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Thermoplastic Piping System

Design and Installation Guide
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The informaƟon contained in this document is subject to change without notice.  Simtech believes the information contained herein to be reliable, but makes 
no representation to its accuracy or completeness.
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SYSTEM COMPOSITION
ArmorTech is a composite piping system consisting of  Polypropylene (PP),  PVDF, or ECTFE that is 
strengthened with a fi ber glass  reinforced thermoset resin system.

Thermoplastics, parƟcularly Polypropylene (PP) and Polyvinylidiene Fluoride (PVDF), have excellent 
chemical resistance to most process chemicals and wastes.  However, they suffer a significant loss of 
physical properƟ es (tensile strength, beam strength, etc.) when subjected to elevated temperature 
applicaƟons.  FRP systems possess physical properƟes which far exceed thermoplasƟcs but are decidedly 
inferior to thermoplasƟ c's chemical resistance.

The objecƟve of the ArmorTech System is to achieve a reliable and eff ecƟ ve combinaƟ on of these dissimilar 
plasƟc materials that enhances the performance of each component while minimizing the individual 
weaknesses.  By successfully bonding these pipes Simtech has created a piping product with capabiliƟes 
which far exceed the potenƟal of either piping component.

ArmorTech PP- Reinforced Polypropylene Piping:  1" - 12"*

ArmorTech VF - Reinforced Polyvinylidiene Fluoride Piping:  1" - 8"*

*LARGER SIZES AVAILABLE ON REQUEST.
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POLYPROPYLENE (PP) - 
The PP pipe used in ArmorTech is, in fact, 150 psi 
rated through 4" diameter and 90 psi rated 6" - 
12" diameter.  The pipe is seamless, extruded and 
stress relieved.  Produced from IsotaƟ c 
Homopolymer the material has temperature 
stabilizers added to provide enhanced resistance 
to aggressive media at elevated temperatures.

 Chemical Compatibility - Polypropylene is 
particularly suited for handling dilute acids, 
some strong acids, alkalie and organic solvents. 
PP should not be used for halogens, halogenated 
hydrocarbons, aromaƟ cs or highly concentrated 
oxidizing acids.
Consult our Chemical Resistance Guide for specifi c applicaƟ ons.

Temperature Range - Polypropylene can be   
subjected to conƟ nuous operaƟng temperatures  
as high as 2100F.

Permeability - When compared to PVC and other 
more amorphous thermoplasƟ cs, polypropylene 
possesses a relatively high gas permeation 
coe ffi cient.  It is important to incorporate thick 
liners in PP lined composite systems.  Any 
increase in the thickness produces a reducƟ on in 
permeability disproporƟ onately greater than the 
increase in thickness.

 

ARMORTECH PIPE 

POLYVINYLIDIENE FLUORIDE (PVDF) - 
The PVDF pipe used in ArmorTech is extruded 
(seamless) from natural unpigmented 100% pure 
Polyvinylidiene Fluoride polymer.  There are no addiƟ 
ves or fillers which could be leached from the pipe to 
contaminate the media. AŌer extrusion the pipe is 
annealed to relieve inherent stresses caused by the 
extrusion process.

Chemical CompaƟ bility - PVDF possesses outstanding 
resistance to most inorganic chemicals, acids, salts, 
aromaƟc and aliphaƟc hydrocarbons, halogens, organic 
acids and alcohols.

PVDF is not suitable for certain polar solvents, hot 
concentrated alkalies, fuming sulfuric, amines or 
pyridine.
Consult our Chemical Resistance Guide for specifi c applica Ɵ ons.

Temperature Range - PVDF can be subjected to conƟ 
nuous operaƟ ng temperatures as high as 2800F.

Permeability - PVDF has one of the lowest 
permeaƟ on coe ffi cients of all the fluorocarbon resins.  
It is parƟ cularly superior to PTFE and FEP.

RESIN SYSTEM

The standard resin system employed in the   manufacture of ArmorTech is Ashland Chemical Company's 
Ashland Hetron 922, or equal Vinylester Resin with UV inhibitors.  
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Table 2: Typical ProperƟ es - Pipe

Tensile - Longitudinal 7,000 @ 700F
[Accordance with ASTM D2105 (psi)] 4,000 @ 2000F 

Modulus Of ElasƟ city (106 psi) 1.4 @ 700F
[Accordance with ASTM D2105] 0.60 @ 2000F

Poisson's RaƟ o 0.35 @ 700F
0.72 @ 2000F

Hydro-Burst (103 psi) 44 @ 700F
[Accordance with ASTM D1599] 32.1 @ 2000F 

Thermal Expansion 1.05 x 10-5 in / in / 0F
[Accordance with ASTM D696] 

Thermal ConducƟ vity 1.3 BTU / FT2 / hr / 0F / inch

Flow Coeffi  cient: 
Hazen-Williams Method C = 150 

Table 3: Typical ProperƟ es of Contact Molded Laminate1 with 
Derakane 470-36
Tensile Stress 18,800 psi @ 2500F
Fluxural Stress 24,100 psi @ 2500F
Fluxural Modulus 10.6 x 105 psi @ 2500F
1 Based on 1/4" Laminate w/ 40% glass content (constructed: V / M / M / WR / M / WR / M).

PIPE PHYSICAL PROPERTIES

Note:  ArmorTech is structurally reinforced (FRP) thermoplastic piping material. The mechanical properties of 
the thermoplastic pipe are customarily ignored when considering the performance capabilities of a dual 
laminate material.  The values shown below are representative of the wound structural reinforcing applied 
to the OD of the pipe.  Those values are not representative of the potential of ArmorTech as a System. 
Reinforcement of ArmorTech fittings are performed by contact molding in accordance with NBS-PS-15-69. 
(Typical Properties are not to be interpreted as specifications.) or utilizing ArmorTech Quick Wraps



SYSTEM PRESSURE RATING

Both ArmorTech PP and ArmorTech VF Systems will require flanges for joining to pumps, tanks valves or 
other equipment.  Only ANSI 150 lb. flanges are available with ArmorTech.  Consequently ArmorTech is 
limited to 150 psig service at the corresponding maximum allowable operaƟng temperature.   
Note: The hoop stress raƟ ng of the pipe is not included in calculaƟ ons to determine thickness of winding necessary to obtain pressure raƟ ng.

