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iNTERpipe

polymer pipe 

TECHNOLOGY 

Polymer Pipe Technology (PPT), is a manufacturer of reinforced polymer concrete pipe and structures called iNTERpipe. The iNTERpipe products are ideal for wastewater industry applications due to the inherent corrosion resistance and increased structural strength of the polymer concrete matrix.

Headquartered in Des Moines, Iowa, Polymer Pipe Technology  (PPT) has an extensive history of manufacturing corrosive resistant large monolithic polymer concrete structures of various sizes and shapes for industries ranging from petrochemical, pulp & paper, mining & refining of non-ferrous metals…etc.

Utilizing the performance benefits of polymer concrete, PPT offers products that are highly corrosion resistant with strength properties that exceed those of similar conventional concrete pipe. PPT brings to the market products made of technically advanced materials while meeting and/or exceeding industry standards.

PPT’s manufacturing is similar to conventional wet cast concrete products utilizing all of the same processing technology. The primary difference being the use of resin as the binder in place of Portland cements.

The following is PPT’s list of manufactured products for the wastewater industry.  

Direct Bury Pipe:

· Cylindrical pipe structures.

· Nominal diameters of 18 inches to 144 inches.

· Lengths consisting of standard 8 and 10 feet. Depending on size and weight.

· Custom lengths consisting of 12 and 20 feet. Depending on size and weight.

· Joint will consist of a standard single step push fit design.

· Joint will be fitted with a rubber gasket to ensure a leak proof assembly.

· Selected to meet ASTM C 443

· Joint can be manufactured with a traditional bell and spigot design.

Jacking Pipe:

· Cylindrical pipe structures.

· Nominal diameters of 18 inches to 144 inches.

· Lengths consisting of 8 and 10 feet up to 78 inch diameter. Above 78-inch diameter the length will be determined per weight and size calculations.

· Joint will consist of a standard single step push fit design.

· Joint will be fitted with a rubber gasket to ensure a leak proof assembly. Selected to meet  ASTM 1208-95.

· A press board compression ring will be utilized to offer uniform pressure distribution during the jacking process.

· Flush bell Stainless Steel or FRP coupling ring is used to complete the joint assembly per project requirements.
· Manholes, Interceptor Structures, Wet Wells, Lift Stations and Panelized Systems:

· Manhole structures – standard 48 inch, 60 inch and custom sizes.

· Custom design products – PPT will manufacture custom-engineered structures per customer specification.

Reinforcement:

· All iNTERpipe utilizes the same steel reinforcement used in conventional concrete pipe manufacturing per ASTM C 76.

All iNTERpipe product is sampled and tested according to ASTM and industry standards.

· See PPT Standard Specification for Polymer Concrete Pipe.

Testing Procedures:

· PPT utilizes Maxim Technologies Incorporated / Stork Southwest Labs as the independent third party testing agency / facility.

What is polymer concrete?

Polymer concrete is similar to conventional concrete in that it contains selected blends of aggregates and fillers which are held together utilizing a binder. Conventional concrete uses a combination of cement and water for the binder. 

In polymer concrete the binder is a high strength, corrosion resistant, thermosetting resin. This resin system requires a curing agent (catalyst) which when combined with the resin, transfers the resin and curing agent from a liquid to a solid thermoset polymer) which bonds to the aggregate, various fillers and internal reinforcement. 

What is iNTERpipe ---

Why Polymer Pipe Technology ---

Polymer Pipe Technology was developed to meet the severe operating conditions in the wastewater industry. Traditionally, wastewater infrastructures are constructed using reinforced concrete, clay, brick and /or steel for pipe, manholes and associated structures. All of which are subject to corrosion, installation and/or maintenance problems. For many years the industry has needed a product that could combat the numerous infrastructure problems. 

iNTERpipe polymer concrete products offer a solution to this need. 

iNTERpipe Advantages

Because iNTERpipe is manufactured utilizing advanced polymer concrete technology, there are inherent advantages that iNTERpipe can offer over conventional concrete and other competitive products. To make iNTERpipe more user friendly, it is manufactured utilizing the standard specification guidelines for reinforced concrete. 

Corrosion Resistant Because iNTERpipe is made of polymer concrete, the matrix is corrosion resistant throughout the entire wall thickness. In the event that iNTERpipe is ever chipped or marred, this corrosion barrier will remain intact. Thus ensuring a long maintenance free life. INTERpipe can be utilized in environments with pH ranges from 1 to 13. Additional coatings, liner or barriers are unnecessary. 

Light Weight due to the advanced strength characteristics of iNTERpipe, PPT can produce lighter weight parts through a reduction in wall thickness – when compared with traditional reinforced concrete.

Conventional Reinforcement iNTERpipe utilizes the same type of steel reinforcement used in conventional concrete pipe ASTM standards.

Non-porous & Non-Absorbent iNTERpipe’s dense mix design eliminates a connective pore structure. Therefore, solutions are unable to be absorbed or leached through the material. Again, eliminating the need for any additional coatings, liners, or barriers.

Technical Expertise With decades of polymer concrete experience, Polymer Pipe Technology has the knowledge to engineer iNTERpipe product to suit any need. Our engineers and sales consultants maintain close contact with a project from beginning to end. 

Low Environmental Impact Due to the inert nature of polymer concrete, there is no concern for any negative impact on the environment.  

iNTERpipe  Features –

High strength to weight ratio

Precise dimensional tolerances

High compressive strength for higher jacking loads means longer drives

Higher factor of safety

Precision molded square ends for uniform axial loading

Increased tensile strength

Proven joint design

iNTERpipe Physical Property Design Range

Compressive Strength 

8,000psi to 14,000psi

Flexure Strength:

3,000psi to 4,000psi

Tensile Strength:

1,200psi to 1,600psi

iNTERpipe Reinforcement

In keeping with industry standards, PPT has chosen to utilize steel reinforcement as the standard for iNTERpipe. INTERpipe reinforcement design follows ASTM C-76, Standard Specifications for Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe. Additionally, PPT designs using ASTM C-1417 & C-1479 Direct Design Standards.

iNTERpipe Quality Control –

Raw Materials Inspection, sampling and testing of raw materials is a requirement that will contribute to a quality end product. Resin, reinforcement and aggregates are systematically and randomly monitored to ensure compliance within PPT specifications. 

Manufacturing Quality Assurance is paramount at PPT. Standardized written manufacturing procedures, detailed quality assurance records, and on-time deliveries instill customer confidence and satisfaction in iNTERpipe.

PPT utilizes a sophisticated process control operation in the manufacture of    iNTERpipe – a means of verifying Quality and eliminating variables that can contribute to manufacturing error. 

iNTERpipe Standards –

ASTM C-76-95a:

Standard specification for reinforced concrete culvert, storm drain, and sewer pipe.

ASTM C-301-93:


Standard test methods for vitrified clay pipe.

ASTM C-307-94:

Tensile strength of chemical- resistant mortars, grouts, and monolithic surfacing. 

ASTM C-361-89b:

Standard specifications for concrete pipe using o-ring or profile gasket designs.

ASTM C-443-85a:

Standard specifications for concrete pipe using o-ring or profile gasket designs.

ASTM C-497-95a:


Standard test methods for concrete pipe, manhole sections, or tile. 

ASTM C-506-95a

Standard specification for reinforced concrete arch culvert, storm drain, and sewer pipe. 

ASTM C 507 – 98 

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

ASTM C-579-91:

Compressive strength of chemical-resistant mortars, grouts, monolithic surfacing, and polymer concretes.

ASTM C-580-93

Flexural strength and modulus of elasticity of chemical-resistant mortars, grouts, monolithic surfacings, and polymer concretes. 

ASTM C-850 

Standard specification for Precast Reinforced Concrete Box Sections for Culverts, Storm Drains, and Sewers with Less Than 2 ft of cover Subjected to Highway Loadings

ASTM C-924-89:

Standard practice for testing concrete pipe sewer lines by low-pressure air test method. 

ASTM C-1208-95:

Standard specification for vitrified clay pipe and joints for use in jacking, sliplining, and tunnels.

ASTM C-1214-94

Standard test method for concrete pipe sewer lines by negative air pressure  (vacuum) test method.

ASTM C-1417 - 00

Standard Specification for Manufacture of Reinforced Concrete Sewer, Storm Drain, and Culvert Pipe for Direct Design

ASTM C-1479 - 01

Standard Practice for Installation of Precast Concrete Sewer, Storm Drain, and Culvert Pipe Using Standard Installations.
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Slipline Pipe






Manholes & Other Structures
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iNTERpipe steel reinforced polymer concrete jacking pipe 
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Hydrotesting at Maxim Southwest Labs
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Jacking Pipe









Allowable Loads

Nominal Diameter

Wall Thickness (inches)
Jacking Load Tons

	24
	2.25
	150

	27
	2.5
	210

	30
	2.75
	270

	36
	2.75
	330

	42
	2.75
	380

	48
	3.00
	500

	54
	3.75
	770

	60
	4.25
	1020

	66
	5.50
	1550

	72
	6.00
	1880

	78
	Design by project
	*

	84
	
	

	90
	
	

	96
	
	


· Jacking forces greater than 1880 tons are probably limited by the ability to construct economical reaction structures rather than the strength of the pipe.

The loads have been based upon an Fc1  of 12,000 psi with an allowable compressive stress of 4,000 psi.

Jacking strength  calculations are based on the confined core of concrete. 

The concrete in the clear cover was not used. Example: the pipes with a 3” wall were based on a 2” x 48” x 3.14 = 301 in. area of concrete. Similarly the 3.75” is based on a 2.75” x 54” x 3.14 = 466 sq. in. area.

Test data prepared by MAXIM Technologies, Inc.

Design Basis and performance Testing of Polymer Pipe Technology’s 24-inch Polymer Concrete Pipe.

Introduction

The purpose of this document is to describe the design basis and subsequent performance testing of Polymer Pipe Technology Inc.’s 24-inch diameter pipe. The design basis is presented first, followed by an evaluation of the D-Load tests conducted by Maxim Technologies, Inc.’s Houston, Texas office and analyzed by their Austin, Texas office.

Design Requirements

The objective of the design was to develop a pipe wall thickness and reinforcement schedule that will meet or exceed the strength requirements of ASTM C-76-95a. “Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe”.  The standard is referred to as C-76 throughout the remainder of this document.

Section 7.2 of C-76 defines the requirements for “modified or Special Designs”. The specific requirements of these alternative designs are provided in Sections 7.2.2 and 7.2.3, these sections are quoted in their entirety below:

7.2.2 Such modified or special designs shall be based on rational or empirical evaluations of the ultimate strength and cracking behavior of the pipe and shall fully describe to the owner any deviations from the requirements of 7.1. (Author’s note: Section 7.1 is the design tables with wall thicknesses and reinforcing schedules). The descriptions of modified or special designs shall include the wall thickness, the concrete strength, and the area, type, placement, number of layers, and strength of the steel reinforcement.

7.2.3 The manufacturer shall submit to the owner proof of the adequacy of the proposed modified or special design. Such proof may comprise the submission of certified three-edge-bearing tests already made, which are acceptable to the owner or, if such three-edge-bearing tests are not available or acceptable, the manufacturer may be required to perform proof tests on sizes and classes selected by the owner to demonstrate the adequacy of the design.

The strength requirements under C 76 for 24-inch diameter Class IV pipe are a cracking D-load of 4000 pounds per linear foot, and an ultimate D-load of 6000 pounds per linear foot. The strength requirements under C 76 for 24-inch diameter Class V pipe are a cracking D-load of 6000 pounds per linear foot, and an ultimate D-load of 7500 pounds per linear foot.

Design Basis
Preliminary Design

The initial cross sections were designed using the ultimate strength approach as in conventional reinforced concrete design. Since the purpose was to develop a design that would meet an ultimate load test, no capacity reduction factors or load amplification factors were used in the analysis. However conservative values for the ultimate compressive strength of the polymer concrete (Fc), and the yield stress of the steel (Fy).

