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FRMP®Fire Rated Material in Fire-Resistance Rated Assemblies

Scope
The purpose of these instructions is to provide application requirements for the proper installation and testing

of FRM in fire-resistance rated assemblies, such as UL U370. These are minimum requirements and in no way

supersede local building code requirements.

Requirements

1. The installing contractor has read and understood these
FRM installation instructions, and is proficient with the
operation of the Wall Spray equipment, including post-
application testing and documentation.

2. The installing contractor uses only FRM, bearing the
UL classification mark, for all UL fire-resistance rated
assemblies (UL U370, for example).

Equipment and Application

The equipment and application methods used by the installing
contractor will affect the installed density and moisture content.
Careful spray technique and skill of the nozzle applicator are
important. Dry Dense-Packed FRM has not been tested in any
fire-resistance rated assembly.

Equipment Requirements

1. A two hopper system consisting of both a dry and recycle
machine is required to effectively manage installed
moisture and density. Contact your GreenFiber
Representative for equipment questions.

2. Core Sampling Kit as described in Appendix I.

3. Density Control Log, such as the GreenFiber UL Fire
Wall Field Test Log (PM-6.3-121)

4. GreenFiber Wall Spray Manual (WI-6.19-18)

5. Wall Spray equipment required in the Wall Spray
Manual (WI-6.19-18)

Application Overview

FRM is applied with basic Wall Spray techniques but with the
knowledge that the density characteristics will be different
than that of typical thermal insulation applications. These
instructions highlight the important details to keep in mind
when installing FRM. GreenFiber cannot anticipate all of the
individual and specific assembly details that the installing
contractor will come across. These instructions can in no way
be considered all inclusive to every assembly detail. If there
is any doubt about installing FRM in a particular assembly
detail, consult the architect or engineer of record for advice
on how to proceed.

Application Requirements

1. Mesh netting or gypsum drywall must be attached to the
outer face of one row of studs to provide a support for the
sprayed fiber installation. Care should be taken to apply
either the mesh netting or gypsum drywall to the

opposing units in such a way that application can be
achieved from the center unit, thereby increasing speed
of application.

2. Begin installation at the bottom plate, spraying at a
downward angle of approx 30-degrees, compressing the
material and increasing the installed density.

3. Continue with the downward angle until the depth is 8-10
inches from the bottom plate. The position is approximately
one foot closer to the wall relative to a normal Wall Spray
application which helps to increase the installed density.

4. Angle the nozzle to the back of the cavity, moving the
nozzle side to side as you fill the cavity in an upward
motion. Care must be taken to fill the entire cavity, including
behind the studs.

5. All fossil fuel heaters emit extreme amounts of moisture,
causing increased relative humidity and drying time. Open
windows and provide air circulation to remove evaporated
moisture to the outside.

6. The installing contractor is responsible for performing
density and moisture content field tests. The installing
contractor must provide to the builder a copy of the field
test results on the UL Fire Wall Field Test Log, or equivalent,
for each unit installed.

Moisture Testing (See Appendix | for details)

1. FRM must be installed between 25% and 35% moisture
content. Testing during installation is required to determine
that this range is being maintained.

2. To predict dry density, the installing contractor must test the
moisture content next to the area where the core samples
are to be taken.
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3. The only approved moisture meter for use in fire-resistance
rated assemblies is the Delmhorst P-2000 with 19-E probe.
See Appendix Il for proper calibration and use of this
equipment.

4. Moisture samples must be taken in the middle half of the

cavity, keeping in mind that one must select an area where
a full 8 inch sample depth can be taken.

Density

Differing UL fire-resistance rated assemblies may have
different minimum finished dry densities. It is the installer’s
responsibility to ensure that the installed minimum dry density
meets the UL listing requirement. See Appendix I: Checking
for Target / Dry Density. The installing contractor must take a
minimum of two core readings and two moisture readings per
floor per fire wall.

Table 1: U370 Minimum/Target Dry Density for Two-Hour and
Three-Hour Fire-Rated Walls

Assembl Dry Densit Dry Densit
y 2 r¥our y 3 hyour y

UL U370 Fire Rating

(Minimum Density) 3.35 Ibs/ft3 3.89 Ibs/ft

(Target Density) 4.0 Ibs/ft3 4.5 Ibs/ft

Repairs

Procedure for Repairing Low Density Areas

1. If test results show that the installed minimum dry density
required in Table 1 has not been met, a repair must be made
immediately. If an immediate repair is not possible, record
the unit number, floor number and location of areas requiring
repair in the Notes section on the UL Fire Wall Field Test Log.

2. If the results of the core tests show the cavity will dry below
the required minimum dry density, core sample tests must

be taken in each cavity adjoining the failed cavity. The process
should continue outward from the original failed cavity until
the samples meet or exceed the minimum required dry
density and the extent of the defect is known. Any additional
cavities that do not meet the minimum dry density requirement
must be repaired immediately. After repair, retest the cavities
to make sure the repair meets the requirement. Replace the
core sample material in the original hole and, if necessary,
refinish these areas to create a consistent surface.