FLOW CHARACTERISTICS

The surface finish on the ID of ArmorTech PP and ArmorTech VF is considerably smoother than the bore of 
steel pipe.  In addiƟon, since these materials are not subject to corrosion the coe fficient of fricƟon does not 
deteriorate with Ɵme and exposure as with steel pipe.

 Coe ffi cient of FricƟ on ArmorTech Piping
 Hazen-Williams Method: C = 150

Pressure loss for ArmorTech PP is shown in Table 5: Chart PL-1 and ArmorTech VF is shown in Table 6: Chart 
PL-2.  Table 7: Chart PL-3 provides equivalent footage to be added for fi  ƫngs.
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* PVDF can be used as high as 2800F conƟ nuous operaƟ ng temperatures.  Thermal cycled systems should not exceed 2100F.
+ Dimensions may vary slightly due to thickness of resin rich coaƟ ng.

TABLE 4: SYSTEM PRESSURE RATING

Normal 
Pipe Size

Internal (PSIG) 
Pressure Rating 

@
Max Allowed 

External Pressure 
(PSIG)

Nominal O.D. + 
PP & PVDF

Normal 
Weight per 
foot in lbs. Standard Lengths 

Plain End (ft)
200˚ F 

PP
280˚ F 
PVDF*

PP PVDF

1 150 150 250 1.50 0.8 0.9 16.4

1½ 150 150 230 2.21 1.6 1.8 16.4

2 150 150 200 2.72 2.1 2.2 16.4

2½ 150 150 140 3.19 1.8 2.0 16.4

3 150 150 75 3.78 3.6 3.7 16.4

4 150 150 40 4.65 5.3 5.5 16.4

6 150 150 32 6.70 6.7 8.2 16.4

8 150 150 27 8.36 9.2 11.6 16.4

10 150 150 20 10.33 15.2 14.0 16.4

12 150 150 19 12.96 21.5 20.0 16.4
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Table 6: PL-2 Pressure Loss for Simtech PVDF Pipe
V = Velocity of water in Ō ./s; P = Pressure drop in psi/100 Ō . of pipe based upon the Hazen-Williams method : C = 150.

N
om

in
al

 P
ip

e 
Si

ze
1

1
1¼

1¼
1½

1½
2

2
2½

2½
3

3
4

4
6

6
8

8

V
P

V
P

V
P

V
P

V
P

V
P

V
P

V
P

V
P

1
0.

36
0.

03
0.

21
0.

01

2
0.

71
0.

11
0.

42
0.

03
0.

27
0.

01

5
1.

78
0.

60
1.

06
0.

17
0.

67
0.

06
0.

41
0.

02

7
2.

49
1.

11
1.

49
0.

32
0.

94
0.

10
0.

57
0.

03
0.

38
0.

01

10
3.

55
2.

16
2.

12
0.

62
1.

35
0.

20
0.

81
0.

06
0.

54
0.

02

15
5.

33
4.

57
3.

19
1.

31
2.

02
0.

43
1.

22
0.

13
0.

81
0.

05
0.

40
0.

01

20
7.

10
7.

79
4.

25
2.

24
2.

69
0.

74
1.

62
0.

21
1.

07
0.

08
0.

60
0.

02

25
8.

88
11

.8
0

5.
31

3.
37

3.
37

1.
11

2.
03

0.
32

1.
34

0.
12

0.
79

0.
04

0.
50

0.
01

30
10

.7
0

16
.5

0
6.

37
4.

73
4.

04
1.

46
2.

43
0.

45
1.

61
0.

17
0.

99
0.

06
0.

62
0.

02

35
7.

43
6.

30
4.

71
2.

08
2.

84
0.

60
1.

88
0.

22
1.

19
0.

08
0.

74
0.

03

40
8.

50
8.

06
5.

38
2.

66
3.

24
0.

78
2.

15
0.

29
1.

39
0.

11
0.

87
0.

03

45
9.

56
10

.0
0

6.
06

3.
31

3.
65

0.
96

2.
42

0.
36

1.
59

0.
14

0.
99

0.
04

50
10

.6
2

12
.2

0
6.

73
4.

02
4.

05
1.

17
2.

69
0.

43
1.

79
0.

17
1.

12
0.

05
0.

59
0.

01

60
8.

08
5.

63
4.

86
1.

64
3.

22
0.

60
1.

99
0.

21
1.

24
0.

06
0.

70
0.

02

FLOW - GPM

70
9.

42
7.

49
5.

67
2.

18
3.

76
0.

80
2.

38
0.

29
1.

49
0.

09
0.

82
0.

02

80
10

.8
0

9.
60

6.
48

2.
79

4.
30

1.
03

2.
78

0.
39

1.
74

0.
12

0.
94

0.
03

90
7.

29
3.

47
4.

83
1.

28
3.

18
0.

49
1.

99
0.

16
1.

05
0.

03

10
0

8.
10

4.
22

5.
37

1.
55

3.
57

0.
61

2.
23

0.
19

1.
17

0.
04

0.
75

0.
01

12
5

10
.3

1
6.

38
6.

71
2.

35
4.

96
0.

74
2.

48
0.

24
1.

46
0.

06
0.

93
0.

02

15
0

8.
06

3.
29

5.
96

1.
13

3.
10

0.
36

1.
76

0.
08

1.
12

0.
03

17
5

9.
40

4.
37

6.
95

1.
58

3.
72

0.
50

2.
05

0.
10

1.
31

0.
03

20
0

10
.7

0
5.