Cross sectional bending moments were determined from the following relationship:


Bending Moment at Crown and Invert (Maximum +Moment):



M+ = 0.318 * D * R



where M+ is the maximum positive moment per foot of length




D is the D-Load per foot of length




R is the pipe radius


Bending Moment at Spring Lines (Maximum –Moment)



M- = -0.1817 * D * R

where M- is the maximum negative moment, and the other terms are defined as for M+

These expressions are from Advanced Strength of Materials, by Boresi, Sidebottom, Seely, and Smith. Third Edition, John Wiley, 1978. Page 360.

The initial design for the pipe indicated a wall thickness of 2.25 inches, with W20 sire placed on 6-inches on center. This resulted in a circumferential steel area of 0.40 sq. inches per foot of pipe length. The resulting moment capacity was:


M= 
pbd2fy(1-0.59(pfy/fc))


where:



M is the moment capacity



p is the steel ratio (0.40/12x1.125 = 0.0296)



b is the unit width (12–inches)





d is depth to steel (1.125)



f y is the yield stress of the steel (57,000 psi)



fc is the ultimate compressive strength of the concrete (8000 psi)

The resulting capacity is 22,400 in-lbs or 1.87 foot-kips. This in turn corresponded to a D-Load of 5,870 lbs./ft. versus the required ultimate D-Load of 6000 lbs/ft. for Class IV pipe. Given the conservative assumptions in the design method this was viewed as a good starting point.

Design Basis
Polymer Pipe Technology utilizes a polymer concrete mix design which produces, in testing, an average compressive strength of 10,800 psi with a standard deviation of 600 psi. This allows the use of a specified compressive strength (fc) of 9300 psi in accordance with the guidelines of the American Concrete Institute (ACI). The workability of the mix allows for placement around steel as close as 2-inches on center. This allowed for the use of a smaller wire size, with a more uniform distribution of the reinforcement. Since a final wire size and type were selected the yield stress (fy) was set at 65,000 psi. The design tested therefore had the following properties:


Wall Thickness:
2.25”


 Concrete Strength: 
9300 psi


Steel Area: 

0.42 sq. inches per foot


Steel Type:

ASTM A 82 fy = 65,000 psi for circumferential steel 





Fy = 56,000 psi for longitudinal steel


Placement:

Wire Fabric 2 x 8 Mesh, W7 x W3


Layers:


Single Layer to be placed at center (placement error of up 






 to 0.25 inches inside O.K.

The resulting moment capacity is:


M=
pbd2fy (1-0.59(pfy/fc))


Where:



M is the moment capacity



p is the steel ratio (0.42/12X1.125=0.0311)



b is the unit width (12-inches)



d is depth of steel (1.125-inches)



fy is the yield stress of the steel (65,000 psi)



fc is the ultimate compressive strength of the concrete (9300 psi)

The resulting capacity is 26,800 in-lbs or 2.23 foot-kips. This in turn corresponded to an ultimate D-Load of 7,100 lbs./ft. versus the required D-Load of 6000 lbs/ft. for Class IV pipe, and is close to the 7500 lbs/ft. required for Class V pipe.

Test Results

Five 4-foot long sections of 24-inch polymer concrete pipe were provided to Maxim’s Houston, Texas Laboratory for testing. The test results are summarized below.

	Sample I.D.
	Load and Deflection to Produce 0.01-inch crack
	Ultimate Load and Deflection

	Sample 1*
	8,570 lbs/ft

0.270-inches deflection
	15,200 lbs/ft

0.900-inches deflection

	Sample 2*
	5,940 lbs/ft

0.255-inches deflection
	9,816 lbs/ft

1.050-inches deflection

	Sample 3
	7,190 lbs/ft

0.200-inches deflection
	10,230 lbs/ft

0.650-inches deflection

	Sample 4
	6,910 lbs/ft

0.220-inches deflection
	12,440 lbs/ft

0.835-inches deflection

	Sample 5
	6,910 lbs/ft

0.250-inches deflection
	11,890 lbs/ft

0.960-inches deflection

	Average
	7,110 lbs/ft

0.239-inches deflection
	11,920 lbs/ft

0.879-inches deflection


*Note Samples 1 and 2 were used to fine-tune the vibration levels. Samples 3, 4, & 5 used the vibration level selected based upon casting Samples 1 & 2.

The test results for each sample are attached.

Summary and Conclusions

The existing 24-inch design is certainly suitable for use as Class V pipe. The performance exceeds the design assumptions due to the following reasons:

1) The predicted moments are based upon elastic theory. Since the polymer concrete and steel allow for significant redistribution of stress at the on set of yielding, more of the structure is able to resist the peak load.

2) The very high tensile stresses that can be carried by the polymer concrete are not accounted for in standard reinforced concrete design applications.

3) The use of minimum strength properties also understates the strength of the pipe. Repeating the calculations using the average strengths of fc=10,800 psi, and fy=80,000 psi yields an ultimate moment capacity of:

Test Data prepared by MAXIM Technologies, Inc

Continue from number three of the previous page.

M=
pbd2fy(1-0.59(pfy/fc))

Where:


M is the moment capacity


p is the steel ratio (0.42/12X1.125=0.0311) 


b is the unit width (12-inches)


d is depth to steel (1.125-inches)



fy is the yield stress of the steel (80,000 psi)



fc is the ultimate compressive strength of the concrete (9300 psi)

The resulting capacity is 32,650 in-lbs or 2.72 foot-kips. This in turn corresponds to an ultimate D-Load of 8,560 lbs/ft. This is approximately midway between the 0.01-inch cracking and ultimate loads measured in the test.

Test Data prepared by MAXIM Technologies, Inc.   

POLYMER CONCRETE PIPE

24 – Inch Diameter Jacking Pipe Analysis

Introduction:

These calculations have been prepared by Maxim Technologies, Inc. for Polymer Pipe Technology. The purpose of the calculations is to determine the expected performance of PPT’s 24-inch Diameter jacking pipe constructed of polymer concrete. The numbers in parentheses at the end of each section are applicable to the special case of a 25-inch diameter pipe with a wall thickness of 2.25-inches. 

Assumptions:

The jacking pipe will have a nominal inside diameter of 24-inches. The wall thickness has been selected as 2.25-inches. Material properties are:


Ultimate Compressive Strength (fc) = 9300 psi


Maximum Tensile Strength (ft) = 2000 psi


Modulus of Elasticity = 1,300,000 psi

Safe Jacking Load:

The safe jacking load (assuming a safety factor of 3) can be determined by computing the cross sectional area, moment of inertia, and anticipated maximum eccentricity of the load. The stress in the pipe is given by:

O = P/Ac + Pcc/j

Where:


P = Jacking Force


Ac = Cross Sectional Area



Ac = j תּ    (Ro2  - Ri2) 



Ro = Outer Radius (14.25 – inches)



RI = Inner Radius (12- inches)



The resulting value for Ac is 185 in.2  (192 in.2 for 25-inch pipe)


e = eccentricity of jacking force. (1.75”)


c = distance to extreme fiber (14.25 – inches) (14.75 in. for 25-inch pipe)


I = Moment of inertia



I = j תּ    (Ro4 – Ri4)/4



The resulting value of I is 16,100 in.4 ( 18,000 in.4)

thus: 


O = 0.00695 P (P in pounds, o  in psi.) (0.00664 for 25-inch pipe) or: 

p = 144 o (P = 150 o for 25-inch pipe)

Setting o to 3100 psi, yields P = 446,400 pounds or 223 tons. (yields P = 465,000 pounds or 232 tons for 25-inch pipe.)

Stresses at The Joints During Jacking:

Theoretically the joints should provide nearly the same strength as the pipe wall. The minor reduction in wall thickness is offset by allowing higher local stresses. The higher stresses will be spread throughout the wall thickness within a length equal to one to three pipe wall thicknesses. 

Deflection During Joint Testing:

The joints are to be tested using ASTM C 1208. This test calls for the application of a direct shear at the joint. The shear force to be applied is 50 pounds per inch of pipe diameter, or a total force of 1200 lbs. for the 24-inch pipe. The force is applied over a 12-inch length of pipe immediately adjacent to the joint. The ASTM C 1208 method is more challenging than the C 497 method because the pipe is actually under load. The C 497 method places no load on the pipe. 

The deflection due to this extremely small load (the pipe self weight is approximately 190 pounds per foot) should be unobservable. 

Test Data prepared by MAXIM Technologies, Inc.









Direct Design







Reinforcement Requirements 

Design Parameters:

Concrete Compressive Strength = 9,000 psi

Reinforcing yield strength = 65,000 psi

Reinforcing cover = 1-inch

Installation in accordance with ASTM C 1479
Manufacture in accordance with ASTM C 1417
	Diameter 
	Wall 

Thickness
	Installation

Type
	Fill 

Height
	ASI

(In2/ft)
	ASO

(In2/ft)

	24
	2.00
	2
	20
	0.100
	

	24
	2.00
	2
	10
	0.216
	

	24
	2.00
	2
	20
	0.322
	

	30
	2.25
	1
	20
	0.265
	

	30
	2.25
	2
	10
	.204
	

	30
	2.25
	2
	20
	.392
	

	36
	2.25
	1
	20
	0.398
	

	36
	2.25
	2
	10
	0.302
	

	36
	2.5
	2
	20
	0.488
	

	42
	2.5
	1
	20
	0.458
	

	42
	2.50
	2
	10
	0.342
	

	42
	2.75
	2
	20
	0.603
	

	48
	2.75
	1
	20
	0.540
	

	48
	2.75
	2
	10
	0.386
	

	48
	3.00
	2
	20
	0.720
	

	54
	3.00
	1
	20
	0.625
	

	54
	3.00
	2
	10
	0.456
	0.247

	54
	3.50
	2
	20
	0.725
	0.348

	60
	3.00
	1
	20
	0.837
	

	60
	3.00
	2
	10
	0.631
	0.318

	60
	3.75
	2
	20
	0.764
	0.396

	72
	4.00
	1
	20
	0.788
	0.435

	72
	4.00
	2
	10
	0.604
	0.305

	72
	5.00
	2
	20
	0.818
	0.385








Direct Bury Pipe







Design Thickness (inches)

D-Load strengths correspond to ASTM C-76






(Fc1  = 8,000 psi, Fy = 56,000 psi)







Wall thickness in inches per pipe class

	Nominal 

Diameter 
	Class I
	Class II
	Class III
	Class IV
	Class V

	24
	2.00
	2.00
	2.00
	2.25
	2.25

	27
	2.00
	2.00
	2.25
	2.25
	2.50

	30
	2.00
	2.25
	2.25
	2.50
	2.75

	36
	2.50
	2.50
	2.50
	2.50
	2.75

	42
	2.50
	2.75
	2.75
	2.75
	2.75

	48
	3.00
	3.00
	3.00
	3.00
	3.00

	54
	3.50
	3.50
	3.50
	3.50
	3.75

	60
	4.25
	4.25
	4.25
	4.25
	4.25

	66
	5.50
	5.50
	5.50
	5.50
	5.50

	72
	6.00
	6.00
	6.00
	6.00
	6.00

	84
	7.75
	7.75
	7.75
	7.75
	7.75

	90
	8.75
	8.75
	8.75
	8.75
	8.75

	96
	10.00
	10.00
	10.00
	10.00
	10.00


For pipe sizes greater than 60 inch diameter PPT has selected a thickness for each size that will allow any of the ASTM strength classes to be obtained by varying the reinforcing. 

Test Data prepared by MAXIM Technologies, Inc.









