provisions. 

The lower specification tolerance limit (L) for flexural strength and thickness shall be: 

Lower Specification Tolerance Limit (L) 

Flexural Strength 0.93 × strength specified in paragraph 501-3.1 

Thickness Lot Plan Thickness in inches, - 0.50 in 

e. Acceptance criteria. 
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(1) Flexural Strength. If the PWL of the lot equals or exceeds 90%, the lot shall be acceptable. 
Acceptance and payment for the lot shall be determined in accordance with paragraph 501-8.1. 

(2) Thickness. If the PWL of the lot equals or exceeds 90%, the lot shall be acceptable. Acceptance and 
payment for the lot shall be determined in accordance with paragraph 501-8.1. 

(3) Smoothness. As soon as the concrete has hardened sufficiently, but not later than 48 hours after 
placement, the surface of each lot shall be tested in both longitudinal and transverse directions for smoothness to 
reveal all surface irregularities exceeding the tolerances specified.  The Contractor shall furnish paving equipment 
and employ methods that produce a surface for each section of pavement having an average profile index meeting 
the requirements of paragraph 501-8.1c when evaluated with a profilograph; and the finished surface of the 
pavement shall not vary more than 1/4 inch (6mm) when evaluated with a 12-foot (3.7m) straightedge. When the 
surface smoothness exceeds specification tolerances which cannot be corrected by diamond grinding of the 
pavement, full depth removal and replacement of pavement shall be to the limit of the longitudinal placement.  
Corrections involving diamond grinding will be subject to the final pavement thickness tolerances specified. 

(a) Transverse measurements.  Transverse measurements will be taken for each lot placed.  Transverse 
measurements will be taken perpendicular to the pavement centerline each 50 feet (15m) or more often as 
determined by the Engineer.   

(i) Testing shall be continuous across all joints, starting with one-half the length of the straight 
edge at the edge of pavement section being tested and then moved ahead one-half the length of the straight edge for 
each successive measurement.  Smoothness readings will not be made across grade changes or cross slope 
transitions; at these transition areas, the straightedge position shall be adjusted to measure surface smoothness and 
not design grade or cross slope transitions.  The amount of surface irregularity shall be determined by placing the 
freestanding (unleveled) straightedge on the pavement surface and allowing it to rest upon the two highest spots 
covered by its length, and measuring the maximum gap between the straightedge and the pavement surface in the 
area between these two high points.  Deviations on final pavement  > 1/4 inch (6mm) in transverse direction shall be 
corrected with diamond grinding per paragraph 501-4.19g or by removing and replacing full depth of pavement.  
Grinding will be tapered in all directions to provide smooth transitions to areas not requiring grinding.  The area 
corrected by grinding should not exceed 10% of the total area and these areas shall be retested after grinding.   

(ii) The joint between lots shall be tested separately to facilitate smoothness between lots.  The 
amount of surface irregularity shall be determined by placing the freestanding (unleveled) straightedge on the 
pavement surface, with half the straightedge on one side of the joint and the other half of the straightedge on the 
other side of the joint.  Measure the maximum gap between the straightedge and the pavement surface in the area 
between these two high points.  One measurement shall be taken at the joint every 50 feet (15m) or more often if 
directed by the Engineer.  Maximum gap on final pavement surface > 1/4 inch (6mm) in transverse direction shall be 
corrected with diamond grinding per paragraph 501-4.19g or by removing and replacing full depth of surface.  Each 
measurement shall be recorded and a copy of the data shall be furnished to the Engineer at the end of each days 
testing. 

(b) Longitudinal measurements.  Longitudinal measurements will be taken for each lot placed.  
Longitudinal tests will be parallel to the centerline of paving; at the center of paving lanes when widths of paving 
lanes are less than 20 feet (6m); and at the one third points of paving lanes when widths of paving lanes are 20 ft 
(6m) or greater. 

(i) Longitudinal Short Sections.  Longitudinal Short Sections are when the longitudinal lot length 
is less than 200 feet (60m) and areas not requiring a profilograph.  When approved by the Engineer, the first and last 
15 feet (4.5m) of the lot can also be considered as short sections for smoothness.  The finished surface shall not vary 
more than 1/4 inch (6mm) when evaluated with a 12-foot (3.7m) straightedge.  Smoothness readings will not be 
made across grade changes or cross slope transitions, at these transition areas, the straightedge position shall be 
adjusted to measure surface smoothness and not design grade or cross slope transitions.  Testing shall be continuous 
across all joints, starting with one-half the length of the straight edge at the edge of pavement section being tested 
and then moved ahead one-half the length of the straight edge for each successive measurement.  The amount of 
surface irregularity shall be determined by placing the freestanding (unleveled) straightedge on the pavement surface 
and allowing it to rest upon the two highest spots covered by its length, and measuring the maximum gap between 
the straightedge and the pavement surface in the area between these two high points.  Deviations on final pavement 
surface > 1/4 inch (6mm) in longitudinal direction will be corrected with diamond grinding per paragraph 501-4.19g 
or by removing and replacing full depth of surface.  Grinding will be tapered in all directions to provide smooth 
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transitions to areas not requiring grinding.  The area corrected by grinding should not exceed 10% of the total area 
and these areas shall be retested after grinding.   

(ii) Profilograph Testing.  Profilograph testing shall be performed by the contractor using 
approved equipment and procedures as described as ASTM E1274.  The equipment shall utilize electronic recording 
and automatic computerized reduction of data to indicate “must grind” bumps and the Profile Index for the 
pavement using a 0.2 inch (5 mm) blanking band.  The bump template must span one inch (25 mm) with an offset of 
0.4 inches (10 mm).  The profilograph must be calibrated prior to use and operated by a factory or State DOT 
approved operator.  Profilograms shall be recorded on a longitudinal scale of one inch (25 mm) equals 25 feet (7.5 
m) and a vertical scale of one inch (25 mm) equals one inch (25 mm).  A copy of the reduced tapes shall be 
furnished to the Engineer at the end of each days testing. 

The pavement must have an average profile index meeting the requirements of paragraph 501-
8.1c.  Deviations on final surface in longitudinal direction shall be corrected with diamond grinding per paragraph 
501-4.19g or by removing and replacing full depth of pavement. Grinding will be tapered in all directions to provide 
smooth transitions to areas not requiring grinding.  The area corrected by grinding should not exceed 10% of the 
total area and these areas shall be retested after grinding. 

Where corrections are necessary, second profilograph runs shall be performed to verify that the 
corrections produced an average profile index of 15 inches (38 cm) per mile or less.  If the initial average profile 
index was less than 15 inches (38 cm), only those areas representing greater than 0.4 inch (10 mm) deviation will be 
re-profiled for correction verification. 

(iii) Final profilograph of [   runway   ].  Final profilograph, full length of runway, shall be 
performed to facilitate testing of smoothness between lots. Profilograph testing shall be performed by the contractor 
using approved equipment and procedures as described as ASTM E1274.  The pavement must have an average 
profile index meeting the requirements of paragraph 501-8.1c.  The equipment shall utilize electronic recording and 
automatic computerized reduction of data to indicate “must grind” bumps and the Profile Index for the pavement 
using a 0.2 inch (5 mm) blanking band.  The bump template must span one inch (25 mm) with an offset of 0.4 
inches (10 mm).  The profilograph must be calibrated prior to use and operated by a factory or State DOT approved, 
trained operator.  Profilograms shall be recorded on a longitudinal scale of one inch (25 mm) equals 25 feet (7.5 m) 
and a vertical scale of one inch (25 mm) equals one inch (25 mm).  A copy of the reduced tapes shall be furnished to 
the Engineer at the end of each days testing.  Profilograph of final runway shall be performed one foot right and left 
of runway centerline and 15 feet right and left of centerline.  Any areas that indicate “must grind” will be corrected 
as directed by the Engineer. 

Smoothness testing indicated in the above paragraphs except paragraph (iii) shall be performed 
within 48 hours of placement of material.  Smoothness texting indicated in paragraph (iii) shall be performed within 
48 hours final paving completion.  The primary purpose of smoothness testing is to identify areas that may be prone 
to ponding of water which could lead to hydroplaning of aircraft.  If the contractor’s machines and/or methods are 
producing significant areas that need corrective actions then production should be stopped until corrective measures 
can be implemented. If corrective measures are not implemented and when directed by the Engineer, production 
shall be stopped until corrective measures can be implemented.  

 (4) Grade. An evaluation of the surface grade shall be made by the Engineer for compliance to the 
tolerances contained below. The finish grade will be determined by running levels at intervals of 50 feet (15 m) or 
less longitudinally and all breaks in grade transversely (not to exceed 50 feet (15 m)) to determine the elevation of 
the completed pavement. The Contractor shall pay the costs of surveying the level runs, and this work shall be 
performed by a licensed surveyor. The documentation, stamped and signed by a licensed surveyor, shall be provided 
by the Contractor to the Engineer. 

(a)  Lateral deviation. Lateral deviation from established alignment of the pavement edge shall 
not exceed ±0.10 feet (3 mm) in any lane. 

(b)  Vertical deviation. Vertical deviation from established grade shall not exceed ±0.04 feet (12 
mm) at any point. 

(5) Edge slump.  When excessive edge slump cannot be corrected before the concrete has hardened, the 
area with excessive edge slump shall be removed and replaced at the expense of the Contractor as directed by the 
Engineer in accordance with paragraph 501-4.8a. 

f. Removal and replacement of concrete. Any area or section of concrete that is removed and replaced shall 
be removed and replaced back to planned joints.  The Contractor shall replace damaged dowels and the requirements 
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for doweled longitudinal construction joints in paragraph 501-4.10 shall apply to all contraction joints exposed by 
concrete removal.  Removal and replacement shall be in accordance with paragraph 501-4.20. 

CONTRACTOR QUALITY CONTROL 
501-6.1 Quality control program. The Contractor shall develop a Quality Control Program in accordance with 
Section 100 of the General Provisions. The program shall address all elements that affect the quality of the pavement 
including but not limited to: 

a. Mix Design 

b. Aggregate Gradation 

c. Quality of Materials 

d. Stockpile Management 

e. Proportioning 

f. Mixing and Transportation 

g. Placing and Consolidation 

h. Joints 

i. Dowel Placement and Alignment 

j. Flexural or Compressive Strength 

k. Finishing and Curing 

l. Surface Smoothness 

501-6.2 Quality control testing. The Contractor shall perform all quality control tests necessary to control the 
production and construction processes applicable to this specification and as set forth in the Quality Control 
Program. The testing program shall include, but not necessarily be limited to, tests for aggregate gradation, 
aggregate moisture content, slump, and air content. 

A Quality Control Testing Plan shall be developed as part of the Quality Control Program. 

a. Fine aggregate. 

(1) Gradation. A sieve analysis shall be made at least twice daily in accordance with ASTM C136 from 
randomly sampled material taken from the discharge gate of storage bins or from the conveyor belt. 

(2) Moisture content. If an electric moisture meter is used, at least two direct measurements of moisture 
content shall be made per week to check the calibration. If direct measurements are made in lieu of using an electric 
meter, two tests shall be made per day. Tests shall be made in accordance with ASTM C70 or ASTM C566. 

b. Coarse Aggregate. 

(1) Gradation. A sieve analysis shall be made at least twice daily for each size of aggregate. Tests shall be 
made in accordance with ASTM C136 from randomly sampled material taken from the discharge gate of storage 
bins or from the conveyor belt. 

(2) Moisture content. If an electric moisture meter is used, at least two direct measurements of moisture 
content shall be made per week to check the calibration. If direct measurements are made in lieu of using an electric 
meter, two tests shall be made per day. Tests shall be made in accordance with ASTM C566.  

c. Slump. Four slump tests shall be performed for each lot of material produced in accordance with the lot size 
defined in paragraph 501-5.1. One test shall be made for each sublot. Slump tests shall be performed in accordance 
with ASTM C143 from material randomly sampled from material discharged from trucks at the paving site. Material 
samples shall be taken in accordance with ASTM C172. 

d. Air content. Four air content tests, shall be performed for each lot of material produced in accordance with 
the lot size defined in paragraph 501-5.1. One test shall be made for each sublot. Air content tests shall be performed 
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in accordance with ASTM C231 for gravel and stone coarse aggregate and ASTM C173 for slag or other porous 
coarse aggregate, from material randomly sampled from trucks at the paving site. Material samples shall be taken in 
accordance with ASTM C172. 

e. Four unit weight and yield tests shall be made in accordance with ASTM C138. The samples shall be taken in 
accordance with ASTM C172 and at the same time as the air content tests. 

501-6.3 Control charts. The Contractor shall maintain linear control charts for fine and coarse aggregate gradation, 
slump, moisture content and air content. 

Control charts shall be posted in a location satisfactory to the Engineer and shall be kept up to date at all times. As a 
minimum, the control charts shall identify the project number, the contract item number, the test number, each test 
parameter, the Action and suspension Limits, or Specification limits, applicable to each test parameter, and the 
Contractor’s test results. The Contractor shall use the control charts as part of a process control system for 
identifying potential problems and assignable causes before they occur. If the Contractor’s projected data during 
production indicates a potential problem and the Contractor is not taking satisfactory corrective action, the Engineer 
may halt production or acceptance of the material. 

a. Fine and coarse aggregate gradation. The Contractor shall record the running average of the last five 
gradation tests for each control sieve on linear control charts. Specification limits contained in the Lower 
Specification Tolerance Limit (L) table above and the Control Chart Limits table below shall be superimposed on 
the Control Chart for job control. 

b. Slump and air content. The Contractor shall maintain linear control charts both for individual 
measurements and range (that is, difference between highest and lowest measurements) for slump and air content in 
accordance with the following Action and Suspension Limits. 

Control Chart Limits 

Control Parameter Individual Measurements Range Suspension Limit 

Action Limit Suspension Limit 

Slip Form: 

Slump +0 to -1 inch (0-25 mm) +0.5 to -1.5 inch (13-38 mm) ±1.5 inch (38 mm) 

Air Content ±1.2% ±1.8% ±2.5% 

Side Form: 

Slump +0.5 to -1 inch (13-25 mm) +1 to -1.5 inch (25-38 mm) ±1.5 inch (38 mm) 

Air Content ±1.2% ±1.8% ±2.5% 

The individual measurement control charts shall use the mix design target values as indicators of central tendency. 

501-6.4 Corrective action. The Contractor Quality Control Program shall indicate that appropriate action shall be 
taken when the process is believed to be out of control. The Contractor Quality Control Program shall detail what 
action will be taken to bring the process into control and shall contain sets of rules to gauge when a process is out of 
control. As a minimum, a process shall be deemed out of control and corrective action taken if any one of the 
following conditions exists. 

a. Fine and coarse aggregate gradation. When two consecutive averages of five tests are outside of the 
specification limits in paragraph 501-2.1, immediate steps, including a halt to production, shall be taken to correct 
the grading. 

b. Fine and coarse aggregate moisture content. Whenever the moisture content of the fine or coarse 
aggregate changes by more than 0.5%, the scale settings for the aggregate batcher and water batcher shall be 
adjusted. 

c. Slump. The Contractor shall halt production and make appropriate adjustments whenever: 

(1) one point falls outside the Suspension Limit line for individual measurements or range 
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OR 
(2) two points in a row fall outside the Action Limit line for individual measurements. 

d. Air content. The Contractor shall halt production and adjust the amount of air-entraining admixture 
whenever: 

(1) one point falls outside the Suspension Limit line for individual measurements or range 
OR 

(2) two points in a row fall outside the Action Limit line for individual measurements. 

Whenever a point falls outside the Action Limits line, the air-entraining admixture dispenser shall be calibrated 
to ensure that it is operating correctly and with good reproducibility. 

METHOD OF MEASUREMENT 
501-7.1 Portland cement concrete pavement shall be measured by the number of  cubic yards (cubic meters)  square 
yards (square meters)  of either plain or reinforced pavement as specified in-place, completed and accepted.  

BASIS OF PAYMENT 
501-8.1 Payment. Payment for concrete pavement meeting all acceptance criteria as specified in paragraph 501-5.2 
Acceptance Criteria shall be based on results of  smoothness,   strength and thickness tests.  Payment for acceptable 
lots of concrete pavement shall be adjusted in accordance with paragraph 501-8.1a for strength and thickness and 
501-8.1c for smoothness, subject to the limitation that: 

The total project payment for concrete pavement shall not exceed 100 percent of the product of the contract unit 
price and the total number of cubic yards (cubic meters)   square yards (square meters)  of concrete pavement used 
in the accepted work (See Note 1 under the Price Adjustment Schedule table below). 

Payment shall be full compensation for all labor, materials, tools, equipment, and incidentals required to complete 
the work as specified herein and on the drawings. 

a. Basis of adjusted payment. The pay factor for each individual lot shall be calculated in accordance with the 
Price Adjustment Schedule table below. A pay factor shall be calculated for both flexural strength and thickness. 
The lot pay factor shall be the higher of the two values when calculations for both flexural strength and thickness are 
100% or higher. The lot pay factor shall be the product of the two values when only one of the calculations for either 
flexural strength or thickness is 100% or higher. The lot pay factor shall be the lower of the two values when 
calculations for both flexural strength and thickness are less than 100%. 

Price Adjustment Schedule1 

Percentage of Materials Within Specification 
Limits  
(PWL) 

Lot Pay Factor 
(Percent of Contract Unit Price) 

96 – 100 106 
90 – 95 PWL + 10 
75 – 90 0.5 PWL + 55 
55 – 74 1.4 PWL – 12 
Below 55 Reject2 

1  Although it is theoretically possible to achieve a pay factor of 106% for each lot, actual payment in excess of 
100% shall be subject to the total project payment limitation specified in paragraph 501-8.1. 

2  The lot shall be removed and replaced. However, if the Engineer and the FAA have decided to allow the 
rejected lot to remain in accordance with Section 50-02 after the Engineer and Contractor agree in writing 
that the lot shall not be removed, it shall be paid for at 50% of the contract unit price and the total project 
payment limitation shall be reduced by the amount withheld for the rejected lot. 
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For each lot accepted, the adjusted contract unit price shall be the product of the lot pay factor for the lot and the 
contract unit price. Payment shall be subject to the total project payment limitation specified in paragraph 501-8.1. 
Payment in excess of 100% for accepted lots of concrete pavement shall be used to offset payment for accepted lots 
of concrete pavement that achieve a lot pay factor less than 100%. 

b. Payment. Payment shall be made under: 

Item P-501-8.1  Portland Cement Concrete Pavement (14” Thick) – per square yard  

Item P-501-8.2  Portland Cement Concrete Pavement (9” Thick) – per square yard 

Item P-501-8.3  Portland Cement Concrete Pavement (15” Thick) – per square yard  

  

c. Basis of adjusted payment for smoothness. Price adjustment for pavement smoothness will apply to the 
total area of concrete within a section of pavement and shall be applied in accordance the following equation and 
schedule: 

(Square yard in section) × (original unit price per square yard) × PFm = reduction in payment for area within section 

Average Profile Index (Inches Per Mile) 
Pavement Strength Rating 

Contract Unit Price 
Adjustment 
(PFm) Over 30,000 lb 30,000 lb or Less Short Sections 

0 - 7 0 - 10 0 - 15 0.00 
7.1 - 9 10.1 - 11 15.1 - 16 0.02 
9.1 - 11 11.1 - 12 16.1 - 17 0.04 
11.1 - 13 12.1 - 13 17.1 - 18 0.06 
13.1 - 14 13.1 - 14 18.1 - 20 0.08 
14.1 - 15 14.1 - 15 20.1 - 22 0.10 
15.1 and up 15.1 and up 22.1 and up Corrective work required 

TESTING REQUIREMENTS 
ASTM C31 Standard Practice for Making and Curing Concrete Test Specimens in the Field 

ASTM C39 Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens 

ASTM C70 Standard Test Method for Surface Moisture in Fine Aggregate 

ASTM C78 Standard Test Method for Flexural Strength of Concrete (Using Simple Beam with Third-
Point Loading) 

ASTM C88 Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate 

ASTM C117 Standard Test Method for Materials Finer Than 75-μm (No. 200) Sieve in Mineral 
Aggregates by Washing 

ASTM C131 Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by 
Abrasion and Impact in the Los Angeles Machine 

ASTM C136 Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates 

ASTM C138 Standard Test Method for Density (Unit Weight), Yield, and Air Content (Gravimetric) 
of Concrete 

ASTM C142 Standard Test Method for Clay Lumps and Friable Particles in Aggregates 

ASTM C143 Standard Test Method for Slump of Hydraulic-Cement Concrete 
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ASTM C172 Standard Practice for Sampling Freshly Mixed Concrete 

ASTM C173 Standard Test Method for Air Content of Freshly Mixed Concrete by the Volumetric 
Method 

ASTM C174 Standard Test Method for Measuring Thickness of Concrete Elements Using Drilled 
Concrete Cores 

ASTM C227 Standard Test Method for Potential Alkali Reactivity of Cement-Aggregate 
Combinations (Mortar-Bar Method) 

ASTM C231 Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure 
Method 

ASTM C289 Standard Test Method for Potential Alkali-Silica Reactivity of Aggregates (Chemical 
Method) 

ASTM C295 Standard Guide for Petrographic Examination of Aggregates for Concrete 

ASTM C114 Standard Test Methods for Chemical Analysis of Hydraulic Cement 

ASTM C311 Standard Test Methods for Sampling and Testing Fly Ash or Natural Pozzolans for Use 
in Portland Cement Concrete 

ASTM C566 Standard Test Method for Total Evaporable Moisture Content of Aggregates by Drying 

ASTM C642 Standard Test Method for Density, Absorption, and Voids in Hardened Concrete 

ASTM C666 Standard Test Method for Resistance of Concrete to Rapid Freezing and Thawing 

ASTM C1077 Standard Practice for Agencies Testing Concrete and Concrete Aggregates for Use in 
Construction and Criteria for Testing Agency Evaluation 

ASTM C1260 Standard Test Method for Potential Alkali Reactivity of Aggregates (Mortar-Bar Method) 

ASTM C1567 Standard Test Method for Determining the Potential Alkali-Silica Reactivity of 
Combinations of Cementitious Materials and Aggregate (Accelerated Mortar-Bar 
Method) 

ASTM C1602 Standard Specification for Mixing Water Used in the Production of Hydraulic Cement 
Concrete 

ASTM D3665 Standard Practice for Random Sampling of Construction Materials  

ASTM D4791 Standard Test Method for Flat Particles, Elongated Particles, or Flat and Elongated 
Particles in Coarse Aggregate 

ASTM E178 Standard Practice for Dealing With Outlying Observations 

ASTM E1274 Standard Test Method for Measuring Pavement Roughness Using a Profilograph 

U.S. Army Corps of Engineers (USACE) Concrete Research Division (CRD) C662 
Determining the Potential Alkali-Silica Reactivity of Combinations of Cementitious 
Materials, Lithium Nitrate Admixture and Aggregate (Accelerated Mortar-Bar Method) 

MATERIAL REQUIREMENTS 
ASTM A184 Standard Specification for Welded Deformed Steel Bar Mats for Concrete Reinforcement 

ASTM A615 Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete 
Reinforcement 

ASTM A704 Standard Specification for Welded Steel Plain Bar or Rod Mats for Concrete 
Reinforcement 
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ASTM A706  Standard Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete 
Reinforcement 

ASTM A714 Standard Specification for High-Strength Low-Alloy Welded and Seamless Steel Pipe 

ASTM A775 Standard Specification for Epoxy-Coated Steel Reinforcing Bars 

ASTM A934 Standard Specification for Epoxy-Coated Prefabricated Steel Reinforcing Bars 

ASTM A996 Standard Specification for Rail-Steel and Axle-Steel Deformed Bars for Concrete 
Reinforcement 

ASTM A1064 Standard Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain 
and Deformed, for Concrete 

ASTM A1078 Standard Specification for Epoxy-Coated Steel Dowels for Concrete Pavement 

ASTM C33 Standard Specification for Concrete Aggregates 

ASTM C94 Standard Specification for Ready-Mixed Concrete 

ASTM C150 Standard Specification for Portland Cement 

ASTM C171 Standard Specification for Sheet Materials for Curing Concrete 

ASTM C260 Standard Specification for Air-Entraining Admixtures for Concrete 

ASTM C309 Standard Specification for Liquid Membrane-Forming Compounds for Curing Concrete 

ASTM C494 Standard Specification for Chemical Admixtures for Concrete 

ASTM C595 Standard Specification for Blended Hydraulic Cements 

ASTM C618 Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use 
in Concrete 

ASTM C881 Standard Specification for Epoxy-Resin-Base Bonding Systems for Concrete 

ASTM C989 Standard Specification for Slag Cement for Use in Concrete and Mortars 

ASTM D1751 Standard Specification for Preformed Expansion Joint Filler for Concrete Paving and 
Structural Construction (Nonextruding and Resilient Bituminous Types) 

ASTM D1752 Standard Specification for Preformed Sponge Rubber and Cork and Recycled PVC 
Expansion Joint Fillers for Concrete Paving And Structural Construction 

ACI 211.1 Standard Practice for Selecting Proportions for Normal, Heavyweight, and Mass 
Concrete 

ACI 305R Guide to Hot Weather Concreting 

ACI 306R Guide to Cold Weather Concreting 

ACI 309R Guide for Consolidation of Concrete 

AC 150/5320-6 Airport Pavement Design and Evaluation 

PCA Design and Control of Concrete MixturesEND ITEM P-501 
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ITEM P-602 BITUMINOUS PRIME COAT 

DESCRIPTION 

602-1.1 This item shall consist of an application of bituminous material on the prepared base course in accordance 
with these specifications and in reasonably close conformity to the lines shown on the plans. 

MATERIALS 

602-2.1 Bituminous material. The bituminous material shall be an emulsified asphalt indicated in ASTM D3628 as 
a bituminous application for prime coat appropriate to local conditions or as designated by the Engineer.   

CONSTRUCTION METHODS 
602-3.1 Weather limitations. The prime coat shall be applied only when the existing surface is dry; the atmospheric 
temperature is 50°F (10°C) or above, and the temperature has not been below 35°F (2°C) for the 12 hours prior to 
application; and when the weather is not foggy or rainy. The temperature requirements may be waived when 
directed by the Engineer. 

602-3.2 Equipment. The equipment shall include a self-powered pressure bituminous material distributor and 
equipment for heating bituminous material. 

Provide a distributor with pneumatic tires of such size and number that the load produced on the base surface does 
not exceed 65.0 psi (4.5 kg/sq cm) of tire width to prevent rutting, shoving or otherwise damaging the base, surface 
or other layers in the pavement structure. Design and equip the distributor to spray the bituminous material in a 
uniform coverage at the specified temperature, at readily determined and controlled rates from 0.05 to 2.0 gallons 
per square yard (0.23 to 9.05 L/square meter), with a pressure range of 25 to 75 psi (172.4 to 517.1 kPa) and with an 
allowable variation from the specified rate of not more than ±5%, and at variable widths. Include with the distributor 
equipment a separate power unit for the bitumen pump, full-circulation spray bars, tachometer, pressure gauges, 
volume-measuring devices, adequate heaters for heating of materials to the proper application temperature, a 
thermometer for reading the temperature of tank contents, and a hand hose attachment suitable for applying 
bituminous material manually to areas inaccessible to the distributor. Equip the distributor to circulate and agitate 
the bituminous material during the heating process. If the distributor is not equipped with an operable quick shutoff 
valve, the prime operations shall be started and stopped on building paper. The Contractor shall remove blotting 
sand prior to asphalt concrete lay down operations at no additional expense to the Owner. 

A power broom and power blower suitable for cleaning the surfaces to which the bituminous coat is to be applied 
shall be provided.  

602-3.3 Application of bituminous material. Immediately before applying the prime coat, the full width of the 
surface to be primed shall be swept with a power broom to remove all loose dirt and other objectionable material. 

The bituminous material shall be uniformly applied with a bituminous distributor at the rate of 0.15 to 0.30 gallons 
per square yard (0.68 to 1.36 liters per square meter) depending on the base course surface texture. The type of 
bituminous material and application rate shall be approved by the Engineer prior to application. 

Following application of the bituminous material and prior to application of the succeeding layer of pavement, allow 
the bituminous coat to cure and to obtain evaporation of any volatiles or moisture. Maintain the coated surface until 
the succeeding layer of pavement is placed, by protecting the surface against damage and by repairing and recoating 
deficient areas. Allow the prime coat to cure without being disturbed for a period of at least 48 hours or longer, as 
may be necessary to attain penetration into the treated course. Furnish and spread enough sand to effectively blot up 
and cure excess bituminous material. Keep traffic off surfaces freshly treated with bituminous material. Provide 
sufficient warning signs and barricades so that traffic will not travel over freshly treated surfaces. 

602-3.4 Trial applications. Before providing the complete bituminous coat, the Contractor shall apply three lengths 
of at least 100 feet (30 m) for the full width of the distributor bar to evaluate the amount of bituminous material that 
can be satisfactorily applied with the equipment. Apply three different trial application rates of bituminous materials 
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within the application range specified in paragraph 602-3.3. Other trial applications will be made using various 
amounts of material as deemed necessary by the Engineer. 

602-3.5 Bituminous material Contractor’s responsibility.  The Contractor shall provide a statement of source and 
character of the proposed bituminous material which must be submitted to and approved by the Engineer before any 
shipment of bituminous materials to the project. The Contractor shall furnish vendor’s certified test reports for each 
carload, or equivalent, of bituminous material shipped to the project. The test reports shall be provided to and 
approved by the Engineer before the bituminous material is applied. If the bituminous material does not meet the 
specifications, it shall be replaced at the Contractor’s expense. Furnishing the vendor’s certified test report for the 
bituminous material shall not be interpreted as basis for final acceptance.  

602-3.6 Freight and weigh bills. The Contractor shall submit waybills and delivery tickets during the progress of 
the work. Before the final estimate is allowed, file with the Engineer certified waybills and certified delivery tickets 
for all bituminous materials used in the construction of the pavement covered by the contract. Do not remove 
bituminous material from storage until the initial outage and temperature measurements have been taken. The 
delivery or storage units will not be released until the final outage has been taken.  

METHOD OF MEASUREMENT 
602-4.1 The bituminous material for prime coat shall be measured by the gallon (liter). Volume shall be corrected to 
the volume at 60°F (16°C) in accordance with ASTM D1250. The bituminous material paid for will be the measured 
quantities used in the accepted work, provided that the measured quantities are not 10% over the specified 
application rate. Any amount of bituminous material more than 10% over the specified application rate for each 
application will be deducted from the measured quantities, except for irregular areas where hand spraying of the 
bituminous material is necessary.  Water added to emulsified asphalt will not be measured for payment.  

BASIS OF PAYMENT 
602-5.1 Payment shall be made at the contract unit price per gallon (liter) for bituminous prime coat. This price shall 
be full compensation for furnishing all materials and for all preparation, delivering, and applying the materials, and 
for all labor, equipment, tools, and incidentals necessary to complete this item. 

Payment will be made under: 

Item P-602-5.1 Bituminous Prime Coat - per gallon (liter)    

TESTING REQUIREMENTS 
ASTM D1250 Standard Guide for Use of the Petroleum Measurement Tables 

MATERIAL REQUIREMENTS 
ASTM D977 Standard Specification for Emulsified Asphalt 

ASTM D2028 Standard Specification for Cutback Asphalt (Rapid-Curing Type) 

ASTM D2397 Standard Specification for Cationic Emulsified Asphalt 

ASTM D3628 Standard Practice for Selection and Use of Emulsified Asphalts 

END OF ITEM P-602 
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ITEM P-610 STRUCTURAL PORTLAND CEMENT CONCRETE 

DESCRIPTION 
610-1.1 This item shall consist of  plain or reinforced structural portland cement concrete (PCC), prepared and 
constructed in accordance with these specifications, at the locations and of the form and dimensions shown on the 
plans.  This specification shall be used for all structural and miscellaneous concrete including signage bases. 

