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10
20
30
40
350
60
70
g0
20

' This program was designed to calculate thickness of

* flat plates, all edges fixed, uniform load over entire
' surface

HOME

INPUT "load, ksc"j P

INPUT "length of long side, cm"j B
INPUT "length of short side, cm"; A

100 INPUT "maximum deflection, %"; DELTA : DELTA = DELTA/100

101 LPRINT *"Find thickness of flat plate, all edges fixed, uniform 1
pad® : LPRINT '

102 LPRINT USING "load #H#.H## ksc®iP

103 LPRINT USING "length of long side ###.#8 cm”iB

104 LPRINT USING "length of short side ###.##4 mm";A

105 LPRINT USING "maximum deflection ###.## mm"; AXDELTA*IO

110 INPUT "safety factoer™; SF

111 LPRINT USING "safety factor ##"; SF

112 LPRINT

120 X = B/A

130 IF X > O AND X (= | THEN BETA = .3078 : ALPHA = .0138 . GOTO 200
140 IF X > 1 AND X <= 1.2 THEN BETA = .3834 : ALPHA = .0188 @ GOTO 2
00 .
150 IF ¥ > 1.2 AND X <= 1.4 THEN BETA = .4354 : ALPHA = .0226 : GOTO
200 '

160 IF X > 1.4 AND X <= 1.4 THEN BETA = .468 : ALPHA = .0231 ! GOTO
200

170 IF ¥ > 1.6 AND X <= 1.3 THEN BETA = ,4872 : ALPHA = .0287 : GOTO
200 i

180 IF ¥ > 1.8 AND X <= 2 THEN BETA = .4974 : ALPHA = .0277  GOTO
200

190 IF X » 2 THEN BETA = .5 © ALPHA = .0284

200 THK = A ¥ S8R ( BETA ¥ P / (1300 / SF)} )

210 IF THK ¢ .48 THEN S = 600 : SB = 1000 : EB = 4%000!

220 IF THK >= .48 AND THK < .44 THEN & = 4630 : SB = 1100 : EB = 4700
@l .

230 IF THK >= .64 AND THK < .8 THEN S = 840 : 5B = 1300 : EB = 5400
ot

240 IF THK »>= .8 AND THK < .96 THEN § = 250 : SB = 1400 : EB = 6300
0 .

250 IF THK »>= .96 THEN 5 = 1100 : S§B = 1500 : EB = 70000!

240 DELTAMAX = ALPHA ¥ P ¥ A4 / (EB ¥ THK"3)

270 IF THK >= A ¥ S8R ( BETA ¥ P / ( SB/SF )) AND DELTAMAX / A < DEL

TA GOTO 280 ELSE THK = THK + .01 : GOTO 210 :

280

LPRINT USING ® Thickness  ###.## mm"; THK¥10
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Find thickness of flat plate, all edges fixed,

load 0.051 ksc

length of long side 102.00 cm
length of short side 102.00 mm
maxinmum deflection S.10 mm
safety factor 6

Thickness 12.88 mm

uniform

load
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10 HOME : CLEAR

20 F$ = "##4 BHH. #H4"

30 FR$ = "#44% #4434 HiH BHE. HEH"

40 INPUT "THICKNESS, mm"; THK : THK = THK/10 : REM CONVERT TG cm

50 LPRINT : LPRINT

50 LPRINT USING "THICKNESS H##.4# mm"; THK¥10

70 LPRINT

80 GOSUB 420

90 SEN = 1000

100 LPRINT

110 LPRINT TAB(S) "TYFE OF" TAE(20) "WEIGHT" TAB(34) "GLASS" TAB(44)
"MUMBER OF" TAB(S&) "THICKNESS"

120 LPRINT TAR{4) "MATERIALS" TAB(19) "{gm/m*Z)" TAE(31) "CONTENT{wt

%} " TAB(4S) "LAYERS" TAB(53) "{(mm)"

130 LPRINT STRING$(&6,"-")

140 REM CHOPFED STRAND MAT & WOVEN ROGVING

150 GOSUB 340 ’

160 THK = THK - TH(1,2) : N(1,2) = Ni(1,2) + 1
170 GOSUB 340
180 THK = THK - TH(1,2) : N{i1,2) = N{1,2) +1
190 GOSUB 340
200 THK = THK - TH{2,1) @ N(2,1) = N(2,1) + 1

210 GOSUR 340

220 GOTO 180

230 IF N{i,1) = 0 GOTO 240

240 LPRINT "CHOFPED STRAND MAT™ TAB(21):LPRINT USING FRH;WG(1,1)5100
RGOOLLINGIL D AN D XTHIL L

250 IF N{(1,2) = 0 GOTO 270

240 LPRINT "CHOPPED STRAND MAT® TAB(Z1):LPRINT USING FR&;WG(1,2);100
¥GC{1)JNCL,2) sN(L,2) ¥TH(L,2) %10

270 IF N(2,1) = 0 GOTC 290

280 LPRINT "WOVEN ROVING"™ TAB(21):LPRINT USING FR$;WG(2,1);100%GC(2)
$N(2,1)5N(2, 1) ¥THI2,1) %10

250 SUM = SUM + N1, 1)¥TH(L, 1) & N(1,2)¥TH{1,2) + N(2,1)¥TH(Z,1)

200 LPRINT TAB(S4) STRINGS(7,"-")

210 LPRINT TAB(40) : LPRINT USING "TOTAL THICKNESS #Hit#.###";5UM¥10
320 LPRINT TAR(56) STRINGS(7,"=")

330 GOTO 1000

240 ' SUBROUTINE FGR FINDING OUTMOST LAYERS

350 IF THK < O THEN 230 '

360 IF THK {= TH{1,1) THEN N(i,1) = N{i,1) + 1: GOTO 230

370 IF THK <= TH{(1,2) THEN N(i,2) = N{1,2) + 1: GOTO 230

380 IF THK <= 2 ¥ TH(1,1) THEN N(i,1) = N{i,1) + 2: GOTO 230

390 IF THK <= TH{1,1) + TH{1,2) THEN N{1,1) = N(1,1) + 1: N{1,2) =N
(1,2) + 1: GOTO 230 .

400 IF THK <= 2 ¥ TH{(1,2) THEN N(1,2) = N{(1,2) + 2: GOTO 230

410 RETURN

420 * FIND MATERIAL QUANTITIES

430 READ WG(0,0), WG(0,1), WG(l,1), WG(1,2), WG(2,1), TC
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440 READ GC(0), GC(1), GC(2)

450 READ DG, DR

440 FOR I = 0 TGO 2

470 FOR J = 0 70 2

480 TH(I,I) = (WG(I,J)/GC{I}) — WGII,I) % (1-DR/DG))/DR/L0000

490 NEXT

500 NEXT

510 DATA 400, 30, 300, 450, 400, 300

520 DATA .08, 0.30, 0.55

530 DATA 2.4, 1.2

540 RETURN

1000 INPUT "AREA, sg.m "; TOAR

1010 LPRINT

1020 LPRINT USING "AREA #####, ### sq.metre”;TOAR

1030 LPRINT

1040 GOSUB 1500

1050 REM ¥% CUTPUT FORMAT #¥

1060 LPRINT: LPRINT

1070 GWG(0,1) = TOAREWG(0, 1) /SENSN(O, 1) : OGWG(0,1) = GWG(0,1)*%.1025
: WEWG(0,1) = (GWG{0,1)+0GHG(0,1))%.1025 : TGWG(0,1) = GWG(

O,1) + CGWG(O,1) + WGWG(O,1) :  CGWG(0,1) = TGWG(0,1)¥CHE(0,1)

1080 GWG(L,1) = TOAREWG(1,1) /SEN¥N(1,1) : OGWG(1,1) = GWG(1,1)#%.1025
! WGWG(L,1) = (GWG(1,1)+0GWGL1,1))%.1025 : TGWG(1,1) = GWG!