60
7.

94
2.

10
4.

34
0.

85
2.

34
0.

14
1.

50
0.

04

25
0

11
.9

0
9.

06
6.

20
1.

81
2.

39
0.

21
1.

87
0.

07

30
0

7.
44

2.
41

3.
51

0.
29

2.
24

0.
10

35
0

9.
93

3.
09

4.
10

0.
39

2.
62

0.
13

40
0

11
.2

0
3.

84
4.

68
0.

49
2.

99
0.

16

45
0

4.
67

5.
27

0.
61

3.
37

0.
20

50
0

5.
85

0.
75

3.
74

0.
25

60
0

7.
02

1.
05

4.
49

0.
35

70
0

8.
19

1.
40

5.
24

0.
47

80
0

9.
36

1.
79

5.
98

0.
60

90
0

10
.5

0
2.

23
6.

73
0.

75



w w w . S i m t e c h . c o m 
8

 Table 7: PL3 Pressure Drop for Fiƫ  ngs in Equivalent Feet of Pipe

WATER HAMMER

Shock waves or pressure surges commonly referred to as water hammer are caused by rapid or abrupt 
change in fluid velocity within the pipe system.  In some cases the surges can aƩain a magnitude su fficient 
to damage the system.  The amount of surge experienced is dependant upon the modulus of the pipe 
material, the density and velocity of the fluid, the line length and the speed at which flow is stopped or 
started.  

ArmorTech pipe is capable of withstanding surges many Ɵmes its rated pressure, however, it is 
recommended that the source of hammer be eliminated or reduced in order to insure long term system 
integrity.

Avoid:

• Valves that close or open instantly

• StarƟ ng pumps into empty discharge lines unless a slow opening valve is used to gradually increase
flow

• Slow closing check valves

It may also be advisable to employ feedback loops or surge suppressors to eliminate hammer.

Nominal Size

½" ¾" 1 1¼" 1½" 2" 2½" 3" 4" 6" 8" 10" 12"

90° Elbow 1.5 2.0 2.7 3.5 4.2 5.5 7.0 8.0 11.0 16.0 20.0 25.0 32.0

45° Elbow 0.8 1.0 1.3 1.7 2.1 2.7 3.5 4.0 5.5 8.0 10.0 12.5 15.0

Tee with f ow through run 1.0 1.4 1.7 2.3 2.7 4.3 5.1 6.3 8.3 13.0 16.5 55.0 58.0
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SUPPORTING ArmorTech

Table 8A shows the recommended support spacing for ArmorTech Pipe. Adjustment factors for operaƟng 
temperature and specific gravity of the media are indicated in 8B and 8C respecƟvely.  MulƟply              
Factor 8A by the appropriate factor shown in 8B and then mulƟply the result by the correcƟ on factor in 8C 
to obtain the recommended support spacing.

Nominal Span @ Max. Oper.    Factor             Specific        Factor
Size 700F * Temp. 0F Gravity

1 8.5 100 .95 .90 1.02

1 1/2 10.0 125 .90 1.00 1.00

2 11.0 150 .85 1.10 .98

3 12.0 175 .75 1.25 .95

4 13.5 200 .65 1.50 .91

6 16.0 210 .62

8 16.0 250 .40

10 17

12 19

   Table 8A Table 8B      Table 8C

* Maximum def ecƟ on at Midspan = .5 inches
* Interior (conƟ nuous) spans can be increased by 20%

Table 8: Recommended Support Spacing 
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HANGERS AND SUPPORTS

Most standard pipe supports or hangers are saƟ sfactory for supporƟ ng ArmorTech. The most important con-
sideraƟ on is that 'point' loading be avoided.  Saddles must be used to cradle the pipe in the hanger or support.  
Saddles should encompass a 1200 - 1800 arc on the boƩ om of the pipe and the length of the saddle should be 
at least equal to the diameter of the pipe being supported.  Saddles can be made of galvanized sheet metal 
(12 ga.) or from half secƟ ons of plasƟ c pipe of a suitable wall thickness.

Figure C: Typical Guide Arrangement Figure D: Typical Valve Support & Anchor

(LOOSE ENOUGH TO ALLOW AXIAL MOVEMENT)

Figure B: Hanger with Support Saddle Detail
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Figure E: Typical Anchors

ANCHORS AND GUIDES

Anchors must be designed to withstand the pressure and thermally induced endloads that will be produced 
by the pipe elements (see Table 10 & Table 11).  Support saddles should be used at the top and boƩ om of the 
pipe within the anchor clamp or "U" bolt.  1/8" thick rubber sheeƟ ng should be used between the pipe OD 
and the support saddles to prevent damage to the pipe and to provide a posiƟ ve grip on the pipe.

1/8" Rubber Sheet

THERMAL EXPANSION AND CONTRACTION

When subjected to temperature change ArmorTech will experience nearly twice the dimensional change of 
steel.  Dimensional change will be the same for both ArmorTech PP and ArmorTech PVDF.  This is because 
the thermoplasƟ c liner pipe, which has an expansion coeffi  cient 10 Ɵ mes that of FRP, is in fact limited to the 
dimensional change of the FRP reinforcement.  Table 9 indicates Thermal  Expansion/ContracƟ on per 100 Ō . 
of pipe which will occur at various temperature changes.

Table 9: Thermal Expansion/ContracƟ on per 100 Ō . of Pipe (Inches)

Note:  Pressure induced dimensional change does occur however the change is not significant enough to 
effect design. Pressure induced axial end load is sufficient to effect design and is addressed later. (See 
Table 11 on the following page.)