MATERIALS 
610-2.1 General. Only approved materials, conforming to the requirements of these specifications, shall be used in 
the work. Materials may be subject to inspection and tests at any time during their preparation or use. The source of 
all materials shall be approved by the Engineer before delivery or use in the work. Representative preliminary 
samples of the materials shall be submitted by the Contractor, when required, for examination and test. Materials 
shall be stored and handled to ensure preservation of their quality and fitness for use and shall be located to facilitate 
prompt inspection. All equipment for handling and transporting materials and concrete must be clean before any 
material or concrete is placed in them. 

The use of pit-run aggregates shall not be permitted unless the pit-run aggregate has been screened and washed, and 
all fine and coarse aggregates stored separately and kept clean. The mixing of different aggregates from different 
sources in one storage stockpile or alternating batches of different aggregates shall not be permitted. 

When the P-610 item is specified for the concrete for fence post footings, manholes, catch basins, inlets, 
headwalls, light bases, wind cone and beacon footings, electrical duct, sidewalk, curbing, cable markers, and 
other non-critical structures, the requirements for testing, as specified in 610.2.2 through 610.2.11 and 610.3.5, 
may be waived if either the concrete is furnished by a reputable transit mix firm approved by the Engineer, or the 
materials are approved by the Engineer when the concrete is mixed on the site.   However, when any items, such 
as electrical duct or poured manholes are placed in or under a pavement intended to support aircraft of 60,000 
pounds or more gross weight, such tests will be required.  When large amounts of concrete are used on the 
project, such tests may be required if so indicated on the plans. 

When the project includes Portland cement concrete pavement, P-501, the paving aggregates may be used for P-
610 concrete, unless construction conditions dictate that a finer aggregate is required.  The provision does not 
apply to buildings. 

a. Reactivity. Fine and Coarse aggregates to be used in all concrete shall be evaluated and tested by the 
Contractor for alkali-aggregate reactivity in accordance with both ASTM C1260 and C1567.  Aggregate and mix 
proportion reactivity tests shall be performed for each project.   

(1) Coarse and fine aggregate shall be tested separately in accordance with ASTM C1260. The aggregate 
shall be considered innocuous if the expansion of test specimens, tested in accordance with ASTM C1260, does not 
exceed 0.10% at 28 days (30 days from casting). 

(2) Combined coarse and fine aggregate shall be tested in accordance with ASTM C1567, modified for 
combined aggregates, using the proposed mixture design proportions of aggregates, cementitious materials, and/or 
specific reactivity reducing chemicals.  If lithium nitrate is proposed for use with or without supplementary 
cementitious materials, the aggregates shall be tested in accordance with Corps of Engineers (COE) CRD C662.  If 
lithium nitrate admixture is used, it shall be nominal 30% ±0.5% weight lithium nitrate in water.  

(3) If the expansion of the proposed combined materials test specimens, tested in accordance with ASTM 
C1567, modified for combined aggregates, or COE CRD C662, does not exceed 0.10% at 28 days, the proposed 
combined materials will be accepted. If the expansion of the proposed combined materials test specimens is greater 
than 0.10% at 28 days, the aggregates will not be accepted unless adjustments to the combined materials mixture can 
reduce the expansion to less than 0.10% at 28 days, or new aggregates shall be evaluated and tested. 

610-2.2 Coarse aggregate. The coarse aggregate for concrete shall meet the requirements of ASTM C33. Crushed 
stone aggregate shall have a durability factor, as determined by ASTM C666, greater than or equal to 95. The 
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Engineer may consider and reserve final approval of other State classification procedures addressing aggregate 
durability. 

Coarse aggregate shall be well graded from coarse to fine and shall meet the following gradation shown in the table 
below when tested per ASTM C136. 

TABLE 1.  GRADATION FOR COARSE AGGREGATE 

 

Sieve Designation                       Percentage by Weight Passing Sieves 
(square openings)  2'' 1-1/2'' 1'' 3/4'' 1/2'' 3/8'' No.4 

 
No. 4 to 3/4 in.                  --- --- 100 90-100 --- 20-55 0-10 
(4.75-19.0 mm) 
No. 4 to 1 in.               --- 100 90-100 --- 25-60 --- 0-10 
(4.75-25.0 mm) 
No. 4 to 1-1/2 in.   100 95-100 --- 35-70 --- 10-30 0-5 
(4.75-38.1 mm) 

          

  

TABLE 2.  GRADATION FOR FINE AGGREGATE 

 

Sieve Designation 
(square openings)             Percentage by Weight Passing Sieves 

 

3/8 inch (9.5 mm)  100 
No. 4 (4.75 mm)   95-100 
No. 16 (1.18 mm)  45-80 
No. 30 (0.60 mm)  25-55 
No. 50 (0.30 mm)  10-30 
No. 100 (0.15 mm)  2-10 

 

610-2.2.1 Aggregate susceptibility to durability (D) cracking. Aggregates that have a history of D-cracking shall 
not be used.    

   Coarse aggregate may be accepted from sources that have a 20 year service history for the same gradation to be 
supplied with no durability issues. 

a. Material currently being produced shall have a durability factor ≥ 95 using ASTM C666.  Coarse aggregates 
that are crushed granite, calcite cemented sandstone, quartzite, basalt, diabase, rhyolite or trap rock are considered to 
meet the D-cracking test but must meet all other quality tests.  Aggregates meeting State Highway Department 
material specifications may be acceptable with concurrence of the FAA.  

610-2.3 Fine aggregate. The fine aggregate for concrete shall meet the requirements of ASTM C33. 

The fine aggregate shall be well graded from fine to coarse and shall meet the requirements of the table below when 
tested in accordance with ASTM C136: 
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Gradation For Fine Aggregate 

Sieve Designation 
(square openings) 

Percentage by Weight 
Passing Sieves 

3/8 inch (9 mm) 
No. 4 (4.75 mm) 
No. 16 (1.18 mm) 
No. 30 (0.60 mm) 
No. 50 (0.30 mm) 
No. 100 (0.15 mm) 

100 
95-100 
45-80 
25-55 
10-30 
2-10 

Blending will be permitted, if necessary, to meet the gradation requirements for fine aggregate. Fine aggregate 
deficient in the percentage of material passing the No. 50 mesh sieve may be accepted, if the deficiency does not 
exceed 5% and is remedied by the addition of pozzolanic or cementitious materials other than Portland cement, as 
specified in paragraph 610-2.6, Admixtures, in sufficient quantity to produce the required workability as approved 
by the Engineer. 

610-2.4 Cement. Cement shall conform to the requirements of ASTM C150 - Type 1 or ASTM C595 Type 1P. 

If aggregates are deemed innocuous when tested in accordance with paragraph 610-2.1.a.1 and accepted in 
accordance with paragraph 610-2.1.a.3, higher equivalent alkali content in the cement may be allowed if approved 
by the Engineer and FAA.  If cement becomes partially set or contains lumps of caked cement, it shall be rejected. 
Cement salvaged from discarded or used bags shall not be used. 

The Contractor shall furnish vendors’ certified test reports for each carload, or equivalent, of cement shipped to the 
project. The report shall be delivered to the Engineer before use of the cement is granted. All test reports shall be 
subject to verification by testing sample materials received for use on the project. 

610-2.5 Water. The water used in concrete shall be fresh, clean and potable; free from injurious amounts of oils, 
acids, alkalies, salts, organic materials or other substances deleterious to concrete.   

610-2.6 Admixtures. The Contractor shall submit certificates indicating that the material to be furnished meets all 
of the requirements indicated below. In addition, the Engineer may require the Contractor to submit complete test 
data from an approved laboratory showing that the material to be furnished meets all of the requirements of the cited 
specifications. Subsequent tests may be made of samples taken by the Engineer from the supply of the material 
being furnished or proposed for use on the work to determine whether the admixture is uniform in quality with that 
approved. 

     a. Air-entraining admixtures. Air-entraining admixtures shall meet the requirements of  ASTM C260 and shall 
consistently entrain the air content in the specified ranges under field conditions. The air-entrainment agent and any 
water reducer admixture shall be compatible. 

b.  Water-reducing admixtures.  Water-reducing admixture shall meet the requirements of ASTM C494, Type 
A, B, or D. ASTM C494, Type F and G high range water reducing admixtures and ASTM C1017 flowable 
admixtures shall not be used. 

c. Other chemical admixtures. The use of set retarding, and set-accelerating admixtures shall be approved by 
the Engineer.  Retarding shall meet the requirements of ASTM C494, Type A, B, or D and set-accelerating shall 
meet the requirements of ASTM C494, Type C.  Calcium chloride and admixtures containing calcium chloride shall 
not be used.   

610-2.7 Premolded joint material. Premolded joint material for expansion joints shall meet the requirements of 
ASTM ASTM D1751 or ASTM D1752. 

610-2.8 Joint filler. The filler for joints shall meet the requirements of Item P-605, unless otherwise specified. 

610-2.9 Steel reinforcement. Reinforcing shall consist of deformed bars and/or welded steel wire fabric 
conforming to the requirements of ASTM A 615, ASTM A 497, and/or ASTM A 185. 
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Reinforcing Steel ASTM A615, ASTM A706, ASTM A775, ASTM A934 

Welded Steel Wire Fabric  ASTM A1064 

Welded Deformed Steel Fabric  ASTM A1064 

Bar Mars  ASTM A184 or ASTM A704 

 

610-2.10 Materials for curing concrete. Curing materials shall conform to one of the following specifications: 

 

          Waterproof paper for curing concrete    ASTM C 171 

          Polyethylene Sheeting for Curing Concrete   ASTM C 171 

          Liquid Membrane-Forming Compounds for Curing Concrete ASTM C 309, Type 2 

CONSTRUCTION METHODS 
610-3.1 General. The Contractor shall furnish all labor, materials, and services necessary for, and incidental to, the 
completion of all work as shown on the drawings and specified here. All machinery and equipment used by the 
Contractor on the work, shall be of sufficient size to meet the requirements of the work. All work shall be subject to 
the inspection and approval of the Engineer. 

610-3.2 Concrete composition. The concrete shall develop a compressive strength of 3000 psi in 28 days as 
determined by test cylinders made in accordance with ASTM C31 and tested in accordance with ASTM C39. The 
concrete shall contain not less than 470 pounds of cement per cubic yard (280 kg per cubic meter). The concrete 
shall contain 5% of entrained air, ±1%, as determined by ASTM C231 and shall have a slump of not more than 4 
inches (100 mm) as determined by ASTM C143. 

610-3.3 Acceptance sampling and testing. Concrete for each structure will be accepted on the basis of the 
compressive strength specified in paragraph 610-3.2. The concrete shall be sampled in accordance with ASTM 
C172. Concrete cylindrical compressive strength specimens shall be made in accordance with ASTM C31 and tested 
in accordance with ASTM C39.  The Contractor shall cure and store the test specimens under such conditions as 
directed by the Engineer. The Engineer will make the actual tests on the specimens at no expense to the Contractor. 

610-3.4 Qualifications for concrete testing service.  Perform concrete testing by an approved laboratory and 
inspection service experienced in sampling and testing concrete. Testing agency must meet the requirements of 
ASTM C1077 or ASTM E329. 

610-3.5 Proportioning and measuring devices. When package cement is used, the quantity for each batch shall be 
equal to one or more whole sacks of cement. The aggregates shall be measured separately by weight. If aggregates 
are delivered to the mixer in batch trucks, the exact amount for each mixer charge shall be contained in each batch 
compartment. Weighing boxes or hoppers shall be approved by the Engineer and shall provide means of regulating 
the flow of aggregates into the batch box so the required, exact weight of aggregates is obtained. 

610-3.6 Consistency. The consistency of the concrete shall be determined by the slump test specified in ASTM 
C143. 

610-3.7 Mixing. Concrete may be mixed at the construction site, at a central point, or wholly or in part in truck 
mixers. The concrete shall be mixed and delivered in accordance with the requirements of ASTM C94. 

610-3.8 Mixing conditions. The concrete shall be mixed only in quantities required for immediate use. Concrete 
shall not be mixed while the air temperature is below 40°F (4°C) without permission of the Engineer. If permission 
is granted for mixing under such conditions, aggregates or water, or both, shall be heated and the concrete shall be 
placed at a temperature not less than 50°F (10°C) nor more than 100°F (38°C). The Contractor shall be held 
responsible for any defective work, resulting from freezing or injury in any manner during placing and curing, and 
shall replace such work at his expense. 
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Retempering of concrete by adding water or any other material shall not be permitted. 

The rate of delivery of concrete to the job shall be sufficient to allow uninterrupted placement of the concrete.   

610-3.9 Forms. Concrete shall not be placed until all the forms and reinforcements have been inspected and 
approved by the Engineer. Forms shall be of suitable material and shall be of the type, size, shape, quality, and 
strength to build the structure as shown on the plans. The forms shall be true to line and grade and shall be mortar-
tight and sufficiently rigid to prevent displacement and sagging between supports. The surfaces of forms shall be 
smooth and free from irregularities, dents, sags, and holes. The Contractor shall be responsible for their adequacy.   

The internal form ties shall be arranged so no metal will show in the concrete surface or discolor the surface when 
exposed to weathering when the forms are removed. All forms shall be wetted with water or with a non-staining 
mineral oil, which shall be applied immediately before the concrete is placed. Forms shall be constructed so they can 
be removed without injuring the concrete or concrete surface. The forms shall not be removed until at least 30 hours 
after concrete placement for vertical faces, walls, slender columns, and similar structures. Forms supported by 
falsework under slabs, beams, girders, arches, and similar construction shall not be removed until tests indicate the 
concrete has developed at least 60% of the design strength. 

610-3.10 Placing reinforcement. All reinforcement shall be accurately placed, as shown on the plans, and shall be 
firmly held in position during concrete placement. Bars shall be fastened together at intersections. The reinforcement 
shall be supported by approved metal chairs. Shop drawings, lists, and bending details shall be supplied by the 
Contractor when required. 

610-3.11 Embedded items. Before placing concrete, all embedded items shall be firmly and securely fastened in 
place as indicated. All embedded items shall be clean and free from coating, rust, scale, oil, or any foreign matter. 
The concrete shall be spaded and consolidated around and against embedded items. The embedding of wood shall 
not be allowed. 

610-3.12 Placing concrete. All concrete shall be placed during daylight hours, unless otherwise approved. The 
concrete shall not be placed until the depth and condition of foundations, the adequacy of forms and falsework, and 
the placing of the steel reinforcing have been approved by the Engineer. Concrete shall be placed as soon as 
practical after mixing, but in no case later than one (1) hour after water has been added to the mix. The method and 
manner of placing shall avoid segregation and displacement of the reinforcement. Troughs, pipes, and chutes shall 
be used as an aid in placing concrete when necessary. The concrete shall not be dropped from a height of more than 
5 feet (1.5 m). Concrete shall be deposited as nearly as practical in its final position to avoid segregation due to 
rehandling or flowing. Do not subject concrete to procedures which cause segregation. Concrete shall be placed on 
clean, damp surfaces, free from running water, or on a properly consolidated soil foundation. 

610-3.13 Vibration.  Vibration shall follow the guidelines in American Concrete Institute (ACI) Committee 309, 
Guide for Consolidation of Concrete. Where bars meeting ASTM A775 or A934 are used, the vibrators shall be 
equipped with rubber or non-metallic vibrator heads. Furnish a spare, working, vibrator on the job site whenever 
concrete is placed. Consolidate concrete slabs greater than 4 inches (100 mm) in depth with high frequency 
mechanical vibrating equipment supplemented by hand spading and tamping. Consolidate concrete slabs 4 inches 
(100 mm) or less in depth by wood tampers, spading, and settling with a heavy leveling straightedge. Operate 
internal vibrators with vibratory element submerged in the concrete, with a minimum frequency of not less than 
6000 cycles per minute when submerged. Do not use vibrators to transport the concrete in the forms. Penetrate the 
previously placed lift with the vibrator when more than one lift is required. Use external vibrators on the exterior 
surface of the forms when internal vibrators do not provide adequate consolidation of the concrete. Vibrators shall 
be manipulated to work the concrete thoroughly around the reinforcement and embedded fixtures and into corners 
and angles of the forms. The vibration at any point shall be of sufficient duration to accomplish compaction but shall 
not be prolonged to where segregation occurs. Concrete deposited under water shall be carefully placed in a compact 
mass in its final position by means of a tremie or other approved method and shall not be disturbed after placement. 

610-3.14 Construction joints. If the placement of concrete is suspended, necessary provisions shall be made for 
joining future work before the placed concrete takes its initial set. For the proper bonding of old and new concrete, 
provisions shall be made for grooves, steps, reinforcing bars or other devices as specified. The work shall be 
arranged so that a section begun on any day shall be finished during daylight of the same day. Before depositing new 
concrete on or against concrete that has hardened, the surface of the hardened concrete shall be cleaned by a heavy 
steel broom, roughened slightly, wetted, and covered with a neat coating of cement paste or grout. 
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610-3.15 Expansion joints. Expansion joints shall be constructed at such points and dimensions as indicated on the 
drawings. The premolded filler shall be cut to the same shape as the surfaces being joined. The filler shall be fixed 
firmly against the surface of the concrete already in place so that it will not be displaced when concrete is deposited 
against it. 

610-3.16 Defective work. Any defective work discovered after the forms have been removed, which in the opinion 
of the Engineer cannot be repaired satisfactorily, shall be immediately removed and replaced at the expense of the 
Contractor. Defective work shall include deficient dimensions, or bulged, uneven, or honeycomb on the surface of 
the concrete. 

610-3.17 Surface finish. All exposed concrete surfaces shall be true, smooth, and free from open or rough areas, 
depressions, or projections. All concrete horizontal plane surfaces shall be brought flush to the proper elevation with 
the finished top surface struck-off with a straightedge and floated. Mortar finishing shall not be permitted, nor shall 
dry cement or sand-cement mortar be spread over the concrete during the finishing of horizontal plane surfaces. 

The surface finish of exposed concrete shall be a rubbed finish. If forms can be removed while the concrete is still 
green, the surface shall be wetted and then rubbed with a wooden float until all irregularities are removed. If the 
concrete has hardened before being rubbed, a carborundum stone shall be used to finish the surface. When approved, 
the finishing can be done with a finishing machine. 

610-3.18 Curing and protection. All concrete shall be properly cured and protected by the Contractor. The 
concrete shall be protected from the weather, flowing water, and from defacement of any nature during the project. 
The concrete shall be cured by covering with an approved material as soon as it has sufficiently hardened. Water-
absorptive coverings shall be thoroughly saturated when placed and kept saturated for at least three (3) days 
following concrete placement. All curing mats or blankets shall be sufficiently weighted or tied down to keep the 
concrete surface covered and to prevent the surface from being exposed to air currents. Wooden forms shall be kept 
wet at all times until removed to prevent opening of joints and drying out of the concrete. Traffic shall not be 
allowed on concrete surfaces for seven (7) days after the concrete has been placed. 

610-3.19 Drains or ducts. Drainage pipes, conduits, and ducts that are to be encased in concrete shall be installed 
by the Contractor before the concrete is placed. The pipe shall be held rigidly so that it will not be displaced or 
moved during the placing of the concrete. 

610-3.20 Cold weather placing. When concrete is placed at temperatures below 40°F (4°C), the Contractor shall 
provide satisfactory methods and means to protect the mix from injury by freezing. The aggregates, or water, or 
both, shall be heated to place the concrete at temperatures between 50°F and 100°F (10°C and 38°C). 

Calcium chloride may be incorporated in the mixing water when directed by the Engineer. Not more than pounds 
(908 grams) of Type 1 nor more than 1.6 pounds (726 grams) of Type 2 shall be added per bag of cement. After the 
concrete has been placed, the Contractor shall provide sufficient protection such as cover, canvas, framework, 
heating apparatus, etc., to enclose and protect the structure and maintain the temperature of the mix at not less than 
50°F (10°C) until at least 60% of the designed strength has been attained.  

610-3.21 Hot weather placing.  Concrete shall be properly placed and finished with procedures previously 
submitted. The concrete-placing temperature shall not exceed [      ]°F ([      ]°C) when measured in accordance with 
ASTM C1064. Cooling of the mixing water and aggregates, or both, may be required to obtain an adequate placing 
temperature. A retarder meeting the requirements of paragraph 610-2.6 may be used to facilitate placing and 
finishing. Steel forms and reinforcement shall be cooled prior to concrete placement when steel temperatures are 
greater than 120°F (50°C). Conveying and placing equipment shall be cooled if necessary to maintain proper 
concrete-placing temperature. Submit the proposed materials and methods for review and approval by the Engineer, 
if concrete is to be placed under hot weather conditions. 

610-3.22 Filling joints. All joints that require filling shall be thoroughly cleaned, and any excess mortar or concrete 
shall be cut out with proper tools. Joint filling shall not start until after final curing and shall be done only when the 
concrete is completely dry. The cleaning and filling shall be done with proper equipment to obtain a neat looking 
joint free from excess filler. 
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METHOD OF MEASUREMENT 
610-4.1 Portland cement concrete shall be measured by the number of cubic yards (cubic meters) of concrete 
complete in place and accepted. In computing the yardage of concrete for payment, the dimensions used shall be 
those shown on the plans or ordered by the Engineer. No measurements or other allowances shall be made for forms, 
falsework, cofferdams, pumping, bracing, expansion joints, or finishing of the concrete. No deductions in yardage 
shall be made for the volumes of reinforcing steel or embedded items. 

610-4.2 Reinforcing steel shall be measured by the calculated theoretical number of pounds (kg) placed, as shown 
on the plans, complete in place and accepted. The unit weight used for deformed bars shall be the weight of plain 
square or round bars of equal nominal size. If so indicated on the plans, the poundage to be paid for shall include the 
weight of metal pipes and drains, metal conduits and ducts, or similar materials indicated and included. 

BASIS OF PAYMENT 
610-5.1 Payment shall be made at the contract unit price per cubic yard (cubic meter) for structural Portland cement 
concrete and per pound (kg) for reinforcing steel. These prices shall be full compensation for furnishing all materials 
and for all preparation, delivery and installation of these materials, and for all labor, equipment, tools, and 
incidentals necessary to complete the item.  There will be no separate payment for this item. All costs associated 
with this item shall be included in the contact unit bid price for the respective item using the concrete. 

Payment will be made under: 

Item P-610-5.1 Structural Portland Cement Concrete, per cubic yard (cubic meter) 

Item P-610-5.1 Steel Reinforcement, per pound (kg) 

TESTING REQUIREMENTS 
ASTM C31 Standard Practice for Making and Curing Concrete Test Specimens in the Field 

ASTM C39 Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens 

ASTM C136 Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates 

ASTM C138 Standard Test Method for Density (Unit Weight), Yield, and Air Content (Gravimetric) 
of Concrete 

ASTM C143 Standard Test Method for Slump of Hydraulic-Cement Concrete 

ASTM C231 Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure 
Method 

ASTM C666 Standard Test Method for Resistance of Concrete to Rapid Freezing and Thawing 

ASTM C1017 Standard Specification for Chemical Admixtures for Use in Producing Flowing Concrete  

ASTM C1064 Standard Test Method for Temperature of Freshly Mixed Hydraulic-Cement Concrete 

ASTM C1077 Standard Practice for Agencies Testing Concrete and Concrete Aggregates for Use in 
Construction and Criteria for Testing Agency Evaluation 

ASTM C1260 Standard Test Method for Potential Alkali Reactivity of Aggregates (Mortar-Bar Method) 

ASTM C1567 Standard Test Method for Determining the Potential Alkali-Silica Reactivity of 
Combinations of Cementitious Materials and Aggregates (Accelerated Mortar-Bar 
Method) 

ASTM E329 Standard Specification for Agencies Engaged in Construction Inspection, Testing, or 
Special Inspection 
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U.S. Army Corps of Engineers (USACE) Concrete Research Division (CRD) C662 
Determining the Potential Alkali-Silica Reactivity of Combinations of Cementitious 
Materials, Lithium Nitrate Admixture and Aggregate (Accelerated Mortar-Bar Method) 

MATERIAL REQUIREMENTS 
ASTM A184 Standard Specification for Welded Deformed Steel Bar Mats for Concrete Reinforcement 

ASTM A185 Standard Specification for Steel Welded Wire Reinforcement, Plain, for Concrete 

ASTM A615 Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete 
Reinforcement 

ASTM A704 Standard Specification for Welded Steel Plain Bar or Rod Mats for Concrete 
Reinforcement 

ASTM A706  Standard Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete 
Reinforcement 

ASTM A775 Standard Specification for Epoxy-Coated Steel Reinforcing Bars 

ASTM A934 Standard Specification for Epoxy-Coated Prefabricated Steel Reinforcing Bars 

ASTM A1064 Standard Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain 
and Deformed, for Concrete 

ASTM C33 Standard Specification for Concrete Aggregates 

ASTM C94 Standard Specification for Ready-Mixed Concrete 

ASTM C150 Standard Specification for Portland Cement 

ASTM C171 Standard Specification for Sheet Materials for Curing Concrete 

ASTM C172 Standard Practice for Sampling Freshly Mixed Concrete 

ASTM C260 Standard Specification for Air-Entraining Admixtures for Concrete 

ASTM C309 Standard Specification for Liquid Membrane-Forming Compounds for Curing Concrete 

ASTM C494 Standard Specification for Chemical Admixtures for Concrete 

ASTM C595 Standard Specification for Blended Hydraulic Cements 

ASTM C618 Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use 
in Concrete 

ASTM D1751 Standard Specification for Preformed Expansion Joint Filler for Concrete Paving and 
Structural Construction (Nonextruding and Resilient Asphalt Types) 

ASTM D1752 Standard Specification for Preformed Sponge Rubber Cork and Recycled PVC Expansion 
Joint Fillers for Concrete Paving and Structural Construction 

ACI 305R Hot Weather Concreting 

ACI 306R Cold Weather Concreting 

ACI 309R Guide for Consolidation of Concrete 

END OF ITEM P-610 
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ITEM P-620 RUNWAY AND TAXIWAY MARKING 

DESCRIPTION 

620-1.1 This item shall consist of the preparation and painting of numbers, markings, and stripes on the surface of 
runways, taxiways, and aprons, in accordance with these specifications and at the locations shown on the plans, or as 
directed by the Engineer.  The terms “paint” and “marking material” as well as “painting” and  “application of 
markings” are interchangeable throughout this specification. 

MATERIALS 

620-2.1 Materials acceptance. The Contractor shall furnish manufacturer’s certified test reports for materials 
shipped to the project. The certified test reports shall include a statement that the materials meet the specification 
requirements. The reports can be used for material acceptance or the Engineer may perform verification testing. The 
reports shall not be interpreted as a basis for payment. The Contractor shall notify the Engineer upon arrival of a 
shipment of materials to the site.  All material shall arrive in sealed containers 55 gallons or smaller for inspection 
by the Engineer. Material shall not be loaded into the equipment until inspected by the Engineer. 

620-2.2 Marking materials. Paint shall be waterborne in accordance with the requirements of paragraph 620-2.2a. 
Paint shall be furnished in the following colors in accordance with Federal Standard No. 595. 

Fed Std. No 595 Color  Number 

White     37925 
Red     31136 
Yellow     33538 or 33655 
Black    37038 
Pink    1 part 31136 to 2 parts 37925 
Green     34108 

Waterborne or solvent base black paint should be used to outline a border at least 6 inch (150 mm) wide 
around markings on all light colored pavements.  

a. Waterborne. Paint shall meet the requirements of Federal Specification TT-P-1952E, Type I. The non-
volatile portion of the vehicle for all paint types shall be composed of a 100% acrylic polymer as 
determined by infrared spectral analysis. 

b. Epoxy. Paint shall be a two component, minimum 99% solids type system conforming to the following: 

(1) Pigments. Component A. Percent by weight. 
(a) White: 

Titanium Dioxide, ASTM D476, type II shall be 18% minimum (16.5% minimum at 100% purity). 

(b) Yellow and Colors: 
Titanium Dioxide, ASTM D476, type II shall be 14 to 17%. 

Organic yellow, other colors, and tinting as required to meet color standard. 

Epoxy resin shall be 75 to 79%. 
(2) Epoxy content. Component A. The weight per epoxy equivalent, when tested in accordance with 
ASTM D1652 shall be the manufacturer’s target ±50. 
(3) Amine number. Component B. When tested in accordance with ASTM D2074 shall be the 
manufacturer’s target ±50. 
(4) Prohibited materials. The manufacturer shall certify that the product does not contain mercury, 
lead, hexavalent chromium, halogenated solvents, nor any carcinogen as defined in 29 CFR 1910.1200 
in amounts exceeding permissible limits as specified in relevant Federal Regulations. 
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(5) Daylight directional reflectance. 
(a) White: The daylight directional reflectance of the white paint shall not be less than 75% (relative to 
magnesium oxide), when tested in accordance with ASTM E2302. 
(b) Yellow: The daylight directional reflectance of the yellow paint shall not be less than 55% (relative 
to magnesium oxide), when tested in accordance with ASTM E2302. The x and y values shall be 
consistent with the Federal Hegman yellow color standard chart for traffic yellow standard 33538, or 
shall be consistent with the tolerance listed below: 

x   .462 x   .470 x   .479 x   .501 
y   .438 y   .455 y   .428  y   .452 

(6) Accelerated weathering. 
(a) Sample preparation. Apply the paint at a wet film thickness of 0.013 inch (0.33 mm) to four 3 × 6 
inch (8 × 15 cm) aluminum panels prepared as described in ASTM E2302. Air dry the sample 48 hours 
under standard conditions. 
(b) Testing conditions. Test in accordance with ASTM G154 using both Ultra Violet (UV-B) Light and 
condensate exposure, 72 hours total, alternating four (4) hour UV exposure at 140°F (60°C), and four 
(4) hours condensate exposure at 104°F (40°C). 
(c) Evaluation. Remove the samples and condition for 24 hours under standard conditions. Determine 
the directional reflectance and color match using the procedures in paragraph 620-2.2b(5) above. 
Evaluate for conformance with the color requirements. 
(7) Volatile organic content. Determine the volatile organic content in accordance with 40 CFR Part 
60 Appendix A, Method 24. 
(8) Dry opacity. Use ASTM E2302. The wet film thickness shall be 0.015 inch (0.38 mm). The 
minimum opacity for white and colors shall be 0.92. 
(9) Abrasion resistance. Subject the panels prepared in paragraph 620-2.2b(6) to the abrasion test in 
accordance with ASTM D968, Method A, except that the inside diameter of the metal guide tube shall 
be from 0.747 to 0.750 inch (18.97 to 19.05 mm). Five liters (17.5 lb (7.94 kg)) of unused sand shall be 
used for each test panel. The test shall be run on two test panels Both baked and weathered paint films 
shall require not less than 150 liters (525 lbs (239 kg)) of sand for the removal of the paint films. 
(10) Hardness, shore. Hardness shall be at least 80 when tested in accordance with ASTM D2240.    

 c. Methacrylate. Paint shall be a two component, minimum 99% solids-type system conforming to the 
following: 

(1) Pigments. Component A. Percent by weight. 
(a) White: 
Titanium Dioxide, ASTM D476, type II shall be 8% minimum. 
Methacrylate resin shall be 18% minimum. 
(b) Yellow and Colors: 
Titanium Dioxide, ASTM D476, type II shall be 1% minimum. 
Organic yellow, other colors, and tinting as required to meet color standard. 
Methacrylate resin shall be 18% minimum. 
(2) Prohibited materials. The manufacturer shall certify that the product does not contain mercury, 
lead, hexavalent chromium, halogenated solvents, nor any carcinogen as defined in 29 CFR 1910.1200 
in amounts exceeding permissible limits as specified in relevant Federal Regulations. 
(3) Daylight directional reflectance: 
(a) White: The daylight directional reflectance of the white paint shall not be less than 80% (relative to 
magnesium oxide), when tested in accordance with ASTM E2302. 
(b) Yellow: The daylight directional reflectance of the yellow paint shall not be less than 55% (relative 
to magnesium oxide), when tested in accordance with ASTM E2302. The x and y values shall be 
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consistent with the Federal Hegman yellow color standard chart for traffic yellow standard 33538, 
or shall be consistent with the tolerance listed below: 

x   .462 x   .470 x   .479 x   .501 
y   .438 y   .455 y   .428 y   .452 

(4) Accelerated weathering. 
(a) Sample preparation. Apply the paint at a wet film thickness of 0.013 inch (0.33 mm) to four 3 × 6 
inch (8 × 15 cm) aluminum panels prepared as described in ASTM E2302. Air dry the sample 48 hours 
under standard conditions. 
(b) Testing conditions. Test in accordance with ASTM G154 using both Ultra Violet (UV-B) Light and 
condensate exposure, 72 hours total, alternating four (4) hour UV exposure at 140°F (60°C), and four 
(4) hours condensate exposure at 104°F (40°C). 
(c) Evaluation. Remove the samples and condition for 24 hours under standard conditions. Determine 
the directional reflectance and color match using the procedures in paragraph 620-2.2c(3) above. 
Evaluate for conformance with the color requirements. 
(5) Volatile organic content. Determine the volatile organic content in accordance with 40 CFR Part 
60 Appendix A, Method 24. 
(6) Dry opacity. Use ASTM E2302. The wet film thickness shall be 0.015 inch (0.38 mm). The 
minimum opacity for white and colors shall be 0.92. 
(7) Abrasion resistance. Subject the panels prepared in paragraph 620-2.2c(4) to the abrasion test in 
accordance with ASTM D968, Method A, except that the inside diameter of the metal guide tube shall 
be from 0.747 to 0.750 inch (18.97 to 19.05 mm). Five liters (17.5 lb (7.94 kg)) of unused sand shall be 
used for each test panel. The test shall be run on two test panels Both baked and weathered paint films 
shall require not less than 150 liters (525 lbs (239 kg) of sand for the removal of the paint films. 
(8) Hardness, shore. Hardness shall be at least 60 when tested in accordance with ASTM D2240.   ] 

d. Solvent-Base. Paint shall meet the requirements of Commercial Item Description [   A-A-2886B 
Type I, Type II, and Type III   ].  

 e. Preformed Thermoplastic Airport Pavement Markings. Markings must be composed of ester 
modified resins in conjunction with aggregates, pigments, and binders that have been factory produced 
as a finished product. The material must be impervious to degradation by aviation fuels, motor fuels, 
and lubricants. 

