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PERFCRVANCE SPECI FI CATI ON
LAM NATE: FI BERGALASS- FABRI G- REI NFORCED, PHENCLI C

This specification is approved for use by all Departrments and Agencies of the
Departnent of Defense.

1. SCCPE

1.1 Scope. This specification covers a fiberglass-fabric-reinforced phenolic
| am nate for use in conposite arnor systens (see 6.1).

1.2 dassification. The | am nates should be of the type specified (see 6.2):

Type | Fl at
Type 11 Curved

2. APPLI CABLE DOCUMENTS

2.1 Ceneral. The documents listed in this section are specified in sections 3
and 4 of this specification. This section does not include documents in other
sections of this specification or recomrended for additional information or as
exanples. Wile every effort has been made to ensure the conpleteness of this
list, docunment users are cautioned that they nust neet all specified requirenments
docunents cited in sections 3 and 4 of this specification, whether or not they
are |isted.

2.2 (overnnment documents.

2.2.1 Specifications, standards, and handbooks. The follow ng specifications,
standards, and handbooks form a part of this document to the extent specified
herein. Unl ess otherw se specified, the issues of these docunents are those

Beneficial comrents (recommendations, additions, deletions) and any pertinent
data which may be of use in inproving this docunent should be addressed to:
Director, US  Arny Research Laboratory, Wapons and Mterials Research
Directorate, ATTN AMBRL-WW M APG M 21005-5069 by using the Standardization
Docurent | nprovenent Proposal (DD Form 1426) appearing at the end of this
docunent or by letter.

AVBC N A AREA QWPS
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listed in the issue of the Departrment of Defense Index of Specifications and
St andards (DoDl SS) and suppl enent thereto, cited in the solicitation (see 6.2).

STANDARDS
DEPARTMENT COF DEFENSE

M L- STD-662 - V50 Ballistic Test For Arnor
M L- STD-810 - Environnental Test Methods And Engi neering Quidelines

(Unl ess otherw se indicated, copies of the above specifications, standards, and
handbooks are avail able fromthe Standardi zati on Docunent O der Desk, 700 Robbins
Avenue, Building 4D, Phil adel phia, PA 19111-5094).

2.3 Non-CGovernnent publications. The follow ng docunents form a part of this
docunent to the extent specified herein. Unless otherw se specified, the issues
of the documents which are DoD adopted are those listed in the issue of the
DoDISS cited in the solicitation. Unless otherwi se specified, the issues of
docunents not listed in the DoDISS are the issues of the docunents cited in the
solicitation (see 6.2).

AMERI CAN SOCI ETY FOR TESTI NG AND VATERI ALS (ASTM

ASTM C393 - Flexural Properties of Sandw ch Constructions

ASTM D123 - Standard Term nol ogy Relating To Textiles

ASTM D570 - Water Absorption of Plastics

ASTM D579 - Geige Wven d ass Fabrics

ASTM D618 - Conditioning Plastics and E ectrical Insulating
Materials for Testing

ASTM D695 - Conpressive Properties of Rigid Plastics

ASTM D790 - Flexural Properties of Unreinforced and Rei nforced
Plastics and El ectrical Insulating Materials

ASTM D792 - Density and Specific Gravity (Relative Density) of
Pl astics by D spl acenent

ASTM D870 - Testing Water Resistance of Coatings Using \Water
| ner si on

ASTM D1505 - Density of Plastics by the Density-QG adi ent Techni que

ASTM D2343 - Tensile Properties of @ass Fiber Strands, Yarns, and

Rovi ngs Used in Reinforced Plastics

ASTM D2563 - Qassifying Visual Defects in 3 ass-Reinforced Pl astic
Lam nate Parts

ASTM D2583 - Indentati on Hardness of R gid Plastics by Means of a
Bar col | npressor

ASTM D2584 - Ignition Loss of CQured Reinforced Resins

ASTM D3039/ D3039M - Tensile Properties of Polyner Matrix Conposite
Mat erial s
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ASTM D3410/ D3410M - Conpressive Properties of Polymer Matrix Conposite
Materials with Unsupported Gage Section by Shear

Loadi ng
ASTM E84 - Surface Burning Characteristics of Building Materials
ASTM E162 - Surface Flammability of Materials Using a Radi ant Heat

Ener gy Source

(Application for copies should be addressed to the Anerican Society for Testing
and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428).