Minor Repairs

1. If only a small amount of material is pulled or knocked from
the wall before the gypsum drywall has been installed, cut a
small portion of netting and face staple it to the studs over the
spot where FRM needs repair. Replace FRM behind the net
for a clean repair.

2. The installing contractor should be recalled for an on-site
repair if a large portion of FRM has been pulled from the
cavity. Netting can be installed on both sides for added
protection assurance.

Appendix I: Checking for Target / Dry Density:
Appendix II: Cavity Matrices (8”7, 97, 10”, 11" & 127)
Appendix lll: Delmhorst P-2000 Manual

Reference Information

e GreenFiber's UL Fire-Resistance Rated Assemblies. See
web site: www.ul.com-Go to Certification Link and TYPE
IN U370 or U377 in the UL File Number box to see the
assemblies or:

e GreenFiber’s UL U370 Fire-Resistance Rated
Assembly: http://database.ul.com/cgi-bin/XYV/template/
LISEXT/1FRAME/showpage.html?name=BXUV.U370&ccn
shorttitle=Fire+Resistance+Ratings+-+ANSI/UL+263&0bji
d=1075301647&cfgid=1073741824&version=versionless
&parent_id=1073984818&sequence=1

¢ GreenFiber’s UL U377 Fire-Resistance Rated Assembly:
http://database.ul.com/cgi-bin/XYV/template/
LISEXT/1FRAME/showpage.html?name=BXUV.
U377&ccnshorttitle=Fire-resistance+Ratings+-+ANSI/UL+
263&0bjid=1077733442&cfgid=1073741824&version=ver
sionless&parent_id=1073984818&sequence=1

e UL Fire Wall Field Test Log (PM-6.3-121)

For additional information, please contact your GreenFiber
Representative, or call GreenFiber at 800-228-0024.

US GreenFiber (USGF) does not provide architectural, inspection, engineering or building science
services and disclaims any responsibility with respect thereto. USGF does not guarantee, warrant or
attempt to determine whether a building structure, design or the use of material therein complies with
any applicable Codes, standards, guidelines or standards of workmanship. Adding insulation to any
part of a home’s envelope will cause changes in air, heat and moisture flow. The user must understand
how the use of insulation will change the performance of a dwelling prior to installation. The user
maintains the full and complete responsibility to comply with all Codes, laws and regulations applicable to
the safe and proper use, handling and installation of the product and should consult with an architect,
engineer, building scientist, and/or a rater/energy specialist for all construction, design and
performance related questions. The information contained herein is believed to be accurate as of the
time of preparation. However, USGF makes no warranty concerning the accuracy of this information.
USGF will not be liable for claims relating to the use of information contained herein, regardless of
whether it is claimed that the information or recommendations are inaccurate, incomplete or incorrect.
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FRM Fire Rated Material in
Fire-Resistance Rated Assemblies

1.0 Checking for Target / Dry Density:

The Core Sampling Kit includes a weight scale, coring tools,
core plunger, sample holder, Delmhorst P-2000 with 19-E
probe, and weight/density conversion matrices (Appendix II).
The matrices in Appendix Il were developed to predict the
target dry density using the reading of the Delmhorst meter
and the wet core weight of the sample at various sample/wall
depths. The installing contractor is responsible for supplying
a 14 to18 volt battery operated drill with a fast/slow selector.

1.1 Checking for Moisture Content:

The meter and probe can be used to determine the moisture
in the wall. The meter is calibrated to ASTM D644 using the
original weight method for calculating the moisture content.
The meter reads the highest point of electrical conductance
between the material and the electrode. This meter and
electrode has been tested with US GreenFiber INS735 and
FRM products; its accuracy among other materials has not
been tested using this method. Thus the meter is going to
determine the highest moisture content of the sample that is
in contact with the electrode, not the average of the sample in
contact with the probe.

1. Follow Delmhorst’s Guide for Calibration

2. Verify the meter is set to the third scale (*); if it needs to
be changed, hold down the button until (3) is displayed.

3. Insert the external probe into the cavity along the side of

the stud until the back edge becomes flush with the stud.

Note: Be as careful as possible to keep the blades against
the stud as the blades are inserted into the product, to
prevent an air gap from forming between the blade and
material.

4. Hit the read button (largest button with water drops).

1.2 Checking Sample Weight

To use the coring tool, the Operator will use a battery
powered drill that is not included. A 14 to 18 volt drill with a
fast/slow selector is required. The sample locations are best
taken in the middle 2 of the cavity, keeping in mind that one
must select an area where a full sample can be taken.

Take a core sample as close to the moisture reading location
as possible to produce the most accurate results. Switch the
drill speed to the slowest setting. Load the coring tool into the
drill. With the coring tool level, continue slowly into the cavity

APPENDIX |

Checking For Target/Dry Density

until the tool is in full contact with the drywall or the tool cuts
through the netting. It is important that the speed of entry

of the coring tool starts slowly and maintains a slow steady
speed all the way to the back of the cavity.

Slowly slide the coring tool out of the wall, without the drill
turning. Place the sample holder on the weight scale and
press the “Zero” button. Disconnect the coring cylinder from
its base by twisting the cylinder. Push the material out of the
cylinder, with the core plunger, into the holder.