T 10 20 30 40 50 60 70 80 90 100 200

L 0.12 0.25 0.33 0.50 0.62 0.75 0.88 1.01 1.13 1.26 2.52
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Dimensional change can be handled in one or more of several methods: 

• Flexible design & installaƟ on employing direcƟ onal changes to
accomodate expansion or contracƟ on,

• Employ expansion loops to create direcƟ onal changes,
• Use mechanical expansion joints,
• Design and install a restrained system using anchors and guides,
• Use combinaƟ ons of the above, as dictated by system layout.

End load values for expansion or contracƟ on are the same.  When designing restraints and anchors for expansion 
endload add the values shown in Table 10 and Table 11 to determine total endload.  

Table 10: Thermal Endloads Due to Temperature Change

When designing to accommodate contracƟon due to low operaƟng temperature and where the ∆T exceeds 1000F,  
do not install a restrained system.  Use changes of direcƟon, loops and/or expansion joints to compensate for 
dimensional change.

Table 11:  Axial Endload Due to 100 psi Internal Pressure in a Restrained System

Nominal Size
T (°F)

20 40 60 80 100 120 140 180 200
1” 108 217 327 436 544 653 762 980 1088

1½” 166 331 497 662 828 993 1159 1490 1655
2” 175 350 525 700 875 1050 1225 1575 1750
3” 296 524 785 1045 1308 1570 1832 2355 2617
4” 388 775 1161 1548 1935 2322 2709 3483 3870
6” 869 1739 2607 3475 4345 5214 6082 7821 8690
8” 1331 2662 3991 5322 6653 7984 9314 11976 13307

10” 1800 3601 5402 7203 9003 10804 12604 16206 18007
12” 3143 6288 9432 12578 15721 18865 22010 28299 31443

Nom Ø 1 1½ 2 3 4 6 8 10 12

lbf 68 120 160 400 650 1500 2500 4000 5600
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FLEXIBLE INSTALLATION

OŌen plant piping will consist of a complex arrangement where there are numerous changes of direcƟon. 
These bends can be employed to compensate for small changes in length due to expansion and/or 
contracƟ on of straight elements of the system.  It may be necessary to add expansion loops within longer runs 
in order to absorb the greater dimensional change that occurs in long straight runs.

Generally loops are going to be slightly more expensive than expansion joints and will require quite a bit of 
room. However, loops will allow you to minimize the number of flanges in the system as well as the mainte-
nance those flanges will require.

SelecƟon of anchor points in a flexible system is criƟcal to ensure that expansion/contracƟon is accommodated 
by the correct piping elements.  Normally anchors should be located at neutral points or at elements where 
movement must not be permiƩed (See Figure F).    

Typical Flexible Arrangement

• Support spacing per Table 8
• Allow pipe to move axially in supports
• Clamp pipe at anchors to control direcƟ on of expansion

Employ off sets when joining to 
equipment, vessels, pumps, etc.

Figure F: Anchor Location
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Table 12: Length "A" Required Off set in Feet

Note:  One or more moveable supports may be required for off set A if the length of A exceeds the 
      support spacing outlined in Table 8.

The amount of movement that can be accommodated by changes of direcƟ on is exhibited in Table 12 and is 
determined by pipe diameter and length of off set (A).

Anchor Supports per Table 8 

Fixed Support

L

A

Pipe         Ø
Change in Length (∆L in inches )

0.25 0.5 1 2 3 4 5 6 7 8

1 3 4.5 6.5 9 11 12 13 14 16 17

1 1/2 3 5 7 9.5 11.5 13 14.5 16.5 18 19

2 3.5 5 7 10 12 14 16 18 20 22

3 4.5 6 8 11 13 15.5 17 19 21 23

4 5 7 9 12 14.5 17.5 19 21 23 25.5

6 6 8 12 16 19 22 25 28 30 33

8 7 9.5 13 18 22 26 29 32 34 35.5

10 8 11 15 21 25 29 32 35 37 40

12 10 12 17 24 29 34 37 41 45 50
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A

EXPANSION LOOPS

OŌ en long straight runs will develop more dimensional change than can be accommodated by direcƟ on 
changes.  When this occurs it will be necessary to design expansion loops or expansion joints into the system.  
The number of loops and dimensions of the off set legs will depend on pipe diameter, the amount of expan-
sion to be absorbed and space available.

Figure G illustrates a typical loop arrangement. Dimensions for legs A are shown in Table 13. Loops can be 
installed either verƟ cally or horizontally (leg B on the same elevaƟ on as the pipe).  Horizontal installaƟ on is 
the most desirable if room permits.

Guide spacing required at the entrance and exit of the loop are shown in Table 14.

B =  

Figure G

Z

B

A
2

Y ZY
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Table 13:  Expansion Loop Design - Length of Leg "A" (Feet)

Table 14: Guide Spacing at Loop or Expansion Joint Entrance and Exit (Feet)

Guide must be loose enough to allow axial movement but must not allow lateral movement.

EXPANSION JOINTS

The use of expansion joints to compensate for dimensional change is a relaƟ vely simple straight-forward solu-
Ɵ on to the problems resulƟ ng from expansion and/or contracƟ on of the piping components.   There are certain 
aspects of selecƟ on and installaƟ on which must be considered when employing expansion joints.

1. Bellows type expansion joints are preferred be-
cause they require relaƟ vely low acƟ vaƟ on forces
to iniƟ ate movement.  The end load required
to compress and/or extend the expansion joint
must be lower than the end load values shown
in Table 10.

2. Guides allowing axial movement must be uƟ lized
on the pipe at the entrance to the expansion
joint in accordance with Table 14.

3. The remainder of the guides must allow axial
movement and should be spaced in accordance
with Table 15 (Guide Spacing for Restrained Pip-
ing) or Table 8 (Support Spacing) whichever is
smaller.

4. Expansion joints must be installed at an  appropri-
ate mid-travel posiƟ on taking into    consideraƟ on
the anƟ cipated expansion or   contracƟ on that
will be experienced.