1,1) + OGWG(L,1) + WGWG(1,1) ¢ /CBWG{L,1) = TGWG(L,1)¥CWE(L,1)

1050 GWG(1,2) = TOAREWG(1,2) /SEN¥N(L,2) : OGWG(1,2) = GWG(L,2)%.1025
! WGWG(L,2) = (GWG(1,2) +0GWGTL,2))%.1025 : TGWG(1,2) = GWG(

1,2) + OGWGI1,2) + WGWG(L1,2) @ GGWG(L,2) = TGWG(1,2)¥CWGE(1,2)

1100 GWG(2,1) = TOAR¥WG(2,1) /SEN¥N{2,1) : OGWG(2,1) = GWG(2,1)¥.1025

1 WEWG(2Z,1) = (GWG(2,1)+0GWG(2,1))%.1025 : TGWG(2,1) = GWG(

2,1) + OGWG(2,1) + WGWG(Z,1) :  COWG(Z,1) = TGWG(Z,1)¥CWE(2,1)

1110 RWG = (GWG(0,1) +OGWG(0, 1)1 ¥(1-6GC{0)1/GCIO) + (GWG(L,1)+OGWG(L,L
))F(L1-GC(1))/BCIL) + (GWG(1,2)+06WG(1,2))¥{1~-GC(1))/GCIL) + (GWG
(2,1) +0GWG(1,2) 1 ¥{1-GC(2) ) /GC(2)

1120 WRWG = RWGE.2 : TRWG = RWG + WRWG : CRWG = TRWGXCSTR

1150 CTOTAL = CGEL+CGWG(0,1) +CGWG(L, 1) +COWG(1,2) +COWG(2,1) +CRWG+CTOP
1160 WEIGHT = TGEL+TGWG(0,1) ¢TGWG(1,1) +TGWG(1,2) +TGWG(Z, 1) +RWG+TTOF
1170 MH = WEIGHT/MMH

1180 LFRINT TAB{(&) "TYPE OF" TAB(24) "CALCU-" TAB(32) *OVER-" TAB(3?
) "WASTE" TAE(47) "TOTAL" TAB(S4) "PRICE/" TAB(&&) ®"COST"

1150 LFRINT TAB(5) "MATERIALS® TAE(24) "LATED" TAB(32) "LAPPED" TAE(

47) "WEIGHT® TAB(57) "unit”

1200 LPRINT TAB(25) "(kg)" TAB{(23) "(kg)" TAB(40) "(kg)" TAB(48) "(k

g)" TAB(S5) "(BAHT)" TAB(&5) "(BAHT)" :
1210 F$(2) = "###. 48 H, 08 RENELEE BEHELHE HHHBHS. BHC
1220 F& = "###. 88 H4. 83 S5.855  BHEE. RS BHEB. BB BHBsan, A

1230 GOSUE 1480

1240 IF N{1,1) = 0 GOTO 1240

1250 LPRINT *CHOPPED STRAND MAT 300" TAB(24) : LFRINT USING F$ ;GUG(
1,1)50GWG(L,1) jWEWECL, 1) TGWG(1,1);CWE(1,1)5CGWGIL,1)



1250 IF N{i,2) = 0 GOTO 1280

1270 LPRINT "CHOPPED STRAND MAT 450" TAB(24) : LFRINT USING F$ jGWG(
1,2)50GWGIL,2) ;WEWE(L,2) 5 TGWG(1,2) 5CWG(L,2) 5CGWG(L,2)

1280 IF N(2,1) = 0 GOTO 1300

1290 LPRINT "WOVEN ROVING 400" TAE(24) : LPRINT USING F$ jGWG(Z2,1);0
GWG{2,1) ;WEWG(2,1) ;TGWG(2,1);CWG(2,1);CGWGI2,1)

1300 LFRINT °"LAMINATING RESIN™ TAE(24) : LFRINT USING F&(Z2) jRUWGjWRW
G; TRWG; CSTRICRWG

1310 LPRINT TAB(44) STRING$(10,"-")

1320 LPRINT * SUBRTOTAL COST" TAE(44) : LPRINT USING "#H#H##. #H#"3CT
OTAL :

1330 LPRINT USING "MISC. MATERIALS #H.4#% % ";PERCENT;: LPRINT TAB
{£4) : LPRINT USING "#HH#H#.H4H";CTOTALXPERCENT/100

1340 LPRINT TAB(é&4) STRINGH(10,"-")

1370 LFRINT " TGTAL COST" TAB(44) : LPRINT USING "HH#H#H#.88";CT
OTAL+CTOTAL¥PERCENT/100

1320 LFPRINT TAB({&4) STRINGH(10,"=")

1390 LPRINT : LPRINT

1400 LPRINT USING "APPROX. WEIGHT HHHAB. BH Kkg";WEIGHT-WGWG(0,1)-WG
WGIL1,1)-WEGWG(L1,2)-WEWGE(2,1)-WRWG-WTOP-WGEL

1410 PRINT : PRINT "DG IT AGAIN ? Y/N"

1420 GET A% :IF A$ = "N" THEN RUN "MENU®

1430 IF A% = "Y" THEN RESTORE :60T0 10 ELSE GOTO 1420

1440 DATA 30, 300, 450, 500, 300

1450 DATA .08, 0.2%, 0.55 :REM Glass content SM, CSM, WR

1440 DATA 2.6, 1.2 :REM Glass density, resin density

1470 END

1430 LPRINT STRING%(72,"-") ; RETURN

1490 LPRINT STRING$(7%,"=") : RETURN

1500 OPEN "I", #1, "B:PRICE.LSTY

1510 IF EOF{1) GOTO 1540

1520 INPUT #1, CWG(0,1), CWG(i, 1), CWG(Z2,1}, CSTGC, CSTR, LBR, MMH,
OVHD, FERCENT

1530 CWG{L,2) = CWG(L,1)

1540 CLOSE #1

1550 RETURN
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NUMBER OF
LAYERS
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THICKNESS  2.00 nm
TYPE OF WEIGHT GLASS
MATERIALS {gm/m*2) CONTENT (wt%)
CHOFPED STRAND MAT 4350 30

TOTAL
WEIGHT
{kg)

AREA 6.200 sg.metre
TYPE OF CALCU~ OVER- WASTE
MATERIALS LATED  LAPPED
{ka) {kg) {kg)
CHOPPED STRAND MAT 430 5.58 / iS5t 0.43
LAMINATING RESIN 14.82 2.26

SUBTOTAL COST

MISC. MATERIALS 10.00 %

TOTAL COST

APPROX. WEIGHT 18.01 kg

6.78
17.79

THICKNESS
{mm)
2.096
2.096
PRICE/ COsT
unit
{BAHT) {BAHT)
62,00 420.52
432.00 764.84
1185.34
118.54
1303.8%9
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20
25
27
30
40
350
&0
70
80
20
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PI = 3.1415926£

INPUT “"volume, cu.meter";V : V = V%1076
LPRINT USING "volume £££.£F£ cu.meter";V/10%6
LPRINT : LPRINT “surface area" TAB(13) “diameter" TAB(29) "height"
FOR D = 1 TO 1000 STEP 2