(1) The markings must be able to be applied in temperatures as low as 35°F without any special storage, 
preheating, or treatment of the material before application. 
(a) The markings must be supplied with an integral, non-reflectorized black border. 
(2) Graded glass beads. 
(a) The material must contain a minimum of 30% intermixed graded glass beads by weight. The 
intermixed beads shall conform to  Federal Specification TT-B-1325D, Type I, gradation A. 
(b) The material must have factory applied coated surface beads in addition to the intermixed beads at a 
rate of one (1) lb (0.45 kg) (±10%) per 10 square feet (1 sq m). These factory applied coated surface 
beads shall have a minimum of 90% true spheres, minimum refractive index of 1.50, and meet the 
following gradation. 
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Size Gradation  
Retained, % Passing, % 

U.S. Mesh μm 

12 1700 0 - 2 98 - 100 
14 1400 0 - 3.5 96.5 - 100 
16 1180 2 - 25 75 - 98 
18 1000 28 - 63 37 - 72 
20 850 63 - 72 28 - 37 
30 600 67 - 77 23 - 33 
50 300 89 - 95 5 - 11 
80 200 97 - 100 0 - 3 

(3) Heating indicators. The material manufacturer shall provide a method to indicate that the material 
has achieved satisfactory adhesion and proper bead embedment during application and that the 
installation procedures have been followed. 
(4) Pigments. Percent by weight. 
(a) White: 
Titanium Dioxide, ASTM D476, type II shall be 10% minimum. 
(b) Yellow and Colors: 
Titanium Dioxide, ASTM D476, type II shall be 1% minimum. 
Organic yellow, other colors, and tinting as required to meet color standard. 
(5) Prohibited materials. The manufacturer shall certify that the product does not contain mercury, 
lead, hexavalent chromium, halogenated solvents, nor any carcinogen as defined in 29 CFR 1910.1200 
in amounts exceeding permissible limits as specified in relevant Federal Regulations. 
(6) Daylight directional reflectance. 
(a) White: The daylight directional reflectance of the white paint shall not be less than 75% (relative to 
magnesium oxide), when tested in accordance with ASTM E2302. 
(b) Yellow: The daylight directional reflectance of the yellow paint shall not be less than 45% (relative 
to magnesium oxide), when tested in accordance with ASTM E2302. The x and y values shall be 
consistent with the Federal Hegman yellow color standard chart for traffic yellow standard 33538, or 
shall be consistent with the tolerance listed below: 

x   .462 x   .470 x   .479 x   .501 
y   .438 y   .455 y   .428 y   .452 

(7) Skid resistance. The surface, with properly applied and embedded surface beads, must provide a 
minimum resistance value of 45 BPN when tested according to ASTM E303. 
(8) Thickness. The material must be supplied at a nominal thickness of 65 mil (1.7 mm). 
(9) Environmental resistance. The material must be resistant to deterioration due to exposure to 
sunlight, water, salt, or adverse weather conditions and impervious to aviation fuels, gasoline, and oil. 
(10) Retroreflectivity. The material, when applied in accordance with manufacturer’s guidelines, must 
demonstrate a uniform level of nighttime retroreflection when tested in accordance to ASTM E1710. 
(11) Packaging. Packaging shall protect the material from environmental conditions until installation. 
(12) Preformed thermoplastic airport pavement marking requirements. 
(a) The markings must be a resilient thermoplastic product with uniformly distributed glass beads 
throughout the entire cross-sectional area. The markings must be resistant to the detrimental effects of 
aviation fuels, motor fuels and lubricants, hydraulic fluids, deicers, anti-icers, protective coatings, etc. 
Lines, legends, and symbols must be capable of being affixed to asphalt and/or Portland cement 
concrete pavements by the use of a large radiant heater. Colors shall be available as required. 
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(b) The markings must be capable of conforming to pavement contours, breaks, and faults through the 
action of airport traffic at normal pavement temperatures. The markings must be capable of fully 
conforming to grooved pavements, including pavement grooving per advisory circular (AC) 150/5320-
12, current version. The markings shall have resealing characteristics, such that it is capable of fusing 
with itself and previously applied thermoplastics when heated with a heat source per manufacturer’s 
recommendation. 
(c) Multicolored markings must consist of interconnected individual pieces of preformed thermoplastic 
pavement marking material, which through a variety of colors and patterns, make up the desired design. 
The individual pieces in each large marking segment (typically more than 20 feet (6 m) long) must be 
factory assembled with a compatible material and interconnected so that in the field it is not necessary 
to assemble the individual pieces within a marking segment. Obtaining multicolored effect by 
overlaying materials of different colors is not acceptable due to resulting inconsistent marking thickness 
and inconsistent application temperature in the marking/substrate interface. 
(d) The marking material must set up rapidly, permitting the access route to be re-opened to traffic after 
application. 
(e) The marking material shall have an integral color throughout the thickness of the marking material.  

 

620-2.3 Reflective media. Glass beads shall meet the requirements for Federal Specification TT-B-1325D, Type I, 
Gradation A or Type III. Glass beads shall be treated with all compatible coupling agents recommended by the 
manufacturers of the paint and reflective media to ensure adhesion and embedment. 

Paint Color Glass Beads, Type I, 
Gradation A Glass Beads, Type III Glass Beads, Type IV 

White See Table 1 See Table 1 See Table 1 

Yellow See Table 1 See Table 1 See Table 1 

Red See Table 1 and Note Not used See Table 1 and Note 

Pink See Table 1 and Note Not used See Table 1 and Note 

Black Not used Not used Not used 

Green Not used Not used Not used 

CONSTRUCTION METHODS 
620-3.1 Weather limitations. The painting shall be performed only when the surface is dry and when the surface 
temperature is at least 45°F (7°C) and rising and the pavement surface temperature is at least 5°F (2.7°C) above the 
dew point or meets the manufacturer’s recommendations. Markings shall not be applied when the pavement 
temperature is greater than 130°F (55°C). Markings shall not be applied when the wind speed exceeds 10 mph 
unless windscreens are used to shroud the material guns. 

620-3.2 Equipment. Equipment shall include the apparatus necessary to properly clean the existing surface, a 
mechanical marking machine, a bead dispensing machine, and such auxiliary hand-painting equipment as may be 
necessary to satisfactorily complete the job. 

The mechanical marker shall be an atomizing spray-type or airless-type marking machine suitable for application of 
traffic paint. It shall produce an even and uniform film thickness at the required coverage and shall apply markings 
of uniform cross-sections and clear-cut edges without running or spattering and without over spray. 

620-3.3 Preparation of surface. Immediately before application of the paint, the surface shall be dry and free from 
dirt, grease, oil, laitance, or other foreign material that would reduce the bond between the paint and the pavement. 
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The area to be painted shall be cleaned by waterblasting or by other methods as required to remove all 
contaminants without damage to the pavement surface. Use of any chemicals or impact abrasives during surface 
preparation shall be approved in advance by the Engineer. After the cleaning operations, sweeping, blowing, or 
rinsing with pressurized water shall be performed to ensure the surface is clean and free of grit or other debris left 
from the cleaning process. 

At least 24 hours prior to remarking existing markings, the existing markings must be removed such that 75% of the 
existing markings are removed with low (3,500-10,000 psi) waterblaster.  After waterblasting, the surface shall be 
cleaned of all residue or debris either with sweeping or blowing with compressed air or both. 

Prior to the initial application of markings, the Contractor shall certify in writing that the surface has been prepared in 
accordance with the paint manufacturer’s requirements, that the application equipment is appropriate for the type of 
marking paint and that environmental conditions are appropriate for the material being applied.  This certification 
along with a copy of the paint manufacturer’s surface preparation and application requirements must be submitted and 
approved by the Engineer prior to the initial application of markings. 

620-3.4 Layout of markings. The proposed markings shall be laid out in advance of the paint application. The 
locations of markings to receive glass beads shall be shown on the plans.  

620-3.5 Application. Paint shall be applied at the locations and to the dimensions and spacing shown on the plans. 
Paint shall not be applied until the layout and condition of the surface has been approved by the Engineer. The edges 
of the markings shall not vary from a straight line more than 1/2 inch (12 mm) in 50 feet (15 m), and marking 
dimensions and spacings shall be within the following tolerances: 

Dimension and Spacing Tolerance 

36 inch (910 mm) or less ±1/2 inch (12 mm) 
greater than 36 inch to 6 feet (910 mm to 1.85 m) ±1 inch (25 mm) 
greater than 6 feet to 60 feet (1.85 m to 18.3 m) ±2 inch (50 mm) 

greater than 60 feet (18.3 m) ±3 inch (76 mm) 

The paint shall be mixed in accordance with the manufacturer’s instructions and applied to the pavement with a 
marking machine at the rate shown in Table 1. The addition of thinner will not be permitted. A period of 30 days 
shall elapse between placement of a bituminous surface course or seal coat and application of the paint. 

Prior to the initial application of markings, the Contractor shall certify in writing that the surface has been prepared 
in accordance with the paint manufacturer’s requirements, that the application equipment is appropriate for the 
marking paint and that environmental conditions are appropriate for the material being applied.  This certification 
along with a copy of the paint manufactures application and surface preparation requirements must be submitted to 
the Engineer prior to the initial application of markings. 

620-3.6 Test strip.  Prior to the full application of airfield markings, the Contractor shall produce a test strip in the 
presence of the Engineer.  The test strip shall include the application of a minimum of 5 gallons (4 liters) of paint 
and application of 35 lbs (15.9 kg) of Type I/50 lbs (22.7 kg) of Type III glass beads.  The test strip shall be used to 
establish thickness/darkness standard for all markings.  The test strip shall cover no more than the maximum area 
prescribed in Table 1 (e.g., for 5 gallons (19 liters) of waterborne paint shall cover no more than 575 square feet 
(53.4 m2). 

Table 1. Application Rates For Paint And Glass Beads 
(See Note regarding Red and Pink Paint) 

Paint Type 

Paint 
Square feet per 
gallon, ft2/gal 

(Sq m per liter, 
m2/l) 

Glass Beads, Type I, 
Gradation A 

Pounds per gallon of 
paint-lb/gal 

(Km per liter of paint-
kg/l) 

Glass Beads, 
Type III 

Pounds per gallon of 
paint-lb/gal 

(Km per liter of 
paint-kg/l) 

Glass Beads, 
Type IV 

Pounds per gallon of 
paint-lb/gal 

(Km per liter of 
paint-kg/l) 

Waterborne 115 ft2/gal max 7 lb/gal min 10 lb/gal min -- 
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Paint Type 

Paint 
Square feet per 
gallon, ft2/gal 

(Sq m per liter, 
m2/l) 

Glass Beads, Type I, 
Gradation A 

Pounds per gallon of 
paint-lb/gal 

(Km per liter of paint-
kg/l) 

Glass Beads, 
Type III 

Pounds per gallon of 
paint-lb/gal 

(Km per liter of 
paint-kg/l) 

Glass Beads, 
Type IV 

Pounds per gallon of 
paint-lb/gal 

(Km per liter of 
paint-kg/l) 

Type I or II (2.8 m2/l) (0.85 kg/l) (1.2 kg/l) 

Glass beads shall be distributed upon the marked areas at the locations shown on the plans to receive glass beads 
immediately after application of the paint. A dispenser shall be furnished that is properly designed for attachment to 
the marking machine and suitable for dispensing glass beads. Glass beads shall be applied at the rate shown in Table 
1. Glass beads shall not be applied to black paint or green paint. Glass beads shall adhere to the cured paint or all 
marking operations shall cease until corrections are made. Different bead types shall not be mixed. Regular 
monitoring of glass bead embedment should be performed. 

All emptied containers shall be returned to the paint storage area for checking by the Engineer. The containers shall 
not be removed from the airport or destroyed until authorized by the Engineer. 

620-3.7 Application--preformed thermoplastic airport pavement markings. 

a. Asphalt and Portland cement. To ensure minimum single-pass application time and optimum bond in the 
marking/substrate interface, the materials must be applied using a variable speed self-propelled mobile heater with 
an effective heating width of no less than 16 feet (5 m) and a free span between supporting wheels of no less than 18 
feet (5.5 m). The heater must emit thermal radiation to the marking material in such a manner that the difference in 
temperature of 2 inches (50 mm) wide linear segments in the direction of heater travel must be within 5% of the 
overall average temperature of the heated thermoplastic material as it exits the heater. The material must be able to 
be applied at ambient and pavement temperatures down to 35°F (2°C) without any preheating of the pavement to a 
specific temperature. The material must be able to be applied without the use of a thermometer. The pavement shall 
be clean, dry, and free of debris. A non-volatile organic content (non-VOC) sealer with a maximum applied 
viscosity of 250 centiPoise must be applied to the pavement shortly before the markings are applied. The supplier 
must enclose application instructions with each box/package. 

620-3.8 Protection and cleanup. After application of the markings, all markings shall be protected from damage 
until dry. All surfaces shall be protected from excess moisture and/or rain and from disfiguration by spatter, 
splashes, spillage, or drippings. The Contractor shall remove from the work area all debris, waste, loose or 
unadhered reflective media, and by-products generated by the surface preparation and application operations to the 
satisfaction of the Engineer. The Contractor shall dispose of these wastes in strict compliance with all applicable 
state, local, and Federal environmental statutes and regulations. 

METHOD OF MEASUREMENT 
620-4.1 The quantity of runway and taxiway markings to be paid for shall be the number of square feet (square 
meters) of painting including the number of pounds (km) of reflective media  performed in accordance with the 
specifications and accepted by the Engineer.  Temporary marking, if needed, shall be incidental to the project. 

620-4.2 The quantity of runway hold position markings or thermoplastic surface painted hold position signs to be 
paid for shall be the number painted positions including the reflective media,  performed in accordance with the 
specifications and accepted by the Engineer.   

BASIS OF PAYMENT 
620-5.1 Payment shall be made at the respective contract price per square foot for runway and taxiway painting or 
temporary marking, and for including reflective media. This price shall be full compensation for furnishing all 
materials and for all labor, equipment, tools, and incidentals necessary to complete the item.  Temporary marking, if 
needed, shall be incidental to the project. 



P-620-8 RUNWAY AND TAXIWAY MARKING 

620-5.2 Payment shall be made at the respective contract lump sum price for runway hold position markings or 
thermoplastic surface painted hold position signs including the reflective media. This price shall be full 
compensation for furnishing all materials and for all labor, equipment, tools, and incidentals necessary to 
complete the item. 

 

Item P-620-5.1 Yellow Painting Reflective (with beads) (2 Coats Required) -  per square foot  

Item P-620-5.2 White or Red Painting Reflective  (With Beads) (2 Coats Required) – per square foot 

Item P-620-5.3 Black Outline for Yellow or White Painting, Non-Reflective Black (Without Beads) (2 
Coats Required) – per square foot 

Item P-620-5.3 3’ Wide Runway Edge Marking, Relective White – per square foot 

Item P-620-5.4 Marking Removal – per lump sum 

TESTING REQUIREMENTS 
ASTM C371 Standard Test Method for Wire-Cloth Sieve Analysis of Nonplastic Ceramic Powders 

ASTM D92 Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester 

ASTM D711 Standard Test Method for No-Pick-Up Time of Traffic Paint 

ASTM D968 Standard Test Methods for Abrasion Resistance of Organic Coatings by Falling Abrasive 

ASTM D1652 Standard Test Method for Epoxy Content of Epoxy Resins 

ASTM D2074 Standard Test Method for Total, Primary, Secondary, and Tertiary Amine Values of Fatty 
Amines by Alternative Indicator Method 

ASTM D2240 Standard Test Method for Rubber Property - Durometer Hardness 

ASTM D7585 Standard Practice for Evaluating Retroreflective Pavement Markings Using Portable 
Hand-Operated Instruments 

ASTM E1710 Standard Test Method for Measurement of Retroreflective Pavement Marking Materials 
with CEN-Prescribed Geometry Using a Portable Retroreflectometer 

ASTM E2302 Standard Test Method for Measurement of the Luminance Coefficient Under Diffuse 
Illumination of Pavement Marking Materials Using a Portable Reflectometer 

ASTM G154 Standard Practice for Operating Fluorescent Ultraviolet (UV) Lamp Apparatus for 
Exposure of Nonmetallic Materials 

MATERIAL REQUIREMENTS 
ASTM D476 Standard Classification for Dry Pigmentary Titanium Dioxide Products 

40 CFR Part 60, Appendix A-7, Method 24 
Determination of volatile matter content, water content, density, volume solids, and 
weight solids of surface coatings 

29 CFR Part 1910.1200 Hazard Communication 

FED SPEC TT-B-1325D 
Beads (Glass Spheres) Retro-Reflective 

American Association of State Highway and Transportation Officials (AASHTO) M247 
Standard Specification for Glass Beads Used in Pavement Markings 
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FED SPEC TT-P-1952E 
Paint, Traffic and Airfield Marking, Waterborne 

Commercial Item Description A-A-2886B 
  Paint, Traffic, Solvent Based 

FED STD 595 Colors used in Government Procurement 

AC 150/5340-1 Standards for Airport Markings 

END OF ITEM P-620 
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ITEM F-162 CHAIN-LINK FENCE 

DESCRIPTION 

162-1.1 This item shall consist of furnishing and erecting a chain-link fence in accordance with these specifications, 
the details shown on the plans, and in conformity with the lines and grades shown on the plans or established by the 
Engineer. 

MATERIALS 

162-2.1 Fabric. The fabric shall be woven with a 9-gauge galvanized steel in a 2-inch (50 mm) mesh and shall meet 
the requirements of ASTM A392, Class 2. 

162-2.2 Barbed wire. Barbed wire shall be 2-strand 12-1/2 gauge zinc-coated wire with 4-point barbs and shall 
conform to the requirements of ASTM A121, Class 3, Chain Link Fence Grade. 

162-2.3 Posts, rails, and braces. Line posts, rails, and braces shall conform to the requirements of ASTM F1043 or 
ASTM F1083 as follows: 

Galvanized tubular steel pipe shall conform to the requirements of Group IA, (Schedule 40) coatings conforming to 
Type A, or Group IC (High Strength Pipe), External coating Type B, and internal coating Type B or D. 

Roll Formed Steel Shapes (C-Sections) shall conform to the requirements of Group IIA, and be galvanized in 
accordance with the requirements of ASTM F1043, Type A. 

Hot-Rolled Shapes (H Beams) shall meet the requirements of Group III, and be galvanized in accordance with the 
requirements of ASTM F1043, Type A. 

Aluminum Pipe shall conform to the requirements of Group IB. 

Aluminum Shapes shall conform to the requirements of Group IIB. 

Vinyl or polyester coated steel shall conform to the requirements of ASTM F1043, Paragraph 7.3, Optional 
Supplemental Color Coating. 

Composite posts shall conform to the strength requirements of ASTM F1043 or ASTM F1083. The strength loss of 
composite posts shall not exceed 10% when subjected to 3,600 hours of exposure to light and water in accordance 
with ASTM G152, ASTM G153, ASTM G154, and ASTM G155. 

Posts, rails, and braces furnished for use in conjunction with aluminum alloy fabric shall be aluminum alloy or 
composite. 

Posts, rails, and braces, with the exception of galvanized steel conforming to ASTM F1043 or ASTM F1083, Group 
1A, Type A, or aluminum alloy, shall demonstrate the ability to withstand testing in salt spray in accordance with 
ASTM B117 as follows: 

• External: 1,000 hours with a maximum of 5% red rust. 
• Internal: 650 hours with a maximum of 5% red rust. 

The dimensions of the posts, rails, and braces shall be in accordance with Tables I through VI of Federal 
Specification RR-F-191/3. 

162-2.4 Gates. Gate frames shall consist of  galvanized steel pipe and shall conform to the specifications for the 
same material under paragraph 162-2.3. The fabric shall be of the same type material as used in the fence. 

162-2.5 Wire ties and tension wires. Wire ties for use in conjunction with a given type of fabric shall be of the 
same material and coating weight identified with the fabric type. Wire ties shall be 9-gauge steel or aluminum 
alloycore wire. Tension wire shall be 7-gauge marcelled steel wire with the same coating as the fabric type and shall 
conform to ASTM A824. 

All material shall conform to Federal Specification RR-F-191/4. 
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162-2.6 Miscellaneous fittings and hardware. Miscellaneous steel fittings and hardware for use with zinc-
coated steel fabric shall be of commercial grade steel or better quality, wrought or cast as appropriate to the article, 
and sufficient in strength to provide a balanced design when used in conjunction with fabric posts, and wires of the 
quality specified herein. All steel fittings and hardware shall be protected with a zinc coating applied in 
conformance with ASTM A153.  Barbed wire support arms shall withstand a load of 250 pounds (113 kg) applied 
vertically to the outermost end of the arm. 

162-2.7 Concrete. Concrete shall be of a commercial grade with a minimum 28-day compressive strength of 2500 
3,000 psi (17 240 kPa). “Bag Mix” concrete is not allowed. 

162-2.8 Marking. Each roll of fabric shall carry a tag showing the kind of base metal (steel, aluminum, or 
aluminum alloy number), kind of coating, the gauge of the wire, the length of fencing in the roll, and the name of the 
manufacturer. Posts, wire, and other fittings shall be identified as to manufacturer, kind of base metal (steel, 
aluminum, or aluminum alloy number), and kind of coating. 

CONSTRUCTION METHODS 
162-3.1 Clearing fence line. All trees, brush, stumps, logs, and other debris which would interfere with the proper 
construction of the fence in the required location shall be removed a minimum width of 5 feet (1.5 m), unless 
otherwise noted on the plans, on each side of the fence centerline before starting fencing operations. The cost of 
removing and disposing of the material shall not constitute a pay item and shall be considered incidental to fence 
construction shall be as described in P-151, Clearing and Grubbing. 

162-3.2 Installing posts. All posts shall be set in concrete at the required dimension and depth and at the spacing 
shown on the plans. 

The concrete shall be thoroughly compacted around the posts by tamping or vibrating and shall have a smooth finish 
slightly higher than the ground and sloped to drain away from the posts. All posts shall be set plumb and to the 
required grade and alignment. No materials shall be installed on the posts, nor shall the posts be disturbed in any 
manner within seven (7) days after the individual post footing is completed. 

Should rock be encountered at a depth less than the planned footing depth, a hole 2 inches (50 mm) larger than the 
greatest dimension of the posts shall be drilled to a depth of 12 inches (300 mm). After the posts are set, the 
remainder of the drilled hole shall be filled with grout, composed of one part Portland cement and two parts mortar 
sand. Any remaining space above the rock shall be filled with concrete in the manner described above. 

In lieu of drilling, the rock may be excavated to the required footing depth. No extra compensation shall be made for 
rock excavation. 

162-3.3 Installing top rails. The top rail shall be continuous and shall pass through the post tops. The coupling used 
to join the top rail lengths shall allow for expansion. 

162-3.4 Installing braces. Horizontal brace rails, with diagonal truss rods and turnbuckles, shall be installed at all 
terminal posts. 

162-3.5 Installing fabric. The wire fabric shall be firmly attached to the posts and braced as shown on the plans. All 
wire shall be stretched taut and shall be installed to the required elevations. The fence shall generally follow the 
contour of the ground, with the bottom of the fence fabric no less than one inch (25 mm) or more than 4 inches (100 
mm) from the ground surface. Grading shall be performed where necessary to provide a neat appearance. 

At locations of small natural swales or drainage ditches and where it is not practical to have the fence conform to the 
general contour of the ground surface, longer posts may be used and multiple strands of barbed wire stretched to 
span the swale opening below the fence. The fabric shall be installed so that the vertical clearance between the 
fabric and the natural ground is 4 inches or less. The vertical clearance between strands of barbed wire shall be 6 
inches (150 mm) 4 inches or less. Cost for this work shall be considered incidental to gate and fence construction. 

162-3.6 Electrical grounds. Electrical grounds shall be constructed where a power line passes over the 
fence  and   at 500 feet (150 m) intervals. The ground shall be installed directly below the point of crossing. The 
ground shall be accomplished with a copper clad rod 8 feet (2.4 m) long and a minimum of 5/8 inches (16 mm) in 
diameter driven vertically until the top is 6 inches (150 mm) below the ground surface. A No. 6 solid copper 
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conductor shall be clamped to the rod and to the fence in such a manner that each element of the fence is grounded. 
Installation of ground rods shall not constitute a pay item and shall be considered incidental to fence construction. 
The Contractor shall comply with FAA-STD-019, Lightning and Surge Protection, Grounding, Bonding and 
Shielding Requirements for Facilities and Electronic Equipment, Paragraph 4.2.3.8, Lightning Protection for Fences 
and Gates, when fencing is adjacent to FAA facilities. 

162-3.7 Cleaning up. The Contractor shall remove from the vicinity of the completed work all tools, buildings, 
equipment, etc., used during construction.  All disturbed areas shall be sodded per T-904. 

162-3.8 FENCE SIGNAGE. As shown on the project drawings, a “RESTRICTED AREA AUTHORIZED 
PERSONNEL ONLY” sign of the size and type shown on the plans will be required at all gates and fence. 

METHOD OF MEASUREMENT 
162-4.1 Chain-link fence will be measured for payment by the linear foot (meter). Measurement will be along the 
top of the fence from center to center of end posts, excluding the length occupied by gate openings. 

162-4.2 Gates will be measured as complete units. 

162-4.3 Ditch Crossings will be measured as complete units. 

BASIS OF PAYMENT 
The price shall be full compensation for furnishing all materials, and for all preparation, erection, and installation of 
these materials, and for all labor equipment, tools, and incidentals necessary to complete the item. 

Payment will be made under:  

Item F-162-5.1 8’ Type E Galvanized Chain Link Fence with Galvanized Posts, No. 7 Guage Top and 
Bottom Tension Wire, and 3 Strands of Galvanized Barbed Wire on Type I Extension 
Arms, Installed in Turf - per linear foot 

Item F-162-5.2 Existing AOA Security Gate 22 to be Removed and Replaced with New Security Gate, 
20’ Wide (2 – 10’ Leafs) – per each 

Item F-162-5.3 Fence Removal – per linear foot 

 

MATERIAL REQUIREMENTS 
ASTM A121 Standard Specification for Metallic-Coated Carbon Steel Barbed Wire 

ASTM A123 Standard Specification for Zinc (Hot Dip Galvanized) Coatings on Iron and Steel 
Products  

ASTM A153 Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 

ASTM A392 Standard Specification for Zinc-Coated Steel Chain-Link Fence Fabric 

ASTM A491 Standard Specification for Aluminum-Coated Steel Chain-Link Fence Fabric 

ASTM A572 Standard Specification for High-Strength Low-Alloy Columbium-Vanadium Structural 
Steel  

ASTM A653 Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-
Coated (Galvannealed) by the Hot-Dip Process 

ASTM A824 Standard Specification for Metallic-Coated Steel Marcelled Tension Wire for Use With 
Chain Link Fence 
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ASTM A1011 Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-
Strength Low-Alloy, High Strength Low Alloy with Improved Formability, and Ultra 
High Strength 

ASTM B117 Standard Practice for Operating Salt Spray (Fog) Apparatus 

ASTM B221 Standard Specification for Aluminum and Aluminum Alloy Extruded Bars, Rods, Wire, 
Profiles and Tubes 

ASTM B429 Standard Specification for Aluminum-Alloy Extruded Structural Pipe and Tube 

ASTM F668 Standard Specification for Polyvinyl Chloride(PVC), Polyolefin and other Organic 
Polymer Coated Steel Chain-Link Fence Fabric 

ASTM F1043 Standard Specification for Strength and Protective Coatings on Steel Industrial Fence 
Framework 

ASTM F1083 Standard Specification for Pipe, Steel, Hot-Dipped Zinc-Coated (Galvanized) Welded, 
for Fence Structures 

ASTM F1183 Standard Specification for Aluminum Alloy Chain Link Fence Fabric 

ASTM F1345 Standard Specification for Zinc 5% Aluminum-Mischmetal Alloy Coated Steel Chain-
Link Fence Fabric 

ASTM G152 Standard Practice for Operating Open Flame Carbon Arc Light Apparatus for Exposure 
of Nonmetallic Materials  

ASTM G153 Standard Practice for Operating Enclosed Carbon Arc Light Apparatus for Exposure of 
Nonmetallic Materials 

ASTM G154 Standard Practice for Operating Fluorescent Ultraviolet (UV) Lamp Apparatus for 
Exposure of Nonmetallic Materials 

ASTM G155 Standard Practice for Operating Xenon Arc Light Apparatus for Exposure of Nonmetallic 
Materials 

FED SPEC RR-F-191/3 Fencing, Wire and Post, Metal (Chain-Link Fence Posts, Top Rails and Braces) 

FED SPEC RR-F-191/4 Fencing, Wire and Post, Metal (Chain-Link Fence Accessories) 

FAA-STD-019 Lightning and Surge Protection, Grounding, Bonding and Shielding Requirements for 
Facilities and Electronic Equipment 

END OF ITEM F-162 
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ITEM D-701 PIPE FOR STORM DRAINS AND CULVERTS 
 

DESCRIPTION 

701-1.1 This item shall consist of the construction of pipe culverts and storm drains in accordance with these 
specifications and in reasonably close conformity with the lines and grades shown on the plans. 

MATERIALS 

701-2.1 Materials shall meet the requirements shown on the plans and specified below. 

