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Section VI

Vacuum Test on Pipe and Manholes 
With Gasketed Joints 

CAUTION: The vacuum test may be dangerous if the pipe or manhole is not 
prepared properly and proper procedures are not followed.

This procedure covers in-plant testing of concrete sewer pipe and manholes using 
the negative air pressure (vacuum) test method. It shall be understood that no exact 
correlation has been found between air loss and water leakage. Recently cured product 
shall be allowed to cool to the ambient air temperature for greater test reliability.

If the test criteria is different from this Manual, the plant shall have a written policy that 
establishes a criteria that meets or exceeds the requirements of the Vacuum Test Table, 
The plant shall have calculations (theory) that prove their criteria.

Use a vacuum pump to remove air from the bulkheaded pipe. A manometer is 
recommended to accurately measure the pressure change in a small enough increment 
to keep test times to a reasonable length. The rate of vacuum loss is used to determine 
the acceptability of the pipe and manholes.

It shall be noted that relatively inexpensive digital pressure gauges have been recently 
developed. While they are not as accurate as manometers, they will work for the purpose 
of this test. The plant shall have a written procedure on file describing calibration and 
use of digital pressure gauges.

Remove air until the internal air pressure is lowered to approximately 8 inches of 
mercury. Allow the air pressure and temperature to stabilize, generally 30 seconds to 
two minutes.

When the pressure and temperature have stabilized, and the pressure is at or below the 
starting test pressure equivalent to 7 inches of mercury, begin the test by allowing the 
pressure to increase to the equivalent of 7 inches of mercury, at which point the time 
recording is initiated. If the pressure increase is less than or equal to 0.1083" Hg* in the 
test time specified in the table on next page, accept the test specimen.

If the specimen does not pass, either repair and retest or reject it.

* A pressure increase of 0.1083" Hg was chosen because it corresponds to a change in water column 
height of approximately 11/2" and a change in manometer oil column height (specific gravity 2.945) of 1/2".   
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Vacuum Test Table
Test Time, Seconds (1)

	 Pipe Size	 0.0017 CFM/ft2 (2)		  0.003 CFM/ft2 (2)	 			 
	 12"	 32		  18
	 15"	 41	 	 23
	 18"	 49	 	 28
	 21"	 57		  32
	 24"	 64	 	 36
	 27"	 73	 	 41
	 30"	 81	 	 46
	 33"	 90		  51
	 36"	 97		  55
	 42"	 114	 	 64
	 48"	 128	 	 72
	 54"	 146	 	 82
	 60"	 162		  92
	 66"	 180		  102
	 72"	 194	 	 110
	 78"	 209		  118
	 84"	 226	 	 128
	 90"	 243	 	 138
	 96"	 256	 	 144

(1)   If a larger pressure increase is desired, test times can be increased proportionately. 

(2)	 Two leakage rates are used in calculating test times because field air and vacuum 
tests vary by location. The 0.003 CFM/ft2 is the ACPA Plant Certification minimum 
requirement.
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Section VI

Hydrostatic Testing

Hydrostatic tests shall be run according to the procedure outlined below. Pipe shall be 
tested to 13 psi for 2-1/2 minutes with no visible leakage. Moisture appearing on the 
exterior surface of the pipe that does not drip is not considered failing. Up to a 24-hour 
soak is allowed prior to testing.

Summary of the test method 
The section of pipe is subjected to hydrostatic pressure and observed for leakage at the 
joint or on the surface of the wall. The joint is defined as a connection between adjacent 
sections of concrete pipe and the watertight seal achieved using rubber gaskets.

1.	 Determine whether one or two pipe shall be tested. To test the joint, two pipes shall 
be tested. 

2.	 Clean the joints and inspect them for proper finishing. 

3.	 It is recommended that when two or more pipe are being tested at the same time, 
the joint shall be opened 1/2". Attach 1/2" spacer blocks to the inside face of the 
bell. 