FLAG = FLAG+1

H = V/(PI*(D/2)"2) s

§ = PI*D*¥H + PI*(D/2)"2%2

IF FLAG = 1 THEN OLDS = 8

IF 5§ » OLDS THEN 110

oLDS = § :

100 LPRINT §/100/100,DH
110 NEXT
120 END



volumea 1.05 cu.meter

surface area diameter height
420 1 1.336FE+06
140,001 A 148545
84. 0039 & SE476.1
LHOLOOTT 7 RT28E.7
44,6774 9 16505
8. 20008 : i 11048.8
F2.3342 = 7910.66
28. 0355 15 5941.78
24,7313 17 4625.96
22.162 19 S7T03.55
20,0695 21 SZ031.52
18.%44 23 EORT w2
16.8982 25 2139.04
15.6701 27 1833.88
14.614%9 29 1589. 66
13.65993 ok 12391.16
12.8%83 3% 1227.64
12,1924 S 1091.35
11.5664 =7, ?76.553
11.0081 o 878.962
10.308 41 Z75. 301
10.087% 43 23.04
?.65142 3 660,198
9. 28316 47 HO5. 207
8.24858 49 8956.81
8.64%84 T & 515,995
8.36576 93 475,935
8.11153 99 441.951
2871877 SZ 411.481
7. 66545 e Z84.057
7.46974 61 #$59. 285
Tx 25084 = 336.836
7-1252 &G 316.426
6w FEITR &7 R@7.817
6.83481 &9 280.803%
b 70733 71 265t 206
6. 5205 T 280.873
&H.A4BEE7 75 2EF 671
b.738587 77 225.485
6. 29679 79 214,213
6.21578 81 203,765
6. 14236 83 194, 06%



6. 07608
6.01652
. B P6III
S.71616
S5.87471
S. 8387

5. 80786
5. 78196
G 76078
5.74413
S WA

5. 72364
S. 71947
Sim 71216

e
|

87
89
9,
g3
e
7
99
101
103
15
107
109
113

185,038
176.62%9
L&, 779
161.442
154.573
148. 1353
142,088
136.405
131 2056
126.016
121.261
116.77

112.524

108.506
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Voluntary Product Standard PS 15-69

Custom Contact-Molded Reinforced-Polyester
Chemical-Resistant Process Equipment

(This voluntary standacd, initiated by the Society of the Plasties Industry,
Ine.. has been developed under the Procedures for the Dervclopment of Voluntary
Product Standards, published by the Departinent of Comnpilerce. See section 7,
History of Projeet, for further information.)

1. PURPOSE

1.1. The purpose of this Product Standard is to establish on a
national basis the standard sizes and dimensions and significant
quality requirenients for commereially available glass-fiber-r2iforced
chemical-resistant process equipment for chemical service. The infor-
mation contained m this Produet Standard will be helpful to pro-
ducers, distributors, and users and will pronote undox\tandnm be-
tween buvers and sellers.

2. SCOPE

2.1. This Product Standard covers materials, construction and
workmanship, physical properties, and methods of testing reinforced-
polyester materials for process equipment and auxiliaries intended for
use in aggressive chemical environments, including but not limited to
pi e, dmts, and tanks. The Standard is based on the technology of
fabrication by hand lay-up or contact pressure molding. Methods for
identifying products which comply with the requirements of this
Standard are included.

2.2, This Standard does not cover: (1) resins other than poIves—
ters, (2) reinforcing materials other than glass fibers, (3) laminate
constructions, or (4) filament wound fabrication methods. (The in-
dustry has initiated the development of additional standards to cover

these items.)

3. REQUIREMENTS

3.1. General- :

3.1.1. Terminology—1Unless otherwise indicated, the plastics
terminology used in this Standard shall be in accordance with the
definitions given in American Society for Testing and Materials
(ASTM) Designation D883-69, Standard Nomenclature Relating to
Plastics.!

3.1.2. General description—This Standard describes glass-fiber-
reinforced process equipment for chemical service. Other materials
may be u\eA for reinforcement of the surface exposed to the chemical
environment. This Standard is not intended to cover selection of the
exact resin or reinforcement combination for use in specific chemical
and structural conditions. For recommended chemical resistance test
procedures, see the appendix. -

3.2. Materials :

3.2.1. Resin—The resin used shall be of a commercial grade and
shall either be evaluated as a laminate by test (see appendix for a
recommended test) or determined by previous ser vice to be acceptable
for the environment.

3.2.2. Fillers and pigments—The resins used shall not contain

! Later Issues of the ASTM publications specified in this Product Standard may be
used providing the requirements are u{)pli(abl» and consistent with the Issue dexignated.
Coples of ASTM publications are obtalnable from the American Soclety for Testing ﬂﬂd
Materials, 19168 Race Street, ’hiladelphia, Pa. 19103. ;
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fillers except as required for viscosity control or fire retardance. Up to
5 percent by weight of thixotropic agent which will not interfere with
visual inspection may be added to the resin for viscosity control.
Resins may contain pigments and dyes by agreement between fabri-
cator and purchaser, recognizing that such additions may interfere
with visual inspection of laminate quality. Antimony compounds or
other fire 1'otar(Lmt agents may be added as required for improved fire
resistance.

3.2.3. Reinforcing material—The reinforcing material shall be a
commercial grade of glass fiber having a coupling agent which will
provide a =uitable hond between the glass reinforcement and the resip:

3.2.4. Surfacing materials—Unless otherwise agreed upon be-
tween fabricator and purchaser, marerial used as reinforcing on the
surface exposed to chemical attack <hall e a commercial grade chemi-
cal-resistant glass having a coupling agent. _

Yote: The use of other fibrous materials such as acrylic and poly-
ester fibers and asbestos may affect the values obtained for
the Barcol hardness of thesurface. '

3.3. Laminate—The laminate shall consist of an inner surface, an
interior laver, and an exterior layer or laminate body. The composi-
tions specified for the inner surface and interior layer are intended to
achieve optimum chemical resistance.

3.3.1. Inner surface-<The inner surface shall be free of cracks and
erazing with a smooth finish and with an average of not over 2 pits
per square foot, providing the pits ave less than 1/8 inch in diameter
and not over 1/32 inch deep and are covered with sufficient resin to
avoid exposure of inner surface fabric. Some waviness is permissible
as long as the surface is smooth and free of pitsJBetween 0.010 and

0.020 inches of reinforced resin-rich surface shall be provided.? This
surface may be reinforced with glass surfacing mat, synthetic fibers,
asbestos, or other material as usage requires.

3.3.2. Interior layer—.\ minimum of 0.100 inch of the laminate
next to the inner surface shall be reinforced with not less than 20
percent nor more than 30 percent by weight of noncontinuous glass
strands (see 4.3.1), e.o., having fiber lengths from 0.5 to 2.0 inches.

3.3.3. Exterior layer—The exterior layer or body of the laminate
‘shall be of chemically resistant construction suitable for the service
and providing the additional strength necessary to meet the tensile
and flexural requirements. Where separate layers such as mat, cloth,
or woven roving are used, all layers shall be lapped a minimum of 1
inch. Laps shall be staggered as much as possible. If woven roving or
cloth is used, a layer of chopped-strand glass shall be placed as alter-
nate layers.{The exterior surface shall be relatively smooth with no
exposed fibers or sharp projections. Hand work finish is acceptable,
but enough resin shall be present to prevent fiber show. )

3.3.3.1. Vhen the outer surface is subject to a corrosive environ-
ment, the exterior surface shall consist of a chopped-strand glass over
which shall be applied a resin-rich coating as described in 3.3.1. Other
methods of surface protection may be used as agreed upon beteen
buyer and seller. ' :

3.3.4. Cut edges—.\ll cut edges shall be coated with resin so that
no glass fibers are exposed and all voids filled. Structural elements

2 This resin-rich surface layer will usually contain less than 20 percent «_){ reinforcing
material. A specific Hmit is not included because of the tmpracticability ol determining
this value in the tinished product. a3

2
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having edges exposed to the chemical enviroament shall be made with
chopped-strand glass reinforcement only.