701-2.2 Pipe. The pipe shall be of the type called for on the plans or in the proposal and shall be in accordance with 
the following appropriate requirements: 

American Association of State Highway and Transportation Officials (AASHTO) M167  
Standard Specification for Corrugated Steel Structural Plate, Zinc-Coated, for Field-
Bolted Pipe, Pipe-Arches, and Arches 

AASHTO M190 Standard Specification for Bituminous-Coated Corrugated Metal Culvert Pipe and Pipe 
Arches 

AASHTO M196 Standard Specification for Corrugated Aluminum Pipe for Sewers and Drains 

AASHTO M219 Standard Specification for Corrugated Aluminum Alloy Structural Plate for Field-Bolted 
Pipe, Pipe-Arches, and Arches 

AASHTO M243 Standard Specification for Field-Applied Coating of Corrugated Metal Structural Plate 
for Pipe, Pipe-Arches, and Arches 

AASHTO M252 Standard Specification for Corrugated Polyethylene Drainage Pipe  

AASHTO M294 Standard Specification for Corrugated Polyethylene Pipe, 300- to 1500-mm (12- to 60-
in.) Diameter  

AASHTO M304 Standard Specification for Poly (Vinyl Chloride) (PVC) Profile Wall Drain Pipe and 
Fittings Based on Controlled Inside Diameter 

AASHTO MP20 Standard Specification for Steel Reinforced Polyethylene (PE) Ribbed Pipe, 300- to 900-
mm (12- to 36-in.) Diameter 

ASTM A760 Standard Specification for Corrugated Steel Pipe, Metallic-Coated for Sewers and Drains 

ASTM A761 Standard Specification for Corrugated Structural Steel Plate, Zinc-Coated, for Field-
Bolted Pipe, Pipe-Arches, and Arches 

ASTM A762 Standard Specification for Corrugated Steel Pipe, Polymer Precoated for Sewers and 
Drains 

ASTM A849 Standard Specification for Post Applied Coatings, Pavings, and Linings for Corrugated 
Steel Sewer and Drainage Pipe 

ASTM B745 Standard Specification for Corrugated Aluminum Pipe for Sewers and Drains 

ASTM C14 Standard Specification for Nonreinforced Concrete Sewer, Storm Drain, and Culvert Pipe 

ASTM C76 Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe 

ASTM C506 Standard Specification for Reinforced Concrete Arch Culvert, Storm Drain, and Sewer 
Pipe 

ASTM C507 Standard Specification for Reinforced Concrete Elliptical Culvert, Storm Drain, and 
Sewer Pipe 



D-701-2 ITEM D-701 PIPE FOR STORM DRAINS AND CULVERTS 

ASTM C655 Standard Specification for Reinforced Concrete D-Load Culvert, Storm Drain, and Sewer 
Pipe 

ASTM C1433 Standard Specification for Precast Reinforced Concrete Monolithic Box Sections for 
Culverts, Storm Drains, and Sewers 

ASTM F667 Standard Specification for 3 through 24 in Corrugated Polyethylene Pipe and Fittings 

ASTM F714 Standard Specification for Polyethylene (PE) Plastic Pipe (DR-PR) Based on Outside 
Diameter 

ASTM F794 Standard Specification for Poly (Vinyl Chloride) (PVC) Profile Gravity Sewer Pipe and 
Fittings Based on Controlled Inside Diameter 

ASTM F894 Standard Specification for Polyethylene (PE) Large Diameter Profile Wall Sewer and 
Drain Pipe 

ASTM F949 Standard Specification for Poly (Vinyl Chloride) (PVC) Corrugated Sewer Pipe With a 
Smooth Interior and Fittings 

ASTM F2435 Standard Specification for Steel Reinforced Polyethylene (PE) Corrugated Pipe 

ASTM F2562 Specification for Steel Reinforced Thermoplastic Ribbed Pipe and Fittings for Non-
Pressure Drainage and Sewerage 

ASTM F2736 Standard Specification for 6 to 30 in. (152 to 762 mm) Polypropylene (PP) Corrugated 
Single Wall Pipe and Double Wall Pipe 

ASTM F2764 Standard Specification for 30 to 60 in. (750 to 1500 mm) Polypropylene (PP) Triple Wall 
Pipe and Fittings for Non-Pressure Sanitary Sewer Applications 

ASTM F2881 Standard Specification for 12 to 60 in. (300 to 1500 mm) Polypropylene (PP) Dual Wall 
Pipe and Fittings for Non-Pressure Storm Sewer Applications 

ASTM D3034 Standard Specification for Type PSM Poly (Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings 

701-2.3 Concrete. Concrete for pipe cradles shall have a minimum compressive strength of 2000 psi (13.8 MPa) at 
28 days and conform to the requirements of ASTM C94. 

701-2.4 Rubber gaskets. Rubber gaskets for rigid pipe shall conform to the requirements of ASTM C443. Rubber 
gaskets for PVC pipe, polyethylene, and polypropylene pipe shall conform to the requirements of ASTM F477. 
Rubber gaskets for zinc-coated steel pipe and precoated galvanized pipe shall conform to the requirements of ASTM 
D1056, for the “RE” closed cell grades. Rubber gaskets for steel reinforced thermoplastic ribbed pipe shall conform 
to the requirements of ASTM F477. 

701-2.5 Joint mortar. Pipe joint mortar shall consist of one part Portland cement and two parts sand. The Portland 
cement shall conform to the requirements of ASTM C150, Type I. The sand shall conform to the requirements of 
ASTM C144. 

701-2.6 Joint fillers. Poured filler for joints shall conform to the requirements of ASTM D6690. 

701-2.7 Plastic gaskets. Plastic gaskets shall conform to the requirements of AASHTO M198 (Type B). 

701-2.8. Controlled low-strength material (CLSM). CLSM is not allowed.    

CONSTRUCTION METHODS 
701-3.1 Excavation. The width of the pipe trench shall be sufficient to permit satisfactory jointing of the pipe and 
thorough tamping of the bedding material under and around the pipe, but it shall not be less than the external 
diameter of the pipe plus 6 inches (150 mm) on each side. The trench walls shall be approximately vertical. 

The Contractor shall comply with all current Federal, state and local rules and regulations governing the safety of 
men and materials during the excavation, installation and backfilling operations.  Specifically, the Contractor shall 
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observe that all requirements of the Occupational Safety and Health Administration (OSHA) relating to excavations, 
trenching and shoring are strictly adhered to.  The width of the trench shall be sufficient to permit satisfactorily 
jointing of the pipe and thorough compaction of the bedding material under the pipe and backfill material around the 
pipe, but it shall not be greater than the widths shown on the plans trench detail.  The trench bottom shall be shaped 
to fully and uniformly support the bottom quadrant of the pipe. 

Where rock, hardpan, or other unyielding material is encountered, the Contractor shall remove it from below the 
foundation grade for a depth of at least 8 inch (200 mm) or 1/2 inch (12 mm) for each foot of fill over the top of the 
pipe (whichever is greater) but for no more than three-quarters of the nominal diameter of the pipe. The excavation 
below grade shall be backfilled with selected fine compressible material, such as silty clay or loam, and lightly 
compacted in layers not over 6 inches (150 mm) in uncompacted depth to form a uniform but yielding foundation. 

Where a firm foundation is not encountered at the grade established, due to soft, spongy, or other unstable soil, the 
unstable soil shall be removed and replaced with approved granular material for the full trench width. The Engineer 
shall determine the depth of removal necessary. The granular material shall be compacted to provide adequate 
support for the pipe. 

The excavation for pipes placed in embankment fill shall not be made until the embankment has been completed to a 
height above the top of the pipe as shown on the plans. 

701-3.2 Bedding. The pipe bedding shall conform to the class specified on the plans. The bedding surface for the 
pipe shall provide a firm foundation of uniform density throughout the entire length of the pipe. When no bedding 
class is specified or detailed on the plans, the requirements for Class C bedding shall apply. 

a. Rigid pipe. Class A bedding shall consist of a continuous concrete cradle conforming to the plan details. 

Class B bedding shall consist of a bed of granular material having a thickness of at least 6 inches (150 mm) below 
the bottom of the pipe and extending up around the pipe for a depth of not less than 30% of the pipe’s vertical 
outside diameter. The layer of bedding material shall be shaped to fit the pipe for at least 10% of the pipe’s vertical 
diameter and shall have recesses shaped to receive the bell of bell and spigot pipe. The bedding material shall be 
sand or select sandy soil with 100% passing a 3/8 inch (9 mm) sieve and not more than 10% passing a No. 200 
(0.075 mm) sieve. 

Class C bedding shall consist of bedding the pipe in its natural foundation material to a depth of not less than 10% of 
the pipe’s vertical outside diameter. The bed shall be shaped to fit the pipe and shall have recesses shaped to receive 
the bell of bell and spigot pipe. 

b. Flexible pipe. For flexible pipe, the bed shall be roughly shaped to fit the pipe, and a bedding blanket of sand 
or fine granular material shall be provided as follows: 

Pipe Corrugation Depth Minimum Bedding Depth 

inch mm inch mm 

1/2 12 1 25 
1 25 2 50 
2 50 3 75 

2-1/2  60 3-1/2  90 

c. PVC, polyethylene, and polypropylene pipe. For PVC, polyethylene, and polypropylene pipe, the bedding 
material shall consist of coarse sands and gravels with a maximum particle size of 3/4 inches (19 mm). For pipes 
installed under paved areas, no more than 12% of the material shall pass the No. 200 (0.075 mm) sieve. For all other 
areas, no more than 50% of the material shall pass the No. 200 (0.075 mm) sieve. The bedding shall have a thickness 
of at least 6 inches (150 mm) below the bottom of the pipe and extend up around the pipe for a depth of not less than 
50% of the pipe’s vertical outside diameter. 

701-3.3 Laying pipe. The pipe laying shall begin at the lowest point of the trench and proceed upgrade. The lower 
segment of the pipe shall be in contact with the bedding throughout its full length. Bell or groove ends of rigid pipes 
and outside circumferential laps of flexible pipes shall be placed facing upgrade. 
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Paved or partially lined pipe shall be placed so that the longitudinal center line of the paved segment coincides with 
the flow line. 

Elliptical and elliptically reinforced concrete pipes shall be placed with the manufacturer’s reference lines 
designating the top of the pipe within five degrees of a vertical plane through the longitudinal axis of the pipe. 

701-3.4 Joining pipe. Joints shall be made with (1) Portland cement mortar, (2) Portland cement grout, (3) rubber 
gaskets, (4) plastic gaskets, or (5) coupling bands. 

Mortar joints shall be made with an excess of mortar to form a continuous bead around the outside of the pipe and 
shall be finished smooth on the inside. Molds or runners shall be used for grouted joints to retain the poured grout. 
Rubber ring gaskets shall be installed to form a flexible watertight seal. 

a. Concrete pipe. Concrete pipe may be either bell and spigot or tongue and groove. The method of joining 
pipe sections shall be so the ends are fully entered and the inner surfaces are reasonably flush and even. Joints shall 
be thoroughly wetted before applying mortar or grout. 

b. Metal pipe. Metal pipe shall be firmly joined by form-fitting bands conforming to the requirements of 
ASTM A760 for steel pipe and AASHTO M196 for aluminum pipe. 

c. PVC, polyethylene and polypropylene pipe. Joints for PVC, Polyethylene, and Polypropylene pipe shall 
conform to the requirements of ASTM D3212 when water tight joints are required. Joints for PVC and Polyethylene 
pipe shall conform to the requirements of AASHTO M304 when soil tight joints are required. Fittings for 
polyethylene pipe shall conform to the requirements of AASHTO M252 or ASTM M294. Fittings for polypropylene 
pipe shall conform to ASTM F2881, ASTM F2736, or ASTM F2764. 

701-3.5 Backfilling. Pipes shall be inspected before any backfill is placed; any pipes found to be out of alignment, 
unduly settled, or damaged shall be removed and relaid or replaced at the Contractor’s expense. 

Material for backfill shall be fine, readily compatible soil or granular material selected from the excavation or a 
source of the Contractor’s choosing. It shall not contain frozen lumps, stones that would be retained on a 2-inch (50 
mm) sieve, chunks of highly plastic clay, or other objectionable material. Granular backfill material shall have 95% 
or more passing the a 1/2 inch (12 mm) sieve, with 95% or more being retained on the No. 4 (4.75 mm) sieve. 

When the top of the pipe is even with or below the top of the trench, the backfill shall be compacted in layers not 
exceeding 6 inches (150 mm) on each side of the pipe and shall be brought up one foot (30 cm) above the top of the 
pipe or to natural ground level, whichever is greater. Thoroughly compact the backfill material under the haunches 
of the pipe without displacing the pipe. Material shall be brought up evenly on each side of the pipe for the full 
length of the pipe. 

When the top of the pipe is above the top of the trench, the backfill shall be compacted in layers not exceeding 6 
inches (150 mm) and shall be brought up evenly on each side of the pipe to one foot (30 cm) above the top of the 
pipe. The width of backfill on each side of the pipe for the portion above the top of the trench shall be equal to twice 
the pipe’s diameter or 12 feet (3.7 m), whichever is less. 

For PVC, polyethylene, and polypropylene pipe, the backfill shall be placed in two stages; first to the top of the pipe 
and then at least 12 inches (300 mm) over the top of the pipe. The backfill material shall meet the requirements of 
paragraph 701-3.2c. 

All backfill shall be compacted to the density required under Item P-152. 

It shall be the Contractor’s responsibility to protect installed pipes and culverts from damage due to construction 
equipment operations.  The Contractor shall be responsible for installation of any extra strutting or backfill required 
to protect pipes from the construction equipment. 

METHOD OF MEASUREMENT 
701-4.1 The length of pipe shall be measured in linear feet (m) of pipe in place, completed, and approved. It shall be 
measured along the centerline of the pipe from end or inside face of structure to the end or inside face of structure, 
whichever is applicable. The several classes, types and size shall be measured separately. All fittings shall be 
included in the footage as typical pipe sections in the pipe being measured. 
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701-4.2 The volume of concrete for pipe cradles shall be the number of cubic yards (cubic meters) of concrete that is 
completed in place and accepted. 

701-4.3 The volume of rock shall be the number of cubic yards (cubic meters) of rock excavated. No payment shall 
be made for the cushion material placed for the bed of the pipe. 

BASIS OF PAYMENT 
701-5.1 Payment will be made at the contract unit price per linear foot (meter) for each kind of pipe of the type and 
size designated; at the contract unit price per cubic yard (cubic meter) of concrete for pipe cradles; and at the 
contract unit price per cubic yard (cubic meter) for rock excavation. 

These prices shall fully compensate the Contractor for furnishing all materials and for all preparation, excavation, 
and installation of these materials; and for all labor, equipment, tools, and incidentals necessary to complete the 
item. 

Payment will be made under: 

Item 701-5.1 30” RCP, Class IV - per linear foot  

Item 701-5.2 36” RCP, Class IV - per linear foot  

Item 701-5.3 48” RCP, Class IV - per linear foot  

Item 701-5.4 Extend Existing 18” Dip with Proper Flanges and Joints to New Apron Inlet - per linear 
foot  

Item 701-5.5 Underdrain System (6” Perforated or Non-Perforated) - per linear foot  

Item 701-5.1b Concrete for pipe cradles - per cubic yard (cubic meter) 

Item 701-5.1c Rock excavation - per cubic yard (cubic meter) 

MATERIAL REQUIREMENTS 
AASHTO M167  Standard Specification for Corrugated Steel Structural Plate, Zinc-Coated, for Field-

Bolted Pipe, Pipe-Arches, and Arches 

AASHTO M190 Standard Specification for Bituminous-Coated Corrugated Metal Culvert Pipe and Pipe 
Arches 

AASHTO M196 Standard Specification for Corrugated Aluminum Pipe for Sewers and Drains 

AASHTO M198 Standard Specification for Joints for Concrete Pipe, Manholes, and Precast Box Sections 
Using Preformed Flexible Joint Sealants 

AASHTO M219 Standard Specification for Corrugated Aluminum Alloy Structural Plate for Field-Bolted 
Pipe, Pipe-Arches, and Arches 

AASHTO M243 Standard Specification for Field Applied Coating of Corrugated Metal Structural Plate for 
Pipe, Pipe-Arches, and Arches 

AASHTO M252 Standard Specification for Corrugated Polyethylene Drainage Pipe 

AASHTO M294 Standard Specification for Corrugated Polyethylene Pipe, 300- to 1500-mm (12- to 60-
in.) Diameter 

AASHTO M304 Standard Specification for Poly (Vinyl Chloride) (PVC) Profile Wall Drain Pipe and 
Fittings Based on Controlled Inside Diameter 

AASHTO MP20 Standard Specification for Steel Reinforced Polyethylene (PE) Ribbed Pipe, 300- to 900-
mm (12- to 36-in.) Diameter 

ASTM A760 Standard Specification for Corrugated Steel Pipe, Metallic Coated for Sewers and Drains 
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ASTM A761 Standard Specification for Corrugated Steel Structural Plate, Zinc Coated, for Field-
Bolted Pipe, Pipe-Arches, and Arches 

ASTM A762 Standard Specification for Corrugated Steel Pipe, Polymer Precoated for Sewers and 
Drains 

ASTM A849 Standard Specification for Post-Applied Coatings, Pavings, and Linings for Corrugated 
Steel Sewer and Drainage Pipe 

ASTM B745 Standard Specification for Corrugated Aluminum Pipe for Sewers and Drains 

ASTM C14 Standard Specification for Nonreinforced Concrete Sewer, Storm Drain, and Culvert Pipe 

ASTM C76 Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe 

ASTM C94 Standard Specification for Ready Mixed Concrete 

ASTM C144 Standard Specification for Aggregate for Masonry Mortar 

ASTM C150 Standard Specification for Portland Cement 

ASTM C443 Standard Specification for Joints for Concrete Pipe and Manholes, Using Rubber Gaskets 

ASTM C506 Standard Specification for Reinforced Concrete Arch Culvert, Storm Drain, and Sewer 
Pipe 

ASTM C507 Standard Specification for Reinforced Concrete Elliptical Culvert, Storm Drain and 
Sewer Pipe 

ASTM C655 Standard Specification for Reinforced Concrete D-Load Culvert, Storm Drain and Sewer 
Pipe 

ASTM C1433 Standard Specification for Precast Reinforced Concrete Monolithic Box Sections for 
Culverts, Storm Drains, and Sewers 

ASTM D1056 Standard Specification for Flexible Cellular Materials Sponge or Expanded Rubber 

ASTM D3034 Standard Specification for Type PSM Poly (Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings 

ASTM D3212 Standard Specification for Joints for Drain and Sewer Plastic Pipes Using Flexible 
Elastomeric Seals 

ASTM D6690 Standard Specification for Joint and Crack Sealants, Hot Applied, for Concrete and 
Asphalt Pavements 

ASTM F477 Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe 

ASTM F667 Standard Specification for 3 through 24 in. Corrugated Polyethylene Pipe and Fittings 

ASTM F714 Standard Specification for Polyethylene (PE) Plastic Pipe (DR PR) Based on Outside 
Diameter 

ASTM F794 Standard Specification for Poly (Vinyl Chloride) (PVC) Profile Gravity Sewer Pipe & 
Fittings Based on Controlled Inside Diameter 

ASTM F894 Standard Specification for Polyethylene (PE) Large Diameter Profile Wall Sewer and 
Drain Pipe 

ASTM F949 Standard Specification for Poly (Vinyl Chloride) (PVC) Corrugated Sewer Pipe With a 
Smooth Interior and Fittings 

ASTM F2435 Standard Specification for Steel Reinforced Polyethylene (PE) Corrugated Pipe 

ASTM F2562 Specification for Steel Reinforced Thermoplastic Ribbed Pipe and Fittings for Non-
Pressure Drainage and Sewerage 
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ASTM F2736 Standard Specification for 6 to 30 in. (152 to 762 mm) Polypropylene (PP) Corrugated 
Single Wall Pipe and Double Wall Pipe 

ASTM F2764 Standard Specification for 30 to 60 in. (750 to 1500 mm) Polypropylene (PP) Triple Wall 
Pipe and Fittings for Non-Pressure Sanitary Sewer Applications 

ASTM F2881 Standard Specification for 12 to 60 in. (300 to 1500 mm) Polypropylene (PP) Dual Wall 
Pipe and Fittings for Non-Pressure Storm Sewer Applications 

END ITEM D-701 
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ITEM D-705 PIPE UNDERDRAINS FOR AIRPORTS 

DESCRIPTION 

705-1.1 This item shall consist of the construction of pipe drains in accordance with these specifications and in 
reasonably close conformity with the lines and grades shown on the plans. 

MATERIALS 

705-2.1 General. Materials shall meet the requirements shown on the plans and specified below. 

705-2.2 Pipe. The pipe shall be of the type called for on the plans or in the proposal and shall be in accordance with 
the following appropriate requirements. 

ASTM F758 Standard Specification for Smooth-Wall Poly (Vinyl Chloride) (PVC) Plastic Underdrain 
Systems for Highway, Airport, and Similar Drainage 

705-2.3 Joint mortar. Pipe joint mortar shall consist of one part by volume of Portland cement and two parts sand. 
The Portland cement shall conform to the requirements of ASTM C150, Type I. The sand shall conform to the 
requirements of ASTM C144. 

705-2.4 Elastomeric seals. Elastomeric seals shall conform to the requirements of ASTM F477. 

705-2.5 Porous backfill. Porous backfill shall be free of clay, humus, or other objectionable matter, and shall 
conform to the gradation in Table 1 when tested in accordance with ASTM C136. 

Table 1. Gradation of Porous Backfill 
 

Sieve Designation (square 
openings) 

Percentage by Weight Passing 
Sieves 
Porous Material No. * 

1-1/2 inch (38 mm) 100 
1 inch (25 mm)  90 - 100 
3/8 inch (9 mm)  25 - 60 
No. 4 (4.75 mm)  5 - 40 
No. 8 (2.36 mm)  0 - 20 
No. 16 (1.18 mm)  * 
No. 50 (0.30 mm)  * 
No. 100 (0.15 mm) * 

 

705-2.6. Granular material. Granular material used for backfilling shall conform to the requirements of ASTM 
D2321 for Class IA, IB, or II materials, or shall meet the requirements of AASHTO Standard Specification for 
Highway Bridges Section 30. 

705-2.7. Filter fabric. The filter fabric shall conform to the requirements of AASHTO M288 Class 2. 
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Table 2 

Fabric Property Test Method Test Requirement 

Grab Tensile Strength, lbs ASTM D4632 125 min 

Grab Tensile Elongation % ASTM D4632 50 min 

Burst Strength, psi ASTM D3785 125 min 

Trapezoid Tear Strength, lbs ASTM D4533 55 min 

Puncture Strength, lbs ASTM D4833 40 min 

Abrasion, lbs ASTM D4886 15 max loss 

Equivalent Opening Size ASTM D4751 70-100 

Permittivity sec-1 ASTM D4491 0.80 

Accelerated Weathering (UV Stability) 
(Strength Retained - %) 

ASTM D4355 
*(500 hrs exposure) 70 

 

705-2.8. Controlled low-strength material (CLSM).    CLSM is not allowed.     

CONSTRUCTION METHODS 
705-3.1 Equipment. All equipment required for the construction of pipe underdrains shall be on the project, in good 
working condition, and approved by the Engineer before construction is permitted to start. 

705-3.2 Excavation. The width of the pipe trench shall be sufficient to permit satisfactory jointing of the pipe and 
thorough tamping of the bedding material under and around the pipe, but shall not be less than the external diameter 
of the pipe plus 6 inches (150 mm) on each side of the pipe. The trench walls shall be approximately vertical. 

Where rock, hardpan, or other unyielding material is encountered, it shall be removed below the foundation grade 
for a depth of at least 4 inches (100 mm). The excavation below grade shall be backfilled with selected fine 
compressible material, such as silty clay or loam, and lightly compacted in layers not over 6 inches (150 mm) in 
uncompacted depth to form a uniform but yielding foundation. 

Where a firm foundation is not encountered at the grade established, due to soft, spongy, or other unstable soil, the 
unstable soil shall be removed and replaced with approved granular material for the full trench width. The Engineer 
shall determine the depth of removal necessary. The granular material shall be compacted to provide adequate 
support for the pipe. 

Excavated material not required or acceptable for backfill shall be disposed of by the Contractor as directed by the 
Engineer. The excavation shall not be carried below the required depth; if this occurs, the trench shall be backfilled 
at the Contractor’s expense with material approved by the Engineer and compacted to the density of the surrounding 
material. 

The pipe bed shall be shaped so at least the lower quarter of the pipe shall be in continuous contact with the bottom 
of the trench. Spaces for the pipe bell shall be excavated to allow the pipe barrel to support the entire weight of the 
pipe. 

The Contractor shall do trench bracing, sheathing, or shoring necessary to perform and protect the excavation as 
required for safety and conformance to Federal, state and local laws. Unless otherwise provided, the bracing, 
sheathing, or shoring shall be removed by the Contractor after the backfill has reached at least 12 inches (300 mm) 
over the top of the pipe. The sheathing or shoring shall be pulled as the granular backfill is placed and compacted to 
avoid any unfilled spaces between the trench wall and the backfill material. The cost of bracing, sheathing, or 
shoring, and the removal of same, shall be included in the unit price bid per foot (meter) for the pipe. 
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705-3.3 Laying and installing pipe. 

a. Concrete pipe. The laying of the pipe in the finished trench shall be started at the lowest point and proceed 
upgrade. When bell and spigot pipe is used, the bells shall be laid upgrade. If tongue and groove pipe is used, the 
groove end shall be laid upgrade. Holes in perforated pipe shall be placed down, unless otherwise shown on the 
plans. The pipe shall be firmly and accurately set to line and grade so that the invert will be smooth and uniform. 
Pipe shall not be laid on frozen ground. 

Pipe which is not true in alignment, or which shows any settlement after laying, shall be taken up and relaid by the 
Contractor at no additional expense.   

b. Metal pipe. The metal pipe shall be laid with the separate sections joined firmly together with bands, with 
outside laps of circumferential joints pointing upgrade, and with longitudinal laps on the sides. Any metal in the pipe 
or bands that is not protected thoroughly by galvanizing shall be coated with a suitable asphaltum paint. 

During installation, the asphalt-protected pipe shall be handled without damaging the asphalt coating. Any breaks in 
the bitumen or treatment of the pipe shall be refilled with the type and kind of bitumen used in coating the pipe 
originally. 

c. PVC or polyethylene pipe. PVC or polyethylene pipe shall be installed in accordance with the requirements 
of ASTM D2321 or AASHTO Standard Specification for Highway Bridges Section 30. Perforations shall meet the 
requirements of AASHTO M252 or AASHTO M294 Class 2, unless otherwise indicated on the plans. The pipe shall 
be laid accurately to line and grade. 

d. All types of pipe. The upgrade end of pipelines, not terminating in a structure, shall be plugged or capped as 
approved by the Engineer. 

Unless otherwise shown on the plans, a 4 inch (100 mm) bed of granular backfill material shall be spread in the 
bottom of the trench throughout the entire length under all perforated pipe underdrains. 

Pipe outlets for the underdrains shall be constructed when required or shown on the plans. The pipe shall be laid 
with tight-fitting joints. Porous backfill is not required around or over pipe outlets for underdrains. All connections 
to other drainage pipes or structures shall be made as required and in a satisfactory manner. If connections are not 
made to other pipes or structures, the outlets shall be protected and constructed as shown on the plans. 

e. Filter fabric. The filter fabric shall be installed in accordance with the manufacturer’s recommendations, or 
in accordance with AASHTO M288 Appendix, unless otherwise shown on the plans. 

705-3.4 Mortar. The mortar shall be of the desired consistency for caulking and filling the joints of the pipe and for 
making connections to other pipes or to structures. Mortar that is not used within 45 minutes after water has been 
added shall be discarded. Retempering of mortar shall not be permitted. 

705-3.5 Joints in concrete pipe. When open or partly open joints are required or specified, they shall be constructed 
as indicated on the plans. The pipe shall be laid with the ends fitted together as designed. If bell and spigot pipe is 
used, mortar shall be placed along the inside bottom quarter of the bell to center the following section of pipe. 

The open or partly open joints shall be surrounded with granular material meeting requirements of porous backfill 
No. 2 in Table 1 or as indicated on the plans. This backfill shall be placed so its thickness will be not less than 3 
inches (75 mm) nor more than 6 inches (150 mm), unless otherwise shown on the plans. 

When the original material excavated from the trench is impervious, commercial concrete sand or granular material 
meeting requirements of porous backfill No. 1 shall surround porous backfill No. 2 (Table 1), as shown on the plans 
or as directed by the Engineer. 

When the original material excavated from the trench is pervious and suitable, it may be used as backfill in lieu of 
porous backfill No. 1, when indicated on the plans or as directed by the Engineer. 

705-3.6 Backfilling. 

a. Earth. All trenches and excavations shall be backfilled soon after the pipes are installed, unless additional 
protection of the pipe is directed. The backfill material shall be select material from excavation or borrow and shall 
be approved by the Engineer. The select material shall be placed on each side of the pipe out to a distance of the 
nominal pipe diameter and one foot (30 cm) over the top of the pipe and shall be readily compacted. It shall not 
contain stones 3 inches (75 mm) or larger in size, frozen lumps, chunks of highly plastic clay, or any other material 
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that is objectionable to the Engineer. The material shall be moistened or dried, as required to aid compaction. 
Placement of the backfill shall not cause displacement of the pipe.  Thorough compaction under the haunches and 
along the sides to the top of the pipe shall be obtained. 

The backfill shall be placed in loose layers not exceeding 6 inches (150 mm) in depth under and around the pipe, 
and not exceeding 8 inches (200 mm) over the pipe. Successive layers shall be added and thoroughly compacted by 
hand and pneumatic tampers, approved by the Engineer, until the trench is completely filled and brought to the 
planned elevation. Backfilling shall be done to avoid damaging top or side pressures on the pipe. 

In embankments and other unpaved areas, the backfill shall be compacted per Item P-152 to the density required for 
embankments in unpaved areas. Under paved areas, the subgrade and any backfill shall be compacted per Item P-
152 to the density required for embankments for paved areas.  

b. Granular backfill. When granular backfill is required, placement in the trench and about the pipe shall be as 
shown on the plans. The granular backfill shall not contain an excessive amount of foreign matter, nor shall soil 
from the sides of the trench or from the soil excavated from the trench be allowed to filter into the granular backfill. 
When required by the Engineer, a template shall be used to properly place and separate the two sizes of backfill. The 
backfill shall be placed in loose layers not exceeding 6 inches (150 mm) in depth.  The granular backfill shall be 
compacted by hand and pneumatic tampers to the requirements as given for embankment. Backfilling shall be done 
to avoid damaging top or side pressure on the pipe. The granular backfill shall extend to the elevation of the trench 
or as shown on the plans. 

When perforated pipe is specified, granular backfill material shall be placed along the full length of the pipe. The 
position of the granular material shall be as shown on the plans. If the original material excavated from the trench is 
pervious and suitable, it shall be used in lieu of porous backfill No. 1. 

If porous backfill is placed in paved or adjacent to paved areas before grading or subgrade operations is completed, 
the backfill material shall be placed immediately after laying the pipe. The depth of the granular backfill shall be not 
less than 12 inches (300 mm), measured from the top of the underdrain. During subsequent construction operations, 
a minimum depth of 12 inches (300 mm) of backfill shall be maintained over the underdrains. When the underdrains 
are to be completed, any unsuitable material shall be removed exposing the porous backfill. Porous backfill 
containing objectionable material shall be removed and replaced with suitable material. The cost of removing and 
replacing any unsuitable material shall be at the Contractor’s expense. 

If a granular subbase blanket course is used which extends several feet beyond the edge of paving to the outside 
edge of the underdrain trench, the granular backfill material over the underdrains shall be placed in the trench up to 
an elevation of 2 inches (50 mm) above the bottom surface of the granular subbase blanket course. Immediately 
prior to the placing of the granular subbase blanket course, the Contractor shall blade this excess trench backfill 
from the top of the trench onto the adjacent subgrade where it can be incorporated into the granular subbase blanket 
course. Any unsuitable material that remains over the underdrain trench shall be removed and replaced. The subbase 
material shall be placed to provide clean contact between the subbase material and the underdrain granular backfill 
material for the full width of the underdrain trench. 

c. Controlled low-strength material (CLSM).  CLSM is not allowed.    

d. Deflection testing. The Engineer may at any time, notwithstanding previous material acceptance, reject or 
require re-installation of pipe that exceeds 5% deflection when measured in accordance with ASTM D2321, 
including Appendices. 