2.4 (Oder of precedence. In the event of a conflict between the text of this
docunment and the references cited herein, the text of this docunent takes
precedence. Nothing in this docunent, however, supersedes applicable |aws and
regul ati ons unl ess a specific exenpti on has been obt ai ned.

3.  REQU REMENTS

3.1 First article. Wen specified in the contract or purchase order, a sanple
shall be subjected to first article inspection (see 4.2.1 and 6. 2).

3.2 Materials. Unless otherwi se specified (see 6.2), the materials are the
prerogative of the contractor as long as all the operating and environnental
requirenents are fully net.

3.3 Reinforcenent. The reinforcenent shall be a high tensile strength fibergl ass
or equivalent, consisting of Gfilament and a sizing system conpatible with epoxy
resin.

3.4 Fiber properties and fabric.

3.4.1 Density. The fiber shall have a package ball density of not |ess than
0.035 Ib/in.> (0.969 g/cni) nor greater than 0.065 Ib/in.? (1.799 g/cn?).

3.4.2 Hardness. The fiber shall have a shore “O package ball durometer hardness
of not less than 50 nor greater than 90.

3.4.3 Catenary. The fiber shall have a catenary requirenent of not greater than
1.0 in./50 ft (25.4 mMm 15.24 nj.

3.4.4 Roving yield (yd/Ib). The nomnal roving yield shall be within + 8.5% of
the tolerance specified in the contract unless otherwise agreed to by the
supplier and the procuring activity.

3.4.5 Resistance to fusion. An ignited specinmen shall be exam ned for fusion.
The speci nen shall not fuse during the specified ignition.

3.4.6 Tensile strength. The fiber shall have a tensile strength of not |ess than
400 ksi (2758 MPa) .

3.4.7 Fabric. The fabric shall be fiberglass plain weave woven roving
(noninal 5 ends warp by 5.2 ends fill) with a nomnal weight of 24 oz/yd® + 5%
(814 g/nf + 5%) or an equival ent.

3.5 Resin. The resin shall be of the phenolic or nodified phenolic thernosetting
lam nating type. The conponent naterials of the resin shall be such that the
cured resin shall not be corrosive to netals.
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3.6 Lam nate properties. The glass fabric base lamnate shall meet the
mechani cal and physical property requirements and values listed in table |

3.7 Peel-ply. The peel-ply shall be porous and pol ytetra-fl uoroethyl ene (PTFE)
coated with a thickness of 0.003 in. (0.076 nmj.

3.8 Construction (fabrication).

3.8.1 Dnensions and structure. The |lam nates shall conform to the dinensions
stated in the acquisition docunents (see 6.2). The lam nates shall consist of the
speci fied nunber of plies of prepreg nmade with the above fabric and resin. The
| am nates shall be symretric about the center line. Lamnates of 25 plies or nore

shall have no nore than 4% of plies containing a splice. Lam nates of |ess than
25 plies shall have no splices.

3.8.2 Thickness. The average thickness of the finished |amnates shall fal
within the ranges established by table Il and table Ila

3.8.3 Unit weight. The unit weight or areal density of the finished |am nates
shall fall within the ranges established by table Il and table Illa.

3.8.4 Finished lamnate. The finished |amnate shall consist of the specified
nunber of plies with exterior peel-plies incorporated in the |amnation process.
Al cutting and nmachining of |amnate panels shall be done with the peel-plies
i ntact.

3.9 Perfornmance.

3.9.1 Peel-ply removal. The peel -plies are intended to keep panel surfaces clean
and shall be easily renovable by hand, wthout requiring heat or solvents.
Laborious or difficult renmoval shall be unacceptabl e.

3.9.2 Tenperature resistance. The conposite arnmor lanminate shall not show
evi dence of delamnation follow ng a two-cycle exposure to a tenperature range of

-65°F to 250°F (-54°C to 121°Q).