4.	 Lubricate the pipe and gaskets if required. Install gaskets and equalize stretch. 

5.	 Assemble pipe on timbers on a level area. Inspect pipe to make sure spacer blocks 
are still in place. 

6.	 Assemble and restrain bulkheads using an adequate and safe system to resist 
internal pressure. 

7.	 Fill pipe with water and bleed out all excess air. A bleed tube shall be installed on 
the top of one of the bulkheads. The bleed tube shall extend above the top of the 
pipe. 

8.	 Connect pressurizing assembly including a regulator, valve and pressure gauge. 
Increase internal water pressure to the specified pressure. Observe test assembly 
during pressurization to make sure that all components are functioning as intended. 
The assembly shall remain pressurized for the specified duration of the test. 

9.	 Extreme care shall be taken when testing pipe below 33 degrees F. Test results 
may be affected by freezing temperatures. The assembly shall be drained before 
water freezes. Gauges, valves and regulators shall also be protected from freezing 
temperatures.

NOTE: When the test set-up is unattended for a long period of time, such as overnight, 
the water supply to the regulator shall be shut off to prevent a possible excess pressure 
situation due to changes in water supply pressure.
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Low Pressure Air Test On Pipe Through 24 Inch Diameter  
With Gasketed Joints

CAUTION: Low-pressure air tests may be extremely dangerous if performed without proper 
precautions. No person shall be allowed near the pipe during pressurization, testing, or 
depressurization.

This procedure covers in-plant testing of concrete sewer pipe using the low-pressure air 
test method. Air test criteria used in this procedure are similar to those in general field use. 
It shall be understood that no exact correlation has been found between air loss and water 
leakage. Recently cured pipe shall be allowed to cool to the ambient air temperature for 
greater test reliability.

If the test criteria is different from this manual, the plant shall have a written policy that 
establishes criteria that meets or exceeds the requirements of the Low-Pressure Air Test 
Table. The plant shall have calculations (theory) that prove their criteria.

The pipe to be tested shall be bulkheaded in a safe and suitable manner. Air shall be 
introduced at low pressures into the bulkheaded pipe. A manometer is recommended to 
accurately measure the pressure change in a small enough increment to keep test times to 
a reasonable length. The rate of air loss is used to determine the acceptability of the pipe. 

It shall be noted that relatively inexpensive digital pressure gauges have been recently 
developed. While they are not as accurate as manometers, they will work for the purpose of 
this test. The plant shall have a written procedure on file describing calibration and use of 
digital pressure gauges.

The low-pressure air test may be dangerous if the pipe and apparatus are not prepared 
properly and test procedures are not followed. It is extremely important that bulkheads be 
installed and restrained in such a way to prevent displacement. It is also important that the 
pressure in the pipe be completely relieved before the bulkheads are loosened for removal. 
As an example, 4-psi of air pressure acting on one side of a 15 inch bulkhead shall result 
in a total force of approximately 700 pounds on the bulkhead. Such a force could cause the 
expulsion of an improperly installed bulkhead. Pressurizing equipment shall include a 6-psi 
pressure relief valve to reduce hazards and avoid over-pressurization.

Add air until the internal air pressure of the pipe is raised to approximately 4 psi. Allow the 
air pressure and temperature to stabilize (generally 30 seconds to two minutes).

When the pressure and temperature has stabilized and the pressure is at or above the 
starting test pressure of 3.5 psi, begin the test by allowing the pressure to drop to 3.5 psi at 
which point the time recording is initiated.  If the pressure drop is 0.054 psi* or less in the 
test time specified in the table below, accept the pipe.

If the pipe does not pass, either patch or repair the pipe and retest.

* A pressure decrease of 0.054 psi was chosen because it corresponds to a change in 
water column height of approximately 11/2" and a change in manometer oil column height 
(specific gravity 2.945) of 1/2".  