1.3 Determining Target Dry Density

Then, use the appropriate weight / density conversion matrix,
Appendix Il, to determine the dry density with the wet core
weight and meter reading collected under section 1.1

and 1.2.

1.4 Sample Core Repair

To replace the product that has been taken for samples, pack
the core cylinder full with the tested material and excess loose
material. Slide the cylinder into the wall until it is fully inserted.
Use the plunger and push the material inside the tube while
removing the cylinder. Brush off the extra material that
protrudes beyond the studs.

Note: Use a longer coring device with cavities larger than
9” in depth.

Please contact your GreenFiber Representative for any
questions regarding the use of this kit.

US GreenFiber (USGF) does not provide architectural, inspection, engineering or building science services and disclaims any responsibility with respect thereto. USGF does not guarantee, warrant or attempt to
determine whether a building structure, design or the use of material therein complies with any applicable Codes, standards, guidelines or standards of workmanship. Adding insulation to any part of a home's envelope
will cause changes in air, heat and moisture flow. The user must understand how the use of insulation will change the performance of a dwelling prior to installation. The user maintains the full and complete responsibility to
comply with all Codes, laws and regulations applicable to the safe and proper use, handling and installation of the product and should consult with an architect, engineer, building scientist, and/or a rater/energy specialist for
all construction, design and performance related questions. The information contained herein is believed to be accurate as of the time of preparation. However, USGF makes no warranty concerning the accuracy of this
information. USGF will not be liable for claims relating to the use of information contained herein, regardless of whether it is claimed that the information or recommendations are inaccurate, incomplete or incorrect.
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FRM Fire Rated Material in
Fire-Resistance Rated Assemblies APPENDIX Il CAVITY MATRICES
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Dry Density Calculation Chart
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FRM Fire Rated Material in
Fire-Resistance Rated Assemblies APPENDIX Il CAVITY MATRICES
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62|63/ 6261 60[69(58/57|/65(54[53]51(50[49(47|47([46(46]45(456(44/44|43/43(42(42(41(41(|40] 40
63|64/ 6362 61|60/59 57|56(55/54|52[51[5.0({48|43[47(47[46[(46(45(45|44(44[(43[43[42(42[41] 41
64|65 6463/ 62|/61|/60]528|57[56[54|53[52(5.0(49)48(48[(47[47(46(46(45/45(44(44[43(43(42(42] 41
65| 66|65 64| 63)62|61|59) 58 57/55/54|52(51/50149(49|48|/48[(47(46|/46|45(45)/44|44/43)143(42] 42
66| 6.7 6.6/ 65 64/63/62/60/59[57[56]55[53[52(50]50{49(49/48(48{47(47|45/46(45|45/44/44|43| 42
67|68/ 6.7 66|65 64|/62/(61)6.0/58/57(55/54/63/51]51/6.0/50/49/48(48|/47|47(46|/46/45(45/44]|44| 43
68|69 68 67| 66/65/63/62/61[59(58|56(55[53([5251[51([50/50(49/49/48|48/47/46|46/45/45(44| 44
69] 70|69 68| 67|66 64/63)/62 60(59/57)56(654/53152(6.2|51|5.0(50(49)49|48(48)/47/47/46/45(45| 44
0|72/ 70/69) 62/67(65/64|/62(61[59]|58[56[55[54|53[52[52|51[51]50{45|49/48{48|47|47|46|46] 45
71| 73| 71| 70|69 68| 66|65/63[62 60595756 54| 54|53[53]52[51]51]50]50)149)48/45/47[(47[46] 486
72|74/ 72|71 70/69(67|66|/64[63[61]60[58[57[55|54[54[53]53[52[51]51|50[50[40|49/48[47]|47| 486
TI 75 7372716968 67|66(64(62|60[5957(56|55(65(54|53[63]52/52|51|50{50[49/49/48(43]| 47
T4|76| 74| 73| 72|70{69|62|66[64[63]6.1[60[58[57|56[55[55]54[54[53]52|52[51][51]50]45{40]413] 48
S| 7778 74 73770686765/ 64]62(61[59[57|57[66[/55/55(64/54/53|52(/52/51[51]50(49(49| 448
76| 78| 76|75 74| 72|71|69) 68 66/65/63 61|60/58 57|67|56|/56/55(54)54|53([52]52|51[51]|5.0/50] 49
78| 77| 76|75/ 73|72 70|69[67)|65|64)62/61|/59/58/58|57[56|56/55/54|54|/53|53[52|/51[51]|50] 5.0
78]8.0| 78|77 76| T4[7371|70[68| 66|65 63[61]60]59 58(58 57)66(/56/55/54|54[63|/53)/52|51[51] 5.0

9” Cavity

Dry Density Calculation Chart

Core Weight (wet)(g)
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FRM Fire Rated Material in
Fire-Resistance Rated Assemblies APPENDIX Il CAVITY MATRICES

fiber

Mater Reading (&)