3.3.5. Joints—Finished joints shall be built up in successive layers
and be as strong as the pieces being joined and as crevice free as is
commercially practicable.fThe width of the first layer shall be 2 inches

minimum. Successive layers shall increase uniformly to provide the.

specified minimum total width of overlay which shall be centered on
the joint. (See 3.3.1, 3.4.6.1. 3.5.6, and 3.6.5.) Crevices between jointed
pieces shall be filled with resin or thixotropic resin paste, leaving a
smooth inner surface. (See 3.3.1.) The interior of joints may also be
sealed by covering with not less than 0.100 inch of reinforced resin-
rich surface as described in 3.3.1 and 3.3.2. _

3.3.6. Wall thickness—The minimum wall thickness shall be as
specified in the tables under the appropriate sections, but in no case
shall be less than 1/8 inch in the case of ducts and 3/16 inch in pipes
and tanks regardless of operating conditions. Isolated small spots may
be as thin as 50 percent of the minimum wall thickness, but in no case
more than 1/8 inch below the specified wall thickness. :

3.3.7. Mechanical properties—In order to establish proper wall
thickness and other design characteristics, the minimum physical

__properties for any laminate shall be as shown in table 1 and 3.3.7.1.

Laminates which do not meet the minimum values of table 1 are con-
sidered acceptable provided they are made to afford the same overall
strength that would be obtained with a Jaminate meeting the specified
thickness, } For example, if the specified thickness for a laminate is
1/4 inch, reading from table 1 a minimum tensile strength of 12,000
psi is required. By multiplying thickness times minimum tensile
strength a value of 3,000 pound breaking load for a 1-inch-wide speci-
men is obtained. .\* laminate having a tensile strength of 10.000 psi
will, therefore, be acceptable for the 1/4-inch requirement if it has
an actual thickness of at least 0.3 inch.

3.3.7.1. Surface hardness—The laminate shall have a Barcol
hardness of at least 90 percent of the resin manufacturer’s minimum
specified hardness for the cured resin when tested in accordance with
4.3.5. This applies to both-interior and exterior surfaces. ;

3.3.8. Appearance—The finished laminate shall be as free as com-
mercially practicable from visual defects such as foreign inclusions,
dry spots, air bubbles, pinholes, pimples, and delamination.

3.3.9. By agreement between buyver and seller, a representative
laminate sample may be used for determination of acceptable surface
finish and visual defects (see 3.3.1, 3.3.3, and 3.3.8).

TaBLE 1. Requiremcnts for properties of reinforced-polyester laminates

Property at Thickness (inches)
84 °F (23 °
A o (a5 1/8 to 3/18 1/4 5/186 3/8 and up
< nsi psi psi psi
Cltimate tensile
strength-minimum* _____. 9,000 12,000 13,500 15,000
Flexural strength- K
mintmom 2 oo TR 16,000 19,000 20,000 22,000
F'lexural modulus of v
elasticity (tangent)-
mibimum e ot ant Dy 700,000 800,000 900,000 1,000,000
1 See 4.3.2.
2 See 4.3.3.
3 See 4.3.4.
3
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3.4. Reinforced-polyester round and rectangular ducting®

3.4.1. Duct size and tolerances

311.1. Round ducting—The size of round dueting shall be deter-
mined by the inside diameter in inches. The standard sizes shall be 2,
3.4, 6, 8. 10, 12, 14, 16, 18, 20, 24, 30, 36, 42, 15, 54, and 60 inches.
Unless otherwise specitied. the tolerance, including out-of-roundness,
shall be =1/16 inch for dueting up to and including 6-inch inside
djameter, and =1/3 inch or =1 percent. whichever is greater, for
ducting exceeding 6 inches in inside diameter.*

3.1.1.2. Rectangular ducting—The sizes of rectangular ducting
shall be determined by the inside dimensions. There are no standard
sizes for rectangular ducting. Unless otherwise specified, the toler-
ances on ordered Sizes shall be %=3/16 inch for dimensions of 18
inches and under and =1 percent for dimensions of over 18 inches.*

3.4.2. Lengths—Tolerances on overall lengths shall be =1/4 inch
unless arrangements are made to allow for field trimming.

3.4.3. Walt thickness—-The mininum nominal thickness of round
dueting shall be in accordance with table 2. Tor rectangular ducting,
the minimum thickness shall be as specified in table 2, substituting the
longer side for the diameter. See also 3.3.6.

31.4. Squareness of ends—IEn-<shall be square within =1/8 inch
for round ducting through 24-inch diameter and rectangular ducting
through 72-inch perimeter: and =3/16 inch for larger sizes of both
round and rectangular ducting.

3.4.5. Fittings—Tolerances on angles shall be =1° throngh 24
inches, =7/8° for 30 inches, ==3/4° for 36 inches, +5/3° for 42 inches,
and =1/2° for 48 inches and above. Wall thickness of fittings shall be
at least that of ducting of the same rize.

TABLE 2. Reinforced-polyester round duct dimengions’

Wall  [Allowablef Allowablel Fiange Flange Bolt Bolt No.
thickness| vacuum? | pressure?| diameter | thickness c¢ircle hole of

LDy (Minl - (0.D.) diam- diam- holt

eter eter holes

inches . inchexn inches inches inchex inchea inches | inches
u-g {cr wg{cr

b4 G.12 405 o0 3-3/8 1/4 D 7/16 4
3 0.125 405 | o 500 7-3/8 1/4 6 7/16 4
4 0.125 210 410 R-3/8 1/4 i) 7/16 4
6 0.125 64 350 10-3/8 1/4 9 7/16 8
8 0.125 30 180 2.3/8 1/+4 11 7/16 8
10 0.125 16 310 4-3/8 Sk 13 7/16 12
12 0.125 9 280 16-3/8 3/R 1 7/16 12
14 0.125. T 220 | 183/8 3/8 4 b 7/16 12
16 0.125 6 290 20-3/8 1/2 19 7/16 16
18 0.125 a 240 22.3/8 1/2 21 7/16 16
20 0.125 £ 190 24-3/8 1/2 23 7/16 20
24 0.187 9 140 28-3/8 1/2 27 7/16 20
30 - 0.1R7 g 100 34-3/8 142 23 7/16 28
36 0.187 o 70 40-3/8 172 39 7/16 32
42 0250 10 120 46-3/8 5/8 45 7/16 36
18 230 9 100 4-3/8 3/8 230 9/16 44
o4 0.250 7 80 60-3/8 3/8 38 9/16 44
60 0.250 6 60 68-3/8 O/R (13} 9/16 02

15 to 1 design factor of safety based on data in table 1. Also based on 10-foot lengths
between stiffener rings for vacuum service,

:Thexe ratings are sultable for use up to 180 °F° (82.2 °C) in pressure serviee and
amblent atmospheric temperatures on vacuum service, For ratings at higher temperatures
consult the manufacturer. i

;llla;ed at a mintmum of 5-nch water vacuum and/or 50-lnch water pressure. (See .
table 2.)
+ See Footnote 9, page 14,

4
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3.45.1. Ells——Standard ells shall have a centerline radius of one
and one-half times the duct diameter.