97

	 PLANT CERTIFICATION

	 American Concrete Pipe Association 	 Appendix A 	

Section VI

Low-Pressure Air Test Table

			   Test Time, Seconds (1)

	 Pipe Size	 0.0017 CFM/ft2 (2)		  0.003 CFM/ft2 (2)
	 12"	 32		  18
	 15"	 41	 	 23
	 18"	 49	 	 28
	 21"	 57		  32
	 24"	 64	 	 36

(1)	 If a larger pressure decrease is desired, test times can be increased 
proportionately.

(2)	 Two leakage rates are used in calculating test times because field air and 
vacuum tests vary by location. The 0.003 CFM/ft2 is the ACPA Plant Certification 
minimum requirement.
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Certification of Three-Edge-Bearing Test Results of Reinforced 
Concrete Pipe

	 Pipe Description	 Size	 Class	 Wall	 Joint

Pipe Information Test Number: 

Test Location: 

Date of Manufacture: 

Date Tested: 

Age of Pipe (in days): 

Method of Fabrication: 

	 Reinforcing

	 Cage	 Reinforcing Description	 Area	 Specified Area

	 Inside:

	 Outside:

	 Elliptical:

	 Shear Steel Description and Area: 

	 Three-Edge-Bearing Test Results

	 	 Actual Load	 Required Load	 Actual D-Load**	 Required D-Load**

	 1st Crack

	 .01 Crack

	 Ultimate

If Pipe was not tested to Ultimate:	

	 Load when test was stopped:  lbs.

	 D-Load when test was stopped:  lbs/ft

	 Condition of pipe when  

	 test was stopped: 

	

	

	

	 Distribution:	

I hereby certify that the pipe was three-
edge bearing tested in accordance with the 
provisions of ASTM designation C-497.

Signature: 

Date: 

Plant Location: 

** D-Load is measured in pounds per linear foot of inside diameter.

	 Pipe Length

			     Measured	 Allowable

		  Min.

		  Max.

	 Diff. in Length of 
	 Opposite Sides

	 Wall Thickness

		  Measured	 Allowable

	 Min.

	 Max.		  N/A

	 Nominal 
	 Thickness

	 Inside Diameter

		  Measured	 Allowable

	 Min.

	 Max.

NOTE:	 Allowable dimensions are specified dimensions either increased or decreased by the specified 
tolerance. All dimensions are in inches.
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Section VI

Off Center Joint Test 
Combined Certification Only

The Off Center Joint test is an evaluation of the capacity of a pipe joint to remain sealed 
under pressure, with the spigot installed into the bell in the maximum off center position. 
The test medium may be hydrostatic, vacuum or low-pressure air. To perform the test, 
two test pipes shall be assembled with one pipe fully supported and the spigot end of 
the second pipe installed in the bell end of the first pipe as illustrated in Figure 2, Appen-
dix A, page 97. The test joint shall not be open over 3/4 inch from the design-assembled 
position. The bell end of the second pipe shall be supported by a block. The supports for 
the pipes shall maintain a uniform invert elevation for both pipes.

The outer ends of the test pipe assembly shall be closed with bulkheads. For 
hydrostatic or low-pressure air test, the bulkheads shall be restrained longitudinally. The 
longitudinal restraints and bulkheads shall be designed so they do not exert beneficial 
axial or lateral forces on the test joint assembly. Flat plate bulkheads shall not be used 
for hydrostatic or low-pressure air testing.

A vertical test load, F, shall be applied to the suspended portion of the test joint until the 
total differential load, including the weight of the pipe filled with water (hydrostatic testing 
only) shall be either a minimum 1,800 pounds per foot of pipe diameter or until there 
is concrete-to-concrete contact within the joint. A method for calculating the test load is 
shown on Figure 1 and Figure 2, Appendix A, page 97.