Slipline Pipe

Comparison of iNTERpipe and Fiber-reinforced slipline pipe
	Nominal 

Diameter

(inches)
	Internal 

Diameter

(inches)
	Outside 

Diameter 

(inches)
	Pipe Stiffness

(psi)
	Safe Jacking

Load (tons)

	 
	PPT        FRP
	PPT        FRP
	PPT        FRP
	PPT        FRP

	72
	72.0       70.7
	75.4       75.4
	65          46
	590        417

	78
	78.0       76.6
	81.6       81.6
	61          46
	677        496

	82.0
	82.0       81.7 
	87.0       87.0  
	138        46
	995        575

	84.0
	84.0       83.1
	88.6       88.6
	100        46  
	893        601 

	90.0
	90.0       88.6 
	94.3       94.3 
	  69        46
	933        690

	96.0
	95.5       93.5
	99.5       99.5 
	  46        46
	920        776


1. Dimensions and properties of FRP pipe are taken from supplier catalog pub. Date 4/00

2.
iNTERpipe slipline product designed to match FRP pipe outside diameter. Wall thickness selected to provide an internal diameter equal to the nominal diameter or meet requirements for SN 46 classification.

3.
iNTERpipe Safe Jacking Load set by limiting average compressive strength in the wall to 3000 psi.

Test Data prepared by MAXIM Technologies, Inc.

INTERpipe flow structures
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Flow Rate 







Approximate Maximum Flow Rates

The flow rate for a circular pipe flowing full is given by the formula:

Q = (D8/3 x S1/2) / (n x 1.33)

Q = Flow in cubic Feet Per Second (CFS)

D = Pipe Diameter In Feet 

S = slope in decimal (i.e. 0.01)

N = Manning’s Coefficient

A circular pipe actually reaches its peak capacity when the pipe is slightly less than full. The peak capacity is approximately 14% greater than the formula above. Manning’s coefficient is dependent on the material and condition of the pipe. Typical design values are provided in the table below.  

	    Kind of Pipe
	         From
	          To

	Clean Conted Cast Iron
	           0.012
	           0.014

	
	
	

	Concrete - Rough
	         0.016
	           0.017

	Concrete Dry Mix               
	         0.015
	           0.016

	Concrete  Wet Mix
	         0.012     
	           0.014

	Concrete Smooth
	          0.011
	             0.012

	
	
	

	Vitrified Clay
	          0.013
	             0.015

	
	
	


The approximate range for “n” values for iNTERpipe is from 0.012 to 0.014.

Test Data prepared by MAXIM Technologies, Inc. 










Test Data 






Laboratory Analysis of Polymer Concrete

Report Date: September 24,1998

	Test

 % Absorption as per ASTM C301
	Results

0.7 %

	
	

	% Acid-soluble matter as per ASTM C301
	0.0019 %

	
	

	Abrasion Resistance as per ASTM C944

Applied load = 20 lbf @ 3 min.

       Mass loss after 1st run

       Mass loss after 2nd run

       Mass loss after 3rd run 

Total mass loss
	0.003 %

0.006 %

0.008 %

0.008 %

	
	


Test Data prepared by MAXIM Technologies, Inc. 

POLYMER CONCRETE PIPE

36 – Inch Diameter Design Calculations 

Introduction:

These calculations have been prepared by Maxim Technologies, Inc. for Polymer Pipe Technology. The purpose of the calculations is to determine the expected performance of PPT’s 24-inch Diameter jacking pipe constructed of polymer concrete. The numbers in parentheses at the end of each section are applicable to the special case of a 25-inch diameter pipe with a wall thickness of 2.25-inches. 

Assumptions:

The jacking pipe will have a nominal inside diameter of 24-inches. The wall thickness has been selected as 2.25-inches. Material properties are:


Ultimate Compressive Strength (fc) = 9300 psi


Maximum Tensile Strength (ft) = 2000 psi


Modulus of Elasticity = 1,300,000 psi


Yield Stress of Wire Reinforcement (fy) = 65,000 psi

Method:

The flexural strength of the wall sections is estimated using conventional reinforced concrete ultimate strength theory. The moment capacity of the wall is given by:

Mu = pbd2fy(1-0.59(pfy/fc))

Where:


M is the moment capacity (varies)


P is the steel ratio (varies)


B is the unit width (12 inches  for all cases)


D is depth to steel (varies)


fy is the yield  stress of the steel (65,000 psi)


fc is the ultimate compressive strength of the concrete (9300)

No strength or load factors are used since the intent of the calculations is to develop designs to meet specific destructive test requirements of ASTM C – 76. This analysis has been shown to be conservative on past tests of PCP with these properties. 

Applied Loads and Resulting Cross Section Moments:

ASTM C 76 specifies a D-Load for concrete pipe based on the class of service. Services are classified into categories I through V. The majority of pipe used is in classes III and IV. The moments resulting from the applied D-Load may be estimated by:

M(+) = 0.3183 PR and 

M(-) = 0.1817 PR

Where:

M(+) =  Maximum Positive Moment (at Crown)

M(-) = Maximum Negative Moment (at Spring Line)

P = The applied D-Load (per unit length of pipe)

R = Pipe Radius

The resulting D-Loads, M(+), and M(-) are shown in Table 1.

	Class
	D-Load (pounds)
	M(-) (inch-kips)
	M(-) (in-kips)

	III
	6000
	34.4
	19.6

	IV
	9000
	51.6
	29.4

	V
	11,250
	64.5
	36.7


The positive moment is carried by the inner layer of steel and negative moment by the outer layer of steel. A single layer of steel formed into an ellipse may also be used. The latter approach has been selected for this application. 

Design of Cross Section and Reinforcement:

Based upon preliminary analysis and manufacturing efficiencies a standard wall thickness of 2.75 – inches has been selected. Allowing for ¾ - inch of clear cover on the inside allows setting a depth of 1.5”.

The resulting wire sizes, spacing steel area per foot and resulting moment capacity are shown in Table 2 below. The steel has been sized to resist the Maximum Positive moment from Table 1. The same steel area will be more than adequate for the negative moments when the cage is formed into an ellipse. 

The longitudinal steel shall be W3 on a minimum of 8-inch spacing to assist in the resistance of cracking during handling and to ease in fabrication. 

	Class 
	W.S. and spacing
	Steel Area (sq. in. per foot) 
	+Moment Capacity (in-kips)
	- Moment Capacity (in-kips)

	III
	W9 @ 3”
	0.36
	38.0
	32.2

	IV
	W9 @ 2”
	0.54
	54.9
	46.1

	V
	W11 @ 2”
	0.66
	65.3
	55.0


Test data prepared by MAXIM Technologies, Inc.

PPT Specification for Reinforced Polymer Concrete Pipe.

Note: This is an iNTERpipe specification and should not be construed as anything else. 

This specification covers steel reinforced polymer concrete pipe, 18 inch through 120 inch, intended for use in gravity-flow systems for conveying sanitary sewage, storm water, and industrial wastes.

Although this specification is suited primarily for pipe to be installed in direct burial, microtunnel and pipe jacking, it may be used to the extent applicable for other installations such as, but not limited to sliplining and rehabilitation of existing pipelines.

Note: The values stated in inch-pound units are to be regarded as the standard. 

1. Significance and Use

A.
Meaning and Suitability –The tests called for herein, from their results, indicate the suitability and acceptability of polymer concrete pipe with embedded reinforcement for specifications acceptance, design purposes, regulatory statutes and manufacturing quality control.

B.
Direct Burial Pipe – Polymer Concrete Pipe with embedded reinforcement manufactured for direct burial applications shall be of five classes identified as Class I, Class II, Class III, Class IV, and Class V. The corresponding strength requirements per pipe classification shall be in accordance with Table 1.

C.
Microtunnel and Jacking Pipe – Polymer Concrete Pipe with embedded reinforcement manufactured for jacking or micro-tunneling applications shall meet the minimum strength requirements of Table 2.

2. Materials and Manufacture

A.
Wall Composition – The wall composition shall consist of a thermosetting resin, aggregate, and steel reinforcement required to meet the strength requirements of Tables 1 and 2.

B.
Resin – A thermosetting resin. 

C.
Aggregate – Siliceous sand, graded aggregates, and mineral fillers tested in accordance with requirements of Standard Test Methods C-33, C-117 and C-136, except that the requirements for gradation shall not apply.

D.
Joints – The pipe shall have a gasket sealed joining system that shall prevent leakage of the contained fluid under the intended service condition. 

E.
Couplings and Sealing Rings – stainless steel or a glass fiber reinforced thermosetting resin coupling ring, which uses an elastomeric seal. 

F.
Gaskets – Elastomeric seals (gaskets) used with this pipe shall conform to the requirements of Specifications C-443-94, except that composition of the elastomer shall be as agreed upon between the purchaser and the supplier as being resistant to the intended chemical environments. 

G.
Compression Rings – A compression ring shall be used between pipe sections to avoid damage to pipe sections or seals when the pipe is installed by jacking. 

H.
Embedded Reinforcement – Reinforcement shall consist of steel wire conforming to ASTM Specification A 82 or Specification A 496 or of steel wire fabric conforming to ASTM Specification A 185 or Specification A 497 or of bars of Grade 40 steel conforming to ASTM Specification A 615.  

3. Requirements

A.
Workmanship – Each pipe shall be free from all defects, including indentations, cracks, foreign inclusions and resin-starved areas that, due to their nature, degree or extent, detrimentally affect the strength and serviceability of the pipe. The pipe shall be as uniform as commercially practical in color, opacity, density and other physical properties. 

B.
The inside surface of each pipe shall be free of bulges, dents, ridges, and other defects that result in a variation of inside diameter of more than 1/8 in. (3.2 mm) from that obtained on adjacent unaffected portions of the surface. 

C.
Joint sealing surfaces shall be free of dents, gouges and other surface irregularities that will affect the integrity of the joints.

4. Dimensions
A.
Pipe Diameters – The pipe shall be supplied in the nominal diameters as required in the plans.

B.
Lengths – Pipe shall be supplied in nominal lengths as described in Section 7, unless otherwise agreed to between purchaser and seller.

C.
Wall Thickness – The pipe shall be supplied with the wall thickness required to meet D-Load requirement as shown in Tables 1 and 2, unless otherwise agreed to between purchaser and seller.
D.
Straightness of Pipe – Pipes shall not deviate from straight by more than the amount shown in Section 7 of this specification.

E.
Roundness of Pipe – The diameter shall not vary from a true circle by more than 1.0% of its nominal diameter.

F. Squareness of Pipe Ends – The end squareness shall be as described in Section 7. 

5. Test Methods

A.  Three edge bearing – The pipe shall withstand, without failure, the three-edge bearing loads specified in Tables 1 and 2.

B. Compressive Strength – The minimum axial compressive strength shall be 9,000 psi. Determine in accordance with ASTM Test Method C-579 Method B. Obtaining test samples via drilled core and / or sawed beams are to follow ASTM Standard Test Method and procedures of C 42 for cores and / or C 109 for cubes.   

C. Hydrostatic Pressure – The pipe shall withstand an internal pressure of 10 psi for a minimum of 15 minutes, when tested in accordance with Stand Test Method C-301 or as required by intended service.

D. Acid Resistance – This test is used to determine the resistance of the pipe to the action of acids specified in ASTM Test Methods C-301. The test shall be performed only when specified.

The pipe of each size and shipment shall be acceptable if the percent acid-soluble matter, from specimens representing such pipe, does not exceed 0.25%.

E. Joint Tests – The pipe shall meet the requirements described in ASTM Specifications C361-96, C443-94, and/or C1208-95 depending on which application the pipe will be used for and what service the pipe will be placed in. 

6. Sampling and Test Specimens

A. Test Specimen - Test specimens of the pipe to be used may be selected by the purchaser, and/or their representative from the manufacturer’s stock lot. 

B. Stock Lot - For the purpose of these specifications, a lot is defined as no more than 100 sections of pipe of each size and class furnished.