Pipe  
Ø  

Change in Length L (inches)

0.25 0.5 1 2 3 4 5 6 7 8 9 10

1 2.5 3.5 5 6 7 9 10 11 12 13 14 15

1½ 2.5 3.5 5 6.5 8 10 11 12 13 14 15 16.5

2 3 4 6 7.5 9 11 12.5 14 15 16 17 18

3 3.5 5 7.5 9.5 11.5 13 14.5 16 17.5 19 21 23

4 4 5.5 8 10.5 13 15 17 18 20 21 22.5 25

6 5 6.5 9 12 14.5 18 20 22 25 26 28 29

8 6 8 10 13 16 20 22 24 27 29.5 31.5 34

10 6.5 9 11 15 19.5 23 26 30 32 33.5 35 38

12 7 9.5 12.5 16.5 22 26 29 33 36 37.5 39 41

Dim. Feet
Pipe         Ø  

1 1½ 2 3 4 6 8 10 12

Y 0.6 0.5 0.6 1 1.3 2 2.6 3.3 4

Z 1.1 1.7 2.3 3.5 4.6 7 9.3 11.6 14
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RESTRAINED INSTALLATION

Space constraints or other factors may require installaƟ on of systems or porƟ ons of a system where the system 
is restrained and movement is prevented by anchoring.  When restraining elements of a system consideraƟ on 
must be given to the following:

1. Anchors must be designed to withstand the end load introduced by compressive stress resulƟ ng from
increased temperature (See Table 10).

2. Systems operaƟ ng or subjected to temperatures lower than the temperature at Ɵ me of installaƟ on
will experience tensile stress with resultant tensile end load.  Tensile end load must not exceed the
Maximum Allowable Tensile Load RaƟ ng (See Table 16).

3. Thermally induced compressive stress may cause buckling unless the pipe is guided at proper intervals.
Consult Table 15 for guide spacing.  Compare spacing shown in Table 15 with support spacing shown in
Table 8 and use the smaller value to determine guide spacing.

Table 15: Guide Spacing in Feet

Table 16: Allowable Tensile Load (lbs.)

Oper. Temp.
Nominal Size

1 1½ 2 2½ 3 4 6 8 10 12

75°F 675 980 1150 1470 1725 2450 4800 8500 11200 18560

200°F 340 485 550 695 830 1200 2380 4220 5470 9140

Nom. Size
Temp. ˚F Increase

40 60 80 100 120 140 160 180 200

1 6.9 6 5.2 4.8 4.4 4 3.6 3.3 3

1½ 7.8 6.6 5.8 5.2 4.7 4.2 3.7 3.5 3.3

2 8.5 7 6.2 5.5 4.9 4.2 3.9 3.7 3.5

3 12.2 10.2 8.4 7.8 7.1 6.5 6.2 5.9 5.5

4 15 13 11 10 9.2 8.6 8.1 7.8 7.5

6

8 Spacing shown in Table 8 will

10  indicate closer spacing in these sizes.

12
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JOINING PROCEDURE
Both ArmorTech PP and ArmorTech PVF are joined with the same basic procedure.  There are slight differences 
in the welding temperature and weld forces employed.  (Refer to welding charts for details.)  ArmorTech Piping 
is a dual laminate (composite) material, consequently it is necessary to employ technique that is specific to the 
material being joined.

The internal pipe in ArmorTech is thermoplastic and is joined by butt  fusion welding which is the easiest and 
most reliable method existing.  In this procedure the ends of the pipes to be joined are melted and then fused 
together producing a weld through the enƟ re cross sectional area of the pipe.  This weld can be visually 
inspected to determine weld quality to a very high degree of certainty.

The structural reinforcement applied as the external laminate of ArmorTech is a fiberglass reinforced 
thermosetting resin system (FRP).  After welding of the pipe is complete then the FRP is applied over the joint. 
Upon completion and proper curing the resultant joint will provide the full specifi ed pressure rating with a 
10 / 1 safety factor.
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END PREPARATION

ArmorTech was designed to allow easy field installaƟ on with the use of SIMTECH’s patented shaving 
tool & standard 110v drill, the ends can be prepared with liƩle effort

1. AƩ ach shaver to hand drill.

2. Firmly secure pipe in a pipe stand chain vice to prevent rotaƟ on.

3. Insert center spacer into the end of the pipe.

4. Confirm that pipe is secure, area is well ventilated & safety glasses are on

5. Insert metal guide on shaver into center spacer in the pipe.

6. Slowly engage trigger to rotate shaver clockwise as the shaver engages with the FRP layer slowly increase
rpms. Shave unƟ l 1” to 1½” of the bare pipe is exposed. Stop drill motor before removing shaving tool from
the end of the pipe.

7. Visually inspect prepared surface for FRP strands sand paper may be used to remove any excess FRP.

8. Clean prepared surface with acetone

Shaving 1” - 6” Diameter Pipe:

Standard 110v Drill (Low RPM 200)

Guide

Center Spacer

SIMTECH’s Patented Shaver
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Movable 
Clamp

1/2" 
Min.

Note: When using the Simtech Tool be sure clamping 
heads are aligned square to the long axis of 
the machine.

1. AŌ er properly adjusƟ ng stands or supports place
pipe ends in clamping unit as shown with a mini-
mum of 1/2" exposed on each side between the
clamps.

2. Using the hand wheel or hydraulic unit, bring the
pipe ends together until they touch. (If the pipe
has been cut square the ends should butt
together fairly flush.) Recheck pipe alignment to
insure there is no angular deflection or axial
misalignment.  See Figure N.

3. AŌ er checking and correcƟ ng the alignment,
separate the ends far enough to place & lock the
planing unit into posiƟ on in the clamping  frame.

4.  Turn on the planing unit and slowly bring the pipe
ends into contact with the cuƫ  ng blades.  ConƟ nue
shaving unƟ l a complete shaving of both ends has
been achieved. (Usually 1 to 3complete
revolutions of the cutting blades.)