705-3.7 Connections. When the plans call for connections to existing or proposed pipe or structures, these 
connections shall be watertight and made to obtain a smooth uniform flow line throughout the drainage system. 

705-3.8 Cleaning and restoration of site. After the backfill is completed, the Contractor shall dispose of all surplus 
material, soil, and rubbish from the site. Surplus soil may be deposited in embankments, shoulders, or as directed by 
the Engineer. Except for paved areas of the airport, the Contractor shall restore all disturbed areas to their original 
condition. 

METHOD OF MEASUREMENT 
705-4.1 The length of pipe shall be the number of linear feet (meters) of pipe underdrains in place, completed, and 
approved; measured along the centerline of the pipe from end or inside face of structure to the end or inside face of 
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structure, whichever is applicable. The several classes, types, and sizes shall be measured separately. All fittings 
shall be included in the footage as typical pipe sections in the pipeline being measured. 

705-4.2 The quantity of porous backfill shall be the number of cubic yards (cubic meters) of porous backfill No. 1 
and No. 2, complete in place and accepted, and shall be determined from the dimensions given on the plans by 
typical trench sections indicating the placement of porous backfill or dimensions directed by the Engineer. 

705-4.3 The quantity of filter fabric shall be the number of square yards (square meters) of filter fabric in place, 
completed, and approved; and shall be determined from the dimensions given on the plans by typical trench sections 
indicating the placement of filter fabric or dimensions directed by the Engineer. 

705-4.4 The quantity of underdrain clean-outs to be adjusted due to asphalt overlay. 

 

BASIS OF PAYMENT 
705-5.1 Payment will be made at the contract unit price per linear foot (meter) for pipe underdrains of the type, 
class, and size designated. 

705-5.2 Porous backfill.  

 Porous Backfill No. 2 shall be made at the contract unit price    per cubic yard.  

705-5.3. Filter fabric. Filter fabric shall be made at the contract unit price per square yard (square meter) for filter 
fabric.  

These prices shall be full compensation for furnishing all materials and for all preparation, excavation, and 
installation of these materials, and for all labor, equipment, tools, and incidentals necessary to complete the item. 

Payment will be made under:  

Item 705-5.1 Underdrain System (6” Perforated or Non-Perforated) – per linear foot 

MATERIAL REQUIREMENTS 
ASTM A760 Standard Specification for Corrugated Steel Pipe, Metallic Coated for Sewers and Drains 

ASTM A762 Standard Specification for Corrugated Steel Pipe, Polymer Precoated for Sewers and 
Drains 

ASTM C136 Standard Test Method for Sieve or Screen Analysis of Fine and Coarse Aggregates 

ASTM C144 Standard Specification for Aggregate for Masonry Mortar 

ASTM C150 Standard Specification for Portland Cement 

ASTM C444 Standard Specification for Perforated Concrete Pipe 

ASTM C654 Standard Specification for Porous Concrete Pipe 

ASTM D2321 Standard Practice for Underground Installation of Thermoplastic Pipe for Sewers and 
Other Gravity-Flow Applications 

ASTM D3034 Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings 

ASTM F477 Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe 

ASTM F758 Standard Specification for Smooth Wall Poly(Vinyl Chloride) (PVC) Plastic Underdrain 
Systems for Highway, Airport, and Similar Drainage 

ASTM F794 Standard Specification for Poly (Vinyl Chloride) (PVC) Profile Gravity Sewer Pipe & 
Fittings Based on Controlled Inside Diameter 



D-705-6 ITEM D-705 PIPE UNDERDRAINS FOR AIRPORTS 

ASTM F949 Standard Specification for Poly (Vinyl Chloride) (PVC) Corrugated Sewer Pipe with a 
Smooth Interior and Fittings 

ASTM F2562 Specification for Steel Reinforced Thermoplastic Ribbed Pipe and Fittings for Non-
Pressure Drainage and Sewerage 

AASHTO M190 Standard Specification for Bituminous - Coated Corrugated Metal Culvert Pipe and Pipe 
Arches 

AASHTO M196 Standard Specification for Corrugated Aluminum Pipe for Sewers and Drains 

AASHTO M252 Standard Specification for Corrugated Polyethylene Drainage Pipe 

AASHTO M288 Standard Specification for Geotextile Specification for Highway Applications 

AASHTO M294 Standard Specification for Corrugated Polyethylene Pipe, 300- to 1500- mm (12- to 60-
in.) Diameter 

AASHTO M304 Standard Specification for Poly (Vinyl Chloride) (PVC) Profile Wall Drain Pipe and 
Fittings Based on Controlled Inside Diameter 

AASHTO MP20 Standard Specification for Steel-Reinforced Polyethylene (PE) Ribbed Pipe, 300- to 900-
mm (12- to 36-in.) diameter 

AASHTO Standard Specifications for Highway Bridges 

END OF ITEM D-705 
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ITEM D-751 
MANHOLES, CATCH BASINS, INLETS AND INSPECTION HOLES 

DESCRIPTION 

751-1.1 This item shall consist of construction of manholes, catch basins, inlets, fabriform revetment and inspection 
holes, in accordance with these specifications, at the specified locations and conforming to the lines, grades, and 
dimensions shown on the plans or required by the Engineer.  

MATERIALS 

751-2.1 BRICK. The brick shall conform to the requirements of ASTM C 32, Grade SM. 

751-2.2 MORTAR. Mortar shall consist of one part Portland cement and two parts sand. The Portland cement shall 
conform to the requirements of ASTM C 150, Type I. The sand shall conform to the requirements of ASTM C 144. 

751-2.3 CONCRETE. Plain and reinforced concrete used in structures, connections of pipes with structures, and the 
support of structures or frames shall conform to the requirements of Item P-610. 

751-2.4 PRECAST CONCRETE PIPE MANHOLE RINGS. Precast concrete pipe manhole rings shall conform 
to the requirements of ASTM C 478. Unless otherwise specified, the risers and offset cone sections shall have an 
inside diameter of not less than 36 in (90 cm) nor more than 48 in (120 cm). 

751-2.5 CORRUGATED METAL. Corrugated metal shall conform to the requirements of AASHTO M 36. 

751-2.6 FRAMES, COVERS, AND GRATES. The castings shall conform to one of the following requirements: 

a. ASTM A 48, Class 30B and 35B Gray iron castings 
b. ASTM A 47 Malleable iron castings 
c. ASTM A 27 Steel castings 
d. ASTM A 283, Grade D Structural steel for grates and frames 
e. ASTM A 536 Ductile iron castings 
f. ASTM A 897 Austempered ductile iron castings 

All castings or structural steel units shall conform to the dimensions shown on the plans and shall be designed to 
support the loadings, aircraft gear configuration and/or direct loading, specified. 

Each frame and cover or grate unit shall be provided with fastening members to prevent it from being dislodged by 
traffic but which will allow easy removal for access to the structure. 

All castings shall be thoroughly cleaned. After fabrication, structural steel units shall be galvanized to meet the 
requirements of ASTM A 123. 

751-2.7 STEPS. The steps or ladder bars shall be gray or malleable cast iron or galvanized steel. The steps shall be 
the size, length, and shape shown on the plans and those steps that are not galvanized shall be given a coat of 
bituminous paint, when directed. 

 

    CONSTRUCTION METHODS 
751-3.1 UNCLASSIFIED EXCAVATION. 

a. The Contractor shall do all excavation for structures and structure footings to the lines and grades or 
elevations, shown on the plans, or as staked by the Engineer. The excavation shall be of sufficient size to permit the 
placing of the full width and length of the structure or structure footings shown. The elevations of the bottoms of 
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footings, as shown on the plans, shall be considered as approximately only; and the Engineer may order, in writing, 
changes in dimensions or elevations of footings necessary to secure a satisfactory foundation. 

b. Boulders, logs, or any other objectionable material encountered in excavation shall be removed. All rock or 
other hard foundation material shall be cleaned of all loose material and cut to a firm surface either level, stepped, or 
serrated, as directed by the Engineer. All seams or crevices shall be cleaned out and grouted. All loose and 
disintegrated rock and thin strata shall be removed. When concrete is to rest on a surface other than rock, special 
care shall be taken not to disturb the bottom of the excavation, and excavation to final grade shall not be made until 
just before the concrete or reinforcing is to be placed. 

c. The Contractor shall do all bracing, sheathing, or shoring necessary to implement and protect the excavation 
and the structure as required for safety or conformance to governing laws. The cost of bracing, sheathing, or shoring 
shall be included in the unit price bid for the structure. 

d. Unless otherwise provided, bracing, sheathing, or shoring involved in the construction of this item shall be 
removed by the Contractor after the completion of the structure. Removal shall be effected in a manner that will not 
disturb or mar finished masonry. The cost of removal shall be included in the unit price bid for the structure. 

e. After each excavation is completed, the Contractor shall notify the Engineer to that effect; and concrete or 
reinforcing steel shall be placed after the Engineer has approved the depth of the excavation and the character of the 
foundation material. 

751-3.2 BRICK STRUCTURES. 

a. Foundations. A prepared foundation shall be placed for all brick structures after the foundation excavation is 
completed and accepted. Unless otherwise specified, the base shall consist of reinforced concrete mixed, prepared, 
and placed in accordance with the requirements of Item P-610. 

b. Laying Brick. All brick shall be clean and thoroughly wet before laying so that they will not absorb any 
appreciable amount of additional water at the time they are laid. All brick shall be laid in freshly made mortar. 
Mortar that is not used within 45 minutes after water has been added shall be discarded. Retempering of mortar shall 
not be permitted. An ample layer of mortar shall be spread on the beds and a shallow furrow shall be made in it that 
can be readily closed by the laying of the brick. All bed and head joints shall be filled solid with mortar. End joints 
of stretchers and side or cross joints of headers shall be fully buttered with mortar and a shoved joint made to 
squeeze out mortar at the top of the joint. Any bricks that may be loosened after the mortar has taken its set, shall be 
removed, cleaned, and relaid with fresh mortar. No broken or chipped brick shall be used in the face, and no spalls 
or bats shall be used except where necessary to shape around irregular openings or edges; in which case, full bricks 
shall be placed at ends or corners where possible, and the bats shall be used in the interior of the course. In making 
closures, no piece of brick shorter than the width of a whole brick shall be used; and wherever practicable, whole 
brick shall be used and laid as headers. 

c. Joints. All joints shall be slushed with mortar at every course, but slushing alone will not be considered 
adequate for making an acceptable joint. Exterior faces shall be laid up in advance of backing. Exterior faces shall 
be back plastered or pargeted with a coat of mortar not less than 3/8 in (9 mm) thick before the backing is laid up. 
Prior to pargeting, all joints on the back of face courses shall be cut flush. Unless otherwise noted, joints shall be not 
less than 1/4 in (6 mm) nor more than 1/2 in (12 mm) wide and whatever width is adopted shall be maintained 
uniform throughout the work. 

d. Pointing. Face joints shall be neatly struck, using the weather joint. All joints shall be finished properly as 
the laying of the brick progresses. When nails or line pins are used the holes shall be immediately plugged with 
mortar and pointed when the nail or pin is removed. 

e. Cleaning. Upon completion of the work all exterior surfaces shall be thoroughly cleaned by scrubbing and 
washing down with water and, if necessary to produce satisfactory results, cleaning shall be done with a 5% solution 
of muriatic acid which shall then be rinsed off with liberal quantities of clean fresh water. 

f. Curing and Cold Weather Protection. In hot or dry weather, or when directed by the Engineer, the brick 
masonry shall be protected and kept moist for at least 48 hours after laying the brick. Brick masonry work or 
pointing shall not be done when there is frost in the brick or when the air temperature is below 50 F (10 C) unless 
the Contractor has on the project ready to use, suitable covering and artificial heating devices necessary to keep the 
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atmosphere surrounding the masonry at a temperature of not less than 60 F (15 C) for the duration of the curing 
period. 

751-3.3 CONCRETE STRUCTURES. Concrete structures shall be built on prepared foundations, conforming to 
the dimensions and form indicated on the plans. The construction shall conform to the requirements specified in 
Item P-610. Any reinforcement required shall be placed as indicated on the plans and shall be approved by the 
Engineer before the concrete is poured. 

All invert channels shall be constructed and shaped accurately so as to be smooth, uniform, and cause minimum 
resistance to flowing water. The interior bottom shall be sloped downward toward the outlet. 

751-3.4 PRECAST CONCRETE PIPE STRUCTURES. Precast concrete pipe structures shall be constructed on 
prepared or previously placed slab foundations and shall conform to the dimensions and locations shown on the 
plans. All precast concrete pipe sections necessary to build a completed structure shall be furnished. The different 
sections shall fit together readily, and all jointing and connections shall be cemented with mortar. The top of the 
upper precast concrete pipe member shall be suitably formed and dimensioned to receive the metal frame and cover 
or grate, or other cap, as required. Provision shall be made for any connections for lateral pipe, including drops and 
leads that may be installed in the structure. The flow lines shall be smooth, uniform, and cause minimum resistance 
to flow. The metal steps that are embedded or built into the side walls shall be aligned and placed at vertical 
intervals of 12 in (300 mm). When a metal ladder replaces the steps, it shall be securely fastened into position. 

751-3.5 CORRUGATED METAL STRUCTURES. Corrugated metal structures shall be constructed on prepared 
foundations, conforming to the dimensions and locations as shown on the plans. The structures shall be 
prefabricated. standard or special fittings shall be furnished to provide pipe connections or branches of correct 
dimensions. The connections or branches shall be of sufficient length to accommodate connecting bands. The 
fittings shall be welded in place to the metal structures. When indicated, the structures shall be placed on a 
reinforced concrete base. The top of the metal structure shall be designed so that either a concrete slab or metal 
collar may be attached to which can be fastened a standard metal frame and grate or cover. Steps or ladders shall be 
furnished as shown on the plans. 

751-3.6 INLET AND OUTLET PIPES. Inlet and outlet pipes shall extend through the walls of the structures for a 
sufficient distance beyond the outside surface to allow for connections but shall be cut off flush with the wall on the 
inside surface, unless otherwise directed. For concrete or brick structures, the mortar shall be placed around these 
pipes so as to form a tight, neat connection. 

751-3.7 PLACEMENT AND TREATMENT OF CASTINGS, FRAMES, AND FITTINGS. All castings, 
frames, and fittings shall be placed in the positions indicated on the plans or as directed by the Engineer, and shall be 
set true to line and to correct elevation. If frames or fittings are to be set in concrete or cement mortar, all anchors or 
bolts shall be in place and position before the concrete or mortar is placed. The unit shall not be disturbed until the 
mortar or concrete has set. 

When frames or fittings are to be placed upon previously constructed masonry, the bearing surface or masonry shall 
be brought true to line and grade and shall present an even bearing surface in order that the entire face or back of the 
unit will come in contact with the masonry. The unit shall be set in mortar beds and anchored to the masonry as 
indicated on the plans or as directed and approved by the Engineer. All units shall set firm and secure. 

After the frames or fittings have been set in final position and the concrete or mortar has been allowed to harden for 
7 days, then the grates or covers shall be placed and fastened down. 

751-3.8 INSTALLATION OF STEPS. The steps shall be installed as indicated on the plans or as directed by the 
Engineer. When the steps are to be set in concrete, they shall be placed and secured in position before the concrete is 
poured. When the steps are installed in brick masonry, they shall be placed as the masonry is being built. The steps 
shall not be disturbed or used until the concrete or mortar has hardened for at least 7 days. After this period has 
elapsed, the steps shall be cleaned and painted, unless they have been galvanized. 

When steps are required with precast concrete pipe structures, they shall be cast into the sides of the pipe at the time 
the pipe sections are manufactured or set in place after the structure is erected by drilling holes in the concrete and 
cementing the steps in place. 

When steps are required with corrugated metal structures, they shall be welded into aligned position at a vertical 
spacing of 12 in (300 mm). 
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In lieu of steps, prefabricated ladders may be installed. In the case of brick or concrete structures, the ladder shall be 
held in place by grouting the supports in drilled holes. In the case of metal structures, the ladder shall be secured by 
welding the top support and grouting the bottom support into drilled holes in the foundation or as directed by the 
Engineer                                                                                                     . 

751-3.9 BACKFILLING. 

a. After a structure has been completed, the area around it shall be filled with approved material, in horizontal 
layers not to exceed 8 in (200 mm) in loose depth, and compacted to the density required in Item P-152. Each layer 
shall be deposited all around the structure to approximately the same elevation. The top of the fill shall meet the 
elevation shown on the plans or as directed by the Engineer. 

b. Backfilling shall not be placed against any structure until permission is given by the Engineer. In the case of 
concrete, such permission shall not be given until the concrete has been in place 7 days, or until tests made by the 
laboratory under supervision of the Engineer establish that the concrete has attained sufficient strength to provide a 
factor of safety against damage or strain in withstanding any pressure created by the backfill or the methods used in 
placing it. 

c. Backfill shall not be measured for direct payment. Performance of this work shall be considered on obligation 
of the Contractor covered under the contract unit price for the structure involved. 

751-3.10 CLEANING AND RESTORATION OF SITE. After the backfill is completed, the Contractor shall 
dispose of all surplus material, dirt, and rubbish from the site. Surplus dirt may be deposited in embankments, 
shoulders, or as ordered by the Engineer. The Contractor shall restore all disturbed areas to their original condition. 

After all work is completed, the Contractor shall remove all tools and equipment, leaving the entire site free, clear, 
and in good condition. 

751-3.11 CLEANING-OUT OF NEW AND EXISTING STRUCTURES.  All new and existing structures are to 
be kept clear of debris and silt at all times during construction. After completion of all earthwork actives and the 
placement of all sod and/or seeding and mulching and before final acceptance, all new and existing drainage 
structures within the project work area including manholes, catch basins, inlets and inspection holes shall be 
cleaned of all silt, debris, etc. to the satisfaction of the Engineer. This may require the de-watering of the 
structures. Care must be taken during this operation so as not to damage the structures or the surrounding areas. 
No additional payment will be made for this work. Any damage to the structure or surrounding areas will be 
repair by the Contractor to the satisfaction of the Engineer at no additional payment.  

METHOD OF MEASUREMENT 
751-4.1 Manholes, catch basins, inlets, and inspection holes shall be measured by the unit. 

751-4.2 Fabriform Revetment  shall be measured by the square yard (SY). 

 

BASIS OF PAYMENT 
751-5.1 The accepted quantities of manholes, catch basins, inlets, and inspection holes will be paid for at the 
contract unit price per each in place when completed. The accepted quantities of fabriform revetment will be paid 
for at the contract unit price per square yard in place when completed. This price shall be full compensation for 
furnishing all materials and for all preparation, excavation, backfilling and placing of the materials; furnishing and 
installation of such specials and connections to pipes and other structures as may be required to complete the item as 
shown on the plans; and for all labor equipment, tools and incidentals necessary to complete the structure or 
revetment. 

Payment will be made under: 

Item D-751-5.1 Inlet Type C – 4 Grate (Aircraft Loaded) - per each 

Item D-751-5.2 Inlet Type D – 4 Grate (Aircraft Loaded) - per each  

Item D-751-5.3 FDOT Standard Precast Reinforced Concrete Manhole per Index 1011-A – per each 
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Item D-751-5.4 Oufall Control Structure (Including FDOT Type H Modified Ditch Bottom Inlet, 2 – 30” 
RCP & FDOT Double 30” Mitered End Section) – per each 

 
MATERIAL REQUIREMENT 

ASTM A 27 Steel Castings, Carbon, for General Application 

ASTM A 47 Ferritic Malleable Iron Castings 

ASTM A 48 Gray Iron Castings 

ASTM A 123 Zinc Coating (Hot-Dip) on Iron and Steel Hardware 

ASTM A 283 Low and Intermediate Tensile Strength Carbon Steel Plates, Shapes, and Bars 

ASTM A 536 Ductile Iron Castings 

ASTM A 897 Austempered Ductile Iron Castings  

ASTM C 32 Sewer and Manhole Brick (Made from Clay or Shale) 

ASTM C 144 Aggregate for Masonry Mortar 

ASTM C 150 Portland Cement 

ASTM C 478 Precast Reinforced Concrete Manhole Sections 

AASHTO M 36 Zinc Coated (Galvanized) Corrugated Iron or Steel Culverts and Underdrains 

END OF ITEM D-751 
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ITEM D-752 CONCRETE CULVERTS, HEADWALLS, AND MISCELLANEOUS 
DRAINAGE STRUCTURES 

 

DESCRIPTION 

752-1.1 This item shall consist of reinforced concrete culverts, headwalls, and miscellaneous drainage structures 
constructed in accordance with these specifications, at the specified locations and conforming to the lines, grades, 
and dimensions shown on the plans or required by the Engineer. 

MATERIALS 
752-2.1 Concrete.  Reinforced  concrete shall meet the requirements of Item P-610. 

 
CONSTRUCTION METHODS 

752-3.1 Unclassified excavation. 

a. Trenches and foundation pits for structures or structure footings shall be excavated to the lines and grades 
and elevations shown on the plans. The excavation shall be of sufficient size to permit the placing of the full width 
and length of the structure or structure footings shown. The elevations of the bottoms of footings, as shown on the 
plans, shall be considered as approximate only; and the Engineer may approve, in writing, changes in dimensions or 
elevations of footings necessary to secure a satisfactory foundation. 

b. Boulders, logs, or any other objectionable material encountered in excavation shall be removed. All rock or 
other hard foundation material shall be cleaned of all loose material and cut to a firm surface either level, stepped, or 
serrated, as directed by the Engineer. All seams or crevices shall be cleaned out and grouted. All loose and 
disintegrated rock and thin strata shall be removed. When concrete will rest on a surface other than rock, the bottom 
of the excavation shall not be disturbed and excavation to final grade shall not be made until immediately before the 
concrete or reinforcing steel is placed.  

c. The Contractor shall do all bracing, sheathing, or shoring necessary to perform and protect the excavation and 
the structure as required for safety or conformance to governing laws. The cost of bracing, sheathing, or shoring 
shall be included in the unit price bid for excavation. 

d. All bracing, sheathing, or shoring shall be removed by the Contractor after the completion of the structure. 
Removal shall be not disturb or damage the finished concrete. The cost of removal shall be included in the unit price 
bid for excavation. 

e. After each excavation is completed, the Contractor shall notify the Engineer. No concrete or reinforcing steel 
shall be placed until the Engineer has approved the depth of the excavation and the character of the foundation 
material. 

752-3.2 Backfilling. 

a. After a structure has been completed, backfilling with approved material shall be accomplished by applying 
the fill in horizontal layers not to exceed 8 inches (200 mm) in loose depth, and compacted. The field density of the 
compacted material shall be at least 90% of the maximum density for cohesive soils and 95% of the maximum 
density for noncohesive soils. The maximum density shall be determined in accordance with ASTM D698. The field 
density shall be determined in accordance with ASTM D1556. 

b. No backfilling shall be placed against any structure until approved by the Engineer. For concrete, approval 
shall not be given until the concrete has been in place seven (7) days, or until tests establish that the concrete has 
attained sufficient strength to withstand any pressure created by the backfill or the placement methods. 

c. Fill placed around concrete culverts shall be deposited on each side at the same time and to approximately the 
same elevation. All slopes bounding or within the areas to be backfilled shall be stepped or serrated to prevent 
wedge action against the structure. 

d. Backfill will not be measured for direct payment. Performance of this work shall be considered as a 
subsidiary obligation of the Contractor, covered under the contract unit price for “unclassified excavation for 
structures.” 
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752-3.3 Weep holes. Weep holes shall be constructed as shown on the plans. 

752-3.4 Cleaning and restoration of site. After the backfill is completed, the Contractor shall dispose of all surplus 
material, dirt, and rubbish from the site. Surplus dirt may be deposited in embankment, shoulders, or as approved by 
the Engineer. The Contractor shall restore all disturbed areas to their original condition. The Contractor shall remove 
all tools and equipment, leaving the entire site free, clear, and in good condition. 

METHOD OF MEASUREMENT 
752-4.1 The quantity of unclassified excavation for structures to be paid for shall be the number of cubic yards 
(cubic meters), measured in original position, of material excavated in accordance with the plans, or as directed by 
the Engineer; but in no case shall any yardage be included in the measurement for payment which is outside of a 
volume bounded by vertical planes 18 inches (45 cm) outside of and parallel to the neat lines of the footings.  
Mitered endsections and other drainage structures shall be measured by the unit each. 

752-4.2 Concrete shall be measured by the number of cubic yards (cubic meters) of concrete, complete in place and 
accepted. In computing the yardage of concrete for payment, the dimensions used shall be those shown on the plans 
or approved by the Engineer. No measurements or other allowances shall be made for forms, false work, 
cofferdams, pumping, bracing, expansion joints, or finishing of the concrete. No deductions in yardage shall be 
made for the volumes of reinforcing steel or embedded items. 

752-4.3 The quantity of reinforcing steel shall be the calculated theoretical number of pounds (km) placed as shown 
on the plans, complete in place and accepted. The unit weight used for deformed bars shall be the weight of plain 
square or round bars, as the case may be, of equal nominal size. 

BASIS OF PAYMENT 
752-5.1 Payment will be made at the contract unit price per each cubic yard (cubic meter) for unclassified 
excavation for structures; at the contract unit price per cubic yard (cubic meter) for concrete for the structures; and at 
the contract unit price per pound (km) for reinforcing steel. These prices shall be full compensation for furnishing all 
materials and for all preparation, excavation, and placing the materials, and for all labor, equipment, tools, and 
incidentals necessary to complete the structure including any required backfill, bedding material or de-watering. 

Payment will be made under: 

Item D-752-5.1 Underdrain Headwall, Complete in Place – per each 

Item D-752-5.2 Underdrain Cleanout, (Aircraft Loaded), Complete in Place – per each 

Item D-752-5.3 FabriForm Revetment – per square yard 

Item D-752-5.4 FDOT Standard Precast 30” Mitered End Section – per each 

Item D-752-5.5 FDOT Standard Precast 48” Mitered End Section – per each 

 
TESTING REQUIREMENTS 

ASTM D698 Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 
Standard Effort (12,400 ft-lb/ft3 (600 kN-m/m3)) 

ASTM D1556 Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone 
Method 

 
END OF ITEM D-752 
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ITEM T-904 SODDING 

DESCRIPTION 
904-1.1 This item shall consist of furnishing, hauling, and placing approved live sod on prepared areas in 
accordance with this specification at the locations shown on the plans or as directed by the Engineer. 

MATERIALS 

904-2.1 Sod. Sod furnished by the Contractor shall have a good cover of living or growing grass. This shall be 
interpreted to include grass that is seasonally dormant during the cold or dry seasons and capable of renewing 
growth after the dormant period. All sod shall be obtained from areas where the soil is reasonably fertile and 
contains a high percentage of loamy topsoil. Sod shall be cut or stripped from living, thickly matted turf relatively 
free of weeds or other undesirable foreign plants, large stones, roots, or other materials that might be detrimental to 
the development of the sod or to future maintenance. At least 70% of the plants in the cut sod shall be composed of 
Bermuda, and any vegetation more than 6 inches (150 mm) in height shall be mowed to a height of 3 inches (75 
mm) or less before sod is lifted. Sod, including the soil containing the roots and the plant growth showing above, 
shall be cut uniformly to a thickness not less than that stated in the special provisions. 

904-2.2 Lime. Lime shall be ground limestone containing not less than 85% of total carbonates, and shall be ground 
to such fineness that 90% will pass through a No. 20 mesh sieve and 50% will pass through a No. 100 mesh sieve. 
Coarser material will be acceptable, providing the rates of application are increased to provide not less than the 
minimum quantities and depth specified in the special provisions on the basis of the two sieve requirements above. 
Dolomitic lime or a high magnesium lime shall contain at least 10% of magnesium oxide. Lime shall be applied at 
the rate of 2 tons per acres. All liming materials shall conform to the requirements of ASTM C602. 

904-2.3 Fertilizer. Fertilizer shall be standard commercial fertilizers supplied separately or in mixtures containing 
the percentages of total nitrogen, available phosphoric acid, and water-soluble potash. They shall be applied at the 
rate and to the depth specified, and shall meet the requirements of applicable state laws. They shall be furnished in 
standard containers with name, weight, and guaranteed analysis of contents clearly marked thereon. No cyanamide 
compounds or hydrated lime shall be permitted in mixed fertilizers. 

The fertilizers may be supplied in one of the following forms: 

a. A dry, free-flowing fertilizer suitable for application by a common fertilizer spreader; 

b. A finely-ground fertilizer soluble in water, suitable for application by power sprayers; or 

c. A granular or pellet form suitable for application by blower equipment. 

Fertilizers shall be mixed grade commercial fertilizer and shall be spread at the rate of 1,000 lbs per acre. 

904-2.4 Water. The water shall be sufficiently free from oil, acid, alkali, salt, or other harmful materials that would 
inhibit the growth of grass. It shall be subject to the approval of the Engineer prior to use. 

904-2.5 Soil for repairs.  The soil for fill and topsoiling of areas to be repaired shall be at least of equal quality to 
that which exists in areas adjacent to the area to be repaired. The soil shall be relatively free from large stones, roots, 
stumps, or other materials that will interfere with subsequent sowing of seed, compacting, and establishing turf, and 
shall be approved by the Engineer before being placed. 

CONSTRUCTION METHODS 
904-3.1 General. Areas to be solid, strip, or spot sodded shall be shown on the plans. Areas requiring special ground 
surface preparation such as tilling and those areas in a satisfactory condition that are to remain undisturbed shall also 
be shown on the plans. 

Suitable equipment necessary for proper preparation of the ground surface and for the handling and placing of all 
required materials shall be on hand, in good condition, and shall be approved by the Engineer before the various 
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operations are started. The Contractor shall demonstrate to the Engineer before starting the various operations that 
the application of required materials will be made at the specified rates. 

904-3.2 Preparing the ground surface. After grading of areas has been completed and before applying fertilizer 
and limestone, areas to be sodded shall be raked or otherwise cleared of stones larger than 2 inches (50 mm) in any 
diameter, sticks, stumps, and other debris which might interfere with sodding, growth of grasses, or subsequent 
maintenance of grass-covered areas. If any damage by erosion or other causes occurs after grading of areas and 
before beginning the application of fertilizer and ground limestone, the Contractor shall repair such damage. This 
may include filling gullies, smoothing irregularities, and repairing other incidental damage. 

904-3.3 Applying fertilizer and ground limestone. Following ground surface preparation, fertilizer shall be 
uniformly spread at a rate which will provide not less than the minimum quantity of each fertilizer ingredient, as 
stated in the special provisions. If use of ground limestone is required, it shall then be spread at a rate that will 
provide not less than the minimum quantity stated in the special provisions. These materials shall be incorporated 
into the soil to a depth of not less than 2 inches (50 mm) by discing, raking, or other suitable methods. Any stones 
larger than 2 inches (50 mm) in any diameter, large clods, roots, and other litter brought to the surface by this 
operation shall be removed. 

904-3.4 Obtaining and delivering sod. After inspection and approval of the source of sod by the Engineer, the sod 
shall be cut with approved sod cutters to such a thickness that after it has been transported and placed on the 
prepared bed, but before it has been compacted, it shall have a uniform thickness of not less than 2 inches (50 mm). 
Sod sections or strips shall be cut in uniform widths, not less than 10 inches (250 mm), and in lengths of not less 
than 18 inches (0.5 m), but of such length as may be readily lifted without breaking, tearing, or loss of soil. Where 
strips are required, the sod must be rolled without damage with the grass folded inside. The Contractor may be 
required to mow high grass before cutting sod. 