The number of specimens to be tested shall not exceed 0.5% of the number of pipe of each size furnished, except that no less than two specimens shall be tested.

If any of the test specimens fail to meet the requirements outlined in this specification, the manufacturer will be allowed to retest two additional specimens representative of the original material stock lot for each one that failed. The stock lot will be acceptable if all retest specimens meet the test requirements.

C. Production Tests – Select one pipe at random from each lot to determine conformance of the material to the workmanship, dimensional and physical requirement of this outlined specification.

D. Qualification Tests – Sampling for qualification tests is not required unless otherwise agreed upon between the purchaser and the supplier. Qualification tests for which a certification and test report shall be furnished when requested by the purchaser, including the following: Hydrostatic pressure test, Acid resistance test and Joint-tightness test.

7. Dimensions and Tolerances - The permissible variations in dimensions shall be limited to the following:

A. Length – Pipe shall have a nominal laying length of 8 to 24 feet unless otherwise specified. Measure the pipe with a steel tape or gage having gradations of 1/16 in. or less. Lay the tape or gage on or inside the pipe and measure the overall laying length of the pipe. Variations in laying lengths of two opposite sides of pipe shall not be more than 1/16 inch per foot (5mm per m) with a maximum of ½ inch in any length of pipe.

B. Wall Thickness – Pipe wall thickness will be identified by the manufacturer and be adequate to meet the requirements of the loadings specified in Tables 1 and 2. 

C. Inside Diameter – The inside diameter of 12 to 14 inches (300 to 600mm) pipe shall not vary more than ¼ inch (6mm). The internal diameter of 27 inches (675 mm) and larger pipe shall not vary more than 1% or 5/8 inch (16mm), whichever is less. 

D. Straightness – Pipes shall not deviate from straight by more than 1/16 inch per linear foot (5mm per linear meter). Measurements shall be taken by measuring gaps between the pipe wall ends and a straightedge placed along any longitudinal line on the exterior surface of the pipe. 

E. Roundness – The outside diameter of the pipe shall not vary from a true circle by more than 1%.

F. End Squareness – the ends of the pipe in contact with the jacking pads shall be perpendicular to the longitudinal axis of the pipe with a maximum of ½ inch (13mm), measured with a square and a straight edge across the end of the pipe. The bearing surfaces shall be smooth and free of projections.

Note: For pipe jacking installations, tolerances for squareness and straightness of pipe may be more stringent.

8. Reinforcement

A. Circumferential Reinforcement – Determined in accordance with ASTM C 76 Section 8.1.

B. Longitudinal Reinforcement – Determined in accordance with ASTM C 76 Section 8.2.

C. Joint Reinforcement – Determined in accordance with ASTM C 76 Section 8.3.

9. Repairs

Pipe may be repaired, if necessary, because of imperfections in manufacture or damage during handling and will be acceptable if, in the opinion of the owner, the repaired pipe conforms to the requirements of this specification.

10. Packing, Marking and Shipping

Mark each length of pipe that meets or is part of a lot that meets the requirements of this specification at least once in letters not less than ½ inch in height and of bold type style in a color and type that remains legible under normal handling and installation procedures. The marking shall include the nominal pipe size, manufacturer’s name or trademark, any ASTM specification number required or specified, three-edge bearing strength and maximum allowable jacking force, if applicable. 

Prepare pipe for commercial shipment in such a way as to ensure acceptance by common or other carriers. 

All packing, packaging, and marking provisions of Practice D-3892 shall apply to this specification.

Table 1 Design Requirements for Direct Burial Pipe

The strength test requirements in pounds-force per linear foot of pipe under the three-edge bearing method shall be either the D-load (test load expressed in pounds-force per linear foot per foot of diameter) to produce a 0.01-in crack, or the D-loads to produce the 0.01-in, crack and the ultimate load as specified below, multiplied by the internal diameter in the pipe in feet.

	Classification
	D-Load to produce a 0.01” crack
	D-Load to produce ultimate load

	Class I
	800
	1200

	Class II
	1000
	1500

	Class III
	1350
	2000

	Class IV
	2000
	3000

	Class V
	3000
	3750


Table 2 Design Requirements for Jacking Pipe

The strength test requirements in pounds-force per linear foot of pipe under the three-edge bearing method shall be either the D-load (test load expressed in pounds-force per linear foot per foot of diameter) to produce a 0.01-in crack, or the D-loads to produce the 0.01-in, crack and the ultimate load as specified below, multiplied by the internal diameter in the pipe in feet.

	Pipe Size
	D-Load to produce a 0.01” crack
	D-Load to produce ultimate load

	21” Inside Diameter and Smaller
	2000
	3000

	24” Inside Diameter and Greater
	1350
	2000


11. Terminology (Definitions):

General– Unless otherwise indicated, definitions are in accordance with Definitions C-125, D-883, C-822-93, C-904-97, and F-412, and abbreviations are in accordance with Terminology D-1600. 

Description of Terms Specific to This Standard:

Aggregate-a siliceous granular material, such as sand, gravel, crushed stone and mineral filler, conforming to the requirements of ASTM C 33 except that the requirements for gradation shall not apply. 

Polymer concrete pipe – tubular product consisting of aggregate, embedded in or surrounded by cured thermosetting resin and which may contain granular or platelet fillers, thixotropic agents, pigments, or dyes. 

Reinforced Polymer Concrete Pipe – is a polymer concrete pipe with embedded reinforcement such as steel wire, steel wire mesh and / or steel bar.

Qualification test – one or more tests used to prove the design of a product. Not a routine quality control test.

Pipe Jacking – a system of directly installing pipes behind a shield machine by hydraulic jacking from a drive shaft, such that the pipes form a continuous string in the ground. 

Referenced Documents (ASTM Standards):

A 82  Specification for Steel Wire, Plain, for Concrete Reinforcement.

A 185  Specification for Steel Welded Wire, Fabric, Plain, for Concrete Reinforcement.
A 496  Specification for Steel Wire, Deformed, for Concrete Reinforcement.

A 497 Specification for Steel Welded Wire Fabric, Deformed, for Concrete Reinforcement.

A 615 Specification for Deformed and Plain Billet-Steel, for Concrete Reinforcement. 

C-33 Standard specification for concrete aggregates.

C-42 Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.

C-76 Standard specification for reinforced concrete culvert, storm drain, and sewer pipe.

C-109  Standard Test Method for Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or (50-mm) Cube Specimens).

C-117  Standard Test Methods for Materials Finer than 75um (No.200) Sieve in Mineral Aggregates by Washing.

C-125 Standard Terminology Relating to Concrete and Concrete Aggregates.

C-136  Standard Method for Sieve Analysis of Fine and Coarse Aggregates.

C-301 Standard test methods for vitrified clay pipe.

C-361-96 Standard specification for reinforced concrete low head pressure pipe.

C-443-94 Standard specification for joints for circular concrete sewer and culvert pipe, using rubber gaskets.

C-497 Standard test methods for concrete pipe, manhole sections, or tile.

C-579 Compressive strength of chemical-resistant mortars, grouts, monolithic surfacings, and polymer concretes.

C-822  Standard terminology relating to concrete pipe and related products.

C-904 Standard terminology relating to chemical-resistant nonmetallic materials.

C-1208  Standard Specification for Vitrified Clay Pipe and Joints for use in Jacking, Sliplining, and Tunnels.

D-883 Standard Terminology Relating to Plastics.

D-1600 Terminology for Abbreviated Terms Relating to Plastics

D-3892 Practice for Packaging/Packing of Plastics.

F-412  Standard Terminology Relating to Plastic Piping Systems.

Polymer Concrete Pipe Specification 

Manufactured By: Polymer Pipe Technology / iNTERpipe.

This specification applies to polymer concrete microtunneling pipe manufactured by Polymer Pipe Techonoly to be used for sanitary sewers, storm drains, and related structures. The pipe shall be manufactured in accordance with ASTM C-1208 and ASTM C-76. A minimum allowable compression strength to meet and / or exceed the strength requirements of ASTM C-76 Class V pipe is required (Section 7.2 of ASTM C-76-95a under “modified or Special Designs” (7.2.2 and 7.2.3). The size of the polymer concrete pipe to be furnished shall be manufactured to meet the requirements as shown on the Plans and / or the Specifications. The jacking load for the pipe shall be as determined by the Contractor for geotechnical conditions presented in the Geotechnical Report.

Materials Requirement: The wall resin shall be polyester. The aggregate shall conform to a maximum grain size of 5/8 inch. The sand shall have a maximum grain size of 16 mesh. The filler shall be an inert powder. The aggregate, sand and inert powder shall be cleaned, washed and dried. The pipe shall meet the chemical requirements of continuous service in a sanitary sewer environment ranging from pH 1 to pH 10. Elastomeric sealing gaskets shall conform to the requirements of either ASTM F-477 and / or ASTM C-443.

Dimensions and Tolerances. Dimensions and size of pipe shall conform to requirements set below:

a. Length. The pipe lengths shall have a maximum length of 10 feet, or as agreed upon by manufacturer and owner.

b. Minimum Wall Thickness. The minimum wall thickness shall be as needed to support the anticipated jacking forces with a factor of safety of 3.0 at the joints.

c. Out of Straight. Pipes shall not deviate from straight by more than 0.06 inch per linear foot. Measurement shall be taken by measuring the gaps between the pipe wall and a straight edge placed along any longitudinal line on the pipe’s exterior surface.

d. Out of Round. The inside and outside diameters shall not vary from a true circle by more than 0.5 percent of its designed diameter. The out-of-round dimensions are the difference between the maximum and minimum diameters measured at any one location along the barrel. The compression disc shall be installed in the bell end of the pipe at the factory as part of the manufacturing process.

e. Out of Square. The ends of the pipe shall be perpendicular to the straight long axis within 0.004 inch per inch of outside diameter.

f. Diameter. The inside diameter of the pipe shall not vary by more than 1% or 5/8 whichever is less. 

Joints: Joints for the polymer concrete microtunneling pipe shall consist of a seat, an elastomeric sealing element, a sleeve, and a compression disc.

a. Seat. The seat is either a formed or ground recess on the pipe ends.

b. Elastomeric Sealing Element. The elastomeric sealing element is an elastomeric gasket whose configuration and location may vary with pipe diameter and will provide a watertight joint at allowed deflection angles and after compression from tunneling operations.

c. Sleeve. The sleeve is an element which bridges between pipe sections. The sleeve shall be made of a noncorrosive material such as fiberglass which in conjunction with the sealing element forms a joint which meets the performance requirements of ASTM D-4161 and / or  ASTM C-1208. Composite sleeve shall be corrosion resistive in continuous service with a pH between 1 and 10. Sleeves shall be flush to outside diameter of pipe.

d. Compression Disc. The compression disc is a flat disc that conforms to the remaining ends of the pipe after the joint is formed. Its purpose is to distribute the jacking forces which develop during pipeline installation. The width of the compression disc shall not exceed the maximum wall thickness of the pipe at the joint, nor shall it extend into the spigot end of the connecting pipe. Compression discs shall be factory fabricated and installed. 

Testing Requirements.  Testing shall be in accordance with ASTM C-1208 and ASTM C-76 Class V pipe.

Joint Tests. Joint tests shall be in accordance with ASTM D-4161 and / or ASTM C-1208 depending on engineer’s requirements.

Bearing Strength Test.  The bearing strength shall be tested in accordance with ASTM C-301 and / or ASTM C-76. Required bearing strength shall be a minimum of 3000 lb/ft.

Compression Strength Test. The compressive strength shall be tested in accordance with ASTM C-579 Method B, ASTM C-1208 and / or ASTM C-497. If the compression samples to be tested are to be taken from a pipe, compressive strength shall be tested in accordance with ASTM C-42 for cores and / or ASTM C-109 for cubes. The compressive strength shall be a minimum to meet or exceed ASTM C-76 Class V pipe requirements. The pipe test section shall be completely immersed in water for a minimum of 24 hours immediately prior to the compression tests (three edge-bearing tests).