10” Cavity

Dry Denszity Calculation Chart

3 10 15] 20| 25| 30] 35| 40| 45) 50| 55) 60) 65| 70| 72| 74| V6| 78| 80| &2| 84| BG6) 08) 90| 92| 94| 56| 98] 100
T[4 333332 3231 3.0[30) 2928|238 2726|246 25|25/ 25[2.4)24 24| 2.4]2.3]23)23[22)2222(23] 2.1
J8[ 3.8 34|34 33| 3332 3130 3.0[ 20|28 2827|286 26| 2.6/ 2.6( 28| 2624|2424 24| 2323 23[2.3|223 2.2
036 3.5/ 363433333231 313020 2828 27| 27| 26| 2.6/ 2.6 26| 25 25|25 24| 24| 24|23 23|23 2.3
AD| 3.7 36(36[ 35| 34|34 33[33 3131 |30[ 2028|282 T|27[J7260|26| 2625|205 28| 28[24 2424|123 2.3
4138 37|36 36| 3624 34[33) 3231|320 30{ 29|28 28| 28| 27| 27|27[26| 28| 26| 28| 28|26/ 245(24|24| 24
A2 39 IB[AF[AT|A6)35 24[ 34 3332|320 2| 30|29 29| 2R[2R| 28| 2T|2T|27| 2.6 26) 282625 25|25 24
43[40 3938 38| 3736 35[30) 2435|323 3130|2025/ 20| 20[ 28| 2A[ 282V A7 27| 2026 2a6[ 28|25 25
44|40/ 4.0/ 350 38| 38|37 3.6/ 3.5 34|34 3.3 3.2 31|30/ 30| 3.0/ 23/ 2.9) 29|28 20| 28| 27| 27| 27| 26| 26|25 2.5
45041/ 41(40] 39| 39(28 37[36/ 253434 3332131/ 213.0)3.0[3.0) 29[ 29/ 28|28 28] 28[2T 2727|246 26
4642/ 42| 41(40]39)35/ 30|37 36[35/ 34 333532313131 3.0)30/30) 25|29/ 25| 28|26 2382727 27
47143/ 43|4.2(41/40/3.9 3536373635 34333232 3.2/31[31]31/30)3013.0[29]25|20/282.9/28 27
A8 44| 43| 4.3[ 42| 41| 4.0[ 36|30 38 37|36/ 35[34|33 3332323231 31|31 30[30[20|20[206[23/24] 28
A0[ 4.5 4444 43| 42[41) A0[ 30 38| 37|3.F 36[38) 34| 33|33/ 3.3[ 3232 32| 3131 3.0] 3.0[3.0) 25 20(29) 2.8
501 4.6)45( 44 4414342 4140 3.9 38| 3.7 2.6 35| 34 34| 3.4 3.3 3.3 3.3) 22| 3.2 3.1 31 39 32.0| 3.0] 3.0|289 2.8
147 A6(45( 454443 42[41 40| 39|38 37| 36|36 35| 34[34| 3433333232 323137 31]30|240] 20
G2{48 47|46 45/456(44)/43[42/ 4140|328 38[37|36/35/35/ 35/34)34[33)33/3332]33[32 31[3.1]20] 2.0
349/ 438/ 47|46/46/44/44/43/47/41)40 3837|3636 36/ 3535 34134 341333313337 323131 31
S50 4948 47| 46(45 44[43) 47/ 41|40 3038|3737/ 36| 36[36)36/35/ 34|34/ 3L)33[33/3232[32) 31

29/351/50/45(48/47/46/45/44/45/42/ 40 400303637 3737363635 3535343433/ 3333/32 3.2
a6 5[ S S0(45(48(47| 40[45( 244342 4f40[IDIB|3A[ITITIIGIGIBISIS[FA[34]34[I 333 3.2
% 57152/ 52]51(50/49/48/47(46/45/44/42 41(40/3935)3.0/38[3.0)37/37) 3636353536/ 3434323 33
B 88530382 51[50[49 48[47[45[44[43[42(41[40[35[30[30[38[38[37[37[36[36[36/36[35[34[34] 34
En:. 50[54 5353|852 51(5.0 48[47| 46/45[4.4 43[42)41/40/4.0)3.5(39)38 38|38/ 3.7[3.7)36/36/35 35[25 34
‘o 60|55 5453 52|51 |50[ 4.8 48 47| 46|45 44| 42|41 41|4.0{ 4.0 3.9) 39| 39| 38| 3.8 37| 3736 36| 30|25 35
= 1|56 B5(R4[ 5352|581 50[40 48|47\ 4544434242414 40]40) 293038 38)37[3T|37|346|28] 3.5
E G2| 57| SG[55( 54| 53|52 51|50[29[47)/46 45 44[45[42(42/241)41)40]40[38[39(389]38|38/ 373736 38

G3[53 B7|ARE| 55| 54[53 52(61)49/48|47 4A6(45)43/43/42/42(41)41({41/40/40/39]39[38/33[37|37 3.7

fid| 59 O SF[H6/H6/ 54/ 5351 50[49/ 48 46 45/44/44/43/43/42)47/41)41)40/40]355]38/33/33/38 37