3452, Laterals—Standard laterals shall be +5°.

31.5.3. Reducers, concentric or eccentric. —Length of standard
reducers shall be five times the difference in dinmeters (D,-D,). Mini-
mum wall thickness shall be that required for the larger diameter duct
as given in table 2.

3.4.6. Straight connections :

346.1. Butt joint—Strength of the butt joint shall be at least
equal to that of the duct itself and shall be made in accordance with
3.3.5. Total minimum width of joint shall be 3 inches for 1/8 inch
thickness, + inches for 3/16 inch thickness, and 6 inches for 1/4 inch
thickness. .

3.4.6.2. Bell and spigot joint—Straight duct shall be inserted
into bell at least one-sixth of duct perimeter or 4 inches, whichever is
less, and overwrapped in such a manner as to provide strength at least
equal to that of the duct. The opening between the bell and spigot
shall be sealed with thixotropic resin paste.

3.4.7. Flanges

2.17.1. Flange dimensions—Dimensions of reinforced plastic
flanges for round ducts chall be in aceordance with table 2. Flange
thicknesses and width [((‘).D.-I.D.)/Q] of Hange faces for rectangular
duets shall correspond to those for round ducts having the same
diameter as the longer side of rectangular ducts. - X

34.72. Flange attachment—Duct wall at hub of flange shall be at
least -one and one-half times the normal thickness and taper to nor-
mal thickness over a distance of at least one flange width. Fillet radius
shall be at least 3/8 inch at point where the hub meets the back of the
flange. .

33.7.3. Face of flange—Fuace of flange shall have no projections
or depressions greater than 1/32 inch and shall be perpendicular to
the centerline of the duct within 1/2°. A camber of 1/8 inch with
respect to the centerline, measured at the O.D. of the flange, shall be
allowable. The face of the flange shall have a chemical-resistant sur-
face as deseribed in 3.2.4 and 3.3.1.

3.4.7.4. Drilling—Standard flanges shall be supplied undrilled.

34.7.5. Flange bolting—The holt holes shall straddle centerline
unless otherwise specified. Unless otherwise specified, the number of
bolt holes and diameters of bolt holes and bolt circles shall be in
accordance with table 2. Rectangular flange width and bolt spacing
shall be the same as that for diameters corresponding to the longer
sides.

3.4.8. Mechanical properties of ducts :

2181. Laminate—The minimum mechanical propert ies shall be
in accordance with table 1. :

3.4.82. Deflection—Maximum deflection of a side on a rectangular
duct shall not exceed 1 percent of the width of the side under operat-
ing conditions. Ribs or other special constructions shall be used if
required to meet the deflection requirement. )

3.4.9. Stacks—Special engineering consideration is required for
structural design of stacks, and the manufacturers should be con-
sulted. : ;

3.5. Reinforced-polyester pipe? )

251" Size—The standard pipe size shall be the inside diameter in

s Rated from full vacuum to 150 psi (see table 3).



N

oot v ek |

i

Frapes e P e awss

TV KT PG MW Tt e ea

AN B 3P K A B 1L A

BN,

prapesr

7 sheimpag

A AL o N

4

423

inches. Standard sizes are 2, 3, 4, 6, 8, 10, 12, 14, 16, 18, 20, 24, 30, 36,
and 42 inches. The tolerance including out-of-roundness shall be
+1/16 inch for pipe up to and including 6-inch inside diameter, and
+1/8 inch or =1 percent, whichever is greater, for pipe exceeding 6
inches in inside diameter. This measurcment shall be made at the point
of manufacture with the pipe in an unstrained vertical position.

3.5.2. Length—The length of each fabricated piece of pipe shall
not vary more than =1/8 inch from the ordered length unless ar-
rangements are made to allow for trim in the field.

=
E

STUB FLANGE

Dimensions (inches)

BI{CI|E|F|G |H
0|64 |16]12 |6
2| 6|6 |I18l2t] 6
1416 | 6 |20|2% | 6
6|18 | 9124|332 | 8
20|10 |12 [30|5 | 8

26112 |18 |38|7
30(12 |21 |42|82 |12
32114 |24 |46]10 |12

2410 |15 |34|6+ | 10
B
2

R B 18 |21 [36]14 |27|50]1I+|12
e s . [20[2238]16 |30[54[ 12412
24|24 [a2|18 [36]60]15 |12

S ,.JE—; 30|30 52 |20 |45 |72|183[ 15
ko ol i L 36|33 |62 |22 |54|84]224] 15
b JL_:—_"’ | a2 |36 7224 6396|256 |15
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FIGURE 1. Dimensions of reinforced -polyester pipe fittings.
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35.3. Wall thickness—The minimum wall thickness of the pipe
shall be in accordance with table 3. See also 3.3.6. . :

3.5.4. Squareness of ends—All unflanged pipe shall be cut square
with the axis of the pipe within +1/8 inch up to and including 24-
inch diameter and to within +3/16 inch for all diameters above 24
inches.
- 3.55. Fittings—All fittings such as elbows, laterals, T’s, and
reducers shall be equal or superior in strength to the adjacent Pll e
section and shall have the same diameter as the adjacent pipe. The
dimensions of fittings shall be as shown in fizure 1. Tolerance on
angles of fittings hall be =1° through 24 inches in diameter and
+1/2° for 30-inch diameter and above. Where necessary, minimunt
overlay widths may be less than those specified in table 4, but the joint
strength shall be at least equal to the strength of the adjacent pipe.

355.1. Elbows—Standard elbows shall have » centerline radius
of one and one-half times the diameter. Standard elbows up to and
including 24 inches shall be molded of one piece const ruction. Ilbows
of 30-inch diameter and larger may be of mitered construction using
pipe for the mitered sections. The width of the overlay on the mitered
jomnt may have to be less than the minimum specified in table + to
avoid interference on the inner radius, but the joint strength must be
at least equal to the strength of the adjacent pipe. Mitered elbows 45°
or less will be one-miter, two section. Elbows above 45° through 90°
shall have a minimum of two miters. Incorporation of straight pipe
extensions on elbows is permissible. '

3552. Reducers—Reducers of pither concentric or eccentric style
will have a length as determined by the diameter of the large end of
the reducer as indicated in figure 1.

35.6. Butt joints—This type of joint shall be considered the
standard means of joining pipe sections and pipe to fittings. The pro-
cedure used in making the butt joint will be as outlined in 3.3.5. All
pipe 20 inches in diameter and larger shall be overlaid both inside,
when accessible, and outside. Pipe less than 20 inches in diameter
<hall be outside overlaid. The minimum width of the overlay shall
relate to wall thickness and shall be of the dimensions indicated in
table 4. Inside overlaps may be made to seal the joint if necessary, but
shall not be considered in meeting the strength requirement specified
in 3.3.5.

357. Flanges—The use of flanges shall normally be kept to a
minimum with the butt joint being used as the standard means of
joining pipe sections. All flanges shall be of the minimum thickness
given 1n table 5 and accompanying illustration. The construction of
flanges is the same as that for laminates. (See 3.3.)