3.9.3 Ballistic resistance. The V50 protection ballistic Iimt, as defined by
M L-STD- 662, the velocity at which the probability of penetration of an arnor
material is 50 percent, shall not be less than 2400 ft/s (732 ms) for a |amnate
of twenty five (25) plies.

3.10 Workmanshi p. The lam nates shall satisfy visual acceptance Level 1 of ASTM
D2563 for the follow ng defects: (1) blister, (2) burned, (3) crack, (4) crack
surface, (5) crazing, (6) edge delamnation, (7) internal delamnation, (8) dry
spot, (9) lack of fillout, and (10) winkles. Fabric reinforcenent |ayers shall
not have pleats, winkles, or creases. Fabric layers shall be free of tears

reasonably straight, and perpendicul ar warp-to-fill.

4. VER FI CATI ON

4.1 Verification alternatives. Aternative test nethods, techniques, or
equi prent, including the application of statistical process control, tool
control, or cost effective sanpling procedures may be proposed by the contractor
Acceptable alternative verification approaches shall be identified in the
contract.
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4.2 (dassification of inspection. The inspection requirenents specified herein
are classified as foll ows:

a. First article inspection (see 4.2.1)
b. Conformance inspection (see 4.2.2)

4.2.1 First article inspection. Wen required (see 3.1), the first article
sanpl e shall be exam ned for conpliance with the requirenents and verifications
in section 3 and section 4. Al sanples shall be produced with naterials and
processes proposed for use on production |am nates. |nspection shall be carried
out by the contractor under Governnment surveillance, when specified (see 6.2).

4.2.2 Conformance inspection

4.2.2.1 Lot formation. An inspection lot shall consist of all the |amnated
assenblies of one type and part nunber, from an identifiable production period
fromone manufacturer, subntted at one tine for acceptance.

4.2.2.2 Sanpling. Each sanple selected froman inspection |ot shall be exam ned
as specified herein for the defects listed in 3.10. Confornmance to a |lot shall be
accepted when zero (0) defects are found and rejected when one (1) or nore
defects are found. First article test sanples shall not be shipped.

4.2.2.3 I n-process exam nation. The contractor shall initiate, perform and
docunent on a recurring basis an in-process procedure consisting of process
controls and exanm nation criteria satisfactory to the CGovernment, and include the
requi renents and verifications in section 3 and section 4.

4.2.2.4 Control test. The contractor shall supply two (2) test sanmples 20 in. by
20 in. (508 mm by 508 mm), for each nonth of lamnate fabrication, for contro
testing. The sanples shall have the contract designated plies and shall be
produced with materials and processes used for production |amnates. Testing
shall be carried out by the contractor under Government surveillance and shall
consist of tests to show conformance to the requirements in 3.6, 3.8.2, 3.8.3
3.9.1 through 3.9.3, and 3.10.

4.3 Fiber properties and fabric.

4.3.1 Density. The package ball density shall be tested in accordance with
ASTM Dr92.

4.3.2 Hardness. The shore “O durometer or equivalent shall be used to test the
outernost |ayer of the roving ball. Three readings shall be taken randomy spaced
around the circunference and along the I ength of the ball

4.3.3 Supplier option. The supplier has the option to performeither the package
ball density or the shore “O package ball duroneter hardness test. Only one of
the two tests is required.

4.3.4 Catenary. Measure the distance between the furthernost separated strands
per pendi cul ar to the | engthw se direction

4.3.5 Roving yield. The roving yield shall be conputed by dividing the weight of
the specimen into the neasured |length of the specinmen resulting in units such as
yd/ | b.

4.3.6 Resistance to fusion. A specinmen of accurately measured | ength weighing 10
grans shall be ignited at a tenperature of 1500 = 45°F (812 = 25°Q).
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4.3.7 Tensile strength. The tensile strength shall be tested in accordance with
ASTM D2343.

4.3.8 Fabric. The fabric shall meet the requirenments of ASTM D579 except section
36 "Breaking Strength". In lieu of section 36 refer to ASTM D2343

4.4 Lam nate.

4.4.1 Determnation of thickness. The thickness of a finished lamnate is
determined as follows: Choose a square |lamnate of nominal size at least 20 in.
by 20 in. (508 mm by 508 mm), and renove peel -plies. Measure thickness to nearest
0.001 in. (0.0254 M) at least 1.0 in. (25.4 mm in from each of four (4)
corners. Average the four (4) readings (see table Il and Ila).