The sod shall be transplanted within 24 hours from the time it is stripped, unless circumstances beyond the 
Contractor’s control make storing necessary. In such cases, sod shall be stacked, kept moist, and protected from 
exposure to the air and sun and shall be kept from freezing. Sod shall be cut and moved only when the soil moisture 
conditions are such that favorable results can be expected. Where the soil is too dry, permission to cut sod may be 
granted only after it has been watered sufficiently to moisten the soil to the depth the sod is to be cut. 

904-3.5 Laying sod. Sodding shall be performed only during the seasons when satisfactory results can be expected. 
Frozen sod shall not be used and sod shall not be placed upon frozen soil. Sod may be transplanted during periods of 
drought with the approval of the Engineer, provided the sod bed is watered to moisten the soil to a depth of at least 4 
inches (100 mm) immediately prior to laying the sod. 

The sod shall be moist and shall be placed on a moist earth bed. Pitch forks shall not be used to handle sod, and 
dumping from vehicles shall not be permitted. The sod shall be carefully placed by hand, edge to edge and with 
staggered joints, in rows at right angles to the slopes, commencing at the base of the area to be sodded and working 
upward. The sod shall immediately be pressed firmly into contact with the sod bed by tamping or rolling with 
approved equipment to provide a true and even surface, and ensure knitting without displacement of the sod or 
deformation of the surfaces of sodded areas. Where the sod may be displaced during sodding operations, the 
workmen, when replacing it, shall work from ladders or treaded planks to prevent further displacement. Screened 
soil of good quality shall be used to fill all cracks between sods. The quantity of the fill soil shall not cause 
smothering of the grass. Where the grades are such that the flow of water will be from paved surfaces across sodded 
areas, the surface of the soil in the sod after compaction shall be set approximately one inch (25 mm) below the 
pavement edge. Where the flow will be over the sodded areas and onto the paved surfaces around manholes and 
inlets, the surface of the soil in the sod after compaction shall be placed flush with pavement edges. 

On slopes steeper than one (1) vertical to 2-1/2 horizontal and in v-shaped or flat-bottom ditches or gutters, the sod 
shall be pegged with wooden pegs not less than 12 inches (300 mm) in length and have a cross-sectional area of not 
less than 3/4 sq inch (18 sq mm). The pegs shall be driven flush with the surface of the sod. 

904-3.6 Watering. Adequate water and watering equipment must be on hand before sodding begins, and sod shall 
be kept moist until it has become established and its continued growth assured. In all cases, watering shall be done 
in a manner that will avoid erosion from the application of excessive quantities and will avoid damage to the 
finished surface. 
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904-3.7 Establishing turf. 

a. General. The Contractor shall provide general care for the sodded areas as soon as the sod has been laid and 
shall continue until final inspection and acceptance of the work. 

b. Protection. All sodded areas shall be protected against traffic or other use by warning signs or barricades 
approved by the Engineer. 

c. Mowing. The Contractor shall mow the sodded areas with approved mowing equipment, depending upon 
climatic and growth conditions and the needs for mowing specific areas. In the event that weeds or other undesirable 
vegetation are permitted to grow to such an extent that, either cut or uncut, they threaten to smother the sodded 
species, they shall be mowed and the clippings raked and removed from the area. 

904-3.8 Repairing. When the surface has become gullied or otherwise damaged during the period covered by this 
contract, the affected areas shall be repaired to re-establish the grade and the condition of the soil, as directed by the 
Engineer, and shall then be sodded as specified in paragraph 904-3.5. 

METHOD OF MEASUREMENT 
904-4.1 This item shall be measured on the basis of the area in square yards (square meters) of the surface covered 
with sod and accepted. 

BASIS OF PAYMENT 
904-5.1 This item will be paid for on the basis of the contract unit price per square yard (square meter) for sodding, 
which price shall be full compensation for all labor, equipment, material, staking, and incidentals necessary to 
satisfactorily complete the items as specified. 

Payment will be made under: 

Item T-904-5.1 Bermuda Sodding - per square yard  

MATERIAL REQUIREMENTS 
ASTM C602 Standard Specification for Agricultural Liming Materials 

END OF ITEM T-904 
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ITEM L-108 UNDERGROUND POWER CABLE FOR AIRPORTS 

DESCRIPTION 
108-1.1 This item shall consist of furnishing and installing power cables that are direct buried and furnishing and/or 
installing power cables within conduit or duct banks per these specifications at the locations shown on the plans. It 
includes excavation and backfill of trench for direct-buried cables only. Also included are the installation of 
counterpoise wires, ground wires, ground rods and connections, cable splicing, cable marking, cable testing, and all 
incidentals necessary to place the cable in operating condition as a completed unit to the satisfaction of the Engineer. 
This item shall not include the installation of duct banks or conduit, trenching and backfilling for duct banks or 
conduit, or furnishing or installation of cable for FAA owned/operated facilities. Requirements and payment for 
trenching and backfilling for the installation of underground conduit and duct banks is in Item L-110, Airport 
Underground Electrical Duct Banks and Conduits. 

EQUIPMENT AND MATERIALS 
108-2.1 General. 

a. Airport lighting equipment and materials covered by advisory circulars (AC) shall be approved under the 
Airport Lighting Equipment Certification Program per AC 150/5345-53, current version. 

b. All other equipment and materials covered by other referenced specifications shall be subject to acceptance 
through manufacturer’s certification of compliance with the applicable specification, when requested by the 
Engineer. 

c. Manufacturer’s certifications shall not relieve the Contractor of the responsibility to provide materials per 
these specifications. Materials supplied and/or installed that do not comply with these specifications shall be 
removed (when directed by the Engineer) and replaced with materials that comply with these specifications at the 
Contractor’s cost. 

d. All materials and equipment used to construct this item shall be submitted to the Engineer for approval prior 
to ordering the equipment. Submittals consisting of marked catalog sheets or shop drawings shall be provided. 
Submittal data shall be presented in a clear, precise and thorough manner. Original catalog sheets are preferred. 
Photocopies are acceptable provided they are as good a quality as the original. Clearly and boldly mark each copy to 
identify products or models applicable to this project. Indicate all optional equipment and delete any non-pertinent 
data. Submittals for components of electrical equipment and systems shall identify the equipment to which they 
apply on each submittal sheet. Markings shall be made bold and clear with arrows or circles (highlighting is not 
acceptable). The Contractor is solely responsible for delays in the project that may accrue directly or indirectly from 
late submissions or resubmissions of submittals. 

e. The data submitted shall be sufficient, in the opinion of the Engineer, to determine compliance with the plans 
and specifications.   The Contractor’s submittals shall be neatly bound in a properly sized 3-ring binder, tabbed by 
specification section.    The Engineer reserves the right to reject any and all equipment, materials, or procedures that 
do not meet the system design and the standards and codes, specified in this document. 

f. All equipment and materials furnished and installed under this section shall be guaranteed against defects in 
materials and workmanship for at least twelve (12) months   from the date of final acceptance by the Owner. The 
defective materials and/or equipment shall be repaired or replaced, at the Owner’s discretion, with no additional cost 
to the Owner. The Contractor shall be responsible to maintain a minimum insulation resistance per AC 150/5340-
26B, Maintenance Airport Visual aid Facilities, Table 5-1 and paragraph 5.1.3.1, with isolation transformers 
connected in new circuits and new segments of existing circuits through the end of the contract warranty period. 

108-2.2 Cable. Underground cable for airfield lighting facilities (runway and taxiway lights and signs) shall 
conform to the requirements of AC 150/5345-7, Specification for L-824 Underground Electrical Cable for Airport 
Lighting Circuits latest edition.  Conductors for use on 6.6 ampere primary airfield lighting series circuits shall be 
single conductor, seven strand, #8 American wire gauge AWG), L-824  Type C, 5,000 volts, nonshielded, 
with  ethylene propylene insulation or cross-linked polyethylene insulation.  Conductors for use on 20 ampere 
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primary airfield lighting series circuits shall be single conductor, seven strand, #6 AWG, L-824, Type C , 5,000 
volts, nonshielded, with    ethylene propylene insulation or cross-linked polyethylene insulation.  L-824 conductors 
for use on the L-830 secondary of airfield lighting series circuits shall be sized in accordance with the 
manufacturer’s recommendations.  All other conductors shall comply with FAA and National Electric Code (NEC) 
requirements. Conductor sizes noted above shall not apply to leads furnished by manufacturers on airfield lighting 
transformers and fixtures. 

Wire for electrical circuits up to 600 volts shall comply with Specification L-824 and/or Federal Specification J-C-
30 and shall be type THWN-2, 75°C.  Conductors for parallel (voltage) circuits shall be sized and installed in 
accordance with NFPA-70, National Electrical Code. 

Unless noted otherwise, all 600-volt and less non-airfield lighting conductor sizes are based on a 75°C, THWN-2, 
600 volt insulation, copper conductors, not more than three single insulated conductors, in raceway, in free air.  The 
conduit/duct sizes are based on the use of THWN-2, 600 volt insulated conductors.  The Contractor shall make the 
necessary increase in conduit/duct sizes for other types of wire insulation.  In no case shall the conduit/duct size be 
reduced.  The minimum power circuit wire size shall be #12 AWG. 

Conductor sizes may have been adjusted due to voltage drop or other engineering considerations.  Equipment 
provided by the Contractor shall be capable of accepting the quantity and sizes of conductors shown in the Contract 
Documents.  All conductors, pigtails, cable step-down adapters, cable step-up adapters, terminal blocks and splicing 
materials necessary to complete the cable termination/splice shall be considered incidental to the respective pay 
items provided. 

Cable type, size, number of conductors, strand and service voltage shall be as specified in the Contract Document. 

108-2.3 Bare copper wire (counterpoise, bare copper wire ground and ground rods). Wire for counterpoise or 
ground installations for airfield lighting systems shall be No. 6 AWG bare solid copper wire for counterpoise and/or 
No. 6 AWG insulated stranded for ground wire per ASTM B3 and ASTM B8, and shall be bare copper wire   per 
ASTM B33. See AC 150/5340-30 for additional details about counterpoise and ground wire types and installation.  
For voltage powered circuits, the equipment ground conductor shall be minimum No. 6 AWG, 600V rated, Type 
XHHW insulated, green color, stranded copper equipment ground conductor. 

Ground rods shall be copper   or   copper-clad steel. The ground rods shall be of the length and diameter specified on 
the plans, but in no case be less than 10 feet (2.54 m)   long and   5/8 inch (16 mm)   in diameter. 

108-2.4 Cable connections. In-line connections or splices of underground primary cables shall be of the type called 
for on the plans, and shall be one of the types listed below. No separate payment will be made for cable connections. 

a. The cast splice. A cast splice, employing a plastic mold and using epoxy resin equivalent to that 
manufactured by 3MTM Company, “Scotchcast” Kit No. 82-B, or as manufactured by Hysol® Corporation, “Hyseal 
Epoxy Splice” Kit No. E1135, or an approved equivalent, used for potting the splice is acceptable. 

b. The field-attached plug-in splice. Figure 3 of AC 150/5345-26, Specification for L-823 Plug and 
Receptacle, Cable Connectors, employing connector kits, is acceptable for field attachment to single conductor 
cable. It shall be the Contractor’s responsibility to determine the outside diameter of the cable to be spliced and to 
furnish appropriately sized connector kits and/or adapters and heat shrink tubing with integral sealant. 

c. The factory-molded plug-in splice. Specification for L-823 Connectors, Factory-Molded to Individual 
Conductors, is acceptable. 

d. The taped or heat-shrink splice. Taped splices employing field-applied rubber, or synthetic rubber tape 
covered with plastic tape is acceptable. The rubber tape should meet the requirements of ASTM D4388 and the 
plastic tape should comply with Military Specification MIL-I-24391 or Commercial Item Description A-A-55809. 
Heat shrinkable tubing shall be heavy-wall, self-sealing tubing rated for the voltage of the wire being spliced and 
suitable for direct-buried installations. The tubing shall be factory coated with a thermoplastic adhesive-sealant that 
will adhere to the insulation of the wire being spliced forming a moisture- and dirt-proof seal. Additionally, heat 
shrinkable tubing for multi-conductor cables, shielded cables, and armored cables shall be factory kits that are 
designed for the application. Heat shrinkable tubing and tubing kits shall be manufactured by Tyco Electronics/ 
Raychem Corporation, Energy Division, or approved equivalent. 
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In all the above cases, connections of cable conductors shall be made using crimp connectors using a crimping tool 
designed to make a complete crimp before the tool can be removed. All L-823/L-824 splices and terminations shall 
be made per the manufacturer’s recommendations and listings. 

All connections of counterpoise, grounding conductors and ground rods shall be made by the exothermic process or 
approved equivalent, except that a light base ground clamp connector shall be used for attachment to the light base. 
See AC 150/5340-30 for additional information about methods of attaching a ground to a galvanized light base. All 
exothermic connections shall be made per the manufacturer’s recommendations and listings. 

108-2.5 Splicer qualifications. Every airfield lighting cable splicer shall be qualified in making airport cable splices 
and terminations on cables rated at or above 5,000 volts AC. The Contractor shall submit to the Engineer proof of 
the qualifications of each proposed cable splicer for the airport cable type and voltage level to be worked on. Cable 
splicing/terminating personnel shall have a minimum of three (3) years continuous experience in 
terminating/splicing medium voltage cable. 

108-2.6 Concrete. Concrete for cable markers shall be per Specification Item P-610, Structural Portland Cement 
Concrete. 

108-2.7 Flowable backfill. Flowable material used to backfill trenches for power cable trenches shall conform to 
the requirements of Item P-153, Controlled Low Strength Material. 

108-2.8 Cable identification tags. Cable identification tags shall be made from a non-corrosive material with the 
circuit identification stamped or etched onto the tag. The tags shall be of the type as detailed on the plans. 

108-2.9 Tape. Electrical tapes shall be ScotchTM Electrical Tapes –ScotchTM 88 (1-1/2 inch (38 mm) wide) and 
ScotchTM 130C® linerless rubber splicing tape (2-inch (50 mm) wide), as manufactured by the Minnesota Mining 
and Manufacturing Company (3MTM), or an approved equivalent. 

108-2.10 Electrical coating. Electrical coating shall be Scotchkote™ as manufactured by 3MTM, or an approved 
equivalent. 

108-2.11 Existing circuits. Whenever the scope of work requires connection to an existing circuit, the circuit’s 
insulation resistance shall be tested, in the presence of the Engineer. The test shall be performed per this item and 
prior to any activity that will affect the respective circuit. The Contractor shall record the results on forms acceptable 
to the Engineer. When the work affecting the circuit is complete, the circuit’s insulation resistance shall be checked 
again, in the presence of the Engineer. The Contractor shall record the results on forms acceptable to the Engineer. 
The second reading shall be equal to or greater than the first reading or the Contractor shall make the necessary 
repairs to the circuit to bring the second reading above the first reading. All repair costs including a complete 
replacement of the L-823 connectors, L-830 transformers and L-824 cable, if necessary, shall be borne by the 
Contractor. All test results shall be submitted in the Operation and Maintenance (O&M) Manual. 

108-2.12 Detectable warning tape. Plastic, detectable, American Wood Preservers Association (AWPA) Red 
(electrical power lines, cables, conduit and lighting cable) with continuous legend magnetic tape shall be 
polyethylene film with a metalized foil core and shall be 3-6 inches (75-150 mm) wide. Detectable tape is incidental 
to the respective bid item. 

CONSTRUCTION METHODS 
108-3.1 General. The Contractor shall install the specified cable at the approximate locations indicated on the plans. 
Unless otherwise shown on the plans, all cable required to cross under pavements expected to carry aircraft loads 
shall be installed in concrete encased duct banks. Wherever possible, cable shall be run without splices, from 
connection to connection. 

Cable connections between lights will be permitted only at the light locations for connecting the underground cable 
to the primary leads of the individual isolation transformers. The Contractor shall be responsible for providing cable 
in continuous lengths for home runs or other long cable runs without connections unless otherwise authorized in 
writing by the Engineer or shown on the plans. 

In addition to connectors being installed at individual isolation transformers, L-823 cable connectors for 
maintenance and test points shall be installed at locations shown on the plans. Cable circuit identification markers 
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shall be installed on both sides of the L-823 connectors installed or at least once in each access point where L-823 
connectors are not installed. 

Provide not less than 3 feet (1 m) of cable slack on each side of all connections, isolation transformers, light units, 
and at points where cable is connected to field equipment. Where provisions must be made for testing or for future 
above grade connections, provide enough slack to allow the cable to be extended at least one foot (30 cm) vertically 
above the top of the access structure. This requirement also applies where primary cable passes through empty light 
bases, junction boxes, and access structures to allow for future connections, or as designated by the Engineer. 

Primary airfield lighting cables installed shall have cable circuit identification markers attached on both sides of 
each L-823 connector and on each airport lighting cable entering or leaving cable access points, such as manholes, 
hand holes, pull boxes, junction boxes, etc. Markers shall be of sufficient length for imprinting the cable circuit 
identification legend on one line, using letters not less than 1/4 inch (6 mm) in size. The cable circuit identification 
shall match the circuits noted on the construction plans. 

108-3.2 Installation in duct banks or conduits. This item includes the installation of the cable in duct banks or 
conduit per the following paragraphs. The maximum number and voltage ratings of cables installed in each single 
duct or conduit, and the current-carrying capacity of each cable shall be per the latest version of the National 
Electric Code, or the code of the local agency or authority having jurisdiction. 

The Contractor shall make no connections or splices of any kind in cables installed in conduits or duct banks. 

Unless otherwise designated in the plans, where ducts are in tiers, use the lowest ducts to receive the cable first, with 
spare ducts left in the upper levels. Check duct routes prior to construction to obtain assurance that the shortest 
routes are selected and that any potential interference is avoided. 

Duct banks or conduits shall be installed as a separate item per Item L-110, Airport Underground Electrical Duct 
Banks and Conduit. The Contractor shall run a mandrel through duct banks or conduit prior to installation of cable 
to ensure that the duct bank or conduit is open, continuous and clear of debris. The mandrel size shall be compatible 
with the conduit size. The Contractor shall swab out all conduits/ducts and clean light bases, manholes, etc., interiors 
immediately prior to pulling cable. Once cleaned and swabbed, the light bases and all accessible points of entry to 
the duct/conduit system shall be kept closed except when installing cables. Cleaning of ducts, light bases, manholes, 
etc., is incidental to the pay item of the item being cleaned. All raceway systems left open, after initial cleaning, for 
any reason shall be re-cleaned at the Contractor’s expense. The Contractor shall verify existing ducts proposed for 
use in this project as clear and open. The Contractor shall notify the Engineer of any blockage in the existing ducts.  

The cable shall be installed in a manner that prevents harmful stretching of the conductor, damage to the insulation, 
or damage to the outer protective covering. The ends of all cables shall be sealed with moisture-seal tape providing 
moisture-tight mechanical protection with minimum bulk, or alternately, heat shrinkable tubing before pulling into 
the conduit and it shall be left sealed until connections are made. Where more than one cable is to be installed in a 
conduit, all cable shall be pulled in the conduit at the same time. The pulling of a cable through duct banks or 
conduits may be accomplished by hand winch or power winch with the use of cable grips or pulling eyes. Maximum 
pulling tensions shall not exceed the cable manufacturer’s recommendations. A non-hardening cable-pulling 
lubricant recommended for the type of cable being installed shall be used where required. 

The Contractor shall submit the recommended pulling tension values to the Engineer prior to any cable installation. 
If required by the Engineer, pulling tension values for cable pulls shall be monitored by a dynamometer in the 
presence of the Engineer. Cable pull tensions shall be recorded by the Contractor and reviewed by the Engineer. 
Cables exceeding the maximum allowable pulling tension values shall be removed and replaced by the Contractor at 
the Contractor’s expense. 

The manufacturer’s minimum bend radius or NEC requirements (whichever is more restrictive) shall apply. Cable 
installation, handling and storage shall be per manufacturer’s recommendations. During cold weather, particular 
attention shall be paid to the manufacturer’s minimum installation temperature. Cable shall not be installed when the 
temperature is at or below the manufacturer’s minimum installation temperature. At the Contractor’s option, the 
Contractor may submit a plan, for review by the Engineer, for heated storage of the cable and maintenance of an 
acceptable cable temperature during installation when temperatures are below the manufacturer’s minimum cable 
installation temperature. 

Cable shall not be dragged across base can or manhole edges, pavement or earth. When cable must be coiled, lay 
cable out on a canvas tarp or use other appropriate means to prevent abrasion to the cable jacket. 
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All existing conductor cables in conduit that are no longer used shall be removed and disposed of by the 
Contractor.  During the removal of unused cables or homerun, any other cable in the duct/conduit that must be 
removed will be replaced with new conductor cable. 

The maximum distance any cable may be pulled is per manufacturer recommendations. 

108-3.3 Installation of direct-buried cable in trenches. Unless otherwise specified, the Contractor shall not use a 
cable plow for installing the cable. Cable shall be unreeled uniformly in place alongside or in the trench and shall be 
carefully placed along the bottom of the trench. The cable shall not be unreeled and pulled into the trench from one 
end. Slack cable sufficient to provide strain relief shall be placed in the trench in a series of S curves. Sharp bends or 
kinks in the cable shall not be permitted. 

Where cables must cross over each other, a minimum of 3 inches (75 mm) vertical displacement shall be provided 
with the topmost cable depth at or below the minimum required depth below finished grade. 

a. Trenching. Where turf is well established and the sod can be removed, it shall be carefully stripped and 
properly stored. Trenches for cables may be excavated manually or with mechanical trenching equipment. Walls of 
trenches shall be essentially vertical so that a minimum of surface is disturbed. Graders shall not be used to excavate 
the trench with their blades. The bottom surface of trenches shall be essentially smooth and free from coarse 
aggregate. Unless otherwise specified, cable trenches shall be excavated to a minimum depth of 18 inches (0.5 m) 
below finished grade per NEC Table 300.5, except as follows: 

(1) When off the airport or crossing under a roadway or driveway, the minimum depth shall be 36 inches 
(91 cm) unless otherwise specified. 

(2) Minimum cable depth when crossing under a railroad track, shall be 42 inches (1 m) unless otherwise 
specified. 

Dewatering necessary for cable installation, erosion and turbidity control, per Federal, state, and local requirements 
is incidental to its respective pay items as part of Item L-108. The cost of all excavation regardless of type of 
material encountered, shall be included in the unit price bid for the L-108 Item. 

The Contractor shall excavate all cable trenches to a width not less than 6 inches (150 mm). Unless otherwise 
specified on the plans, all cables in the same location and running in the same general direction shall be installed in 
the same trench. 

When rock is encountered, the rock shall be removed to a depth of at least 3 inches (75 mm) below the required 
cable depth and it shall be replaced with bedding material of earth or sand containing no mineral aggregate particles 
that would be retained on a 1/4 inch (6 mm) sieve. Flowable backfill material may alternatively be used. The 
Contractor shall ascertain the type of soil or rock to be excavated before bidding. All such rock removal shall be 
performed and paid for under Item P-152. 

Duct bank or conduit markers temporarily removed for trench excavations shall be replaced as required. 

It is the Contractor’s responsibility to locate existing utilities within the work area prior to excavation. Where 
existing active cables cross proposed installations, the Contractor shall ensure that these cables are adequately 
protected. Where crossings are unavoidable, no splices will be allowed in the existing cables, except as specified on 
the plans. Installation of new cable where such crossings must occur shall proceed as follows: 

(1) Existing cables shall be located manually. Unearthed cables shall be inspected to assure absolutely no 
damage has occurred. 

(2) Trenching, etc., in cable areas shall then proceed, with approval of the Engineer, with care taken to 
minimize possible damage or disruption of existing cable, including careful backfilling in area of cable. 

In the event that any previously identified cable is damaged during the course of construction, the Contractor shall 
be responsible for the complete repair or replacement. 

b. Backfilling. After the cable has been installed, the trench shall be backfilled. The first layer of backfill in the 
trench shall be 3 inches (75 mm) deep, loose measurement, and shall be either earth or sand containing no mineral 
aggregate particles that would be retained on a 1/4 inch (6 mm) sieve. This layer shall not be compacted. The second 
layer shall be 5 inches (125 mm) deep, loose measurement, and shall contain no particles that would be retained on a 
one inch (25 mm) sieve. The remaining third and subsequent layers of backfill shall not exceed 8 inches (20 cm) of 
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loose measurement and be excavated or imported material and shall not contain stone or aggregate larger than 4 
inches (100 mm) maximum diameter. 

The second and subsequent layers shall be thoroughly tamped and compacted to at least the density of the adjacent 
undisturbed soil, and to the satisfaction of the Engineer. If necessary to obtain the desired compaction, the backfill 
material shall be moistened or aerated as required. 

If the cable is to be installed in locations or areas where other compaction requirements are specified (under 
pavements, embankments, etc.) the compaction requirements per Item P-152 for that area shall be followed. 

Trenches shall not contain pools of water during backfilling operations. The trench shall be completely backfilled 
and tamped level with the adjacent surface, except that when turf is to be established over the trench, the backfilling 
shall be stopped at an appropriate depth consistent with the type of turfing operation to be accommodated. A proper 
allowance for settlement shall also be provided. Any excess excavated material shall be removed and disposed of 
per the plans and specifications. 

Underground electrical warning (caution) tape shall be installed in the trench above all direct-buried cable. 
Contractor shall submit a sample of the proposed warning tape for acceptance by the Engineer. If not shown on the 
plans, the warning tape shall be located 6 inches (150 mm) above the direct-buried cable or the counterpoise wire if 
present. A 4-6 inch (100 - 150 mm) wide polyethylene film detectable tape, with a metalized foil core, shall be 
installed above all direct buried cable or counterpoise. The tape shall be of the color and have a continuous legend as 
indicated on the plans. The tape shall be installed 8 inch (200 mm) minimum below finished grade. 

c. Restoration. Following restoration of all trenching near airport movement surfaces, the Contractor shall 
visually inspect the area for foreign object debris (FOD) and remove any that is found.  Where soil and sod has been 
removed, it shall be replaced as soon as possible after the backfilling is completed. All areas disturbed by work shall 
be restored to its original condition. The restoration shall include 
the   sodding,     topsoiling,      fertilizing,      liming,      seeding,      sprigging     or mulching,   as shown on the 
plans. The Contractor shall be held responsible for maintaining all disturbed surfaces and replacements until final 
acceptance. When trenching is through paved areas, restoration shall be equal to existing conditions and compaction 
shall meet the requirements of Item P-152. Restoration shall be considered incidental to the pay item of which it is a 
component part. 

108-3.4 Cable markers for direct-buried cable. The location of direct buried circuits shall be marked by a 
concrete slab marker, 2 feet (60 cm) square and 4-6 inch (10 - 15 cm) thick, extending approximately one inch (25 
mm) above the surface. Each cable run from a line of lights and signs to the equipment vault shall be marked at 
approximately every 200 feet (61 m) along the cable run, with an additional marker at each change of direction of 
cable run. All other direct-buried cable shall be marked in the same manner. Cable markers shall be installed directly 
above the cable. The Contractor shall impress the word “CABLE” and directional arrows on each cable marking 
slab. The letters shall be approximately 4 inches (100 mm) high and 3 inches (75 mm) wide, with width of stroke 1/2 
inch (12 mm) and 1/4 inch (6 mm) deep. 

At the location of each underground cable connection, except at lighting units, or isolation transformers, or power a 
concrete marker slab must mark adapters placed above the connection. The Contractor shall impress the word 
“SPLICE” on each slab. The Contractor also shall impress additional circuit identification symbols on each slab as 
directed by the Engineer. All cable markers and splice markers shall be painted international orange. Paint shall be 
specifically manufactured for uncured exterior concrete. After placement, all cable or splice markers shall be given 
one coat of high-visibility aviation orange paint as approved by the Engineer. Furnishing and installation of cable 
markers is incidental to the respective cable pay item. 

108-3.5 Splicing. Connections of the type shown on the plans shall be made by experienced personnel regularly 
engaged in this type of work and shall be made as follows: 

a. Cast splices. These shall be made by using crimp connectors for jointing conductors. Molds shall be 
assembled, and the compound shall be mixed and poured per the manufacturer’s instructions and to the satisfaction 
of the Engineer. 

b. Field-attached plug-in splices. These shall be assembled per the manufacturer’s instructions. These splices 
shall be made by plugging directly into mating connectors. In all cases the joint where the connectors come together 
shall be wrapped with at least one layer of rubber or synthetic rubber tape and one layer of plastic tape, one-half 
lapped, extending at least 1-1/2 inches (38 mm) on each side of the joint. 



UNDERGROUND POWER CABLE FOR AIRPORTS L-108-7 

c. Factory-molded plug-in splices. These shall be made by plugging directly into mating connectors. In all 
cases, the joint where the connectors come together shall be wrapped with at least one layer of rubber or synthetic 
rubber tape and one layer of plastic tape, one-half lapped, extending at least 1-1/2 inches (38 mm) on each side of 
the joint. 

d. Taped or heat-shrink splices. A taped splice shall be made in the following manner: 

Bring the cables to their final position and cut so that the conductors will butt. Remove insulation and jacket 
allowing for bare conductor of proper length to fit compression sleeve connector with 1/4 inch (6 mm) of bare 
conductor on each side of the connector. Prior to splicing, the two ends of the cable insulation shall be penciled 
using a tool designed specifically for this purpose and for cable size and type. Do not use emery paper on splicing 
operation since it contains metallic particles. The copper conductors shall be thoroughly cleaned. Join the conductors 
by inserting them equidistant into the compression connection sleeve. Crimp conductors firmly in place with 
crimping tool that requires a complete crimp before tool can be removed. Test the crimped connection by pulling on 
the cable. Scrape the insulation to assure that the entire surface over which the tape will be applied (plus 3 inches 
(75 mm) on each end) is clean. After scraping wipe the entire area with a clean lint-free cloth. Do not use solvents. 

Apply high-voltage rubber tape one-half lapped over bare conductor. This tape should be tensioned as recommended 
by the manufacturer. Voids in the connector area may be eliminated by highly elongating the tape, stretching it just 
short of its breaking point. Throughout the rest of the splice less tension should be used. Always attempt to exactly 
half-lap to produce a uniform buildup. Continue buildup to 1-1/2 times cable diameter over the body of the splice 
with ends tapered a distance of approximately one inch (25 mm) over the original jacket. Cover rubber tape with two 
layers of vinyl pressure-sensitive tape one-half lapped. Do not use glyptol or lacquer over vinyl tape as they react as 
solvents to the tape. No further cable covering or splice boxes are required. 

Heat shrinkable tubing shall be installed following manufacturer’s instructions. Direct flame heating shall not be 
permitted unless recommended by the manufacturer. Cable surfaces within the limits of the heat-shrink application 
shall be clean and free of contaminates prior to application. 

Surfaces of equipment or conductors being terminated or connected shall be prepared in accordance with industry 
standard practice and manufacturer’s recommendations.  All surfaces to be connected shall be thoroughly cleaned to 
remove all dirt, grease, oxides, nonconductive films, or other foreign material.  Paints and other nonconductive 
coatings shall be removed to expose base metal.  Clean all surfaces at least 1/4 inch (6.4 mm) beyond all sides of the 
larger bonded area on all mating surfaces.  Use a joint compound suitable for the materials used in the connection.  
Repair painted/coated surface to original condition after completing the connection. 

108-3.6 Bare counterpoise wire installation for lightning protection and grounding. If shown on the plans or 
included in the job specifications, bare solid  #6 AWG  copper counterpoise wire shall be installed for lightning 
protection of the underground cables.  

     For edge light fixtures installed in turf (stabilized soils) and for raceways or cables adjacent to the full strength 
pavement edge, the counterpoise conductor shall be installed halfway between the pavement edge and the light base, 
mounting stake, raceway, or cable. 

The counterpoise conductor shall be installed as shown on the drawings. 8 inches (203 mm) minimum below 
grade. 

Each light base or mounting stake shall be provided with a grounding electrode. 

When a metallic light base is used, the grounding electrode shall be bonded to the metallic light base or 
mounting stake with a No. 6 AWG bare, annealed or soft drawn, solid copper conductor. 