The assemblies shall be subjected to one of the following test criteria:

	 Vacuum Testing	 Appendix A, pages 90 and 91

	 Hydrostatic Testing	 Appendix A, page 92

	 Low-pressure Air Test	 Appendix A, pages 93 and 94

The pipe support blocks are not required to be contoured, but for safety reasons they 
shall be constructed to prevent the pipes from rolling from the test position.

CAUTION: The hydrostatic and low-pressure air test requires internal pressure to 
be applied over a large cross-sectional area of pipe bulkheads, creating large axial 
forces on longitudinal tie rods. Tie rods, bulkheads, and fasteners shall be selected for 
adequate strength and minimum elongation.
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Off Center Joint Test Calculations

Diameter,
D

(ft.)

(ISL/2) + 2"

(ISL/2)

(OAL/2)
Inside Length (ISL) in Inches

Overall Length (OAL) in Inches

(OAL/2) - 3"

LF
F

3"

2"

R

OAL - 5"

WWWP 

WWWP 

CGWCGp

3" Pipe
Support

Center Load
4" From Bell Test

Bulkheads
(Flat plate bulkheads  

                 for vacuum test only.)

Specified
Reaction, R

R = Test Requirement
Wp = Nominal Weight of Test Pipe
Ww = Nominal Weight of Water in Test Pipe
Fh = Additional Test Force for Hydrostatic Test
F = Additional Test Force for Vacuum and 
  Low Pressure Air Test

R = 1800 lbs. x Internal Diameter in Feet

  =
 ((OAL) - 5")R - ((OAL/2) -3")WP - ((ISL/2) + 2")WW

Pipe
Support

Fig. 1 Simplified Center of Gravity of Pipe Filled With/Without Water

Fig. 2 Off Center Hydrostatic Joint Test

LF
 (lbs.)

F =
 ((OAL) - 5")R - ((OAL/2) -3")WP

LF

Fh



101

	 PLANT CERTIFICATION

	 American Concrete Pipe Association 	 Appendix A 	

Section VI

Joint Shear Test

The Joint Shear test is an evaluation of the capability of a pipe joint to maintain 
structural strength when subjected to a differential load.  To perform the test, two test 
pipes shall be assembled with one pipe fully supported and the spigot end of the second 
pipe installed in the bell end of the first pipe as illustrated in Figure 5, Appendix A, 
page 99. Both pipes shall be supported so a uniform invert elevation is maintained. It 
is recommended for safety reasons that the pipe supports be constructed as shown on 
Figure 3 below.

The joint shear test shall be run without water in the pipe or bulkheads installed on the 
pipe.  A vertical test load, F, shall be applied to the suspended portion of the test joint 
until the total differential load, including the weight of a pipe, is 4,000 pounds per foot 
of pipe diameter.  A method for calculating the test load is shown on Figures 4 and 5, 
Appendix A, page 99.

The test load shall be applied to the suspended pipe and the assembled joint shall 
then be inspected for structural integrity. Cracks that occur during the test load are not 
considered failure, provided those cracks close to 0.01 inch or less on release of the 
load.

75°

75°

1" Thick
Rubber Stop

Fig. 3 Support Block Configuration
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Joint Shear Test Calculations

Diameter,
D

(ft.)

(OAL/2)

Overall Length (OAL) in Inches

Approximate
Center of
Gravity

((OAL/2) - 3"

LF
F

3"

2"

R

OAL - 5"

WP 

WP 

3" Pipe
Support

6" Wide Timber Cradle Block
Locate Within 1" of Bell

6" Wide
Timber Cradle
Block Located
1" From Bell

Specified
Reaction, R

R = Test Requirement
Wp = Nominal Weight of Test Pipe
F = Additional Test Force

R = 4000 lbs. x Internal Diameter in Feet

F =
 [(OAL) - 5"]R - [(OAL/2) -  3"]WP

Pipe
Support

Fig. 4 Simplified Center of Gravity of Pipe

Fig. 5 Joint Shear Test

 

LF
(lbs.) 
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Section VI

Storm Sewer and Culvert Joint Test
The Storm Sewer and Culvert Joint Test is an evaluation of the pipe joint. The test 
medium may be hydrostatic, vacuum or low-pressure air. To perform this test, two pipes 
shall be assembled in straight and in deflected alignment as defined by the joint being 
open 1/2" more on one side, than on the opposite side. Hydrostatic and low-pressure air 
testing may be performed using either conventional bulkheads for hydrostatic or low-
pressure air testing, the bulkheads shall be restrained longitudinally.