357.1. Flange attachment—T he minimum flange shear surface -

shall be four times the flange thickness indicated in table 5. The thick-
ness of the flange hub reinforcement measured at the top of the fillet

radius shall be at least one-half the flange thickness and shall be
tapered uniformly the length of the hub reinforcement. The fillet :

radius, where the back of the flange meets the hub, shall be 3/8 inch
minimum. ’
35792. Flange face—The flange face shall be perpendicular to the
axis of the pipe within 1/2° and shall be flat to =1/32 inch up to
and including 18-inch diameter and =1/16 inch for larger diameters.
The face of the flange shall have a chemical resistant surface as

described in 3.2.4 and 3.3.1.
( §
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TABLE 3. Reinforced-polyester pipe wall thickness

Minimum pipe wall thicknesses' at pressure ratings:
Pipe size 25 50 5 100 129 - 150
psi psi psi psi psi ~ psi
inches inches inches inches inches inches inches
2 3/16 3/16 3/16 3/16 3/16 3/16
3 3/16 3/16 3/16 3/16 1/4 1/4
4 3/18 3/16 3/16 1/4 1/4 1/4
(L 3/16 3/16 1/4 1/4 5/16 3/8
8 3/16 1/4 1/4 5/16 3/8 7/16
10 3/16 1/4 . /16 3/8 7/16 1/2
12 3/16 1/4 3/8 7/16 1/2 5/8
14 1/4 . 5/16 3/8 172 5/8 3/4
16 1/4 5/16 7/16 9/16 11/16
18 1/4 3/8 172 5/8 - 3/4
20 1/4 3/8 1/2 11/16
24 1/4 7/18 5/8 13/16
30 5/16 1/2 3/4
36 3/8 5/8
42 3/8 3/4

1 The specified wall thicknesses are based upon a 10 to 1 safety factor for the tensile
strength lsted in table 1. These ratings are suitable for use up to 180 *F (82.2. °Cy);
for ratings at higher temperatures, consult the manufacturer. For vacuum service
see 3.5.90.

TABLE 4. Minimum total wcidths of overlays for reinforced-polyester dbutt joints

.

Pipe wall
thickness,
inches _._ a7 3/16 | 1/4 |5/16 | 3/8 | 7/16| 1/2 | 9/16 | 5/8] 11/16| 3/4

NMinimum

total

width of
overlay, ;

fnehes o il o] 3 + 5 6 T 8 9 10 11 12

3.5.7.3. Other flange designs—Other flanges agreed upon between
the fabricator and the user are acceptable provided that they pro-
duce a tight joint at twice the pressures established for standard
joints. : _

3.5.8. Mechanical properties of pipe—The minimum mechanical
properties of pipe shall be in accordance with table 1.

FILLET RADIUS

BOLTY
CIRCLE

SHEAR NRFACEZ
- = - - - l

HUB REINFORCEMENT

FLANGE THICKNESS -—-—] L—

3.5.9. Vacuum service—In sizes 2 through 18 inches, reinforced-
polyester pipe and fittings have an internal pressure rating of 125
psi. Flanges having a rating of 25 psi are saitable for full vacuum
service. Special engineering consideration is required for larger pipe
sizes and for operation at temperatures above ambient atmospherie
temperature. g '

3.5.10. Redommended installation practice
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3.5.10.1. Pipe hangers and spacing—Iangers shall be band type
hangers contacting 2 aftnitiiiy. of 1802 of theipipe surfuce. The
maximum pipe hanger spacing shall be in accordance with table 6.

7.5.10.2. Underground installation Special consideration must
be given to installing pipe underground. It ix recommended that the

sb'e -

gt side. Tolerance on overall height shall be :=1/2 percent, but shall not
A exceed ==1/2 inch. The radius at bottom to wall shall he a minimum
H of 1-1/2 inches.

N

i 9

Ager

B R D VAW R LS e

3.6.1.1.

3.6.1.2.
measured internally.
of-roundness, shall be %=1 pere
tank in vertical position. Taper, 1f a
be added to the nominal di

ameter.

Sizes—Standard tank sizes are 2,
5, 5:1/2, 8, 7,8,
; Dimensions and to

: manu facturer be consulted for installation procedures.

: "~ 85.10.3. Expansion—Since the expansion rate of this plastic pipe
is several times that of steel, proper consideration should be given to
any pipe installation to accommodate the overall linear expansion.
TABLE 5. Minimum flange thickness for rei_nforcwl-poluestcr pressure pipe'?®?

_’ Pipe .\liuimum‘ﬁange thickness at 'design pressures:
| size 25 psi A0 psi 5 psi 100 psi 125 psi 150 psi
' inches inches inches “inches inches inches inches
) 2 1/2 1/2 1/ 2 a/106 5/8 11/16-
o 3 1/2 1/2 H/8 11/16 3/4 13/16
4 1/2 9/16 11/16 13/16 7/8 15/16
6 1/2 5/8 3/4 7/8 1 1-1/16
: § 9/16 3/4 7/8 1 1-1/8 1-1/4
10 11/16 7/8 1-1/16 1-3/18 1-5/16 1-7/16
:,_: 12 3/4 1 1-1/4 1-7/16 1-5/8 1-3/4
14 13/16 1-1/16 1-5/18 1-1/2 1-3/4 1-7/8
;" 16 7/8 1-3/16 1-7/16 1-5/8 1-7/8
18 15/16 1-1/4 1-1/2 1-3/4 2 i
2 20 1 1-5/18 1-5/8 1-7/8
" 24 1-1/8 1-1/2 1-7/8
30 1-3/8 1-7/8

36 1-3/4

12 2

: 1 Based on flat-faced flanges with full-face soft gaskets.

T 2 Flange dimensions (except thickness) and bolting correspond to the following

- standards :
5 o.inch through 24-inch sizes: TUSA Std. B16.5 for 150 1b steel flanges.
- 20-inch through 42-inch sizes: USA Std. B18.1 for 123 Ib C.1. flanges.

p.f 3This table is based on a safety factor af 8 to 1 and a flexural strength of 20,000 psi.

k| This latter value is slightly under the minimum flexural strength for laminates of 3/8

- inch and up (see table 1), due to the manufacturing technique. ;

~ [}

;: 35.10.4. Bolts, nuts, and washers—DBolts, nuts, and washers shall

be furnished by the customer. Metal washers shall be used under all

. nut and bolt heads. All nuts, bolts, and washers shall be of materials

suitable for use in the exterior environment.

< - - .

b 3.5.10.5. . Gaskets—Gaskets shall be furnished by the customer.

3 Recommended gasketing materials shall be a minimum of 1/8 inch

H in thickness with a suitable chemical resistance to the service envi-

4 ronment. Gaskets should have a Shore .\ or Shore A2 IHardness of

s 40 to 70. .

i 3.6. Reinforced-polyester tanks (stationary nonpressure ves-

g - _sels) .

3 3.6.1. Cylindrical flat-bottom vertical tanks

9.1/2, 3, 3-1/2, 4, 4-1/2,
), 10,611, and 12 feet in inside diameter.

lerances—The tank diameter sh
Tolerance on the inside diame
ent. Measurement sha
ny, shall be increasing and shall
Taper shall not exceed 1/2° per

all be

ter, including out-
11 be taken with
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3.6.1.3. Wall thickness—The minimum wall thickness shall be in
accordance with table 7. See also 3.3.6.