Figure M

Procedures for Welding:

The ArmorTech pipe is welded using standard,  buƩ  
fusion welding protocols as outlined in ASTM 
D2657-87.  ArmorTech 1" - 6" diameters are welded 
using the Simtech Manual fusion tool.

Pipe stands or supports will be required for this 
procedure.  Stands or supports must be capable of 
supporƟ ng the secƟ ons to be welded while    
maintaining proper alignment so that angular 
deflecƟon is avoided when making welds.

Simtech butt fusion tools are equipped with 
clamping rings which will hold the pipe in correct 
alignment during the welding procedure but the 
pipe must be properly aligned prior to clamping.

Clamping rings on one side of the tool are       
staƟ onary (do not move) and these are used to 
clamp onto pipe in the run that has already been 
joined.  Clamping rings on the other end of the tool 
are movable and clamp onto the secƟ on (length) 
being added.  See Figure M below.
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5. Turn off  and remove the planing unit.

6. Bring the ends together to insure that they butt
together flush around the entire circumference of
the pipe.  If not flush repeat #4. (Maximum gap
allowed approx. 1/64 of  an inch.)

7. Separate pipe ends and insert the heated welding
plaƩ en (mirror) in posiƟ on.

8. Bring both pipe ends into contact with the plaƩ en
increasing pressure to the values shown on the
weld chart.

9. Watch for the evidence of melt which is indicated
by the formation of a small bead of melted at
material of both pipe ends around the entire
periphery of the pipe. When the bead reaches the
height shown on the welding chart reduce
pressure to near zero but maintain contact with
the plate.

10.  Begin Ɵ ming the heat-soak cycle when the pressure
has been reduced to near zero. (Times shown on
weld chart.)

11. When Ɵ me is reached separate pipe ends
and remove the heated plate.

12. Quickly bring the melted ends together (do not
slam) and increase the weld pressure unƟ l the
weld pressure shown on the welding chart is
reached.

13. Leave pipe clamped in the tool while      cooling.
(See cooling Ɵ mes on the weld chart.)

Figure N

Angular Def ecƟ on

Axial Misalignment

Correctly Aligned
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Diameter Weld Beginning Melt Pressure Heating Change Over Time Weld Cooling 

& Wall Thickness Temp °C & Bead Height Time (Remove Heater Pressure Time Before 

(Kg./Force) (Pressure at & Gradually (Kg./Force) Removing

Near 0 Lbs.  Increase to Clamps

Force) Weld Pressure)

Seconds

Pressure Height Seconds
Change Bring To

Minutes
Over Pressure

1” PN10 200 2 1/32” 40 4 4 2 4

1 ½” PN10 200 4 1/32” 50 5 6 4 6

2” PN10 200 6 1/32” 60 5 6 6 7

3” PN10 200 13 1/16” 90 6 8 13 10

4” PN10 200 19 1/16” 100 6 10 19 12

6” PN10 200 41 1/16” 130 8 12 41 22

Diameter Weld Beginning Melt Pressure Heating Change Over Time Weld Cooling 

& Wall Thickness Temp °C & Bead Height Time (Remove Heater Pressure Time Before 

(Kg./Force) (Pressure at & Gradually (Kg./Force) Removing

Near 0 Lbs.  Increase to Clamps

Force) Weld Pressure)

Seconds

Pressure Height Seconds
Change Bring To

Minutes
Over Pressure

1 ½” PN16 230 6.00 1/32” 40 4 5 6.00 5

2” PN16 230 7.00 1/32” 45 4 5 7.00 5

2 ½” PN16 230 7.00 1/32” 50 4 5 7.00 5

3” PN16 230 10.00 1/16” 40 4 5 10.00 6

4” PN16 230 15.00 1/16” 50 4 5 15.00 7

6” PN10 230 32.00 1/16” 70 4 5 32.00 10

PVDF  Welding Chart

For 8” pipe a hydraulic machine is used. Consult factory for welding charts

For 8” pipe a hydraulic machine is used. Consult factory for welding charts

PP Welding Chart
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Flanged ArmorTech

ArmorTech is available as a totally flanged pipe        
system. Although a flanged system is 
considerably more expensive, there are occasions 
where it can not be avoided.  We are prepared 
to spool-up to customer supplied dimensions.

ArmorTech flanges consist of a stub end and loose 
backing ring combinaƟ on.  This arrangement will 
require flange bolts which are longer than those 
used with steel flanges.  It is also necessary to use 
washers under the bolt heads and nuts.  The 
following chart indicates the appropriate flange 
bolt requirements.

Flange bolts should be Ɵghtened in the sequence 
shown below.  Tighten bolts in 2 passes.  Bring bolts 
to 1/2 the torque values shown below on the first 
sequence then repeat the sequence Ɵ ghtening to 
the listed values.

NOTE: When using ArmorTech DTTS-Triple Seal Teflon 
Bonded Gaskets torque values can be reduced to 1/3 
the values shown.

4 Hole Flange 8 Hole Flange           12 Hole Flange

3 1

2 4

8 7

3 4

6

5 2

1

122

6 8

10 4

3 9

7 5

111

TORQUE VALUES

Size FT/lbs Size FT/lbs

1” 11 4” 18

1 1/2” 13 6” 25

2” 14.5 8” 28.5

2 1/2” 18 10” 36

3” 19 12” 43

Flange Bolt Ø Length #Req’d Washer OD

1” 1/2” 4” 4 1”

1 1/2” 1/2” 4” 4 1 1/16”

2” 5/8” 5” 4 1 1/4”

2 1/2” 5/8” 5” 4 1 1/4”

3” 5/8” 5” 4 1 3/8”

4” 5/8” 5 “ 8 1 3/8”

6” 3/4” 5 3/4” 8 1 1/2”

8” 3/4” 6” 8 1 1/2”

  10” 7/8” 7 1/2” 12 1 3/4”