Both the straight alignment and deflected assemblies shall be subjected to one of the 
following test criteria:

	 Vacuum Test	 Appendix A, pages 90 and 91

	 Low-pressure Air Test	 Appendix A, pages 93 and 94. For internal joint 
test, follow equipment manufacturers recommended 
procedure.

	 Hydrostatic Test	 3 psi for 10 minutes and shall have an allowable 
leakage rate of 200 gallons/(inch of internal diameter) 
(mile of pipe) (24 hours). The manufacturer shall have 
the option of allowing the assemblies to stand under 
3 psi for up to 24 hours prior to the test. The test 
shall be performed according to the summary found 
in Appendix A, page 92. For internal joint test, follow 
equipment manufacturers recommended procedure.

CAUTION: The Hydrostatic and Low-pressure Air Test requires internal pressure to be 
applied over a cross-sectional area of pipe bulkheads, creating large axial forces on 
longitudinal tie rods. Tie rods, bulkheads, and fasteners shall be selected for adequate 
strength and minimum elongation.
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APPENDIX B:
Audit Expectations

© ACPA 2011	 Version 6.0 (11-2011)
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Section VII

Audit Expectations

1.   Quality Documentation, Specifications and Information
The auditors shall verify that specifications, documentation, and other information is 
current and satisfies the requirements for content and frequency.

2.	 Materials
The auditor shall verify that all material documentation on file is current and obtained 
at the required frequency.

3.  	Calibration
The auditor shall verify that production and testing equipment has been properly 
and accurately calibrated at the required frequencies.  Written procedures for 
these calibrations shall also be reviewed.  The auditor shall verify that the batching 
equipment has been calibrated through the maximum working range.

4.	  Mix Designs

The auditor shall review required documentation, including water/cement ratio 
confirmation, and verify that concrete being produced is the same proportion as mix 
designs on file. 

5.  	Joints

Pipe and Manholes:
5.1-5.3 Joint/Spigot Gauging Design Drawings and Calculations
	        The auditor shall review joint design drawings and calculations.

5.4 Gasket Quality Control
The plant shall demonstrate the equipment and procedures for measuring 
sanitary sewer pipe and manhole gaskets, except when they are measured by 
personnel from outside the plant. In the latter case, the procedure and inspection 
location shall be documented and filed with the Inspection Test Reports.

Precast, Box, and Three-Sided Structures:
The auditor shall review joint design drawings.

6.  	Equipment

Pipe and Manholes:
6.1 Forms 
      The auditor shall review plant procedures and required documentation.  The       
      auditor shall verify that the equipment is clean and in good operational condition.
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6.2 Joint Forming Equipment 
The auditor shall witness the equipment and procedures for measuring sanitary 
sewer pipe and manhole headers, pallets and truing rings (if used), except 
when they are measured by personnel from outside the plant.  In the latter case, 
the procedure and inspection location shall be documented and filed with the 
Inspection Test Reports.

Precast, Box, and Three-Sided Structures: 
The auditor shall review plant procedures and required documentation. The auditor 
shall verify that the equipment is clean and in good operational condition.

7.  Reinforcing

7.1 Reinforcing Design
The auditor shall verify that detailed design information for all cages/
reinforcement being fabricated is available in the fabrication area.