3.6.2. Horizontal cylindrical tanks : : j

3.6.2.1. Sizes, dimensions, and tolerances—These shall be the

same as for vertical cylindrical tanks (see 3.0.1.). Standard end

closures shall be standard convexed, domed heads with a maximum
radius of curvature equal to the tank diameter. The knuckle radius
shall be a minimum of 1-1/2 inches. @ ’

3.6.2.2. Support cradle—Two support cradles shall be provided.
The cradles shall be at least 6 inches avide, supporting at least 120°
of the tank circumference. Wear plates (reinforced areas), 12 inches
wide, covering 180° of the support surface shall be provided when
required. Laminate construction and minimum thickness shall be
as agreed upon between fabricator and purchaser. Tanks longer
than 24 feet require speciak design and support consideration.

3.6.2.3. Wall thickness—The minimum wall thickness shall be in
accordance with table 8. See also 3.3.6.

3.6.3. Rectangular tanks

3.6.3.1. Sizes—There are no standard sizes for rectangular tanks.

3.6.3.2. Dimensions and tolerances—The length and width shall
be measured internally. Tolerances on nominal dimensions of length
and width shall be =1/4 inch or =1/4 percent, whichever is greater.
Overall height tolerance shall be %=3/8 inch. Taper is increasing and
should be added to the nominal dimensions. Taper should not exceed
1/2° per side.

3.6.3.3. Side wall—Deflection shall not exceed 1/2 percent of span
at any location when tested by filling with water.

3.6.3.4. Wall thickness—Since the design of rectangular tanks is
considerably more complex than that of cylindrical tanks, no simple
chart of wall thickness can be given. However, the minimum wall
should be .similar to that for cylindrical tanks with consideration

TaBLE 6. Mazimum spacing of pipe hangers for reinforced-polyester pressure

pipe’
Maximum pipe hanger spacing at pressure ratings:
Pipe 1.DD. .

23 psi 50 psi 70 psi 100 psi 125 psi- 150 psi
inches feet feet feet feet feet feet [
2 6.0 6.0 6.0 6.0 6.0 6.0
3 6.5 6.5 6.5 6.5 8.0 8.0
4 7.0 7.0 7.0 8.5 8.5 . 85
6 8.0 8.0 9.0 9.0 10.0 - 10.5
8¢ 8.5 10.0 10.0 10.5 11.0 11.5
14 9.5 10.5 11.5 12.0 12.5 13.0
12 10.0 11.5 12.5 13.0 13.5 14.0
14 11.5 12,5 13.0 14.0 15.0 15.5
16 12.0 13.0 14.0 15.5 16.5 17.0
18 12.5 14.5 15.0 16.0 18.5 110
20 12.5 15.0 15.5 17.0 18.0 18.5
24 8.5 15.0 17.0 18.5 19.0

30 9.5 17.5 19.5 21.0
36 10.5 19.5 21.0
42 8.0 21.0 22.5

1 The above table {s based on uninsulated pipe containing liquids having a specific
gravity of 1.3 and at a maximum temperature of 180 *F. For services at temperatures
above 180 °*F (82.2 °C), consult the manufacturer relative to hanger spacing.

¢ Larger knuckle radll are commonly used, such as for ASME torispherical heads.

10
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TasLe 7. Minimum wall and bottom thickness of vertical tanks relative to diamceter and distance from top!

Distance

from e Minimum wall and bottom thickness for tanks of diameter:

top - '

feet 2ft] 2% ft | Sft | 3% ft] 4 ft | 4% ft| 5[t DYWL ft] 6 ft 7 ft K ft o ft 10 4t 1 Th £t =it
2, 3716 316 3716 3/16 3/16 3/16 RYATH 3716 3/16 3716 /16,8716 | 3716 216 3716
-4 3716 3/16 37168 3/16 3/16 3/16 3716 3716 a/16 3/16 3/16 316 3/146 A6 2716
[ 3716 3/106 37106 3/16 3/16 316 3/ 16 A 16 2716 a6 3/16 /16 1/} ol 1/1
8 3516 3/16 3716 3/16 3/16 216 3716 3716 /716 1/4 1/4 1/14 11 1/1 a2/ 16
10 3716 3/16G 3716 3/16G 3/16 3/16 o/ 16 1/1 1/ 1/1 1/1 171 A/ 16 3716 o/ 16
12 3/16 3716 3716 3/16 3716 3/16 11 1/1 1/} ¥/l 1/4 o/ 16 A/ 16 a3/ 16 B3I
14 3716 3/16 3710 3A/16 1/4 174 1/1 1/1 1/1 S0 a2/16 a2/ 16 a/16 SN e
16 S TR E 1 3716 3716 1/ 1/4 1/4 1/1 11 /1 a6 S/ 16 BYR I/ 3/8 VAL
18 716 /16 S3/10 1/4 1/4 /4 1/ S/16 NVATH /16 3/8 S8 378 T/16 I/t

20 S/16 27106 14 1/ 1/4 1/+4 2716 a/16 a/16 RVAS 3/8 SIS 7716 1/2 172

o 3716 _l/-l 1/14 1/4 1/4 a2/ 16 NYAIH a/16 a7 16 a/8 ¢ 3/R nwall 1/2 | P 9716

24 3716 1/1 1,4 1/t 1/1 NYAIH e Hr—f—a S 378 G Lfe 172 0/16 a/8

1 Based on 4 safety factor of 10 to 1 using mechanical propecty dita in table 1 and a liquid specifie gravity of 1.2 For tanks intended for servies
above 180 °) (82.2°°C) consideration in design shonld be given to the physical properties of the material at the operating temperature. Tanks
with physical loadings, such as agitation, should be given special design consuderation.

11
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TapLe 8. Miovimun awall and hoad thicknosses for reinforeed-polyester
horizontal eylindrical tanks using 1co support cradles?

Tank AMinimum wall and head thickness for tanks of diameter?’
length ofr | B ft rTaErOErNEEG AL R ft
ft inches| inches | inches inches | inches| inches inches | inches
S 3716 37106 1/4 1,4 ad TG 5/16 T/ 16 0/16
10 316 1/4 1/ H/106 S16 378 T/106 9/16
12 3/16 1/+4 1/+4 /16 5/16 7716 az= 5/8
14 1/4 1/4 A/16 a/148 3/8 /2 9716 3/4
16 1/4 o/ 16 af 18 3/8 AR a/1a 11/168 13/16
18 1/4 PG 3/8 7/16 T/16 3/ 8 13/16 | 15/16
20 a/16 VAT 3/8 7/16 172 11/16 /8 1-1/16
Lo 5716 /8 3/8 142 0/16 3/4 15/16 | 1-3/16
23 piid Loase lane 12 k we (1860 2 1-1/4

1 Rased on D to 1 safery factor using the mechanieal property data In table 1. & lquid

specitice

For tan

gravity of 1.2,
kx intended for service above 150 s §S2 T ) consideration in design should

and support cradles located 1 12 of taunk length from each end.

be given to the physical properties of the material at the operating temperature. Tanks

with phy~ical loadi
situations

use in

sideration.
of the tank ata

nps dsuch as acitation), other support desicns, stiffening rings. or for
requiring higher satety factors ~hould he given special design con-

In the use of more than two ~upport cradles, maintenanee of uniform support

11 points of support is essential

2 For intermediate <randard tank inside dianteters given in 4.6.1.1. the minimum wall
and head thickness <hiall be that given in this table for the next higher diameter.

T Wear plates requi
VWear plates requit
s Wear plates requi
a Wear plates requir

red for S-foot tiank lengthe
red for 8-, 1o and 12-foot tank lengths.
red for tanks S to 18 feet tong, Inclusive.

ed for tanks N 1o 20 feet long. inclusive.