  12” 7/8” 8” 12 1 3/4”
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ArmorTech® Dimensional Data
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  ArmorTech Pipe
DescripƟ on: ArmorTech  Pipe

Material: Polypropylene or KYNAR® 740 PVDF

ConnecƟ on: BuƩ  Fusion

D

S

T

Polypropylene

Nomnial D S T Length

Size in in in Ft

1” 1.260 0.114 0.120 16.4

1½” 1.969 0.181 0.120 16.4

2” 2.480 0.228 0.120 16.4

3” 3.543 0.323 0.125 16.4

4” 4.331 0.394 0.160 16.4

6” 6.299 0.358 0.201 16.4

8” 7.874 0.449 0.243 16.4

10” 9.843 0.559 0.244 16.4

12” 12.402 0.705 0.279 16.4

PVDF

Nominal D S T Length

Size in in in Ft

1” 1.260 0.094 0.120 16.4

1½” 1.969 0.118 0.120 16.4

2” 2.480 0.118 0.120 16.4

3” 3.543 0.169 0.120 16.4

4” 4.331 0.209 0.160 16.4

6” 6.299 0.193 0.201 16.4

8” 7.874 0.244 0.243 16.4
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DescripƟ on: ArmorTech Elbow: 90°

Material: Polypropylene or KYNAR® 740 PVDF

ConnecƟ on: BuƩ  Fusion

  ArmorTech Elbow: 90°

Z

d

Le

S

r=d

Nomnial D Le Z S (SDR 11) S (SDR 17.6)

Size in in in in in

1” 1.260 0.197 1.378 0.114 -

1½” 1.969 0.276 2.087 0.181 -

2” 2.480 0.276 2.598 0.228 -

3” 3.543 0.236 3.661 0.323 0.201

4” 4.331 0.472 4.528 0.394 0.248

6” 6.299 0.709 6.575 0.575 0.280

8” 7.874 0.748 8.110 0.717 0.315

1” to 2” supplied as bare fitting with wrap kits 
3” and above f  ƫngs supplied FPR Reinforced

1” to 2” supplied as bare fitting with wrap kits 
3” and above f  ƫngs supplied FPR Reinforced

PVDF

Nominal D Le Z S

Size in in in in

1” 1.260 1.024 1.811 0.094

1½” 1.969 1.102 2.283 0.118

2” 2.480 1.102 2.598 0.118

3” 3.543 0.906 3.543 0.169

4” 4.331 0.906 4.331 0.209

6” 6.299 1.299 6.299 0.193

8” 7.874 1.299 7.874 0.244
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  ArmorTech Elbow 45° - Ex tended Leg

DescripƟ on: ArmorTech Elbow 45° - Ex tended Leg

Material: Polypropylene or KYNAR® 740 PVDF

ConnecƟ on: BuƩ  Fusion

Polypropylene

Nominal D Le Z S (SDR 11) S (SDR 17.6)

Size in in in in in

1” 1.260 2.795 3.858 0.114 -

1½” 1.969 2.441 4.252 0.181 -

2” 2.480 2.598 4.528 0.228 -

3” 3.543 3.268 5.512 0.323 0.201

4” 4.331 3.661 6.299 0.394 0.248

6” 6.299 5.630 9.055 0.575 0.280

8” 7.874 6.024 10.236 0.717 0.315

Z

d

Le

ZLe
S

1” to 2” supplied as bare fitting with wrap kits 
3” and above f  ƫngs supplied FPR Reinforced

1” to 2” supplied as bare fitting with wrap kits 
3” and above f  ƫngs supplied FPR Reinforced

PVDF

Nominal D Le Z S

Size in in in in

1” 1.260 1.024 1.417 0.094

1½” 1.969 1.181 1.654 0.118

2” 2.480 1.220 1.850 0.118

3” 3.543 1.457 2.244 0.169

4” 4.331 1.811 2.756 0.209

6” 6.299 2.441 3.937 0.193

8” 7.874 3.031 4.882 0.244
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  ArmorTech Tee

DescripƟ on: ArmorTech Tee

Material: Polypropylene or KYNAR® 740 PVDF

ConnecƟ on: BuƩ  Fusion

Z
D

L1

L

S

1” to 2” supplied as bare fitting with wrap kits 
3” and above f  ƫngs supplied FPR Reinforced

1” to 2” supplied as bare fitting with wrap kits 
3” and above f  ƫngs supplied FPR Reinforced

PVDF

Nominal D L L1 Z S

Size in in in in in

1” 1.260 3.622 1.063 1.811 0.094

1½” 1.969 4.567 1.102 2.283 0.118

2” 2.480 5.197 1.102 2.598 0.118

3” 3.543 7.087 1.535 3.543 0.169

4” 4.331 8.661 1.890 4.331 0.209

6” 6.299 12.598 2.795 6.299 0.193

8” 7.874 15.748 3.150 7.874 0.244

Polypropylene

Nominal D L L1 Z S

Size in in in in in

1” 1.260 3.425 0.433 1.732 0.114
1½” 1.969 3.937 0.472 1.969 0.181
2” 2.480 5.039 0.669 2.638 0.228
3” 3.543 7.205 1.535 4.055 0.323
4” 4.331 10.039 2.165 5.157 0.394
6” 6.299 12.520 2.165 6.417 0.358
8” 7.874 17.126 3.465 8.465 0.449

10” 9.843 17.638 2.520 8.819 0.559
12” 12.402 22.283 3.228 11.142 0.705
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  ArmorTech Reducer

DescripƟ on: ArmorTech Reducer

Material: Polypropylene

ConnecƟ on: BuƩ  Fusion

Polypropylene

Nominal D1 D2 L L1 L2 S1 (SDR 11) S2 (SDR 11) S1 (SDR 17.6) S2 (SDR 17.6)