G560/ 595657V 56/55/53/52 5150/ 48 47464544/ 44/43/43)47/ 47 41)41/40]40/38/35/39/33 3.8

G6{5.1) 6.0[ 59 58| 5755 54[53) 525049 48[47|45/45/44/44[43)43[42/42/41]41]41[40/40{39]39] 3.8

6752 6.1/ 6.0[ 55| 57)56[5.5/ 5453|5150/ 45|47 |46/ 46/45/45/44)44/ 43424247 41)41/40[4.0/35] 3.5

GE[5.3) B2 6.1 59| 58|57 5.6[68) 8362|810 40(48|47 46/ 4.6/ 45(45)44(44) 4343 42| 43[4 41[4.0/40] 3.5

60[5.3 BE2|6.1| 6.0/ 5958 5.7[65) 54| 53|50 5.0[49)47 47| 4.6/ 46(4.5)45( 444443 43| 43[42/41[4.1]40( 4.0

J0|54| 6362610059 5756 5554|5251 60|48/ 484747 46|46(45)45/44(44]43)43| 4242417 4.1

)65 64(63[02|61|80 58[67] 560483526040 48/4B[A747|d0)06[45(45) 44)44(A03/43]142)143F] 4.1

T AA ES(A4{A3|62 60 FO[AE 6655 B 52(51|650)49 4R[£8|4T|4T7|46[48|48 48| 4d4{44{43/43)142] 4.2

I AT EG(65(A4| 63|61 E0[A0 5T|56 S 53525050/ 40(L0/48]/48)|4T[408/46 45)45(44{44|43)143] 4.2

V4| Ga|OF[60[05) 63|02 G155 5&[57|50 54|52|51[50[(50/ 29 49)48)|48[47[47[£0]45)/40/44|44(43[ 43

79659 60|67 66|64 636260/ 5857|506 545352 51|5.0/50/49)48/48) 40|47/ 47| 46/46/45/44/44] 4.3

76| 7.0/ 69| 66[66|/65) 54/6.2/ 616058 57 5554|522 52)35.1/5.1/5.0/49/4% 40845/ 47| 47|46/ 46/4.5/45] 44

7|7 70|60 67|66 656362 6059 57 5654|5352/ 52/5151)50/50) 45/ 48/48]47|47|/46/4.5/45] 45

VB[ 72 T cD| 68|67 (65 0463 6160|588 8768545353 523[6.1)51[50]50/40 48] 48[4T 474546 4.5

VOl 73 T2\ 70| 6.9 68[66 6.5[6.3) 62 60|80 8766 54| 545353626151 50/6.0 494048 474746 4.6

BO| 74| 72| 770|609 6.7 6.6/ 6.4 636160 58[57|56/54) 5483535625151 5.0[50] 40|40 434747 4.6

B 74| 7372 T1|60 68 6T(65 6302005007 56)55 55[04 5363|5253 8150]60[40{49 4847 4.7

B2| 75 74|73 72|70/65 67 66646361 60[56|56/56/55/55 5453535252 51]50/50/45/45/43[ 4.8

I 6.10-22 Rev € 07715 [




FRM Fire Rated Material in
Fire-Resistance Rated Assemblies APPENDIX Il CAVITY MATRICES