T Wear plates required for all tank lengths.

given to the height of the tank relative to loadings and the largest
span relative to Jdeflection. Ixternal ribs <hall be used to prevent
side wall deflection from exceeding the tolerance in 3.6.3.3. See
also 3.3.6. '

3.6.1.
mum mechanieal properties <hall be as specified in table 1.

Mechanical property requirements for tanks—The mini-

2.6.5. _Shell joints—\Where ranks are nianufactured in sections and

joined by 1

e of a Jaminate bond. the joint shall be glass-fiber-rein-

forced rfesin at least the thickness of the heaviest section being joined.
The reinforcement shall extend on eaeh side of the joint a sufficient
distance to make the joint at Jeast as strong as the tank wall and
<hall be not less than the mininnm joint widths specified in table 9.
The reinforcement shall be applied both inside and out with the
inner reinforcement considered as a corrosion resistant barrier only
and not structural material, The inner reinforcement shall consist
of a minipum of 3 ounces of glass per square foot, followed by 0.010
inch to 0.020 inch of surfacing material (see 3.3.5).

3.6.6. Flanges

26.6.1. Flanged nozzles—Flanges for liquid inlets and outlets

shall meet_the same requirements as for pipe (see 3.5.7 to B
inclusive).. At assembly”there ghall be a_ninimum dimension of 4
inches from the flange face to the tank. Where angular loadings are
anticipated, the flange nozzle shall be supported by a minimum of
three gussets or by other suitable means of structural support. .
36.6.2. Assembly of flanges—St andard orientation will have bolt
holes straddling principal centerline of vessel unless otherwise

specified.
3.6.6.3.

Tolerances— Tolerances on flange construction shall be the

same as for pipe flanges (see 2.5.7 and table 5). Location of nozzles
on the vessel shall be held fo +1/8 inch. -
Recommended installation practice

3.6.7.

12



\v 2

JAEC TS bvm AT g s L PRSI

e
TSNS & 3

S

—_ ’ = S
RIS ¥ PSP ORI S

e g nkrsomes 1 s bt e BT 2 1)

2

e

R 4

S 3
‘e

ol iy .

i kST

v
ke

i

T
PP D AR

P it

aliiney - Rubaricos NIt s PR
BT RO S (L W QD0 IOV A LA

E IR

G el €

-
Cfl

A

Z P 35

A3

Sy SRR

4

3.6.7.1. Flat bottom tanks should be supported on a flat surface or
on properly-spaced dunnage. It is recommended, where possible, that
a flat surface, preferably a reasonably soft surface (confined sand or
cinder-filled pad, plywood-surfaced concrete or a concrete grout) be
used. Where full bottom support is not possible, special bottom
design 1s required. '

3.6.7.2. Closed tanks should have a properly sized vent.

TABLE ﬁ. Minimum total widths of overlays for reinforced-polyester tank shell
joints

Tank wall thickness, 6

inches _o-o-icacaa . 3716 144 o/16 3/8 T/16 172 /16 5H/8 -11/16° 3/4
NMinimum of outside
_ overlay width,
' inches oo __] 4 4 D 6 T 8 9 10 11 12
NMinimum of inside
overlay width,
INChes ooiodcoce g 4 4 75 5} 6 6 6 6 6 6

4. INSPECTION AND TEST PROCEDURES

4.1. Specimens—Tests shall be made on specimens cut from waste
areas when L)().\\'il)lo: otherwise, the specimens shall be eut from flat
laminates prepared in the same construction and by the same tech-
niques as the process equipment. In all cases, the average value of
the indicated number of specimens shall be used to determine con-
formance with the detatled requirements.

4.2. Conditioning-—The test specimens shall be conditioned in
accordance with Procedure .\ of ASTM Designation DG618-61,
Standard Methods of Conditioning Plastics and Elcetrical Insulat-
ing Muaterials for Testing.’

4.3. Tests g

14.3.1. Glass content—The glass content shall be determined in ac-
cordance with ASTM Designation D2584-67°T, Tentative Method of
Test for ITgnition Loss of Cured Reinforced Rexins® except that the
specimens tested shall be approximately 1 square inch in area, and
low temperature preignition prior to placement in muflle furnace is
recommended. The average for five specimens shall be considered to
be the glass content.

1.3.2. Tensile strength—"Tensile strength shall be determined in
accordance with ASTM Designation D63S-68, Standurd Method of
Test for Tensile Propertiex of Plusties] except that the specimens
shall be the actual thickness of the fabricated article and the width
of the reduced section shall be 1 inch. Other dimensions of specimens
shall be as designated by the ASRTM standard for Type 1 specimens
for materials over 1/2 inch to 1 inch inclusive. Specimens shall not
be machined on the surface. Tensile strength shall be the average
of five specimens tested at 0.20 to 0.25 in/min speed. :

1.3.3. Flexural strength-—TFlexural strength shall be determined
in accordance with Procedure .\ and table 1 of ASTM Designation
D790-66, Standard Method of Test for Flerural Properties of
Plastics,” except that the specimens shall be the actual thickness of
the fabricated article and the width shall be 1 inch. Other dimen-

* Kee footnote 1, page 1.
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sions of specimens shall be as designated Ly the ASTM standard.
Specimens shall not be machined on the surface. Tests shall be made
with the resin-rich side in compression using five specimens. ;

1.3.4. Flexural modulus—The tangent modulus of elasticity in
flexure shall he determined by ASTM Method D790-66 (see £.3.3).

1.3.5. Hardness—The hardness <hall be determined In accord-
ance with ASTM Designation D2583-67. Standard Method of Test
for Ind¥ntation Hardness of Plastics by Means of « Barcol Im-
pressar’ Calibration of the Barcol instrument shall be verified by

comparing with blank =pecimens having known readings of 85 to 87
and 42 to 46. Ten readings on the clean resin-rich surface shall be
made. After eliminating the two high and two low readings, the
average of the remainder <hall be the reported hardness reading.
1.3.6. Additional tests—Recommended test methods for the fur
ther testing of reinforced-polyester laminates are given in the appen-
dix. These test methods are included as recommendations and are not
to be considered as requirements from the standpoint of determining
compliance with the Standard. ; .

5. IDENTIFICATION

=1. Labels and literature—In order that purchasers may iden-
tify products complying with all requirements of this Voluntary
Product Standard, producers choosing :to produce such products n
conformance with this voluntary Standard may include a statement
in conjunction with their name and address on labels, invoices, sales
literature. and the like. The following statement is suggested when
sufficient space is available:? 3
"This product conforms to all of the requirements established in
Product Standard PS 13-69, developed cooperatively with the
industry and published by the National Bureau of Standards
under the Voluntary Product Standards procedures of the T.S.
Department of Comuerce. Full responsibility for the conform-
ance of this product with the standard is assumed by (name and
address of producer or distributor).
5.1.1. The following abbreviated statement is suggested when
available space on labels is insuflicient for the full statement?®:
Conforms to PS 15-69 (name and address of producer or

distributor).
6. EFFECTIVE DATE

6.1. The effective date of a Voluntary Product Standard is the date
upon which reference to the Standard may be made by producers,
distributors, users and consumers, and other interested parties. Com-
pliance by producers with the requirements of a Product Standard
may not actually occur until some time after the effective date. Prod-
nets shall not be labeled or otherwise deseribed as conforming to a
Product Standard until such time ax all applicable requirements
established in the Standard are met. The effective date of this Stand-

‘ard is November 13, 1969,

————————————

* See footnote 1, page 1.

» All tolerunces exceeding those stated in 3.4.1.1 and 3.4.1.2 shall be identifled ax
exceptions in statements representing compliance with this Standard. i

14
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