4.4.2 Determnation of unit weight. The unit weight or areal density of a
finished lamnate is determned as follows: Choose a square |am nate of nom nal
size at least 20 in. by 20 in. (508 nmby 508 mm), and renove peel-plies. Dy the
panel in a forced draft or convection type oven in a stream of anbient air heated

to 200 = 10°F (93 + 5°C). Dry the panel until no further change of mass occurs

when it is weighed with an error of less than 0.1% after cooling to room
tenperature in the standard atnosphere for testing textiles as defined in ASTM
D123. Calculate the unit weight to three significant figures as foll ows:

Unit weight = 144M | b/ft?
W

Were Mis the dry panel weight in pounds neasured with an error of |ess than

0.1%, L is the length of the panel in inches measured to the nearest 0.063 in.
and Wis the width of the panel in inches neasured to the nearest 0.063 in.
(see table I11).

Unit weight = 1 X 10° M  kg/nf
W

Where Mis the dry panel weight in kilograms nmeasured with an error of |ess than
0.1%, Lis the length of the panel in mllimeters measured to the nearest

1.5 nm and Wis the width of the panel in mllineters neasured to the nearest
1.5 mm (see table Illa).

4.4.3 Mechani cal and physical properties. The mechani cal and physical properties
shall be tested in accordance with table |V

4.4.4 Peel-ply test. The peel-ply test shall consist of renoving the peel-plies
by hand.

4.4.5 Tenperature resistance test. The tenperature resistance test shall be
perforned in accordance with nethod 503.3 of M L-STD 810, except the tenperature
extrenmes and nunber of cycles shall be as specified in 3.9.2.

4.4.6 Ballistic control test. The contractor shall supply two (2) test sanples

20 in. by 20 in. (508 mmby 508 mm) by 25 plies for each three nonths of |amnate
fabrication for ballistic control testing at a Covernment approved facility to
show conformance to 3.9.3. The test panels shall be adequately identified as to
contractor, contract nunber, manufacturer, and date. The testing facility shall
report raw data, velocities, penetration observation, thickness, and the |am nate
type (see 1.2) for each test sanple.

4.4.7 Ballistic test. The ballistic resistance test shall be conducted in
accordance with ML-STD 662. The test projectile shall be a 0.30 caliber

6
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(7.62 mm) (44 grain) fragnent-sinmulating projectile at 0° obliquity. The V50
ballistic limt protection reported shall be the average of two determ nations
made on separate 25 ply | anm nates. Each determ nation shall be a six round V50
ballistic imt with a maxi mumvelocity spread of 125 ft/s (38 nm's).

4.5 Failure. Failure of the sanples to neet any of the test requirenents
shall be cause for the procuring activity to stop acceptance of quality
conformance sanples until the cause of failure(s) is identified, corrective
action is taken by the contractor, and approved by the procuring activity.

5. PACKAG NG

5.1 Packagi ng. For acquisition purposes, the packaging requirenents shall be as
specified in the contract or order (see 6.2). Wwen actual packaging of materiel
is to be performed by DoD personnel, these personnel need to contact the
responsi bl e packaging activity to ascertain requisite packaging requirenents.
Packagi ng requirenments are maintained by the Inventory Control Point's packagi ng
activity within the Mlitary Departnment or Defense Agency, or within the Mlitary
Departnent's System Command. Packaging data retrieval is available from the
managing Mlitary Department's or Defense Agency's automated packaging files,

CD- ROM products, or by contacting the responsi bl e packaging activity.

6. NOTES

(This section contains information of a general or explanatory nature that may be
hel pful, but is not mandatory.)

6.1 Intended use. The | am nates furnished under this specification are mlitary
uni que because they are intended for use as a conponent of conposite arnor and
must neet ballistic limt protection requirenents.