fiber,

Meter Reading i#)
5 400 15] 20| 25] A0 35 40{ 45] 50] 55 60| 65| 7ol T2 74{ 76| 76| B0 62| 84| B6| BB 00| 92
40023 3.3 3.2 A2] 313130029 28] 28|27 26| 26| 256[25/ 24{24| 24|24 23[2.3[ 23232222
24 3433(33[3331(34[ 3.0 29 20[28 2726|2625 25| 2E[25|24)24(24[23 23 23[23
42135 3534 33[33]3231| 313020928 28[27|26|26) 26(256| 25|25 25(24| 24| 24| 2323
43| 36| 35|35 34(33])33]32 3.1 31|30 2E[28|2T|27| 26|28 26|25| 2582525 242424
4| AT A 26| 35| 34| 2433322 21131 20|28 28| 2T 2T|2T| 26| 28| 26|25 2525 15|24
A5( 38 AF[36)| 36[35) 3434 33333 a0l 29| 2e[2a|zR[aF|2 7|2V 262G 26 25[25[26[26[24(24] 24
46 33| 38|37 37| 36)35] 34 3433|312 3030|2928 28|28| 28|27 27|27 26 26|26|25|25|/25|25] 24
AT 39 30|38 A7) 37)36) 35 34 33313 A1\ 30|20]259|20(28| 28|28 272727272626 26|25[25[ 25
48| 40| 3.0|/30)3837]37| 36/ 35 34|33 32(31|30/30(20|26]20|28[ 2828|2727 27|26 | 26|26 25
4041 40| 40) 39 38]37| 3.7 3.6 35|34 32131130 30{30]29|20] 2928|2828 2727 2626 26
S0) A2 A0 20 40|39 38|37 36 36| 35 3332131131 31| 30]30]30] 292929 282328 27|27 28
B1|43[ 42121 41{40]20| 38 2T 2635 24)133/32 32 31 31300 30{29 20 25 25818 2RI2T0 2T
SR A3 A3 L2 A4 1)40]38 38 3V A0 34| 33/33/32/32 A3 3030 30 29 2a9|29)28|248/248] 27
5344|4423 2214114014029 3.8 3403333 32 3213131031 30030 24 29(28| 28
S48 44|44 L4231 42]41]4.0] 2.9 3.8 16| 35342333 J3.2]132) 3213431434 a0 29|28] 28
Shl46[ 45|44 44 43]42141]4.0 3.9 36[/36(34|3 4|34 33133] 3213213131 3a 1 3.0(29] 29
Al AT A6|48 4444143142 41 4.0 363535 34 34|33 33|32 3.2 3.2 31 iofaol 29
AT|d43lar|ae| 4844143143 42 41 AE[37|3k| 35 35 34|34 3333 3.3 3.2 3.1 3130l 3.0
hE| 4348/ 4a7]46[48]144]4.3/4.2 4.1 3E|3.7|3.6| 36 3.5 35 34] 3.4[3.4) 3.3 3.3 32 3113 31
Ruldald0faB|AT|46| 48144 43 4Z EX I EEIENIEYIET: 3|36 36| 34[34] 33 313 32031 31
GOS0 40|40 £8/47146)45 44/ 43 40]/39[38 3F[3T A 35 35[35 34/ 54 33 | A237] 32
G1) 51 50|40 £40]48]47]4.6/ 4.5 4.3 3.9 36|33 A7 J.06)36]36]3.5 3.5 24 34 33123 32
62|52 5150|249/ 48]47| 46/ 45 4.4 41402933348 A7 373636 35 35 34 33|33 33
G353 B2 B 50404847 46 45 413030 20 38|37 37)36 36 36 R 3434 33
64| 53 53|52 5160149 4.8[4.7 48 1.1 4.0 4.0) 3.9 3838|3737 AT 3.5 35 | 36|34 34
65| 54| 53|53 582(61]50]49 47 46 4214140/ 4.0 39|38 3E|38(3T7| 3T 36 316535 34
G| 55 54|53 52[61]50]49 48 47 42141141 4.0 349]%9) 39|33 3837 38 36[3E] 35
GT{O0 AA[A4 53[H2)|51[50/49/48 45 44(43/42(41[41 40]40[38[39 3838 37 IG|36] 38
G6) 5.7 S.6] 5.5 54 53] 52[ 51 5.0 4.8 46| 45]44[43/42/42 4 1]140{4.0[3.9 2.8 3.8 3.8 3T136] 36
6953 57|56 55| 54]53] 5250 49 47| 46|44|43]43/ 42 4141 40| 4.0] 39 3.3 34 3T|AT| 36
TO| 50| BB BEF| 66| RE| 53] 52 E1] 50 4746|4644 4343 214 4] 4.00 4.0 4.0 a4 g|ay| 3y
T1| 5.9 58| 5.7 568|658 54| 5.3 8.2 5.1 AR 4T 46|44 44(4.3 2142042141 4.0 4.0 ig 38|38 37
T EOEO|ERBET|RE|S6| 54 B3 51 404846 45 4544 43|43/ 42)14.2(41] 41 410 3938 38
THAEN GO 50 58| AT|5G] 54| 53 573 48| 48|47|46|45/ 45 44143434247 41 410 3939 38
T4 62 61|60 59| RA|5G[56 5453 ROl 45|48/46/ 46/ 45 44| 44[43(43/47/427 41 4039 39
75|63 62161 60] 58] 5756/ 5.5 5.3 S 50( 484714646 45]44[44[4.3[43]4.2 4.1 4.0/40] 40
Th|6.4( 63| 61| 60/ 59]58| 57|55 54 L2 50[49/48/47 47 45/45(44)144[43 43 2 41(41] 4.0
TT| 64| 63|62 61| 6050|857 B6 55 E2 5150|485 42 4.7 4646|4545 44 4.4 4.3 42141 41
TE| 65/ 64|63 62(61]|6.0| 58| 5.7T| 5.6 h3 52|50/ 49 4348 4.T7|46)46|4.5( 45 44 4.3 4.2142] 41
TA| 86|65/ 64  B3|62|60| 59 5.8 5.6 R4 52|51 |49 49 48 4T|47| 46| 48|45 45 4.4 43143 2
B0 AT|GA| 65 64 6261 60| 5B 5T R4l 5351|5049 448 48474740 46 45 44 4343 42
B81) 5.2 6.7|6.6) 64| 6.3]6.2] 6.0 58] 5.8 50| 5315251150/ 5.0 4.0]48]47]4.7] 4.6 4.6 4.5 44143 4.3
82|69 6.7 66| 65| 64]6.3[ 61| 6.0 5.8 L6 54[ 535115150 49489 48[4.7/ 47146 4.5 44144] 43
B3| 6.9 6B 67| 66| 65]63| 62 6159 LB 55[53|52]51 61 50/459]49(48/ 4747 45(44] 44
3] 5
& &