Marking. Each pipe section shall be marked on both ends to identify the manufacturer, manufacturer number (identifies factory location, date of manufacture, shift, and sequence), nominal diameter, beam load, ASTM number and designation, and lot number.

Polymer Pipe Technology



iNTERpipe

PPT Specification for Precast Reinforced Polymer Concrete Manhole Sections

Note: This is an iNTERpipe specification and should not be construed as anything else. 

This specification applies to precast reinforced rigid polymer concrete manufactured by Polymer Pipe Technology to be used for sanitary sewers, storm drains, and related structures. The manholes shall be manufactured in accordance with ASTM C 478 (7.2 Modified and Special Design) and risers in accordance with ASTM C 76 (Section 7.2 of ASTM C 76-95a under Modified or Special Designs” 7.2.2 and 7.2.3). The size of the polymer concrete manholes to be furnished shall be manufactured to meet the requirements as shown on the Plans and/ or Specifications.  

Significance and Use

Meaning and Suitability –The tests called for herein, from their results, indicate the suitability and acceptability of polymer concrete manhole with embedded reinforcement for specifications acceptance, design purposes, regulatory statutes and manufacturing quality control.

Materials and Manufacture

Wall Composition – The wall composition shall consist of a thermosetting resin and aggregate, and internal reinforcement. 

Aggregate – Siliceous sand, graded aggregates, and mineral fillers tested in accordance with requirements of Standard Test Methods C-33, C-117 and C-136, except that the requirements for gradation shall not apply.

Joints – The reinforced concrete manhole base and riser sections, excepting grade rings, shall be designed and formed with male and female ends, so that when the manhole base, riser, and top are assembled they will make a continuous and uniform manhole.

Elastomeric Seals (Gaskets) – Elastomeric seals (gaskets) used with this pipe shall conform to the requirements of Specifications C-443. Except that composition of the elastomer shall be as agreed upon between the Engineer and the supplier as being resistant to the intended chemical environments. 

Embedded Reinforcement – Reinforcement shall consist of steel wire conforming to ASTM Specification A 82 or Specification A 496 or of steel wire fabric conforming to ASTM Specification A 185 or Specification A 497 or of bars of Grade 40 steel conforming to ASTM Specification A 615.  

Requirements

Workmanship – Each pipe shall be free from all defects, including indentations, cracks, foreign inclusions and resin starved areas that, due to their nature, degree or extent, detrimentally affect the strength and serviceability of the pipe. The pipe shall be as uniform as commercially practical in color, opacity, density and other physical properties. 

Joints – The pipe shall meet the requirements described in ASTM Specifications C 443. Pipe to manhole connections shall have flexible, resilient and noncorrosive boot connectors or ring waterstops acceptable to the Engineer or designated representative conforming  to the requirements of ASTM C 923 on all wastewater manhole connections. 

Joint sealing surfaces shall be free of dents, gouges and other surface irregularities that will affect the integrity of the joints.

Sampling and Test Specimens
Test Specimen - Test specimens of the pipe to be used may be selected by the purchaser, and/or their representative from the manufacturer’s stock lot. 

Stock Lot - For the purpose of these specifications, a lot is defined as no more than 100 sections of pipe of each size and class furnished.

The number of specimens to be tested shall not exceed 0.5% of the number of pipe of each size furnished, except that no less than two specimens shall be tested.

If any of the test specimens fail to meet the requirements outlined in this specification, the manufacturer will be allowed to retest two additional specimens representative of the original material stock lot for each one that failed. The stock lot will be acceptable if all retest specimens meet the test requirements.

Production Tests – Select one pipe at random from each lot to determine conformance of the material to the workmanship, dimensional and physical requirement of this outlined specification.

Qualification Tests – Sampling for qualification tests is not required unless otherwise agreed upon between the purchaser and the supplier. Qualification tests for which a certification and test report shall be furnished when requested by the purchaser, including the following: Hydrostatic pressure test, Acid resistance test and Joint-tightness test.
Test Methods

Three-Edge Bearing Test – External load crushing strength test. The test specimens shall be standard lengths of pipe or other lengths as approved by the purchaser. Three-Edge Bearing Test will be tested in accordance with the ASTM Standard Test Methods of C-301 or C-497.

Compressive Strength Test – Determine in accordance with ASTM Test Method C-579 Method B. Obtaining test samples via drilled core and / or sawed beams are to follow ASTM Standard Test Method and procedures of C 42 for cores and / or C 109 for cubes.   

Hydrostatic Pressure Test – The pipe shall meet the laboratory requirements and test procedures of ASTM Standard Test Method C-1208. 
Absorption – ASTM C 301

Abrasion Resistance – ASTM C 944

Acid-Soluble Matter – This test is used to determine the resistance of the pipe to the action of acids specified in ASTM Test Methods C 301. The test shall be performed only  when requested by the Engineer.

Dimensions and Tolerances - The permissible variations in dimensions shall be limited to the following:

Inside Diameter – The internal diameter of manhole sections shall not vary more than 1%.

Wall Thickness – The wall thickness shall not be less than that described in the design by  more than 5% or +/- 3/16 inch, whichever is the greater. A wall thickness greater than that shown in the design shall not be cause for rejection. 

Length of Two Opposite Sides – Variations in laying lengths of two opposite sides of manhole sections shall not be more than 5/8 inch. 

Length of Sections – The underrun in length of a section of manhole base, riser, or conical top shall be not more than ¼ inch/foot of length with a minimum of ½ inch in any one section.  

Repairs

Pipe may be repaired, if necessary, because of imperfections in manufacture or damage during handling and will be acceptable if, in the opinion of the owner, the repaired pipe conforms to the requirements of this specification.

Packing, Marking and Shipping

Mark each length of pipe that meets or is part of a lot that meets the requirements of this specification at least once in letters not less than ½ inch in height and of bold type style in a color and type that remains legible under normal handling and installation procedures. The marking shall include the nominal pipe size, manufacturer’s name or trademark, any ASTM specification number required or specified, three-edge bearing strength and maximum allowable jacking force, if applicable. 

Terminology (Definitions):

General– Unless otherwise indicated, definitions are in accordance with Definitions C-125, C-822-93, C-904-97, and abbreviations are in accordance with Terminology D-1600. 

Description of Terms Specific to This Standard:

Aggregate-a siliceous granular material, such as sand, gravel, crushed stone and mineral filler, conforming to the requirements of ASTM C 33 except that the requirements for gradation shall not apply. 

Polymer concrete pipe – tubular product consisting of aggregate, embedded in or surrounded by cured thermosetting resin and which may contain granular or platelet fillers, thixotropic agents, pigments, or dyes. 

Reinforced Polymer Concrete Pipe – is a polymer concrete pipe with embedded reinforcement such as steel wire, steel wire mesh and / or steel bar.

Qualification test – one or more tests used to prove the design of a product. Not a routine quality control test.

Referenced Documents (ASTM Standards):

A 82  Specification for Steel Wire, Plain, for Concrete Reinforcement.

A 185  Specification for Steel Welded Wire, Fabric, Plain, for Concrete Reinforcement.
A 496  Specification for Steel Wire, Deformed, for Concrete Reinforcement.

A 497 Specification for Steel Welded Wire Fabric, Deformed, for Concrete Reinforcement.

A 615 Specification for Deformed and Plain Billet-Steel, for Concrete Reinforcement. 

C 33  Standard specification for concrete aggregates.

C 42
Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.

C 76 Standard specification for reinforced concrete culvert, storm drain, and sewer pipe.

C 109  Standard Test Method for Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or (50-mm) Cube Specimens).

C 117  Standard Test Methods for Materials Finer than 75um (No.200) Sieve in Mineral Aggregates by Washing.

C 125 Standard Terminology Relating to Concrete and Concrete Aggregates.

C 136  Standard Method for Sieve Analysis of Fine and Coarse Aggregates.

C 301 Standard test methods for vitrified clay pipe.

C 443 Standard specification for joints for circular concrete sewer and culvert pipe, using rubber gaskets.

C 497 Standard test methods for concrete pipe, manhole sections, or tile.

C 579 Compressive strength of chemical-resistant mortars, grouts, monolithic           surfacings, and polymer concretes.

C 822  Standard terminology relating to concrete pipe and related products.

C 904 Standard terminology relating to chemical-resistant nonmetallic materials.

C 923 Specification for Resilient Connectors Between Reinforced Concrete Manhole Structures Pipes

C 944 Specification for Abrasion Resistance

Supplementary Information Design Data – Calculations & Test Copies

[image: image5.jpg]POLYMER CONCRETE PIPE
24 - Inch Diameter Jacking Pipe Analysis

duction.

These calculations have been prepared by Maxim Technologies, Inc.” for Polymer Pipe
“Technologies, Inc. The purpose of the calculations is to determinc the expected performance
of PPT's 24-Inch Diameter Jacking Pipe consiructed of polymer concrete. The numbers in
parentheses at the end of each section are applicable 10 the special casc of a 25-inch diameter
pipe with a wall thickness of 2.25-inches.

Assumptions

The jacking pipe will have a nominal inside diameter of 24-inches. The wall thickness has
been selected as 2.25-inches. Material properties are:

Ultimate Compressive Strength (f) = 9300 psi
Maximum Tensile Strength (f,) = 2000 psi
Modvlus of Elasticity = 1,300,000 psi

Safc Jacking Load:

The safe jacking load (assuming a safety factor of 3) can be determined by computing the
cross sectional area, moment of inertia, and anticipated maximum eccentricity of the foad
The stress in the pipe is given by:

o= PIA,+ Pec/l
where:
P = Jacking Force
A, = Cross Sectional Area
A =12 R?- RY)
R, = Outer Radius (14.25 - inches)
R, = Inner Radius (12- inches)
“The resulting value for A_is 185 in? (192 in. for 25-inch pipe)
e = cecentricity of jacking force. (1.75")
¢ = distance to extreme fiber (14.25 - inches) (14.75 in. for 25-inch pipe)
1= Moment of Inertia
1=12(R'- R)A
The resulting value of T is 16,100 in.* ( 18,000 in.®

thus
3 =0.00695 P (P in pounds, @ in psi.) (0.00664 for 25-inch pipe) or:
P =144 g (P = 150 g for 25-inch pipe)

Setting 0 to 3100 psi, yields P= 446,400 pounds or 223 tons. (yields P= 465,000 pounds or
232 tons for 25-inch pipe.)




[image: image6.jpg]Steesses At The Joints During Jacking:

Theoretically the joints should provide nearly the same strength as the pipe wall. The minor
reduction in wall thickness is offset by allowing higher local stresses. The higher stresses
will be spread throughout the wall thickness within a length equal to one to three pipe wall
thicknesses.

Deflection During Joint Testing:

The joints are to be tested using ASTM C 1208. This test calls for the application of a direct
shear at the joint. The shear force to be applicd is 50 pounds per inch of pipe diameter, or &
total force of 1200 Ibs for the 24-inch pipe. The force is applied over a 12-inch length of
pipe immediately adjacent to the joint. The ASTM C 1208 method is more challenging than
the C 497 method because the pipe is actually undor load. The C 497 method places no load
on the pipe.

THe deflections duc to this extremely small load (the pipe self weight is approximately 190
pounds per foot) should be unobservable
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36-INCH DIAMETER DESIGN CALCULATIONS

Introduction:

These calculations have been prepared by Maxim Technologies, Inc.® for Polymer Pipe
Technologies, Inc. The purpose of the calculations is to determine the wall designs for
Polymer Concrete Pipe (PCP) that is cquivalent in strength to ASTM C 76 Classes 11 through
V for conventional reinforced concrete pipe.