6.2 Acquisition requirenments. Acquisition docunents should specify the
fol I owi ng:

a. Title, nunber, and date of the specification.

b. Type of lam nate (see 1.2).

c. Issue of DoDISS to be cited in the solicitation, and if required, the
speci fic issue of individual docunents referenced (see 2.2 and 2. 3).

d. When first article is required (see 3.1).

e. Wiether the material is to be specified (see 3.2).

f. Dimensions and structure (see 3.8.1).

g. Wether inspection is carried out by the contractor under Covernment
surveill ance (see 4.2.1).

h. Packagi ng requirements (see 5.1).

6.3 Certification activity. Unless otherw se designhated, the US Arny Wapons
and Materials Research Drectorate (WRD), Aberdeen Proving G ound, M 21005, is
responsible for the certification of ballistic testing facilities and equi prent.

6.4 First time suppliers. First time suppliers who have not previously supplied
conposite arnor lamnate to ML-L-64154 and wish to have their naterial tested,
may do so at their own expense. It is recommended that inquires for testing be
directed to Conmander, U S. Arny Test and Eval uation Command, ATTN. AMSTE-TM Q
Aberdeen Proving Gound, MD 21005. Technical questions regarding testing may be
directed to US. Arny Aberdeen Test Center, ATIN STEAG LI, Aberdeen Proving
G ound, MD 21005.
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6.5 Subject term(key word) listing.

Bal l i stic resistance
Conposi te ar nor
Resin

Peel - ply

Cust odi ans:

Preparing activity:
Arny - MR Arny - MR
Navy - AS
Air Force - 11

Project No. CMPS-0154

Revi ew activities:
Arny - AT, AV, I|E
Navy - SH
Air Force - 13
DLA - DH
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TABLE I. Lengt hwi se mechani cal and physical properties of glass fabric base
| ami nate, continued on next page. Y

Property Requi rements and val ues 2

Under standard conditions (73.4 £ 2°F at 50% + 4% relative humdity)

Fl exural, flatw se:

Utimate strength 73 ksi (503 MPa)
Initial nodulus of elasticity 3.5 nsi (24,132 MPa)
Utimate tensile strength 46 ksi (317 MPa)
Utimte conpressive strength 58 ksi (400 MPa)

edgew se
Flammability, inches per mnute 1.0 (max.)
WAt er absorption, 24 hours + 1.25 (max.)

i mer si on, percent change in weight

Bar col hardness 55
Specific gravity 3

Resin content, percent 3

Wet conditions (2 hours in boiling distilled water then renmove, cool in
water to 73.4 £ 2°F and inmedi ately test sanples wet)

Fl exural, flatw se:

Utimate strength 70 ksi (483 MPa)
Initial nodulus of elasticity 3.0 nsi (20,684 MPa)
Utimate tensile strength 44 ksi (303 MPa)

U timte conpressive strength, 53 ksi (365 MPa)
edgew se

Tested at 160°F (exposure to 160°F for 1/2 hour then tested i nmedi ately
at same tenperature)

Fl exural, flatw se:
Utimate strength 69 ksi (476 MPa)
Initial nodulus of elasticity 3.3 nsi (22,753 MPa)
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TABLE I. Lengt hwi se mechani cal and physical properties of glass fabric base
| ami nate, concluded. v

Property Requi rements and val ues 2

After imersion in chemcal fluids (specinmen size 12 x 42) (speci mens shal
be imersed in fluid for 24 hours at 73.4 + 2°F) 4

Hydraul i c Fl uid:

Percent change in weight 0.2 (max.)
(i ncrease or decrease)
Percent change in thickness 0.2 (max.)
(i ncrease or decrease)
Utimate flexural strength 70 ksi (483 MPa) (mn.)
| sopropyl Al cohol
Percent change in weight 0.2 (max.)
(i ncrease or decrease)
Percent change in thickness 0.1 (max.)
(i ncrease or decrease)
Utimate flexural strength 70 ksi (483 MPa) (mn.)
Hydr ocar bon, Type I11:
Percent change in weight 0.2 (max.)
(i ncrease or decrease)
Percent change in thickness 0.2 (max.)
(i ncrease or decrease)
Utimate flexural strength 70 ksi (483 MPa) (mn.)