3
3 4.6

84|70 60| 6E[ 6.7 65]54[ 6.2 6.1 6.0 5.7 55[54|53 52 61 5.0)60{ 4545 4.8 47 | 4.5/ 45] 44
bl 5

4.6
B[ 71| 7.0D[E0) 6E[66 6.3 6.2) 6.1 EE 55|53 53 8251|6150 50[4.9 49 48 47[47F| 46|46 /45 45

11” Cavity

Dry Density Calculation Chart
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FRM Fire Rated Material in
Fire-Resistance Rated Assemblies APPENDIX Il CAVITY MATRICES

f'b 12” Cavity
DOry Density Calculation Chart
Meter Reading (#)

2| 10) 15 200 25) 0| 33 40) 45] 50| 35 60| 63) 70) 72| 74 V6| 76| 60| 02| 64| 6G) 6&] 20 92) 94| 96| 96) 100
A4 3433|3332 331|302 20| 28[2T|27| 26| 28| 256[25| 74| 24[24|24|253[23| 232322 22| 22[21] 21
AS) 3 A 24|33 3332313 |30|20)20[2 8|27 27(26|2.6|2.5|25 28)124(2.4|24| 24|23 23|23[23)23|22| 22
46) 25(3.5| 34| 3333|3221 |31 30| 2829 20[ 27| 26| 26[2.6 26| 25[28| 25| 24[ 24| 242423 23] 23|22 22
4r)26[35|35|34[34)|33[3.2|31|31|30[29|28(28|27|27[26 26| 26[28|35/25(28|24)124[24/ 2423|723 23
AR AT SE[36) 35[ 34|34 3332331 30| 2928|282 7|27 2V 26|26 6|25 25[26)26[24 24| 24[23) 23
A0) 3237 3.6| 3638|342 4|33 22|31 30| 30| 29| 28| 28[2.F| 27| 27| 27| 2.6| 26| 26| 25| 2.5[2.5) 25| 24|24 24
SO0 383837 36] 3633 3433|3333 1| 3.0] 2829|288 2.6[ 28| 27| 27[2.7| 27| 26|26| 26| 25[25) 25|24 24
SN 3938|383V 3636|3534 333 2[32)3130[28| 20|20 28) 28|28[2T| 27| 27|26 26|20/ 20 25]|258 25
BAA0[30]30/ 383736 36[35]34)33[3.2)31]31[30|29(2.0[20) 20|28[2.8)23[27|2T7|2T|26/26) 26|25 25
S 41[4.0[39] 3003827 26[35/35)34[33) 32 21[30|3.0{3.0[25) 29)25(2.8| 28| 28|2T|2T| 2727 26|28 26
S 41[41[40] 3003838273635 34[34)3.3[32[31|31[3.0/30| 30|28[2 9|20 26|28 28|27 2727|248 26
B0 4414040038382 3[3T7|368)|38[34)| 333232313131 30|30[(29)29|29|28)|28|28[28)|27|27] 27
B A Z[A2[4.2] 4140 39) 23|37 37| 36[35)3.4)33[33|32|3.1(31) 31|3.0(3.0/30|20|29|29|28[28|28|27| 27
SR 44434242041 4.0)2.9[3.8| 37| 3.6[3.5) 3.5 34[33|3.2|3.2( 32 31| 3131 30| 30(30) 29|28/ 29| 28|248] 248
S6) 444443441414 0[3FIE)IT(36)3F 34333 3[F33FININININI0I0)30[258/29)28][28 28
Bl A5)4544)\ 4342474039 39383 T|36) 3534333333323 2[(3.2(37[ 31313030 30[29]|249] 28
G| 45(4.5]44) 44 43[42)41[40|30)38[3.7|3.5)35[34|34|3.4/23 33)33[3.2)32|31|31]3.1|30[30]30]|249| 25
G 47(4.6[45/4444/423)42(41|40)38[38) 3.7 36[35|35(34[3 4 33|33[3.3)32[32(32)131]31[31)30{30] 25
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#1
Read
Button

#2
Check
Button #3
Set-Point
Button
#d
Scale
Button
P-2000 FEATURES

» Designed to check the moisture levels in paper products such as kraft stock,
baled scrap paper, and other materials

~ Resistance technology recognized around the world as the most accurate
metheod for measuring moisture

» Averages up to 100 accumulated readings

4.3%-18% moisture range on paper

0-100 reference scale for relative moisture indications in various hygroscopic

materials

59%-40% moisture range on baled scrap paper

Digital readout

Includes (1) S-volt battery

Proven microcontroller circuit

One year warranty

Ower fifty years of proven quality, accuracy and service
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BUTTON FUNCTIONS
READ: (W)

(#1)

FRaads the %oMC valus.
CHECK: (&)

(#2)

Checks the meter calibration. Displays the average of up to 100 accumulated
readings, displays the highest stored reading; erases tho readings from memory.

SET-POINT: &

(#3)

Displays the current sel-point. Also acls as an arrow (scroll) HE‘_,I' o increasa the
set-point value in 1% increments. A buzzer will alert you if the meter reads
higher than the selacted %MC valua

SCALE: =

(#4)

Displays the meter scale as #1 (paper); #2 (0-100 reference); #3 (baled scrap
paper). Also acts as a taggle 10 change among the three scales and as an arrow
key to decrease the set-point value.