When a nonmetallic light base is used, the grounding electrode shall be bonded to the metallic light fixture or 
metallic base plate with a No. 6 AWG bare, annealed or soft drawn, solid copper conductor.    

     For raceways installed under pavement; for raceways and cables not installed adjacent to the full strength 
pavement edge; for fixtures installed in full strength pavement and shoulder pavement and for optional method of 
edge lights installed in turf (stabilized soils); and for raceways or cables adjacent to the full strength pavement edge, 
the counterpoise conductor shall be centered over the raceway or cable to be protected as described below. 

The counterpoise conductor shall be installed no less than 8 inches (203 mm) above the raceway or cable to be 
protected, except as permitted below. 
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The minimum counterpoise conductor height above the raceway or cable to be protected shall be permitted to 
be adjusted subject to coordination with the airfield lighting and pavement designs. 

Where raceway is installed by the directional bore, jack and bore, or other drilling method, the counterpoise 
conductor shall be permitted to be installed concurrently with the directional bore, jack and bore, or other drilling 
method raceway, external to the raceway or sleeve. 

The counterpoise conductor shall be installed no more than 12 inches (305 mm) above the raceway or cable to 
be protected. 

The counterpoise conductor height above the protected raceway(s) or cable(s) shall be calculated to ensure that 
the raceway or cable is within a 45-degree area of protection. 

The counterpoise conductor shall be bonded to each metallic light base, mounting stake, and metallic airfield 
lighting component. 

All metallic airfield lighting components in the field circuit on the output side of the constant current regulator 
(CCR) or other power source shall be bonded to the airfield lighting counterpoise system.   

The counterpoise wire shall also be exothermically welded to ground rods installed as shown on the plans but 
not more than 500 feet (150 m) apart around the entire circuit. The counterpoise system shall be continuous and 
terminate at the transformer vault or at the power source. It shall be securely attached to the vault or equipment 
external ground ring or other made electrode-grounding system. The connections shall be made as shown on the 
plans and in the specifications. 

If shown on the plans or in the specifications, a separate equipment (safety) ground system shall be provided in 
addition to the counterpoise wire using one of the following methods: 

c. A ground rod installed at and securely attached to each light fixture base, mounting stake, and to all metal 
surfaces at junction/access structures via #6 AWG wire. 

d. For parallel voltage systems only, install a #6 AWG green insulated equipment ground conductor internal to 
the conduit system and securely attached it to each light fixture base internal grounding lug and to all metal surfaces 
at junction/access structures.  Dedicated ground rods shall be installed and exothermically welded to the 
counterpoise wires at each end of a duct bank crossing under pavement. 

Where an existing airfield lighting system is being extended or modified, the new counterpoise conductors shall 
be interconnected to existing counterpoise conductors at each intersection of the new and existing airfield lighting 
counterpoise systems.  

108-3.7 Counterpoise installation above multiple conduits and duct banks. Counterpoise wires shall be installed 
above multiple conduits/duct banks for airfield lighting cables, with the intent being to provide a complete area of 
protection over the airfield lighting cables. When multiple conduits and/or duct banks for airfield cable are installed 
in the same trench, the number and location of counterpoise wires above the conduits shall be adequate to provide a 
complete cone of protection measured 22-1/2 degrees each side of vertical. 

Where duct banks pass under pavement to be constructed in the project, the counterpoise shall be placed above the 
duct bank. Reference details on the construction plans. 

108-3.8 Counterpoise installation at existing duct banks. When airfield lighting cables are indicated on the plans 
to be routed through existing duct banks, the new counterpoise wiring shall be terminated at ground rods at each end 
of the existing duct bank where the cables being protected enter and exit the duct bank. The new counterpoise 
conductor shall be bonded to the existing counterpoise system. 

108-3.9 Exothermic bonding. Bonding of counterpoise wire shall be by the exothermic welding process. Only 
personnel experienced in and regularly engaged in this type of work shall make these connections. 

Contractor shall demonstrate to the satisfaction of the Engineer, the welding kits, materials and procedures to be 
used for welded connections prior to any installations in the field. The installations shall comply with the 
manufacturer’s recommendations and the following: 

a. All slag shall be removed from welds. 
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b. Using an exothermic weld to bond the counterpoise to a lug on a galvanized light base is not recommended 
unless the base has been specially modified.  Consult the manufacturer’s installation directions for proper methods 
of bonding copper wire to the light base.  See also AC 150/5340-30 for galvanized light base exception. 

c. If called for in the plans, all buried copper and weld material at weld connections shall be thoroughly coated 
with 6 mm of 3MTM ScotchkoteTM, or approved equivalent, or coated with coal tar Bitumastic® material to prevent 
surface exposure to corrosive soil or moisture. 

108-3.10 Testing. The Contractor shall furnish all necessary equipment and appliances for testing the airport 
electrical systems and underground cable circuits before and after installation. The Contractor shall perform all tests 
in the presence of the Engineer. The Contractor shall demonstrate the electrical characteristics to the satisfaction of 
the Engineer. All costs for testing are incidental to the respective item being tested. For phased projects, the tests 
must be completed by phase. The Contractor must maintain the test results throughout the entire project as well as 
during the warranty period that meet the following: 

a. Earth resistance testing methods shall be submitted to the Engineer for approval. Earth resistance testing 
results shall be recorded on an approved form and testing shall be performed in the presence of the Engineer. All 
such testing shall be at the sole expense of the Contractor. 

b. Should the counterpoise or ground grid conductors be damaged or suspected of being damaged by 
construction activities the Contractor shall test the conductors for continuity with a low resistance ohmmeter. The 
conductors shall be isolated such that no parallel path exists and tested for continuity. The Engineer shall approve of 
the test method selected. All such testing shall be at the sole expense of the Contractor. 

After installation, the Contractor shall test and demonstrate to the satisfaction of the Engineer the following: 

c. That all affected lighting power and control circuits (existing and new) are continuous and free from short 
circuits. 

d. That all affected circuits (existing and new) are free from unspecified grounds. 

e. That the insulation resistance to ground of all new non-grounded high voltage series circuits or cable 
segments is not less than 50 megohms. 

f. That the insulation resistance to ground of all new non-grounded conductors of new multiple circuits or 
circuit segments is not less than 100 megohms. 

g. That all affected circuits (existing and new) are properly connected per applicable wiring diagrams. 

h. That all affected circuits (existing and new) are operable. Tests shall be conducted that include operating 
each control not less than 10 times and the continuous operation of each lighting and power circuit for not less than 
1/2 hour. 

i. That the impedance to ground of each ground rod does not exceed 25 ohms prior to establishing connections 
to other ground electrodes. The fall-of-potential ground impedance test shall be used, as described by American 
National Standards Institute/Institute of Electrical and Electronic Engineers (ANSI/IEEE) Standard 81, to verify this 
requirement. As an alternate, clamp-on style ground impedance test meters may be used to satisfy the impedance 
testing requirement.  Test equipment and its calibration sheets shall be submitted for review and approval by the 
Engineer prior to performing the testing. 

Two copies of tabulated results of all cable tests performed shall be supplied by the Contractor to the Engineer. 
Where connecting new cable to existing cable, ground resistance tests shall be performed on the new cable prior to 
connection to the existing circuit. 

There are no approved “repair” procedures for items that have failed testing other than complete replacement. 

METHOD OF MEASUREMENT 
108-4.1   Trenching shall be measured by the linear feet (meters) of trench, including the excavation, backfill, and 
restoration, completed, measured as excavated, and accepted as satisfactory. When specified, separate measurement 
shall be made for trenches of various specified widths.     
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108-4.2 Cable or counterpoise wire installed in trench, duct bank or conduit shall be measured by the number of 
linear feet (meters) installed and grounding connectors, and trench marking tape ready for operation, and accepted as 
satisfactory. Separate measurement shall be made for each cable or counterpoise wire installed in trench, duct bank 
or conduit. The measurement for this item shall include additional quantities required for slack. 

108-4.3 Ground rods shall be measured by each 10-foot section installed complete.   

BASIS OF PAYMENT 
108-5.1 Payment will be made at the contract unit price for trenching, cable and bare counterpoise wire installed in 
trench (direct-buried), or cable and equipment ground installed in duct bank or conduit, in place by the Contractor 
and accepted by the Engineer. This price shall be full compensation for furnishing all materials and for all 
preparation and installation of these materials, and for all labor, equipment, tools, and incidentals, including ground 
rods and ground connectors and trench marking tape, necessary to complete this item. 

Payment will be made under: 

Item L-108-5.1 Underground Cable 1/C No. 8 AWG 5KV, Type “C” Installed in Existing or New 
Conduit or Duct - per linear foot  

Item L-108-5.2 No. 2 Bare Counterpoise Wire, Installed in new Pavement - per liner foot  

Item L-108-5.3 No. 6 Bare Counterpoise Wire, Installed on Pavement or Trench - per liner foot  

Item L-108-5.4 ¾” x 10’ Ground Rods and Connections, Installed In-Place - per each  

MATERIAL REQUIREMENTS 
AC 150/5340-26 Maintenance of Airport Visual Aid Facilities 

AC 150/5340-30 Design and Installation Details for Airport Visual Aids 

AC 150/5345-7 Specification for L-824 Underground Electrical Cable for Airport Lighting Circuits 

AC 150/5345-26 Specification for L-823 Plug and Receptacle, Cable Connectors 

AC 150/5345-53 Airport Lighting Equipment Certification Program 

Commercial  Item Description A-A-59544 
Cable and Wire, Electrical (Power, Fixed Installation) 

Commercial  Item Description A-A-55809 
Insulation Tape, Electrical, Pressure-Sensitive Adhesive, Plastic 

ASTM B3 Standard Specification for Soft or Annealed Copper Wire 

ASTM B8 Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-
Hard, or Soft 

ASTM B33 Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical 
Purposes 

ASTM D4388 Standard Specification for Nonmetallic Semi-Conducting and Electrically Insulating 
Rubber Tapes 

FED SPEC J-C-30 Cable and Wire, Electrical (Power, Fixed Installation) 

MIL-I-24391 Insulation Tape, Electrical, Plastic, Pressure Sensitive 
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REFERENCE DOCUMENTS 
NFPA-70 National Electrical Code (NEC) 

NFPA-780  Standard for the Installation of Lightning Protection Systems 

MIL-S-23586F Performance Specification: Sealing Compound (with Accelerator), Silicone Rubber, 
Electrical 

ANSI/IEEE STD 81 IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface 
Potentials of a Ground System 

END OF ITEM L-108 
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ITEM L-110 AIRPORT UNDERGROUND ELECTRICAL DUCT BANKS  
AND CONDUITS 

DESCRIPTION 
110-1.1 This item shall consist of underground electrical conduits and duct banks (single or multiple conduits 
encased in concrete or buried in sand) installed per this specification at the locations and per the dimensions, 
designs, and details shown on the plans. This item shall include furnishing and installing of all underground 
electrical duct banks and individual and multiple underground conduits. It shall also include all turfing trenching, 
backfilling, removal, and restoration of any paved or turfed areas; concrete encasement, mandrelling, pulling lines, 
duct markers, plugging of conduits, and the testing of the installation as a completed system ready for installation of 
cables per the plans and specifications. This item shall also include furnishing and installing conduits and all 
incidentals for providing positive drainage of the system. Verification of existing ducts is incidental to the pay items 
provided in this specification.  

EQUIPMENT AND MATERIALS 

110-2.1 General. 

a. All equipment and materials covered by referenced specifications shall be subject to acceptance through 
manufacturer’s certification of compliance with the applicable specification when requested by the Engineer. 

b. Manufacturer’s certifications shall not relieve the Contractor of the responsibility to provide materials per 
these specifications and acceptable to the Engineer. Materials supplied and/or installed that do not comply with these 
specifications shall be removed, when directed by the Engineer and replaced with materials, that comply with these 
specifications, at the Contractor’s cost. 

c. All materials and equipment used to construct this item shall be submitted to the Engineer for approval prior 
to ordering the equipment. Submittals consisting of marked catalog sheets or shop drawings shall be provided. 
Submittal data shall be presented in a clear, precise and thorough manner. Original catalog sheets are preferred. 
Photocopies are acceptable provided they are as good a quality as the original. Clearly and boldly mark each copy to 
identify products or models applicable to this project. Indicate all optional equipment and delete non-pertinent data. 
Submittals for components of electrical equipment and systems shall identify the equipment for which they apply on 
each submittal sheet. Markings shall be made bold and clear with arrows or circles (highlighting is not acceptable). 
The Contractor is solely responsible for delays in project that accrue directly or indirectly from late submissions or 
resubmissions of submittals. 

d. The data submitted shall be sufficient, in the opinion of the Engineer, to determine compliance with the plans 
and specifications.   The Contractor’s submittals shall be neatly bound in a properly sized 3-ring binder, tabbed by 
specification section.   The Engineer reserves the right to reject any and all equipment, materials or procedures that 
do not meet the system design and the standards and codes specified in this document. 

e. All equipment and materials furnished and installed under this section shall be guaranteed against defects in 
materials and workmanship for a period of at least twelve (12) months   from final acceptance by the Owner. The 
defective materials and/or equipment shall be repaired or replaced, at the Owner’s discretion, with no additional cost 
to the Owner. 

110-2.2 Steel conduit. Rigid galvanized steel (RGS) conduit and fittings shall be hot dipped galvanized inside and 
out and conform to the requirements of Underwriters Laboratories Standards 6, 514B, and 1242. All RGS conduits 
or RGS elbows installed below grade, in concrete, permanently wet locations or other similar environments shall be 
painted with a 10 mil thick coat of asphaltum sealer or shall have a factory bonded  polyvinyl chloride (PVC) cover.  
Any exposed galvanizing or steel shall be coated with 10 mil of asphaltum sealer.  When using PVC coated RGS 
conduit, care shall be exercised not to damage the factory PVC coating.  Damaged PVC coating shall be repaired per 
the manufacturer's written instructions. 

110-2.3 Plastic conduit. Plastic conduit and fittings-shall conform to the following requirements: 
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• UL 514B covers W-C-1094-Conduit fittings all types, classes 1 thru 3 and 6 thru 10.  

• UL 514C covers W-C-1094- all types, Class 5 junction box and cover in plastic (PVC).  

• UL 651 covers W-C-1094-Rigid PVC Conduit, types I and II, Class 4. 

• UL 651A covers W-C-1094-Rigid PVC Conduit and high density polyethylene (HDPE) Conduit type III 
and Class 4. 

Underwriters Laboratories Standards UL-651 and Article 352 of the current National Electrical Code shall be one of 
the following, as shown on the plans: 

a. Type I–Schedule 40 PVC suitable for underground use either direct-buried or encased in concrete. 

b. Type II–Schedule 40 PVC suitable for either above ground or underground use. 

c. Type III – Schedule 80 PVC suitable for either above ground or underground use either direct-buried or 
encased in concrete. 

d. Type III –HDPE pipe, minimum standard dimensional ratio (SDR) 11, suitable for placement with directional 
boring under pavement. 

The type of solvent cement shall be as recommended by the conduit/fitting manufacturer. 

110-2.4 Split conduit. Split conduit shall be pre-manufactured for the intended purpose and shall be made of steel 
or plastic. 

110-2.5 Conduit spacers. Conduit spacers shall be prefabricated interlocking units manufactured for the intended 
purpose. They shall be of double wall construction made of high grade, high density polyethylene complete with 
interlocking cap and base pads, They shall be designed to accept No. 4 reinforcing bars installed vertically. 

110-2.6 Concrete. Concrete shall conform to Item P-610, Structural Portland Cement Concrete, using 1- inch 
maximum size coarse aggregate with a minimum 28-day compressive strength of 3000 psi. Where reinforced duct 
banks are specified, reinforcing steel shall conform to ASTM A615 Grade 60. Concrete and reinforcing steel are 
incidental to the respective pay item of which they are a component part. 

110-2.7 Flowable backfill. Flowable material used to back fill conduit and duct bank trenches shall conform to the 
requirements of Item P-153, Controlled Low Strength Material.  Fill shall be designed to achieve a 28-day 
compressive strength of 200 psi (1.4 MPa) under pavement. 

110-2.8 Detectable warning tape.  Plastic, detectable, American Wood Preservers Association (AWPA) Red 
(electrical power lines, cables, conduit and lighting cable) with continuous legend magnetic tape shall be 
polyethylene film with a metallized foil core and shall be 3-6 inches (75-150 mm) wide.  Detectable tape is 
incidental to the respective bid item. 

CONSTRUCTION METHODS 
110-3.1 General. The Contractor shall install underground duct banks and conduits at the approximate locations 
indicated on the plans. The Engineer shall indicate specific locations as the work progresses, if required to differ 
from the plans. Duct banks and conduits shall be of the size, material, and type indicated on the plans or 
specifications. Where no size is indicated on the plans or in the specifications, conduits shall be not less than 2 
inches (50 mm) inside diameter or comply with the National Electrical Code based on cable to be installed, 
whichever is larger. All duct bank and conduit lines shall be laid so as to grade toward access points and duct or 
conduit ends for drainage. Unless shown otherwise on the plans, grades shall be at least 3 inches (75 mm) per 100 
feet (30 m). On runs where it is not practicable to maintain the grade all one way, the duct bank and conduit lines 
shall be graded from the center in both directions toward access points or conduit ends, with a drain into the storm 
drainage system. Pockets or traps where moisture may accumulate shall be avoided. No duct bank or underground 
conduit shall be less than 18 inches (0.5 m) below finished grade. Where under pavement, the top of the duct bank 
shall not be less than 18 inches (0.5 m) below the subgrade. 
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The Contractor shall mandrel each individual conduit whether the conduit is direct-buried or part of a duct bank. An 
iron-shod mandrel, not more than 1/4 inch (6 mm) smaller than the bore of the conduit shall be pulled or pushed 
through each conduit. The mandrel shall have a leather or rubber gasket slightly larger than the conduit hole. 

The Contractor shall swab out all conduits/ducts and clean base can, manhole, pull boxes, etc., interiors 
IMMEDIATELY prior to pulling cable. Once cleaned and swabbed the light bases, manholes, pull boxes, etc., and 
all accessible points of entry to the duct/conduit system shall be kept closed except when installing cables. Cleaning 
of ducts, base cans, manholes, etc., is incidental to the pay item of the item being cleaned. All raceway systems left 
open, after initial cleaning, for any reason shall be recleaned at the Contractor’s expense. All accessible points shall 
be kept closed when not installing cable. The Contractor shall verify existing ducts proposed for use in this project 
as clear and open. The Contractor shall notify the Engineer of any blockage in the existing ducts. 

For pulling the permanent wiring, each individual conduit, whether the conduit is direct-buried or part of a duct 
bank, shall be provided with a 200 pound (90 kg) test polypropylene pull rope. The ends shall be secured and 
sufficient length shall be left in access points to prevent it from slipping back into the conduit. Where spare conduits 
are installed, as indicated on the plans, the open ends shall be plugged with removable tapered plugs, designed for 
this purpose. 

All conduits shall be securely fastened in place during construction and shall be plugged to prevent contaminants 
from entering the conduits. Any conduit section having a defective joint shall not be installed. Ducts shall be 
supported and spaced apart using approved spacers at intervals not to exceed 5 feet (1.5 m). 

Unless otherwise shown on the plans, concrete encased duct banks shall be used when crossing under pavements 
expected to carry aircraft loads, such as runways, taxiways, taxilanes, ramps and aprons. When under paved 
shoulders and other paved areas, conduit and duct banks shall be encased using flowable fill for protection.  

All conduits within concrete encasement of the duct banks shall terminate with female ends for ease in current and 
future use. Install factory plugs in all unused ends. Do not cover the ends or plugs with concrete. 

Where turf is well established and the sod can be removed, it shall be carefully stripped and properly stored. 

Trenches for conduits and duct banks may be excavated manually or with mechanical trenching equipment unless in 
pavement, in which case they shall be excavated with mechanical trenching equipment. Walls of trenches shall be 
essentially vertical so that a minimum of shoulder surface is disturbed. Blades of graders shall not be used to 
excavate the trench. 

When rock is encountered, the rock shall be removed to a depth of at least 3 inches (75 mm) below the required 
conduit or duct bank depth and it shall be replaced with bedding material of earth or sand containing no mineral 
aggregate particles that would be retained on a 1/4 inch (6 mm) sieve. Flowable backfill may alternatively be used 
The Contractor shall ascertain the type of soil or rock to be excavated before bidding. All such rock removal shall be 
performed and paid for under Item P-152. 

Underground electrical warning (Caution) tape shall be installed in the trench above all underground duct banks and 
conduits in unpaved areas. Contractor shall submit a sample of the proposed warning tape for approval by the 
Engineer. If not shown on the plans, the warning tape shall be located 6 inches above the duct/conduit or the 
counterpoise wire if present. 

Joints in plastic conduit shall be prepared per the manufacturer’s recommendations for the particular type of conduit. 
Plastic conduit shall be prepared by application of a plastic cleaner and brushing a plastic solvent on the outside of 
the conduit ends and on the inside of the couplings. The conduit fitting shall then be slipped together with a quick 
one-quarter turn twist to set the joint tightly. Where more than one conduit is placed in a single trench, or in duct 
banks, joints in the conduit shall be staggered a minimum of 2 feet (60 cm). 

Changes in direction of runs exceeding 10 degrees, either vertical or horizontal, shall be accomplished using 
manufactured sweep bends. 

Whether or not specifically indicated on the drawings, where the soil encountered at established duct bank grade is 
an unsuitable material, as determined by the Engineer, the unsuitable material shall be removed per Item P-152 and 
replaced with suitable material. Alternatively, additional duct bank supports that are adequate and stable shall be 
installed, as approved by the Engineer. 
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All excavation shall be unclassified and shall be considered incidental to the respective L-110 pay item of which it is 
a component part. Dewatering necessary for duct installation, erosion and turbidity control, per Federal, state, and 
local requirements is incidental to its respective pay item as a part of Item L-110. The cost of all excavation 
regardless of type of material encountered, shall be included in the unit price bid for the L-110 Item. 

Unless otherwise specified, excavated materials that are deemed by the Engineer to be unsuitable for use in backfill 
or embankments shall be removed and disposed of offsite. 

Any excess excavation shall be filled with suitable material approved by the Engineer and compacted per Item P-
152. 

It is the Contractor’s responsibility to locate existing utilities within the work area prior to excavation. Where 
existing active cables) cross proposed installations, the Contractor shall ensure that these cables are adequately 
protected. Where crossings are unavoidable, no splices will be allowed in the existing cables, except as specified on 
the plans. Installation of new cable where such crossings must occur shall proceed as follows: 

a. Existing cables shall be located manually. Unearthed cables shall be inspected to assure absolutely no 
damage has occurred 

b. Trenching, etc., in cable areas shall then proceed with approval of the Engineer, with care taken to minimize 
possible damage or disruption of existing cable, including careful backfilling in area of cable. 

In the event that any previously identified cable is damaged during the course of construction, the Contractor shall 
be responsible for the complete repair. 

110-3.2 Duct banks. Unless otherwise shown in the plans, duct banks shall be installed so that the top of the 
concrete envelope is not less than 18 inches (0.5 m) below the bottom of the base or stabilized base course layers 
where installed under runways, taxiways, aprons, or other paved areas, and not less than 18 inches (0.5 m) below 
finished grade where installed in unpaved areas. 

Unless otherwise shown on the plans, duct banks under paved areas shall extend at least 3 feet (1 m) beyond the 
edges of the pavement or 3 feet (1 m) beyond any under drains that may be installed alongside the paved area. 
Trenches for duct banks shall be opened the complete length before concrete is placed so that if any obstructions are 
encountered, provisions can be made to avoid them. Unless otherwise shown on the plans, all duct banks shall be 
placed on a layer of concrete not less than 3 inches (75 mm) thick prior to its initial set. The Contractor shall space 
the conduits not less than 3 inch (75 mm) apart (measured from outside wall to outside wall). All such multiple 
conduits shall be placed using conduit spacers applicable to the type of conduit. As the conduit laying progresses, 
concrete shall be placed around and on top of the conduits not less than 3 inches (75 mm) thick unless otherwise 
shown on the plans. All conduits shall terminate with female ends for ease of access in current and future use. Install 
factory plugs in all unused ends. Do not cover the ends or plugs with concrete.  

Conduits forming the duct bank shall be installed using conduit spacers. No. 4 reinforcing bars shall be driven 
vertically into the soil a minimum of 6 inches (150 mm) to anchor the assembly into the earth prior to placing the 
concrete encasement. For this purpose, the spacers shall be fastened down with locking collars attached to the 
vertical bars. Spacers shall be installed at 5-foot (1.5-m) intervals. Spacers shall be in the proper sizes and 
configurations to fit the conduits. Locking collars and spacers shall be submitted to the Engineer for review prior to 
use. 

When specified, the Contractor shall reinforce the bottom side and top of encasements with steel reinforcing mesh or 
fabric or other approved metal reinforcement. When directed, the Contractor shall supply additional supports where 
the ground is soft and boggy, where ducts cross under roadways, or where shown on the plans. Under such 
conditions, the complete duct structure shall be supported on reinforced concrete footings, piers, or piles located at 
approximately 5-foot (1.5-m) intervals. 

All pavement surfaces that are to have ducts installed therein shall be neatly saw cut to form a vertical face. All 
excavation shall be included in the contract with price for the duct. 

Install a plastic, detectable, color as noted, 3 to 6 inches (75 to 150 mm) wide tape, 8 inches (200 mm) minimum 
below grade above all underground conduit or duct lines not installed under pavement.  Utilize the 3-inch (75-mm) 
wide tape only for single conduit runs. Utilize the 6-inch (150-mm) wide tape for multiple conduits and duct banks. 
For duct banks equal to or greater than 24 inches (600 mm) in width, utilize more than one tape for sufficient 
coverage and identification of the duct bank as required. 
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When existing cables are to be placed in split duct, encased in concrete, the cable shall be carefully located and 
exposed by hand tools. Prior to being placed in duct, the Engineer shall be notified so that he may inspect the cable 
and determine that it is in good condition. Where required, split duct shall be installed as shown on the drawings or 
as required by the Engineer. 

110-3.3 Conduits without concrete encasement. Trenches for single-conduit lines shall be not less than 6 inches 
(150 mm) nor more than 12 inches (300 mm) wide. The trench for 2 or more conduits installed at the same level 
shall be proportionately wider. Trench bottoms for conduits without concrete encasement shall be made to conform 
accurately to grade so as to provide uniform support for the conduit along its entire length. 

Unless otherwise shown on the plans, a layer of fine earth material, at least 4 inches (100 mm) thick (loose 
measurement) shall be placed in the bottom of the trench as bedding for the conduit. The bedding material shall 
consist of soft dirt, sand or other fine fill, and it shall contain no particles that would be retained on a 1/4 inch (6 
mm) sieve. The bedding material shall be tamped until firm. Flowable backfill may alternatively be used. 

Unless otherwise shown on plans, conduits shall be installed so that the tops of all conduits within the Airport’s 
secured area where trespassing is prohibited are at least 18 inches (0.5 m) below the finished grade.  Conduits 
outside the Airport’s secured area shall be installed so that the tops of the conduits are at least 24 inches (60 cm) 
below the finished grade per National Electric Code (NEC), Table 300.5. 

When two or more individual conduits intended to carry conductors of equivalent voltage insulation rating are 
installed in the same trench without concrete encasement, they shall be spaced not less than 3 inches (75 mm) apart 
(measured from outside wall to outside wall) in a horizontal direction and not less than 6 inches (150 mm) apart in a 
vertical direction. Where two or more individual conduits intended to carry conductors of differing voltage 
insulation rating are installed in the same trench without concrete encasement, they shall be placed not less than 3 
inches (75 mm) apart (measured from outside wall to outside wall) in a horizontal direction and lot less than 6 
inches (150 mm) apart in a vertical direction. 

Trenches shall be opened the complete length between normal termination points before conduit is installed so that 
if any unforeseen obstructions are encountered, proper provisions can be made to avoid them. 

Conduits shall be installed using conduit spacers. No. 4 reinforcing bars shall be driven vertically into the soil a 
minimum of 6 inches (150 mm) to anchor the assembly into the earth while backfilling. For this purpose, the spacers 
shall be fastened down with locking collars attached to the vertical bars. Spacers shall be installed at 5-foot (1.5-m) 
intervals. Spacers shall be in the proper sizes and configurations to fit the conduits. Locking collars and spacers shall 
be submitted to the Engineer for review prior to use. 

110-3.4 Markers. The location of each end and of each change of direction of conduits and duct banks shall be 
marked by a concrete slab marker 2 feet (60 cm) square and 4 - 6 inches (100 - 150 mm) thick extending 
approximately one inch (25 mm) above the surface. The markers shall also be located directly above the ends of all 
conduits or duct banks, except where they terminate in a junction/access structure or building. Each cable or duct 
run from a line of lights and signs to the equipment vault must be marked at approximately every 200 feet (61 m) 
along the cable or duct run, with an additional marker at each change of direction of cable or duct run.  

The Contractor shall impress the word “DUCT” or “CONDUIT” on each marker slab. Impression of letters shall be 
done in a manner, approved by the Engineer, for a neat, professional appearance. All letters and words must be 
neatly stenciled. After placement, all markers shall be given one coat of high-visibility orange paint, as approved by 
the Engineer. The Contractor shall also impress on the slab the number and size of conduits beneath the marker 
along with all other necessary information as determined by the Engineer. The letters shall be 4 inches (100 mm) 
high and 3 inches (75 mm) wide with width of stroke 1/2 inch (12 mm) and 1/4 inch (6 mm) deep or as large as the 
available space permits. Furnishing and installation of duct markers is incidental to the respective duct pay item. 

110-3.5 Backfilling for conduits. For conduits, 8 inches (200 mm) of sand, soft earth, or other fine fill (loose 
measurement) shall be placed around the conduits ducts and carefully tamped around and over them with hand 
tampers. The remaining trench shall then be backfilled and compacted per Item P-152 “Excavation and 
Embankment” except that material used for back fill shall be select material not larger than 4 inches (100 mm) in 
diameter. 

Flowable backfill may alternatively be used. 

Trenches shall not contain pools of water during back filling operations. 
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The trench shall be completely backfilled and tamped level with the adjacent surface; except that, where sod is to be 
placed over the trench, the backfilling shall be stopped at a depth equal to the thickness of the sod to be used, with 
proper allowance for settlement. 

Any excess excavated material shall be removed and disposed of per instructions issued by the Engineer. 

110-3.6 Backfilling for duct banks. After the concrete has cured, the remaining trench shall be backfilled and 
compacted per Item P-152 “Excavation and Embankment” except that the material used for backfill shall be select 
material not larger than 4 inches (100 mm) in diameter. In addition to the requirements of P-152, where duct banks 
are installed under pavement, one moisture/density test per lift shall be made for each 250 linear feet (76 m) of duct 
bank or one work period’s construction, whichever is less. 

Flowable backfill may alternatively be used. 

Trenches shall not contain pools of water during backfilling operations. 

The trench shall be completely backfilled and tamped level with the adjacent surface; except that, where sod is to be 
placed over the trench, the backfilling shall be stopped at a depth equal to the thickness of the sod to be used, with 
proper allowance for settlement. 

Any excess excavated material shall be removed and disposed of per instructions issued by the Engineer. 

110-3.7 Restoration. Where sod has been removed, it shall be replaced as soon as possible after the backfilling is 
completed. All areas disturbed by the work shall be restored to its original condition. The restoration shall 
include sodding, topsoiling, fertilizing, liming, seeding, sprigging or mulching as shown on the plans. The 
Contractor shall be held responsible for maintaining all disturbed surfaces and replacements until final acceptance. 
All restoration shall be considered incidental to the respective L-110 pay item. Following restoration of all trenching 
near airport movement surfaces, the Contractor shall thoroughly visually inspect the area for foreign object debris 
(FOD), and remove any such FOD that is found.  This FOD inspection and removal shall be considered incidental to 
the pay item of which it is a component part. 