Tested at 500°F after 1/2 hour exposure to 500°F

Fl exural, flatw se:

Utimate strength 52 ksi (359 MPa)
Initial nodulus of elasticity 3.1 nsi (21,374 MPa)
U timte conpressive strength, 32 ksi (221 WPa)

edgew se

Tested at 500°F after 100 hours exposure to 500°F

Fl exural, flatw se:
Utimate strength 45 ksi (310 MPa)
Initial nodulus of elasticity 2.9 nsi (19,995 MPa)

1/ Lengthwise direction of test specinens is parallel to warp direction of
gl ass fabric.

2/ Unless otherw se specified, all values are mnimumfor the average of five
speci mens.

3/ The specific gravity and resin content by weight shall be noted for the
panel s tested.

4/ The sanples shall show no cracking, crazing, delamnation, or any other
visible deterioration after exposure or immersion cycle.

10



Downloaded from http://www.everyspec.com

M L- PRF- 64154A

TABLE I1. Finished |aninate thickness range (inches). ¥

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Thi ckness Range Thi ckness Range Thi ckness Range Thi ckness Range
Plies  (inches) . Plies (inches) _ Plies  (inches) _ Plies  (inches)
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1 0.019 - 0.021 11 0.207 - 0.233 21 0.395 - 0.445 31 0.583 - 0.657
2 0.038 - 0.042 12 0.226 - 0.254 22 0.414 - 0. 466 32 0.602 - 0.678
3 0.056 - 0.064 13 0.244 - 0.276 23 0.432 - 0.488 33 0. 620 - 0.700
4 0.075 - 0.085 14 0.263 - 0.297 24 0.451 - 0.509 34 0.639 - 0.721
5 0.094 - 0.106 15 0.282 - 0.318 25 0.470 - 0.530 35 0.658 - 0.742
6 0.113 - 0.127 16 0.301 - 0.339 26 0.489 - 0.551 36 0.677 - 0.763
7 0.132 - 0.148 17 0.320 - 0.360 27 0.508 - 0.572 37 0.696 - 0.784
8 0.150 - 0.170 18 0.338 - 0.382 28 0.526 - 0.594 38 0.714 - 0.806
9 0.169 - 0.191 19 0.357 - 0.403 29 0.545 - 0.615 39 0.733 - 0.827
10 0.188 - 0.212 20 0.376 - 0.424 30 0.564 - 0.636 40 0.752 - 0.848

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1/ Lam nates greater than 40 plies will use the thickness range 0.0188n - 0.0212n (inches)
where n is the nunber of plies.

TABLE Ila. Finished | anminate thickness range (millineters). v

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Thi ckness Range Thi ckness Range Thi ckness Range Thi ckness Range
Plies (mllimters)  Plies (nillimeters)  Plies (mllimeters)  Plies (mllimeters)
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1 0.478 - 0.538 11 5.25 - 5.92 21 10.0 - 11.3 31 14.8 - 16.7
2 0.955 - 1.08 12 5.73 - 6.46 22 10.5 - 11.8 32 15.3 - 17.2
3 1.43 - 1.62 13 6.21 - 7.00 23 11.0 - 12.4 33 15.8 - 17.8
4 1.91 - 2.15 14 6.69 - 7.54 24 11.5 - 12.9 34 16.2 - 18.3
5 2.39 - 2.69 15 7.16 - 8.08 25 11.9 - 13.5 35 16.7 - 18.8
6 2.87 - 3.23 16 7.64 - 8.62 26 12.4 - 14.0 36 17.2 - 19.4
7 3.34 - 3.77 17 8.12 - 9.15 27 12.9 - 14.5 37 17.7 - 19.9
8 3.82 - 4.31 18 8.60 - 9.69 28 13.4 - 15.1 38 18.1 - 20.5
9 4.30 - 4.85 19 9.07 - 10.2 29 13.8 - 15.6 39 18.6 - 21.0
10 4.78 - 5.38 20 9.55 - 10.8 30 14.3 - 16.2 40 19.1 - 21.5

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR
1/ Lamnates greater than 40 plies wll use the thickness range 0.4775n - 0.5385n
(mllimeters), where n is the nunber of plies.