Assumptions:
Material properties used in the calculations are:

Ultimate Compressive Strength (£,) = 9300 psi
Maximum Tensile Strength (£) = 2000 psi

Modulus of Elasticity = 1,300,000 psi

Yield Stress of Wire Reinforcement (f,) = 65,000 psi

Method:

The flexural strength of the wall sections is estimated using conventional reinforced concrete
ultimate strength theory. The moment capacity of the wall is given by

M, = pbd'(1-0.59(pf/E)
where:
M is the moment capacity ( varies)
p is the steel ratio (varies)
b is the unit width (12 inches for all cases)
dis depth to steel (varies)
f, is the yield stress of the steel (65,000 psi)
£ is the ultimate compressive strength of the concrete (9300 psi)
No strength or load factors are used since the intent of the calculations is to develop designs
1o meet specific destructive test requirements of ASTM C 76. This analysis has been shown
1o be conservative on past tests of PCP with these properties.

Applied Loads and Resulting Cross Section Moments:

ASTM C 76 specifies a D-Load for concrete pipe based on the class of service. Services are
classified into categories I through V. The majority of pipe used is in classes 11 and IV.
The moments resulting from the applied D-Load may be estimated by:

M, = 0.3183 PR and
M,,=0.1817 PR
where:




[image: image8.jpg]M, = Maximum Positive Moment (at Crown)

5= Maximum Negative Moment (at Spring Linc)
P = The applied D-Load (per unit length of pipe)
R = Pipe Radius

The resulting D-Loads, My.,, and M, are shown in Table |

Class D-Load (pounds) M, (inch-kips) M, (in-kips)
i 6000 344 196
)\ 9000 516 29.4
v 11,250 64.5 36.7

The positive moment is carried by the inner layer of steel and ncgative moment by the outer
layer of steel. A single layer of steel formed into an ellipse may also be used. The latter
approach has been selected for this application

Design of Cross Section and. ent

Based upon preliminary analysis and manufacturing efficiencies a standard wall thickness of
275 - inches has been selected. Allowing for 3/d-inch of clear cover on the inside allows
Setting a depth to reinforcing steel of 1.75". Setting the exterior clear cover to 1" allows a
depth of 1.5".

The resulting wire sizes, spacing steel area per foot and resulting moment capacity are shown
in Table 2 below. The steel has been sized to resist the Maximum Positive Moment from
Table 1. The same steel area will be more than adequate for the negative moments when the
cage is formed into an ellipse.

The longitudinal steel shall be W3 on a minimum of 8-inch spacing 1o assist in the resistance
of cracking during handling and to ease in fabrication.

Class W.S. and Spacing Steel Area + Moment | - Moment
(sqin. per foot) Capacity Capacity
(in-kips) (in-kips)
ut wo @3 036 38.0 322
v W@ 2" 054 54.9 6.1
v Wil @2 0.66 653 55.0

The attached figure shows the steel layout.
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[image: image10.jpg]Maxim Tech. Southwestern Labs

222 Cavalcade St, P.O.Box 8768
Telephone: (713) 692-9151
Fax: (713) 6966307

REPORT OF LABORATORY ANALYSES OF POLYMER CONCRETE PIPE

Clieat: POLYMER PIPE TECHNOLOGY Project No: 9859414
2121 San Jacinto Street Report No: 72414
Suite 2880 Date of Service: March 3, 1999
Dallas, Texas 75201 Report Date: March 5, 1999

Authorization: Chris Hilberth
Project: Laboratory Testing of
Polymer Concrete Pipc

Services: On February 22, 1999 Maxim received a shipment of five “24 inch LD, by 4 feet” samples of
Polymer concrete pipe. The samples were measured and tested in general accordance with ASTM €76 and.
ASTM C497. Enclosed are the results of those tests.

SAMPLE LABELED #1

Tdentifying Marks: Sample has a white colored coating on the inner surface.
Sample has a gray colored coating on the outer surface.

Measurements: Average Length - 48 % inches
Average Outside Diameter = 28 ¥ inches
Average Inside Diameter - 24 inches.
Average Wall Thickness -2 % inches

Compressive Measurements:

Load and deflcction required

toproduce a0.01-inchcrack- (4,286 1bs. at 0.270 inches of deflection]

Maximum load and

comresponding deflection- [60.830 Ths. at 0.900 inches of deflection

Rebound of sample after .
‘maximum load has been achieved- Sample rebounded (o a reading of 0.322 inches

TOP OF SAMPLE
Cracking under Load:

Onthe inner surface, cracking appeared
only on the lop and bottom of the specimen
as shown by the inner two arrows on the
diagram.

On the outer surface, cracking appeared
only on the outer two 457 as shown
by the outer arrows on the diagram

Nonc of the cracks penetrated the full
thickness of the walls. The cracks extended
the length of the pipe.
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Identifying Marks: Sample has a white colored coating on the inner surface.
Sample has no coating n the outer surface,

Measurement

Average Length 48 inches

‘Average Outside Diameter - 28 % inches
Average Inside Diameter - 24 inches
Average Wall Thickness -2 % inches

Compressive Measurements:

Load and deflection required

to producea 00l-inchcrack-  [23.779 Ibs. at 0.255 inches of deflection]

Maximum load and

cortesponding deflection- 39263 Ibs. at 1,050 inches of deflcction

Rebound of sample after

‘maximum load has been achieved- Sample rebounded to a reading of 0.345 inches

TOP OF SAMPLE
Cracking under Load:

On the inner surface, cracking appeared
only on the top and botiom of the specimen
as shown by the inner two arrows on the
diagram.

On the outer surface, cracking appeared =5

only on the outer two 45's as shown
by the outer arrows on the diagram

None of the cracks penetrated the full
thickness of the walls. The cracks extended
the length of the pipe

BOTTOM OF SAMPLE

‘Notes: This sample appeared o have a surface defect rescmbling minute pot holing. This pot holing
exposed some of the aggregates in the mix. We suspect that this was caused by insufficient vibration during
molding.

Pace 2 0f &
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Sample has a white colored caating on the outer surface.

Measurements: Average Length 48 inches
‘Average Outside Diameter — 28 Y% inches
Average Inside Diameter — 24 inches
Average Wall Thickness -2 % inches

Compressive Measurements:

Load and deflection required

" T e e e
to produce a 0.01-inchcrack- 28756 Ibs. at 0.200 inches of deflection

Maximum load and

comesponding deflection- (50,922 Tbs. at 0630 inches of deflection

Rebound of sample after

‘maximum load has been achieved- Sample rebounded to a reading of 0.283 inches

TOP OF SAMPLE
Cracking under Load:

On the inner surface, cracking appearced
only on the top and bottom of the specimen
as shown by the inner two arrows on the
diagram.

On the outer surface, cracking appeared
only on the outer two 45's as shown

by the outer arrows on the diagram
None of the eracks penstrated the full

thickness of the walls. The cracks extended
the length of the pipe.

BOTTOM OF SAMPLE

Paceoff
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Identifying Marks: Sample has no colored coating on the inner surface.
Sample has no colored coating on the outer surface.

Measurements: Average Length— 48 inches
Average Outside Diameter ~ 28 S/8inches
Average Inside Diameter ~ 24 inches
Average Wall Thickness - 2 3/8inches

Compressive Measurements:

Load and deflection required

to produce a 0.01-inch crack- 7,650 Ibs. at 0.220 inches of deNection]
‘Maximum load and

comesponding deflection- [89770 1bs. at 0,835 inches of deflection]
Rebound of sample after

masimum load has been achicved- Sample rebounded to a reading of 0.318 inches
TOP OF SAMPLE

Cracking under Load:

On the inner surface, cracking appeared

only on the top and bottom of the specimen
as shown by the inner two arrows on the

diagram.

On the outer surface, cracking appeared
only on the outer two 45's as shown

by the outer arrows on the diagram

None of the cracks penetrated the full
thickness of the walls. The cracks extended
the length of the pipe.

BOTTOM OF SAMPLE

Pace 0f




[image: image14.jpg]SAMPLE LABELED #5

Tdentifying Marks: Sample has no colored coating on the inner surface.
‘Sample has no colored coating on the outer surface.

Measurements: Average Length — 48 1/4 inches
Average Outside Diameter — 28 1/2inches
Average Inside Diameter — 24 inches
Average Wall Thickness - 2 3/Sinches

Compressive Measuremeats:

Load and deflection required
toproduce 2 0.01-inchcrack- 27,630 Ibs. at 0,250 inches of deflection]
Maximum load and

corresponding deflcction- (17,558 Ths. at 0.960 inches of deNcetion
Rebound of sample after

‘maximum load has been achicved- Sample rebounded to a reading of 0.345 inchey

TOP OF SAMPLE
Cracking under Load:

On the inner surface, cracking appeared
only on the top and bottom of the specimen
as shown by the inner two arrows on the
diagram.

On the outer surface, cracking appeared =
only on the outer two 45’ as shown

by the outer arrows on the diagram

None of the cracks penctrated the full

thickness of the walls. The cracks extended
the length of the pipe.

BOTTOM OF SAMPLE.

Pave Saf 6
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SUMMARY OF LOADS AT THE 0.01 INCH CRACK

SAMPLE ID LOAD AT 001" CRACK. CORRESPONDING DEFLECTIO:
SAMPLE #1 34286185 0.270 INCHES
SAMPLE #2 23779 1BS 0255 INCHES
SAMPLE #3 28,756 LBS 0200 INCHES
SAMPLE #4 27,650LBS 0220 INCHES
SAMPLE #5 27,650LBS 0250 INCHES
[AVERAGE 28,424 LBS. 0.239 INCHES

UM LOADS
SAMPLEID MAXIMUM LOAD CORRESPONDING DEFLECTION
SAMPLE #1 60,830 LBS 0,500 INCHES
SAMPLE #2 39,263 LBS 1050 INCHES
SAMPLE #3 40,9221BS 0.650 INCHES
SAMPLE #4 49,770 LBS 0.835 INCHES
SAMPLE #5 47,558 LBS 0.960 INCHES
[AVERAGE 47,669 LBS 0.879 INCHES

SUMMARY OF SAMPLE REBOUND

SAMPLETD FINAL READING TOTAL REBOUND
SAMPLE #1 0.322 INCHES 0.578 INCHES
SAMPLE #2 0.345 INCHES 0.705 INCHES
SAMPLE #3 0.283 INCHES 0,367 INCHES
SAMPLE #4 0313 INCHES 0,517 INCHES
SAMPLE #5 0.345 INCHE! 0,615 INCHES
AVERAGE 0.323 INCHES — 0.556INCHES

CRACKING CHARACTERISTICS

The cracking characteristics of all five pipe are identical. The only evidence of cracking on the inner
surfaces was on the top and bottom of the pipe. The anly evidence of cracking on the outer surface was at
the two 45 degree points. The cracking did not penetrate the entirc thickness, rather 10 the point of the
rebar. There was no discernable chipping of any of the colored coatings.
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Joint Details – jacking pipe
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Stork Southwestern Labs

SouTHWESTERN
(77) 222 Covtosde 1. Houston, Toxas 77008
S IR

Telophons: (713) 632.9151
FAX: (713) 6956203

REPORT OF
LABORATORY TESTING OF POLYMER PIPE

CUENT: POLYMSR PIPE TECHNOLOGY, INC.
ATTN: Chris Hilberth
2121 SAN JACINTO, STE. 2880

DALLAS, TX 75201 PROJECTNO.: 9859414
REPORTNO.: 735053
Miscellaneous Pipe Testing DATE OF SERVICE:  6/28/3%
AUTHORIZATION: Chris Hilberth
REPORTDATE:  7/01/35

SERVICES: On June 29, 1399 Southwestern Laboratories tested 28 inch outside diameter
pipe supplied by Polymer Pipe Technologies for Assembled Joints and
Hydrostatic Pressure. Enclosed are the results.