8.	 Pre-Pour Inspection

8.1 Reinforcing Inspection
During the audit, inspection shall be performed on reinforcing produced on the 
day of the audit.  The auditor shall witness reinforcing measuring techniques and 
verify that cages/reinforcement being produced meet design requirements.

8.2  Pre-Pour Visual Inspection
 The auditor shall review the pre-pour visual inspection procedures and     
 documentation.

8.3 Pre-Pour Dimensional Inspection
The auditor shall review the pre-pour dimensional inspection procedures and 
documentation.

9.	 Concrete Testing
The auditor shall review required documentation for content and frequency.  Plant 
personnel shall demonstrate quality assurance/quality control competency during the 
audit by performing all applicable concrete tests.

In-house Tests
For tests that are in-house, but run at a site other than the one being audited, 
a written procedure shall be on file with the appropriate test results.  Tests that 
are performed by independent labs need not be accompanied by procedural 
documentation.

Tests to be witnessed include:
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Section VII

Slump or slump flow (wet cast concrete)
Air content (wet cast concrete)
Concrete temperature
Concrete compression  
Concrete absorption  
Unit weight testing and calculation

10.	Curing

The auditor shall review curing documentation and curing practices.

11.  Post-Pour Inspection

11.1 Finishing and Repairs
The auditor shall review written repair and finishing procedures and inspect 
yarded product for the quality of repairs.

11.2  Finished Product Inspection
The auditor shall verify that the plant has functioning procedures in place for 
the visual inspecting of product.  During the audit, the auditor shall inspect the 
appearance of product in the yard as well as those being prepared or loaded 
for shipment in order to ensure the product meets the appropriate specification.

11.3  Dimensional Test of Product
The auditor shall witness the technique for measuring product randomly 
selected by the auditor, and documentation of required ongoing inspections.

11.4  Joint Visual Inspection
Pipe and Manholes:

The auditor shall witness the plant’s procedure and equipment for gauging 
pipe spigots by watching plant personnel gauge pipe or manhole spigots. 

Box Culverts and Three-Sided Structures:
The auditor shall witness the assembly of three box culvert sections into one 
assembly.  The assembly shall fit so that the maximum joint opening at any one 
point is 1".

12. Product Marking
The auditor shall inspect yarded product for required marking.

13  Product Testing - Pipe and Manhole Only
This Manual includes an audit of inspection and tests performed by the plant on 
finished product.  Since the set-up of finished product tests requires considerable 
time and effort, the auditor shall randomly select pipe to be tested on the onset of 
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Audit Manual Score Summary Sheet  
Box Culvert and Three-Sided Structure Requirements

Plant 	 Date of Audit 

Location 	 Inspector 

Section Description Possible Points (A) Grade (B) Score (A x B)

Product Documentation

1.0 Quality Control Documents & Info. 4

2.0 Raw Materials 3

3.0 Calibration 4

4.0 Mix Designs 4

Forming Equipment

5.0 Joints 3

6.0 Equipment 2

Pre-Pour Product Inspection

7.0 Reinforcing1 6

8.1 Pre-Pour Reinforcing Inspection 6

8.2 Pre-Pour Visual Inspection 4

8.3 Pre-Pour Dimensional Inspection 4

9.0 Concrete Testing 4

9.7 Compressive Strength Testing1 6

Post-Pour Product Inspection

10.0 Curing 4

11.1 Repairs and Finishing 2

11.2, 11.4 Product Visual Inspection 2

11.3 Dimensional Inspection and Fit Test 6

12.0 Product Marking 3

Storage, Handling, Shipping and Final Inspection

14.1 Storage and Handling 3

14.2 Shipping Policy 3

14.3 Final Inspection 3

Total Applicable Points 76

Adjusted Score2

Notes: 
1. Critical Element: Minimum Passing Score = 4.5
2. Minimum Passing Score = 80, Conditional Certification Score = 75

Note: If grade is marked "NA", possible points will not be added to the total score.
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