METHOD OF MEASUREMENT 
110-4.1 Underground conduits and duct banks shall be measured by the linear feet (meter) of conduits and duct 
banks installed, including encasement, locator tape, trenching and backfill with designated material, and for drain 
lines, the termination at the drainage structure, all measured in place, completed, and accepted. Separate 
measurement shall be made for the various types and sizes. 

BASIS OF PAYMENT 
110-5.1 Payment will be made at the contract unit price per linear foot for each type and size of conduit and duct 
bank completed and accepted, including trench and backfill with the designated material, and, for drain lines, the 
termination at the drainage structure. This price shall be full compensation for furnishing all materials and for all 
preparation, assembly, and installation of these materials, and for all labor, equipment, tools, and incidentals 
necessary to complete this item per the provisions and intent of the plans and specifications. 

Payment will be made under: 

Item L-110-5.1 1W2” Underground Electrical Conduit, Schedule 40, Non-Concrete Encased (in turf or 
under shoulder pavement) - per linear foot  

Item L-110-5.2 New HDD 2W4” Duct Bank Under Existing Pavement - per linear foot  

Item L-110-5.3 New 2W2” Duct Bank, Non-Concrete Encased for High Mast Lights - per linear foot  
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MATERIAL REQUIREMENTS 
 

Advisory Circular (AC) 150/5340-30  
Design and Installation Details for Airport Visual Aids 

AC 150/5345-53 Airport Lighting Equipment Certification Program 

ASTM A615 Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete 
Reinforcement 

ASTM D1556 Standard Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone 
Method 

ASTM D1557 Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 
Modified Effort (56,000 ft-lbf/ft3(2,700 kN-m/m3)) 

ASTM D2167 Standard Test Method for Density and Unit Weight of Soil in Place by the Rubber 
Balloon Method 

ASTM D2922 Standard Test Methods for Density of Soil and Soil-Aggregate in Place by Nuclear 
Methods (Shallow Depth) 

NFPA-70 National Electrical Code (NEC) 

Underwriters Laboratories Standard 6 
Electrical Rigid Metal Conduit - Steel  

Underwriters Laboratories Standard 514B 
Conduit, Tubing, and Cable Fittings  

Underwriters Laboratories Standard 514C 
Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers 

Underwriters Laboratories Standard 1242 
Electrical Intermediate Metal Conduit Steel 

Underwriters Laboratories Standard 651 
Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings 

Underwriters Laboratories Standard 651A 
Type EB and A Rigid PVC Conduit and HDPE Conduit 

END OF ITEM L-110 
 
 
 
 
 
 
 
 
 
 
 
 
 



L-110-8 AIRPORT UNDERGROUND ELECTRICAL DUCT BANKS AND CONDUITS 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

(THIS PAGE INTENTIONALLY LEFT BLANK) 

 



ELECTRICAL MANHOLES AND JUNCTION STRUCTURES L-115-1 

ITEM L-115 ELECTRICAL MANHOLES AND JUNCTION STRUCTURES 

DESCRIPTION 
115-1.1 This item shall consist of electrical manholes and junction structures (hand holes, pull boxes, junction cans, 
etc.) installed per this specification, at the indicated locations and conforming to the lines, grades and dimensions 
shown on the plans or as required by the Engineer. This item shall include the installation of each electrical manhole 
and/or junction structures with all associated excavation, backfilling, sheeting and bracing, concrete, reinforcing 
steel, ladders, appurtenances, testing, dewatering and restoration of surfaces to the satisfaction of the Engineer. 

EQUIPMENT AND MATERIALS 
115-2.1 General. 

a. All equipment and materials covered by referenced specifications shall be subject to acceptance through 
manufacturer’s certification of compliance with the applicable specification when so requested by the Engineer. 

b. Manufacturer’s certifications shall not relieve the Contractor of the responsibility to provide materials per 
these specifications. Materials supplied and/or installed that do not comply with these specifications shall be 
removed (when directed by the Engineer) and replaced with materials that comply with these specifications at the 
Contractor’s cost. 

c. All materials and equipment used to construct this item shall be submitted to the Engineer for approval prior 
to ordering the equipment. Submittals consisting of marked catalog sheets or shop drawings shall be provided. 
Submittal data shall be presented in a clear, precise and thorough manner. Original catalog sheets are preferred. 
Photocopies are acceptable provided they are as good a quality as the original. Clearly and boldly mark each copy to 
identify products or models applicable to this project. Indicate all optional equipment and delete any non-pertinent 
data. Submittals for components of electrical equipment and systems shall identify the equipment to which they 
apply on each submittal sheet. Markings shall be made bold and clear with arrows or circles (highlighting is not 
acceptable). The Contractor is solely responsible for delays in the project that may accrue directly or indirectly from 
late submissions or resubmissions of submittals. 

d. The data submitted shall be sufficient, in the opinion of the Engineer, to determine compliance with the plans 
and specifications. The Contractor’s submittals shall be neatly bound in a properly sized 3-ring binder, tabbed by 
specification section. The Engineer reserves the right to reject any and all equipment, materials or procedures that do 
not meet the system design and the standards and codes, specified in this document. 

e. All equipment and materials furnished and installed under this section shall be guaranteed against defects in 
materials and workmanship for a period of at least twelve (12) months from the date of final acceptance by the 
Owner. The defective materials and/or equipment shall be repaired or replaced, at the Owner’s discretion, with no 
additional cost to the Owner. 

115-2.2 Concrete structures. Cast-in-place concrete structures shall be per the details and dimensions shown on the 
plans. 

Provide precast concrete structures where shown on the plans. Precast concrete structures shall be an approved 
standard design of the manufacturer. Precast units shall have mortar or bitumastic sealer placed between all joints to 
make them watertight. The structure shall be designed to withstand 100,000 lb aircraft loads, unless otherwise 
shown on the plans. Openings or knockouts shall be provided in the structure as detailed on the plans. 

Threaded inserts and pulling eyes shall be cast in as shown. 

If the Contractor chooses to propose a different structural design, signed and sealed shop drawings, design 
calculations, and other information requested by the Engineer shall be submitted by the Contractor to allow for a full 
evaluation by the Engineer. The Engineer shall review per the process defined in the General Provisions. 

115-2.3 Junction boxes. Junction boxes shall be L-867 Class 1 (non-load bearing) or L-868 Class 1 (load bearing) 
airport light bases that are encased in concrete. The light bases shall have a galvanized steel blank cover, gasket, and 
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stainless steel or coated steel hardware per FAA Engineering Brief (EB) #83. Covers shall be 3/8-inch (9-mm) 
thickness for L-867 and 3/4-inch (19-mm) thickness for L-868. 

115-2.4 Mortar. The mortar shall be composed of one part of Portland cement and two parts of mortar sand, by 
volume. The Portland cement shall be per the requirements in ASTM C150, Type I. The sand shall be per the 
requirements in ASTM C144. Hydrated lime may be added to the mixture of sand and cement in an amount not to 
exceed 15% of the weight of cement used. The hydrated lime shall meet the requirements of ASTM C6. Water shall 
be potable, reasonably clean and free of oil, salt, acid, alkali, sugar, vegetable, or other substances injurious to the 
finished product. 

115-2.5 Concrete. All concrete used in structures shall conform to the requirements of Item P-610, Structural 
Portland Cement Concrete. 

115-2.6 Frames and covers. The frames shall conform to one of the following requirements: 

a. ASTM A48 Gray iron castings 

b. ASTM A47 Malleable iron castings 

c. ASTM A27 Steel castings 

d. ASTM A283, Grade D Structural steel for grates and frames 

e. ASTM A536 Ductile iron castings 

f. ASTM A897 Austempered ductile iron castings 

All castings specified shall withstand a maximum tire pressure of 250 psi and maximum load of 100,000 lbs. 

All castings or structural steel units shall conform to the dimensions shown on the plans and shall be designed to 
support the loadings specified. 

Each frame and cover unit shall be provided with fastening members to prevent it from being dislodged by traffic, 
but which will allow easy removal for access to the structure. 

All castings shall be thoroughly cleaned. After fabrication, structural steel units shall be galvanized to meet the 
requirements of ASTM A123. 

Each cover shall have the word “ELECTRIC” or other approved designation cast on it. Each frame and cover shall 
be as shown on the plans or approved equivalent. No cable notches are required. 

Each manhole shall be provided with a “DANGER -- PERMIT-REQUIRED CONFINED SPACE, DO NOT 
ENTER” safety warning sign as detailed in the Contract Documents and in accordance with OSHA 1910.146 (c)(2). 

115-2.7 Ladders. Ladders, if specified, shall be galvanized steel or as shown on the plans. 

115-2.8 Reinforcing steel. All reinforcing steel shall be deformed bars of new billet steel meeting the requirements 
of ASTM A615, Grade 60. 

115-2.9 Bedding/special backfill. Bedding or special backfill shall be as shown on the plans. 

115-2.10 Flowable backfill. Flowable material used to backfill shall conform to the requirements of Item P-153, 
Controlled Low Strength Material. 

115-2.11 Cable trays. Cable trays shall be of galvanized steel, plastic, or aluminum. Cable trays shall be located as 
shown on the plans. 

115-2.12 Plastic conduit. Plastic conduit shall comply with Item L-110, Airport Underground Electrical Duct Banks 
and Conduits. 

115-2.13 Conduit terminators. Conduit terminators shall be pre-manufactured for the specific purpose and sized as 
required or as shown on the plans. 

115-2.14 Pulling-in irons. Pulling-in irons shall be manufactured with 7/8 inch (22 mm) diameter hot-dipped 
galvanized steel or stress-relieved carbon steel roping designed for concrete applications (7 strand, 1/2 inch (12 mm) 
diameter with an ultimate strength of 270,000 psi (1862 MPa)). Where stress-relieved carbon steel roping is used, a 
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rustproof sleeve shall be installed at the hooking point and all exposed surfaces shall be encapsulated with a 
polyester coating to prevent corrosion. 

115-2.15 Ground rods. Ground rods shall be one piece, copper. The ground rods shall be of the length and diameter 
specified on the plans, but in no case shall they be less than 8 feet (2.4 m) long nor less than 5/8 inch (16 mm) in 
diameter.  

CONSTRUCTION METHODS 
115-3.1 Unclassified excavation. It is the Contractor’s responsibility to locate existing utilities within the work area 
prior to excavation. Damage to utility lines, through lack of care in excavating, shall be repaired or replaced to the 
satisfaction of the Engineer without additional expense to the Owner. 

The Contractor shall perform excavation for structures and structure footings to the lines and grades or elevations 
shown on the plans or as staked by the Engineer. The excavation shall be of sufficient size to permit the placing of 
the full width and length of the structure or structure footings shown. 

All excavation shall be unclassified and shall be considered incidental to the respective L-115 pay item of which it is 
a component part. Dewatering necessary for L-115 structure installation, erosion and turbidity control, per Federal, 
state, and local requirements is incidental to its respective pay item as a part of Item L-115. The cost of all 
excavation regardless of type of material encountered, shall be included in the unit price bid for the L-115 Item. 

Boulders, logs and all other objectionable material encountered in excavation shall be removed. All rock and other 
hard foundation material shall be cleaned of all loose material and cut to a firm surface either level, stepped or 
serrated, as directed by the Engineer. All seams, crevices, disintegrated rock and thin strata shall be removed. When 
concrete is to rest on a surface other than rock, special care shall be taken not to disturb the bottom of the 
excavation. Excavation to final grade shall not be made until just before the concrete or reinforcing is to be placed. 

The Contractor shall provide all bracing, sheeting and shoring necessary to implement and protect the excavation 
and the structure as required for safety or conformance to governing laws. The cost of bracing, sheeting and shoring 
shall be included in the unit price bid for the structure. 

Unless otherwise provided, bracing, sheeting and shoring involved in the construction of this item shall be removed 
by the Contractor after the completion of the structure. Removal shall be effected in a manner that will not disturb or 
mar finished masonry. The cost of removal shall be included in the unit price bid for the structure. 

After each excavation is completed, the Contractor shall notify the Engineer. Structures shall be placed after the 
Engineer has approved the depth of the excavation and the suitability of the foundation material. 

Prior to installation the Contractor shall provide a minimum of 6 inches (150 mm) of sand or a material approved by 
the Engineer as a suitable base to receive the structure. The base material shall be compacted and graded level and at 
proper elevation to receive the structure in proper relation to the conduit grade or ground cover requirements, as 
indicated on the plans. 

115-3.2 Concrete structures. Concrete structures shall be built on prepared foundations conforming to the 
dimensions and form indicated on the plans. The concrete and construction methods shall conform to the 
requirements specified in Item P-610. Any reinforcement required shall be placed as indicated on the plans and shall 
be approved by the Engineer before the concrete is placed. 

115-3.3 Precast unit installations. Precast units shall be installed plumb and true. Joints shall be made watertight 
by use of sealant at each tongue-and-groove joint and at roof of manhole. Excess sealant shall be removed and 
severe surface projections on exterior of neck shall be removed. 

115-3.4 Placement and treatment of castings, frames and fittings. All castings, frames and fittings shall be 
placed in the positions indicated on the Plans or as directed by the Engineer and shall be set true to line and to 
correct elevation. If frames or fittings are to be set in concrete or cement mortar, all anchors or bolts shall be in place 
and position before the concrete or mortar is placed. The unit shall not be disturbed until the mortar or concrete has 
set. 
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Field connections shall be made with bolts, unless indicated otherwise. Welding will not be permitted unless shown 
otherwise on the approved shop drawings and written permission is granted by the casting manufacturer. Erection 
equipment shall be suitable and safe for the workman. Errors in shop fabrication or deformation resulting from 
handling and transportation that prevent the proper assembly and fitting of parts shall be reported immediately to the 
Engineer and approval of the method of correction shall be obtained. Approved corrections shall be made at 
Contractor’s expense. 

Anchor bolts and anchors shall be properly located and built into connection work. Bolts and anchors shall be preset 
by the use of templates or such other methods as may be required to locate the anchors and anchor bolts accurately. 

Pulling-in irons shall be located opposite all conduit entrances into structures to provide a strong, convenient 
attachment for pulling-in blocks when installing cables. Pulling-in irons shall be set directly into the concrete walls 
of the structure. 

115-3.5 Installation of ladders. Ladders shall be installed such that they may be removed if necessary. Mounting 
brackets shall be supplied top and bottom and shall be cast in place during fabrication of the structure or drilled and 
grouted in place after erection of the structure. 

115-3.6 Removal of sheeting and bracing. In general, all sheeting and bracing used to support the sides of trenches 
or other open excavations shall be withdrawn as the trenches or other open excavations are being refilled. That 
portion of the sheeting extending below the top of a structure shall be withdrawn, unless otherwise directed, before 
more than 6 inches (150 mm) of material is placed above the top of the structure and before any bracing is removed. 
Voids left by the sheeting shall be carefully refilled with selected material and rammed tight with tools especially 
adapted for the purpose or otherwise as may be approved. 

The Engineer may order the Contractor to delay the removal of sheeting and bracing if, in his judgment, the installed 
work has not attained the necessary strength to permit placing of backfill. 

115-3.7 Backfilling. After a structure has been completed, the area around it shall be backfilled in horizontal layers 
not to exceed 6 inches (150 mm) in thickness measured after compaction to the density requirements in Item P-152. 
Each layer shall be deposited all around the structure to approximately the same elevation. The top of the fill shall 
meet the elevation shown on the plans or as directed by the Engineer. 

Backfill shall not be placed against any structure until permission is given by the Engineer. In the case of concrete, 
such permission shall not be given until tests made by the laboratory under supervision of the Engineer establish that 
the concrete has attained sufficient strength to provide a factor of safety against damage or strain in withstanding 
any pressure created by the backfill or the methods used in placing it. 

Where required, the Engineer may direct the Contractor to add, at his own expense, sufficient water during 
compaction to assure a complete consolidation of the backfill. The Contractor shall be responsible for all damage or 
injury done to conduits, duct banks, structures, property or persons due to improper placing or compacting of 
backfill. 

115-3.8 Connection of duct banks. To relieve stress of joint between concrete-encased duct banks and structure 
walls, reinforcement rods shall be placed in the structure wall and shall be formed and tied into duct bank 
reinforcement at the time the duct bank is installed. 

115-3.9 Grounding. A ground rod shall be installed in the floor of all concrete structures so that the top of rod 
extends 6 inches (150 mm) above the floor. The ground rod shall be installed within one foot (30 cm) of a corner of 
the concrete structure. Ground rods shall be installed prior to casting the bottom slab. Where the soil condition does 
not permit driving the ground rod into the earth without damage to the ground rod, the Contractor shall drill a 4 inch 
(100 mm) diameter hole into the earth to receive the ground rod. The hole around the ground rod shall be filled 
throughout its length, below slab, with Portland cement grout. Ground rods shall be installed in precast bottom slab 
of structures by drilling a hole through bottom slab and installing the ground rod. Bottom slab penetration shall be 
sealed watertight with Portland cement grout around the ground rod. 

A grounding bus of 4/0 bare stranded copper shall be exothermically bonded to the ground rod and loop the concrete 
structure walls. The ground bus shall be a minimum of one foot (30 cm) above the floor of the structure and separate 
from other cables. No. 2 American wire gauge (AWG) bare copper pigtails shall bond the grounding bus to all cable 
trays and other metal hardware within the concrete structure. Connections to the grounding bus shall be exothermic. 
If an exothermic weld is not possible, connections to the grounding bus shall be made by using connectors approved 
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for direct burial in soil or concrete per UL 467.  Hardware connections may be mechanical, using a lug designed for 
that purpose. 

115-3.10 Cleanup and repair. After erection of all galvanized items, damaged areas shall be repaired by applying a 
liquid cold-galvanizing compound per MIL-P-21035. Surfaces shall be prepared and compound applied per the 
manufacturer’s recommendations. 

Prior to acceptance, the entire structure shall be cleaned of all dirt and debris. 

115-3.11 Restoration. After the backfill is completed, the Contractor shall dispose of all surplus material, dirt and 
rubbish from the site. The Contractor shall restore all disturbed areas equivalent to or better than their original 
condition. All sodding, grading and restoration shall be considered incidental to the respective L-115 pay item. 

The Contractor shall grade around structures as required to provide positive drainage away from the structure. 

Areas with special surface treatment, such as roads, sidewalks, or other paved areas shall have backfill compacted to 
match surrounding areas, and surfaces shall be repaired using materials comparable to original materials.  

Following restoration of all trenching near airport movement surfaces, the Contractor shall thoroughly visually 
inspect the area for foreign object debris (FOD), and remove any such FOD that is found.  This FOD inspection and 
removal shall be considered incidental to the pay item of which it is a component part. 

After all work is completed, the Contractor shall remove all tools and other equipment, leaving the entire site free, 
clear and in good condition. 

115-3.12 Inspection. Prior to final approval, the electrical structures shall be thoroughly inspected for conformance 
with the plans and this specification. Any indication of defects in materials or workmanship shall be further 
investigated and corrected. The earth resistance to ground of each ground rod shall not exceed 25 ohms. Each 
ground rod shall be tested using the fall-of-potential ground impedance test per American National Standards 
Institute / Institute of Electrical and Electronic Engineers (ANSI/IEEE) Standard 81. This test shall be performed 
prior to establishing connections to other ground electrodes. 

115-3.13 Manhole elevation adjustments. The Contractor shall adjust the tops of existing manholes in areas 
designated in the Contract Documents to the new elevations shown. The Contractor shall be responsible for 
determining the exact height adjustment required to raise the top of each manhole to the new elevations. The 
existing top elevation of each manhole to be adjusted shall be determined in the field and subtracted/added from the 
proposed top elevation. 

The Contractor shall remove/extend the existing top section or ring and cover on the manhole structure or manhole 
access. The Contractor shall then install precast concrete sections or grade rings of the required dimensions to adjust 
the manhole top to the new proposed elevation or shall cut the existing manhole walls to shorten the existing 
structure, as required by final grades. Finally, the Contractor shall reinstall the manhole top section or ring and cover 
on top and check the new top elevation. 

The Contractor shall construct a concrete slab around the top of adjusted structures located in graded areas that are 
not to be paved. The concrete slab shall conform to the dimensions shown on the plans. 

115-3.14 Duct extension to existing ducts. Where existing concrete encased ducts are to be extended, the duct 
extension shall be concrete encased plastic conduit. The fittings to connect the ducts together shall be standard 
manufactured connectors designed and approved for the purpose. The duct extensions shall be installed according to 
the concrete encased duct detail and as shown on the plans. 

METHOD OF MEASUREMENT 
115-4.1 Electrical manholes and junction structures shall be measured by each unit completed in place and accepted. 
The following additional items are specifically included in each unit: 

• All Required Excavation, Dewatering 

• Sheeting and Bracing 

• All Required Backfilling with On-Site Materials 
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• Restoration of All Surfaces and Finished Grading, Sodding 

• All Required Connections 

• Dewatering If Required 

• Temporary Cables and Connections 

• Ground Rod Testing 

115-4.2 Manhole elevation adjustments shall be measured by the completed unit installed, in place, completed, 
and accepted. Separate measurement shall not be made for the various types and sizes. 

BASIS OF PAYMENT 
115-5.1 The accepted quantity of electrical manholes and junction structures will be paid for at the Contract unit 
price per each, complete and in place. This price shall be full compensation for furnishing all materials and for all 
preparation, excavation, backfilling and placing of the materials, furnishing and installation of appurtenances and 
connections to duct banks and other structures as may be required to complete the item as shown on the plans and 
for all labor, equipment, tools and incidentals necessary to complete the structure. 

115-5.2 Payment shall be made at the contract unit price for manhole elevation adjustments. This price shall be full 
compensation for furnishing all materials and for all preparation, assembly, and installation of these materials, and 
for all labor, equipment, tools, and incidentals necessary, including but not limited to, spacers, concrete, rebar, 
dewatering, excavating, backfill, topsoil, sodding and pavement restoration, where required, to complete this item as 
shown in the plans and to the satisfaction of the Engineer. 

Payment will be made under: 

Item L-115-5.1 Electrical Handhole, Complete In-Place - Per Each 

MATERIAL REQUIREMENTS 
ANSI/IEEE STD 81 IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface 

Potentials of a Ground System 

Advisory Circular (AC) 150/5345-7  
Specification for L-824 Underground Electrical Cable for Airport Lighting Circuits 

AC 150/5345-26 Specification for L-823 Plug and Receptacle, Cable Connectors 

AC 150/5345-42  Specification for Airport Light Bases, Transformer Housings, Junction Boxes, and 
Accessories 

AC 150/5340-30 Design and Installation Details for Airport Visual Aids 

AC 150/5345-53  Airport Lighting Equipment Certification Program 

Commercial Item Description A-A 59544 
Cable and Wire, Electrical (Power, Fixed Installation) 

ASTM A27 Standard Specification for Steel Castings, Carbon, for General Application 

ASTM A47 Standard Specification for Ferritic Malleable Iron Castings 

ASTM A48 Standard Specification for Gray Iron Castings 

ASTM A123 Standard Specification for Zinc (Hot Dip Galvanized) Coatings on Iron and Steel 
Products  

ASTM A283 Standard Specification for Low and Intermediate Tensile Strength Carbon Steel Plates 

 

http://www.faa.gov/airports/resources/advisory_circulars/index.cfm/go/document.information/documentNumber/150_5345-42G
http://www.faa.gov/airports/resources/advisory_circulars/index.cfm/go/document.information/documentNumber/150_5345-42G
http://www.faa.gov/airports/resources/advisory_circulars/index.cfm/go/document.information/documentNumber/150_5340-30G
http://www.faa.gov/airports/resources/advisory_circulars/index.cfm/go/document.information/documentNumber/150_5345-53D
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ASTM A536 Standard Specification for Ductile Iron Castings 

ASTM A615 Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete 
Reinforcement 

ASTM A897 Standard Specification for Austempered Ductile Iron Castings  

ASTM C144 Standard Specification for Aggregate for Masonry Mortar 

ASTM C150 Standard Specification for Portland Cement 

ASTM C206 Standard Specification for Finishing Hydrated Lime 

FAA EB #83 In Pavement Light Fixture Bolts 

MIL-P-21035 Paint High Zinc Dust Content, Galvanizing Repair 

NFPA-70 National Electrical Code (NEC) 

END OF ITEM L-115 
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ITEM L-125 - INSTALLATION OF AIRPORT LIGHTING SYSTEMS 
 

DESCRIPTION 
 
125-1.1 This item shall consist of the airport lighting systems, furnished or relocated and installed in accordance 
with this specification, the referenced specification, and the applicable Advisory Circulars.  The system shall be 
installed at the location and in accordance with the dimensions, design, and details shown in the plans.  This item 
shall include the furnishing of all equipment, materials, services, testing and incidentals necessary to place the system 
in operation as completed units to the satisfaction of the Engineer. All airfield lighting equipment must be on the 
FAA Approved products listing per AC 150/5340-53 (latest addendum).   
 
125-1.2 Additional details pertaining to a specific system covered in this item are contained in the latest edition of 
Advisory Circulars listed below: 
 

a.  AC 150/5340-53C Airport Lighting Equipment Certification Program. 
 
 b. AC 150/5345-1, Approved Airport Equipment. 

 
 c. AC 150/5345-42, Specification for Airport Light Bases 
 

d. AC 150/5345-46, Specification for Runway and Taxiway Light Fixtures 
 

e. AC 150/5390-2B, Specification for Heliport Design 
 

EQUIPMENT AND MATERIALS 
 
125-2.1 GENERAL 
 
 a.  Airport lighting equipment and materials covered by FAA specifications shall have the prior 
approval of the Federal Aviation Administration, Airports Service, Washington, D.C. 20591, and shall be listed in 
the latest edition Of Advisory Circular 150/5345-1, Approved Airport Lighting Equipment and have manufacturer's 
certification as required by Advisory Circular 150/5345-53, Airport Lighting Equipment Certification Program. 
 
 b.  All other equipment and materials covered by other referenced specifications shall be subject to 
acceptance through the manufacturer's certification of compliance with the applicable specification, when requested 
by the Engineer. 
 
 c. Lists of the equipment and materials required for particular systems are contained in the applicable 
Advisory Circulars. 
 
125-2.4 LAMPS. Lamps for the fixtures shall be 120 watt / 6.6 ampere, 60 cycle series type or per manufacturer’s 
recommendation.  LED lamps shall be per FAA approved product listing. 

 
125-2.5 ISOLATION TRANSFORMERS: Transformers for the fixtures shall be L-830-1 type, 60 cycle series of 
the required size, or as required for LED fixtures per the manufacturer or the FAA approved product listing. 
 
125-2.6 CABLE CONNECTORS. Cable connectors shall be plug-in only conforming to the requirements of FAA 
specifications L-823 (Reference Advisory Circular 150/5345-26D, including chg.2). 
 
125-2.5 TAPE.  Rubber and plastic electrical tapes shall be Scotch Electrical Tape Numbers 23 and 88, respectively, 
as manufactured by the Minnesota Mining and Manufacturing Company, or an approved equal. 
 
125-2.3  CONCRETE.  Concrete for backfill shall conform to Specification P-610, unless otherwise approved by 
the Engineer. Minimum compressive strength of 4,000 p.s.i. at 28-days shall be used. 
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125-2.4  STEEL CONDUIT.  Rigid steel conduit and fittings shall conform to the requirements of Underwriters 
Laboratories Standard 6, 514 and 1252. Flexible metal conduit and fittings shall be liquid-tight and shall conform to 
UL360. 
 
125-2.5  PVC CONDUIT. PVC conduit and fitting shall conform to the requirements of Federal Specification W-
C-1094 and NEMA TC6. Shall be Type II and be suitable for either above or below ground use. All conduit and 
fittings shall be Schedule 40 unless noted otherwise. 
 
125-2.7  TEES.  Large radius bend tees, if specified, shall be equal to Crouse-Hinds Company No. ET or equal. 
 
125-2.8  HEAT SHRINKABLE TUBING KIT.  Heat shrinkable tubing kits shall be equal to type APL, as 
manufactured by Raychem Corporation. 
 

CONSTRUCTION METHODS 
 
125-3.1  GENERAL.  The installation and testing details for the systems shall be as specified in the applicable 
Advisory Circulars or manufacturers specifications as approved by the Engineer. 
 
The Contractor shall ascertain that all lighting system components furnished by him (including FAA Approved 
Equipment) are compatible in all respects with each other and the remainder of the new/existing system. Any non-
compatible components furnished by this contractor shall be replaced by him, at no additional cost to the Owner, 
with a similar unit, approved by the Engineer (different model or different manufacture) that is compatible with the 
remainder of the airport lighting system. 
 
125-3.2  PLACING EQUIPMENT.  All new or relocated equipment shall be installed at the location indicated in 
the plans or as directed by the Engineer.  All bolts or threaded parts, such as breakable couplings, shall be greased 
with an antitrust compound such as "Never-Seez."  Broken bolts shall be replaced.  Rethread cans if required. 
 
125-3.3  OPERATING MANUALS.  Operating manuals shall be submitted for all principal items of electrical 
equipment.  The submittal of manuals shall be prior to Final Acceptance.  The manuals shall be complete with 
operational and repair part data on all component devices in the principal equipment for which the manuals are 
submitted.  The Contractor shall also provide to the Owner's airport maintenance representative, instructions in the 
operation and maintenance of the systems. 
 
125-3.4 PLACEMENT OF GROUND RODS. Ground rods shall conform to Section L-108 of these specifications 
and shall be installed as shown on the Contract Drawings at each light fixture and sign location. 
 
125-3.6 TAPING CONNECTIONS. All L-823 connections shall be taped with one inner layer of rubber or 
synthetic rubber tape as specified above and one outer layer of plastic tape. The taping shall be one-half lapped and 
extend 1-1/2 inches to each side of the connection joint. 
 

 
METHOD OF MEASUREMENT 

 
125-4.1  The quantity of units to be paid for under this item shall be the number of each type installed as completed 
units in place, ready for operation, and accepted by the Engineer.  
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BASIS OF PAYMENT 
 
125-5.1 Payment will be made at the Contract unit price for each complete unit that is installed in place, by the 
Contractor and accepted by the Engineer.  This price shall be full compensation for furnishing all materials and for 
all preparation, assembly, and installation of these materials, and for all labor, equipment, tools, and incidentals 
necessary to complete these items.  
 
Payment will be made under: 
 
Item L-125-5.1  New L-861-T, Medium Intensity Taxiway Edge Light (LED) Installed on New L-867B 

Base Can in New Asphalt Shoulder Pavement – per each 
 

Item L-125-5.2  New L-861-T, Medium Intensity Taxiway Edge Light (LED) Installed on New L-867B 
Base Can in Existing Asphalt Shoulder Pavement using 36” Diameter Core  – per each 

 
Item L-125-5.4  New L-861-T, Medium Intensity Taxiway Edge Light (LED) Fixture Installed on Existing 

L-867B Base Can in Existing Asphalt Shoulder Pavement – per each 
 
Item L-125-5.6  New L-858 Guidance Sign, LED, Size 2, Style 2, Class 2 (4 Module) on New Foundation  

– per each 
 
 

MATERIAL REQUIREMENTS 
 
 Underwriters Laboratories Rigid Metal Conduit - Standard 6 
 
 Underwriters Laboratories Liquid-Tight Flexible Conduit - Standard 360 
 
 Underwriters Laboratories Fittings for Conduit and Outlet Boxes - Standard 514 
 
 Underwriters Laboratories Intermediate Metal Conduit - Standard 1242 
 

AC 150/5345-3 Specification For L-821 Panels for Remote Control of Airport Lighting. 
 

AC 150/5345-42 Specification for Airport Light Base and Transformer Housings, 
Junction Boxes and Accessories. 

 
AC 150/5345-46  Specification for Runway and Taxiway Light Fixtures. 

 
AC 150/5345-47  Isolation Transformers for Airport Lighting Equipment. 

 
 

END OF ITEM L-125 
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