REPORT OF TESTS

ASSEMALED JOINT TESTS
pIPE POLYMER PIPE TECHNOLOGIES
PP 28 INCH OUTSIDE DIAMETER POLYMER PIPE

TEST PROCEDURE- ASTM C1208
DATE TESTED-  JUNE 29, 199

We received two 4 foot sections of 28 inch o0.d. pipes that had been capped
on the ends. We assembled the joints using the 27 5/8 inch coupling and
original length gaskets. Pipe was filled with water and subjacted to 10
feet of head pressure. A Shear load of 50 1bf/in. of nominal diameter was
applied and the assembly was closely monitored for an hour. Ko leakage was
discovered at the joint or at any other point on the assembly.

23 S 2SSSMBLED JOINT TEST AS PRESCRIBED IN ASTM C120:
PARAGRAPHS 5.1 THROUGH 5.4.2%

Report Of Tests Continued On Page 2
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POLYMER PIPE TECHNOLOGY, INC.
PROJECT NO. 9859414
DATE OF SERVICE:  6/23/95

REPORTNO. 73508
PAGE 2 OF 2

REPORT OF TESTS  (continued)

HYDROSTATIC PRESSURE TESTS

SUPPLIER- POLYMSR PIPE TECHNOLOGIES

TYPE- 28 INCH OUTSIDE DIAMETER POLYMER PIPE
PROCEDURE- ASTM C1208

DATE TESTED-  JUNE 29, 1999

After completing the joint test, we removed the shear load and applied a
pressure of 10 psi for 15 minutes as prascribed in table 2 of ASTM C1208.
io leakage was found at any point of the assembly.

*SAMPLE PASSED THE HYDROSTATIC PRESSURE TEST AS PRESCRIBED IN ASTM C1208
PAGAGRAPHS 4.2+

Technician:  John ¥nigues
Laboratory Manager

Report Distribution:
ywen o TenELoo, e,

RIS STORK SOUTHWESTERN LABS

5«’@

T Aigues
Laboratory Manager
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SeuTHWESTERN
LASORATORIES

CUENT: POLYMER PIPE TECHNOLOGY, INC.

ATIN:  Chric Hilberth
2121 SAN JACINTO, STE. 2800
DALIAS, TX 75201

PROJECT: Miscellaseous Pipe Testing

REPORT OF
DIMENSION MEASUREMENTS OF POLYMER PIPE

'DATE OF SERVICE:
AUTHORZATION:
REPORT DATE:

Stork Southwestern Labs

222 Coveleade St. Houstan, Texas 77003
P.0.Bex 8768 Houswn, Texas 77249
Toleghone: (713) 829151

PAX: 713) 6988209

9859424
73508
5/14/99
Chric Hilberth
6/16/95

SERVICES: On June 6, 1999 Southwastern Laboratories received 4 pieces of 28 inch
polymer pipe for cquareress testing. Tests wera casried out in
gemeral accordance with ASTH C1208. fnclosed are She results of the tosts.

TREST
oUT oF RO o.o11¢
(par.4.3.2.1)

STRATGETNESS 0.01
inchos/lin. sk,

(par.s.3.3)

souARENESS 0.08"

(par.4.3.4)

SMFLE 1 SMRLE 2

0.030%

0.02"

REPORT OF TESTS

smere 3 smonE 4

0.015%

0,027

SPECIFICATIONS
0,018~ 0.48" max
0.01 0.05 max
0.02" 0.15" wax

Sazple passes all of the requiresents as laid forth {n table 3 of ASTM

L Bt 99 1342

c1200.
Technician: zm !eiw\lu
aBGzatoly Hanager
Report Distribution: il
e e e, STORK SOUTHWESTERN LABS
Zaboratory
catory Hanagos
St s o1 4 i ottt e . .
oo R R TR ST S R

7136066209 Pecs.e2
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polymer Pipe Technology Project: 2003 Gene ]

Aten: Robert Espeland

2041 Grand Ave, Suite A Project No. 38C-011

W. Des Moines, IA 50265 Report No.: 384-0023

Dpate Jamary 15, 2004

REPORT OF TESTS ON Polymer Concrete
SUBMITTED BY _ Above _ MARKED .
DATE RECEIVED __ 01/08/04 DATE TESTED_ 1/15/04 BY_wg

REBAR “PULLOUT* TEST

Three 4" x 8" cylindems were cast with a %' diameter steel rebar
approximately 2¢ in length. The steel was embedded in the concrete
the full 8 depth. The samples were cast on 01/05/0i.

Sample:

Test Method: The specimens were mounted in a fixture witch allowed the rebar
to be pulled from the sample. Force was applied using a
calibrated universal compression / temsile testing machine. The
maximum force was recorded

Results Tn all three specimens failure occurred when the rebar failed in
tensile, approximately 4 - 6 inches out of the cylinder. No
movement of the rebar in the cylinder was moted.

sample TD: Maximum Load, 1bf.
2y 27,000
#2 25,800
£ 26,000

STORK/ Twin City Testing Corp

Y if
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FAX: (713) 6966307

REPORT OF
BEARING STRENGTH OF POLYMER CONCRETE PIPE

CLIENT: Polymer Pipe Techiology, Ine PROJECT NO.: 9859414

ATTN: Mr. John Espeland REPORT NO.: 70%4 0

2121 San Jacinto, Ste. 2880

Daltas, Toxas 75201 AUTHORIZATION: John Espeland
BT N M TR REPORT DATE: 7-2/<T €
SERVICES: Test pipe delivered to our lahoratory in accordane ith ASTM C301. Report

Bearing Strength results along with other tasts involved with this procedure.

SRR RNBER: FE% 577 - o

PRENaie: [Prodterion tosmion: g | oo Gt 55058 |
Inside Dia. (01: /g [ Time Test Start: Stop: ’l
Gursidn Din. . 59 | Losding Rate ibs sec 1 2 ce> |
Viall Thickness (in.1: <~ | Fotal Lond Force, (s): , 22 8 20 |

Overall Lonath (L) . A, ' Figcture Typo/Doscrintion: s, 174 ©
s | FRACTVRN /v i lomGiTubrarac

LocgITORS R 4OPRay. 95°

Type of Joint lend):

Fipe to e used for: Other: | UBs /INEAR FOOT: 2S5, 2 71

| Microtunneling: =
Jacking: 3 AVERAGE OF THREE:
Standard:
FRONT VIEW SIDE VIEW i
FRACTURE | FRAcTURE |
LOCATIONS |

‘ LOCATIONS

T STAuDALD B tdhel

TECHNICIAN: PG R 10

o e a0 g





ASTM C301 / ASTM C944
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Maxi

Tech. » Southwestern Labs
222 Cavaicade $t.9 2.0, Box 8758
Houston, Tuxas 77240
Telaphono: (7131 092.9151
AX: (713) 6966307

GLIENT:

REPORT OF
LABORATORY ANALYSIS OF POLYMER CONCRETE

POLYMER PIPE TECHNOLOGY, INC.
ATTN: ACCOUNTS PAYABLE
2121 SAN JACINTO, STE. 2880

DALLAS, TX 75201

PROJECT: Miscellancous Pipe Testing

PROJECT NO.

'DATE OF SERVIC:
AUTHORZATION:  Same

2853414
71253
10/05/98

REPORT DATE: 10/08/58

SERVICES: On September 24, 1998 Maxinm received 4 concrate beams for laboratory
analysis. Three of tha boams were unmarked and the fourth was marked "Xr.
all &

ing was conducted in general accordance with stated procedurec.

REPORT OF TESTS

Test Unmarked Concrate labeled Concrete
* Absorption 0.7¢ 108

as por ASTM C302

& Acid-soluble matter 0.0015% 0.0014%
as per asmH C301

Abrasion Resistance

as pex ASTM C94s.

Applied 10ade201bf Gdmin

Mass loss after 1ot run- 0.003¢ 0.003%

Mass loss after 2nd run- 0.006% 0.005¢

Mass loss after 3zd run- 0-oosy 0.008%

Total mass loss - ©.0008% 0.00at

Comprassion Testing
on #n cores as per
ASTH C42 and c39

“Unmarked Concreter

"X Marked Comoreter

sample #1 11322 pS1 10148 PST
sauple #2 11210 vsT 5765 psI
sample #3 s0ss zsr 10248 »sT
Average Compressive 20530 BST 10120 Be1

strength

Report Of Tests Continued On Eage 2
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FOLYMSR PIPE TECHNOLOGY, INC. FEPORTNO. 71253
PROJECT NO, 9859414 PAGE 2 OF 2
DATE OF SERVICE:  10/05/98

REPORT OF TESTS  contiruss
Compression Testing

on 2x2x2 in cubes
as por ASTH C108

Sample #1 10215 pST 14181 pex

sample #2 12067 P8T 11167 ST

sample §2 14052 BsT s211 ST L
Average Compressive 12111 PST 11520 psT
Strength

Note- Enclosed are graphs indicating the "Stress v.s. Strain® on all
compressive strength testing

Technicien: L. A. Valenzuela

Report Distributior

== ﬁaf;mgm
atory Manager

S RV TR
v v SR R DA
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Corrosion Resistance Guide

Corrosion resistance information has been supplied by resin manufactures. Individual
senvice conditions should be evalusted when selecting the appropriate pipe products.

Design engineers should check with PPT to inquire about special operating conditions.
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W Chromium Sulfate B Dichloraopropane

W Chromous Sulfste ALL 140 mn B Dicloropropene 100 N NR
W Ciric Acid AL 160 210 M Dichioropropionic Acid 100 NR MR
W Cobsli Chloride AL 180 W Diesel Fuel AL 140 180
W Cobalt Grete AL 180 W Diethanolamine 100 N B0
W Coblst Naphthenate AL 150 W Diethyl Amine 100 N MR
W Cobalt Nitrete 15 120 W Diethyl Ether Eony Ever) 100 NR MR
W Cobalz Octozte AL 150 W Diethyl Formamide 100 NR WA
W Coconut O AL 150 180 M Diethyl Ketone 100 N NR
W Copper Acstats AL 170 210 W Diethyl Maleate 100 NROMR
W Copper Chlorice AL 170 210 W Di2-Ethyl Hexyl Phosphate 100

W Copper Cyanide AL 130 210 M Diethylenstriamine ©ETA) 100 NR MR
W Copper Fluoride AL NR 210 W Diethylene Giyool 100 170 200
W Copper Nirate AL 170 210 M Disobutyl Ketone 100 NR WA
W Copper Suffste AL 170 210 W Disobutyl Phthalate 100 120
W ComOil AL 200 M Disobutylene 100 NROMR
W Com Starch AL 210 M Disopropanolemine 100 110
W Com Suger AL 210 W Dimethyl Formamide 100 NRONR
W Cottonseed OI AL 210 M Dimethyl Prhalste 100 NR 150
B Cresyic Acids AL NR NR W Diocyl Phthalate 100 150 180
B Crude O, Sour or Swest 100 170 210 W Diowne 100 NR MR
B Cyclohexane 100 NR 120 M Diphenyl Ether 100 NR B0
M Cyclohexenone 100 NR NR W Dipiperazine Sufate Solution AL