Size in in in in in in in in in

1½”  x 1” 1.969 1.260 1.969 1.063 1.063 0.181 0.114 - -

2” x 1” 2.480 1.260 2.362 1.063 0.984 0.228 0.114 - -

2” x 1½” 2.480 1.969 2.362 1.142 1.063 0.228 0.181 - -

3” x 1½” 3.543 1.969 2.913 0.866 0.787 0.323 0.181 - -

3” x 2” 3.543 2.480 2.913 1.181 1.102 0.323 0.228 - -

4” x 1½” 4.331 1.969 3.543 1.102 0.787 0.394 0.181 - -

4” x 2” 4.331 2.480 4.134 1.614 1.378 0.394 0.228 - -

4” x 3” 4.331 3.543 3.937 1.614 1.575 0.394 0.323 0.248 0.201

6” x 3” 6.299 3.543 5.433 2.008 1.654 0.575 0.323 0.280 0.201

6” x 4” 6.299 4.331 5.039 2.008 1.575 0.575 0.394 0.280 0.248

8” x 6” 7.874 6.299 5.709 2.480 1.969 0.717 0.575 0.315 0.280

D1
D2

L1

L2

L

S2
S1

1” to 2” supplied as bare fitting with wrap kits 
3” and above f  ƫngs supplied FPR Reinforced
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  ArmorTech Reducer

DescripƟ on: ArmorTech Reducer

Material: KYNAR® 740 PVDF

ConnecƟ on: BuƩ  Fusion

D1
D2

L1

L2

L

S2
S1

1” to 2” fittings supplied unwrapped 
3” and above fi  ƫngs supplied wrapped

PVDF

Nom. D1 D2 L1 L2 Z S1 S2

Size in in in in in in in

1½”  x 1” 1.969 1.260 0.866 0.984 2.362 0.118 0.094

2” x 1” 2.480 1.260 0.866 0.984 2.559 0.118 0.094

2” x 1½” 2.953 1.969 0.945 0.984 2.559 0.118 0.118

3” x 2” 3.543 2.480 0.984 1.181 2.953 0.169 0.118

4” x 2” 4.331 2.480 1.181 1.181 3.543 0.209 0.118

4” x 3” 4.331 3.543 1.181 1.378 3.543 0.209 0.169

6” x 4” 6.299 4.331 1.575 1.575 4.724 0.193 0.209

8” x 6” 7.874 6.299 1.575 1.378 4.724 0.244 0.193
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DescripƟ on: ArmorTech Flange 

Material- Stub End:   Polypropylene or KYNAR® 740 PVDF
Material-Backing Ring:      GRP Polypropylene w/ Steel Core - 

150 lbs. ANSI Drilling PaƩ ern

ConnecƟ on: BuƩ  Fusion

 ArmorTech FlangeH3
H2

Z1

S

d d4

H1

Polypropylene

Nominal D D4 H1 H2 H3 z1 S (SDR 11) S (SDR 17.6)

Size in in in in in in in in

1” 1.260 2.480 0.394 0.625 1.019 1.969 0.114 -

1½” 1.969 3.228 0.472 0.625 1.097 1.969 0.181 -

2” 2.480 3.937 0.591 0.625 1.216 2.205 0.228 -

3” 3.543 5.236 0.709 0.625 1.334 3.268 0.323 0.201

4” 4.331 6.260 0.748 0.625 1.373 3.307 0.394 0.248

6” 6.299 8.386 0.984 0.625 1.609 3.189 0.575 0.280

8” 7.874 10.551 1.299 0.625 1.924 4.843 0.717 0.315

Flange consists of molded PP stub end w/ FRP Reinforcement & GRP 
Polypropylene Backing Ring with Steel Core - 150lb

Flange consists of molded PP stub end w/ FRP Reinforcement & GRP 
Polypropylene Backing Ring with Steel Core - 150lb

PVDF

Nominal D D2 B H Z1 S #

Size in in in in in in Holes

1” 1.260 0.630 0.630 1.019 2.756 0.094 4

1½” 1.969 0.630 0.709 1.097 3.307 0.118 4

2” 2.480 0.748 0.709 0.979 2.835 0.118 4

3” 3.543 0.748 0.709 1.294 4.724 0.169 4

4” 4.331 0.748 0.709 1.137 3.189 0.209 8

6” 6.299 0.874 0.945 1.294 3.661 0.193 8

8” 7.874 0.874 0.945 1.491 4.016 0.244 8
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Automotive
• Fume Exhaust
• Washdown Systems
• Process Waste Drainage

High Purity Water
• RODI Systems
• pH Control
• Semiconductor Cleaning

Power / Utilities
• Deminieralization
• Flue Gas Desulpherization
• Nuclear Process Drainage

Biotech / Pharma
• RODI High Purity Water
• WFI Systems
• Environmental Containment

Laboratory Exhaust
• Corrosive Fume Extraction
• Wet Bench Hoods
• Chemical Box Exhaust

Pulp and Paper
• Bleach and Liquor Lines
• Spent Acid and Caustic Lines
• Wet Scrubber Systems

Aquatics
• Natatoriums
• Corrosion-Free Valves
• Valve Automation

Food and Beverage
• Dairy
• Brewing
• Chemical Sterilization

O.E.M. Supplier
• Valves and Automation
• Controls and Instrumentation
• Custom Fabrication

Chemical Processing
• Chemical Transfer & Storage
• Metering and Mixing
• Process Fume Extraction

Life Sciences
• High Purity RODI Water
• Laboratory Fume Exhaust
• University Facilities

Steel / Metal Finishing
• Piping Lines
• Electroplating
• Fume Exhaust

WTP / WWTP
• Chemical Feed Systems
• Chlorination & Flouridation
• Pressure Regulation

Chlor-Alkali
• Chlorine Processing
• Brine Preparation
• Caustic Sodas

Mining
• Sulfuric Acid
• Hydrochloric Acid
• Slurry Piping