11
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TABLE Il11. Finished |amnate unit weight - pounds/square foot (lb/ft?. Y

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR
Wei ght Range Wei ght Range Wei ght Range Wei ght Range

Plies (I'bs/sqg.ft.) Plies (lIbs/sqg.ft.) Plies (lIbs/sqg.ft.) Plies (lIbs/sqg.ft.)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1 0.184 - 0. 216 11 2.02 - 2.38 21 3.86 - 4.54 31 5.70 - 6.70
2 0.368 - 0.432 12 2.21 - 2.59 22 4.05 - 4.75 32 5.89 - 6.91
3 0.552 - 0.648 13 2.39 - 2.81 23 4.23 - 4.97 33 6.07 - 7.13
4 0.736 - 0.864 14 2.58 - 3.02 24 4.42 - 5.18 34 6.26 - 7.34
5 0.920 - 1.08 15 2.76 - 3.24 25 4.60 - 5.40 35 6.44 - 7.56
6 1.10 - 1.30 16 2.94 - 3.46 26 4.78 - 5.62 36 6.62 - 7.78
7 1.29 - 1.51 17 3.13 - 3.67 27 4.97 - 5.83 37 6.81 - 7.99
8 1.47 - 1.73 18 3.31 - 3.89 28 5.15 - 6.05 38 6.99 - 8.21
9 1.66 - 1.94 19 3.50 - 4.10 29 5.34 - 6.26 39 7.18 - 8.42
10 1.84 - 2.16 20 3.68 - 4,32 30 5.52 - 6.48 40 7.36 - 8.64

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAR
1/ Laminates greater than 40 plies wll wuse the wunit weight range 0.184n - 0.216n

(pounds/square foot), where n is the nunber of plies.

TABLE Illa. Finished |anminate unit weight - kilograns/square neter (kg/nf). Y

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Wei ght Range Wei ght Range Wei ght Range Wei ght Range

Plies (kg/ sq. neter) Plies (kg/sq.neter) Plies (kg/sq.neter) Plies (kg/sg.neter)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1 0.900 - 1.06 11 9.90 - 11.6 21 18.9 - 22.2 31 27.9 - 32.8
2 1.80 - 2.11 12 10.8 - 12.7 22 19.8 - 23.3 32 28.8 - 33.8
3 2.70 - 3.17 13 11.7 - 13.7 23 20.7 - 24.3 33 29.7 - 34.9
4 3.60 - 4.23 14 12.6 - 14.8 24 21.6 - 25.4 34 30.6 - 35.9
5 4.50 - 5.28 15 13.5 - 15.9 25 22.5 - 26.4 35 31.5 - 37.0
6 5.40 - 6.34 16 14.4 - 16.9 26 23.4 - 27.5 36 32.4 - 38.0
7 6.30 - 7.40 17 15.3 - 18.0 27 24.3 - 28.5 37 33.3 - 39.1
8 7.20 - 8.46 18 16.2 - 19.0 28 25.2 - 29.6 38 34.2 - 40.2
9 8.10 - 9.51 19 17.1 - 20.1 29 26.1 - 30.6 39 35.1 - 41.2
10 9.00 - 10.6 20 18.0 - 21.1 30 27.0 - 31.7 40 36.0 - 42.3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1/ Lamnates greater than 40 plies wll wuse the wunit weight range 0.900n - 1.058n
(kil ograms/square neter), where n is the nunber of plies.
TABLE 1V. Test nethods.
Property Test Met hod
Utimate flexural strength ASTM C393, ASTM D790

Initial nodulus of elasticity
Utimate tensile strength
Utimte conpressive strength
Fl ammability
WAt er absorption

ASTM C393, ASTM D790
ASTM D3039/ D3039M
Modi fi ed ASTM D695, ASTM D3410/ D3410M
ASTM E84, ASTM E162
ASTM D570, ASTM D618

Bar col hardness ASTM D2583
Specific gravity ASTM D792, ASTM D1505
Resi n cont ent ASTM D2584

| nmrer si on

Modi fi ed ASTM D870
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