W Decenol 100 120 W Dipropylene Giycol AL 170 200
W Dechiorinated Brine Storage AL 180 M Distiled Water 100 170 200
W Deionized Weter 170 200 M Dwiny Benzene 00 NR MR
B Demineralzed Weter 170 200 M Embelming Flvid AL NR 110
W Detergents, Organic 100 100 160 M Epichiorohydrin 100 NR MR
B Detergents, Sulfonated AL 120 200 W Epoxidized Soybean Oil AL 150
W Daliphnaiate AL 110 180 M Esters of Fatty Acids 100 150 180
B Dizmmonium Phosphate 65 120 210 W Ethanolamine 00 NRONR
B Dibromophenal NRONR W Ethyl Acetste 100 NRONR
W Dibromopropanal AL NRONR M EthylAcrylste 100 N MR
W Dibutyl Ether 100 NR 100 W Ethyl Alconol (el 10 120
B Dbutyphthalate 100 150 180 W 50 100
W Dibutyl Sebecate AL 20 m 95100 80
M Dichlorobenzens 100 NR NR W EthylBenzene 00 NR MR
W Dichloroethane 100 NR NR M EthylBeueneBenzeneBlends 100 NR NR
W Dichloroethylene 100 NR NR M Ethyl Bromide 100 NR MR
W Dicloromethane 0z 100 NR NR W Ethyl Chloride 100 NA AR
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W Ethyl Ether Deyt ever) W Guconic Acid 50 100 180
W Ethylene Chioride 1m NR NH W Gucose AL 110 210
W Ethylene Chioroformate 100 NR NR W Glueric Acid 50 120
W Ethyiene Chiorohydrin 100 NR 100 W Giyerine 100 170 210
W Ethyiene Dizmine 100 NR NR W Giyoolic Acid 10 180
B Ethylene Dibromide AL NR M OE 3 140 140
B Ethylene Dichioride 100 MR N W 70 80
W Ethyiene Giycol AL 170 200 W Gyoel a0 100
B Ethylene Glycol Monobutyl Ether 100 NR 100 M Green Liguor toup ma NR 18D
W Ethjene Damine Tetra AceticAcd 100 NR 100 W Heptane 100 140 200
W Ethylene Oride 100 NR NR W Hexechiorocycliopentadiens 100 NR

B Eucsiyptus O 100 140 W Hessmethylenetetramine 65

W Fay Acids AL 170 210 W Hexene 100 150
W Ferric Acetate AL 180 W Hydraulic Flud 100 NR 150
W Ferric Chicride AL 170 210 W Hydrezine 100 NR MR
W Fervic Nitrate AL 170 210 W Hydrobromic Acid 18 180
W Fervic Suffate AL 170 20 ®m 48 80 150
W Ferrous Chloride AL 170 210 W Hydrochloric Acid 10 160 210
W Fervous Nitrate AL 170 210 m 15 140 210
W Ferrous Sulfete AL 170 210 m 25 110 180
W Fertiizer, 8,88 120 120 W 37 110
W Fertiizer, URAN 120 120 W Hydrochloric Acid & Organics NR O NR
W Fluoboric Acid 10 150 210 W Hydrocyenic Acid 10 80 180
[ ] 15 B Hydrofivoric Acid 1 NR 125
W Fluoride Salts & KOl 30:10 [ ] 10 NR125
W Fluosilicic Acd 0 N 150 W 20 NR 100
[ ] 3 NR 100 W Hydrofluosiicic Acid 10 NR 150
[ ] Fumes NR 180 W % NRO100
W Fly Ash Slury B Hydrogen Bromids, gas AL 140 180
W Formaldenyde 2556 NR 150 W Hydrogen Chlonice, dry gas 100 150 210
W Formic Acid 10 100 180 M Hydrogen Fluoride, gas AL B0 150
[ ] S0 NR 100 M Hydrogen Peroxide, suoraoel 5 N 150
W Freon 11 100 ful 2 NRO100
W Fuel Ol 100 140 210 W Hydrogen Suffice, gas AL 140 210
W Fufural 10 NR 100 M Hydroiodic Acid 10 80 150
W Furfurs! 50100 NR NR W Hypophasporus Acid 50 120
W Gallic Acid Satd 100 W lodine, Solide AL 150
W Gasoline, Reguiar Leaded 100 110 110 W lsoemyl Alcohal 100 120
W Gssoline. Regulsr Unlesded 100 80 W lsobutyl Alcohal AL 120
W Gasoline, Alcohol Containing 100 B Isodecanol AL 120
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Chemical Environment - Chemical Environment -

W Isonony! Alcohol 100 B Methyl Alcohol vezrare 100
W Isooctyl Adipate 100 W Methyl Ethyl Ketone AL NR NR
W Isooctyl Alcohol 100 W Methyl lsobutyl Ketone 00 NN
W Isopropyl Alcohol AL B0 120 W Methy Methacrylste AL NRONR
B Isopropyl Amine AL 100 W Methyi Styrene 100 NRONR
W Isopropyl Myristate AL 200 W Methylene Chloride 100 NR MR
W Isopropyl Palmitate AL 200 W Mikend Mik Products AL 100

B heconic Acid AL 120 W Mineral Ois 100 170 210
W JetFuel 140 180 M Molasses and Invert Molasses AL

W Jojoba Oil 100 180 M Molybdenum Disulfide AL 200
B Kerosens 100 140 180 W Molbdic Acid 2

W Lecti Acid AL 130 210 W Monochionoscetic Acid 8 N M
W Latex AL 120 W Monochiorobenzene 100 MR MR
W Leuric Acid AL 210 W Monoethanolamine 100 MW
W Leunyl Alcchol 100 150 W Monomethyhydrazine 100 MW
W Lauryl Mercepten AL B Morphoiine 100 MW
B Lead Acerate AL 110 210 W MotorGi 100 140 210
W Lesg Crioride AL 200 W Musierd AL

W Lead Nirate AL 140 210 W Myristic Acd AL 210
W Lewlinic Acid AL 210 W Neptha, Alphetic 100 110 180
W Lime Sty AL 160 180 W Neptha. Aromatic 100

W Linseed 01 AL 170 210 W Naghhslene AL 130 180
W Lithium Bromide AL 170 210 W Nickel Chioride AL 140 210
W Lithium Carbonate AL W Nickel Nirate AL 140 210
W Lithium Chloride AL 170 210 W Nickel Sufste AL 140 210
W Lithium Suffete AL 210 W Nicotinic Acid INiacin) AL

B Magnesium Bicarbonate AL 130 180 W NiricAcid 2 150

B Magnesium Bisulfite AL L 5 150 130
W Magnesium Carbonzte 15 130 180 m 15 120

B Magnesium Chioride AL 40 210 W B N0
W Magnesium Hydroride AL 20 m 50 N MR
B Magnesium Nirate AL 170 210 m Fumes

B Magnesium Sulfste AL 150 210 W Nitrobenzene 100 MW
W Msleic Adid AL 140 200 W Nirogen Tetrorde 100 NROW
W Maleic Anhyerice 100 140 200 W Octenoic AGY (Canio Asd AL 180
M Maganese Chioride AL 210 W Octylsmine, Tertiary 100

W Mangenese Sulfate AL 150 210 W O, Swest or Sour Crude 100 140 210
W Mercuric Crioride AL 170 210 W OkicAcd AL 170 210
W Mercurous Chloride AL 170 210 W Oleum trumeg Sutec Acdl NR R
W Mercuy 170 210 MW OiweOi 100 170 210
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%
W Sodium Carbonate (Soos £ 3 160 M Sodum Triphosphate AL 120 210
B Sodium Chiorate AL NR 210 W Sodium Xylene Sulfonste 4 80
B Sodium Chioride AL 130 210 W Sorbitol AL 170 180
W Sodium Chiorite 10 NR 180 M Soybesn Oi AL 170 210
[ ] 50 NR 100 M SoySeuwce AL
W Sodium Chromate 50 210 W Spearmint Oi AL
B Sodium Cyanide 5 80 210 M Stamic Chloride AL 170 210
[ ] 15 MW Stennous Chioride AL 170 210
M Sodium Dichromste. AL 140 210 W Stearic Acid AL 170 210
B Sodium Dighosphate 100 170 210 W Syrens 100 NAONR
W Sodium Dodecy! Benzene Sufonzte  ALL W Syrene Auryiic Emulsion AL 120
W Sodium Ethyl Xenthate 5 W Styrens Butadiene Latex AL 120
B Sodium Ferricyanide AL 170 210 M Succinonitrile. Aqueous AL 100
W Sodium Ferrocyanide AL 170 210 W Sucrose AL 140 210
W Sodium Fluoride AL 80 180 M Suffemic Acid 10 150 210
W Sodium Fluorosiicate AL 20 m 25 110 150
B Sodium Hexsmetsphosphate 10 150 W Sufaniic Acid AL 210
B Sodum Hydrosulfide 20 160 M Sulfte/Sulfate Liquors tup mal 200
W Sodium Hydroxide 1 NR 150 W Sufforated Animal fets 100
o 5 NR 150 W Sulfonyl Chioride, Aromatic NR O NR
] 10 NR 150 W Sulfur Dichioride N
| ] 25 NR 150 W Sufur Molten
| | S0 N 200 M Sulfuric Acid 025 170 210
W Sodium Hypochlorite 5 N 1235 W 2650 140 180
W Sodum Hyposulfite 20 170 fa 5170 NR 180
W Sodum Lauryl Sulfete AL 180 W 7176 NR 120
B Sodium Monophosphate AL 170 210 m 7693 NR AR
M Sodium Nitrste AL 170 210 ®m Fumes 170 210
B Sodum Nitsite AL 170 210 W Sulfuric AcidFerrous Sulfate  10Satd 200
W Sogum Owelate AL 180 W Sulfuric Acid/Prosphoric Acid 1020 180
W Sodium Persulfete 20 W Sufuryl Chloride NRONR
W Sodium Polyacrylate AL 150 M Superphocphoric Acid 105 k50) 100 210
W Sodium Silicate, pH<12 00 80 210 MW IO AL 150
W Sodum Silicate, pH>12 100 NR 210 W Temic Acd AL 170 210
B Sodium Sufate AL 170 210 W Tertsric Acid AL 170 210
W Sodium Sufide AL B0 210 W Tewachioroethane 100 NRONR
W Sodium Sufte AL 80 210 M Tetachloroethylene 100 NR 100
B Sodum Tetrsborate AL 170 200 W Tetrachioropentane 100 N NR
W Sodum Thicogenate 57 180 W Tetrachioropyridine NONR
W Sodium Thiosulfate AL 140 180 W Tetrepotassium Pyrophosphate 60 125
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W s et e S8 W Whiskey AL
W Tewssodium Pyrophosphste 5 W White Liguor tup mil AL 180
u 60 60 125 W Wie AL 80

B Texone W Xyene AL N MR
W Thiogiycolic Acid 1 100 W ZincChlorete AL 170 210
W Thionyl Crioride 100 NR NR M ZiChioride AL 170 210
W Tobiss Acid @aapesirie Sitne e 210 W Zic Cyanide AL

W Tolene 100 NR NR W ZincNirate AL 170 210
B Toluene Disocyanete (00 100 NRONR W ZiSulfste AL 170 210
= Fumes 60 W ZncSufte AL 170 210
W Toluene Sulfoic Acid AL 210

B Transtormer Oils 100 210

W Tributyl Prophate 100

W Trichioroaceteldehyde 100 N MR

W Trichloroactic Acid 50 e 21

W Trichioroethene 100 NR

W Trchoroethyene NA

B Trichioromonofiuoromethane  ALL Eil

W Trichiorophenol 100 N MR

W Tridecybenzene AL

W Tridecylbenzene Sulfonate AL 210

W Triethenolemine AL 110

W Trethanolamine Lauryl Suffste AL

W Trethylamine AL

W Trethylene Giycol 100

W Trimethylamine Chlorobromide N NR

B Trethjemine Hydrochioride AL NR 130

W Tripheny! Phosphite AL NR

W Tripropylene Ghyeal 100

W Trisodum Phosphete 50 120 175

W Tupentine NR

B Ursnium Extraction

U AL 120 150

W Vegetable Ois AL 170 210

W Vineger AL 150 210

W Vinyl Acetate AL NR WA

B Vinyl Toene 100 NR 80

W Weter, Deionized AL 170 200

W Water, Distiled AL 160 210

W Water Ses AL 170 210