When the battery is replaced, the meter displays its software version for
one second and then turns itself off. After replacing the battery, you must
resct the meter as deacribed on page 6.

CHECK CALIBRATION

Sat the mater to Scale #1 (Paper). Press the calibration check button (#2) and
the read button (#1) simultanecusly. The meter is in calibration f ® displays
11.1% +/-0.2.

When checking calibration, there is no need to disconnect the external electrode,
it attached.

if yvou chack the calibration and the display does not read 11.1%, it is hkely an
indication of a low battery  If this occurs, change the battery immediately

Continued use With a 0w DEI[EEI"!.' may cause he meler w 00 Oult of calibration. IT
you have a fresh battery and the instrument still does not indicate an acceptable
calibration, return it to DELMHORST for sarvice  See "Serviee for Your Meter”
sechon.
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TO SET THE SCALE

Sal the scale (o # 1 for most paper and papar products, # 2 for obtaining relative
moisture indications on hygroscopic materials for which no established calibration
i available, or # 3 for bhalerd scrap paper

» To change the scale press and hold the scale button (#4). The meter will
display the current scale tor one second then scroll forward through the
scales

» Release the button o stop at your desired scale

Changing the scale will automatically reset the set-pant value to the default
setting for that particular scale. Default seftings are as follows:

Scale #1 - 7%
Scale #2 - H5D%
Scale £3 - 19 %

TO CHANGE THE SET-POINT

» To change the set-point value press the set-pont button (#3). The meter
will display the current set-point value for the scale you have chosen for one
second.

"..'

To scroll forward to a highar value for that scale hold the set-pomnt button
(#3) while the current set-point is displayed and scroll to the set-point value
dasired.

» To scroll backward through the set-point values, prass and ralease the sot-
point button (#3). Within one second, press and hold the scale button (#4).
Continue to hold the scale button (#4) and the set-point will decrease

» When scrolling in either direction, release the bution 1o stop at your
desired sel-point.

= A buzzer sounds if the meter reads a “%MC higher than the set point.

You can change the value between 5.0 and 15.0 for Scale #1, 2-9% for Scale #2,
and between 6.0 and 39 .0 for Scale #3

INFORMATION ABOUT YOUR READINGS

Readings below the nominal range of each scale will be displayed as a negative
number. Readings above the nominal range will be displayed with a blinking
number. All under-range and over-range readings should be disregarded. They
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are neot added to the accumulated readings or used in caleulstion of the average
or highest reading.

The meter can accumulate up te 100 readings. After all 100 readings are stored,
it will not add new readings until the memory has been cleared. It will also
continueg to display the average of all 100 readings a5 2 remincer that the
memaory s full.

~ To add a reading to the sum of all the previcusly stored readings, release the
read button (#1) within 2 seconds,

Whenr taking and storing readings for a specific material, be sure to clear the
meter before moving an to the next scale f you do not want to group all of the
readngs together.

TC CHECK THE ACCUMULATED READINGS

This fature displays the total number of all accumuleted readings for the given
material you have chozen. the average of those readings, and the highast stored
read ng.

#~ Toview the readings. press and release the calibration check buttan (#2),
First the meter displays the number of accumulated readings for one s=cend,

then the average of those readings for two seconds. Then It displays the
nighest storsd reacing for two seconds. The tatal “eyels” time s five seconds.

~ To keep the accumulated readings in memory release tha cal bration
check button (§#2) before the total cycle tme 1= complete.

»~ Toerase readings, hold the calibration check button (F2) for mars than five
saconds. The total, average and highest readings will ba displayed as above,
fellowed by a zero to indicate all readings have been erased,

TO RESET METER

-~ Press and release the calibraton check button (F2).

= Within one second press and hold the sczle huiton (#4). Tha meter will
display a reset sequence as follows “141° “7° 1 .0°, "11.1". The |ast

number, “11.17 i1s a calibration check.

=~ Resetting the meter clears the memaory and restores default s2ttings.
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APPLICATIONS
TESTING PAPER, PAPER CORES AND CORRUGATED PRODUCTS

~ Set the meter scale for #1 paper. Check that the contact pins are firmly
hand tightened.

~ Push the contact pins into the paper product to their full penetration if
possible.

» Press the read button (#1). The meter displays the %MC for two seconds.

Since the readings are the result of an “average” calibration, if a high degree of
accuracy i1s required, the meter should be checked on the specific matenal and
corrections determined by the user.

Meter readings indicate moisture content at room temperature of 70° F - 90° F.
Meter readings will be affected by lower or higher temperatures. Lower
temperatures cause readings to be lower; higher temperatures cause readings tc
be higher than the actual MC.

The meter tends to read the highest moisture content that is in contact with both
pins. If thick samples are not well equalized, it may be necessary to make tesis
at different depths to determine the degree of uniformity of moisture distribution
In the sample.

If the meter is used on stock so thin that the full length of the pins is not entirely
embedded in the thickness of the sample, the readings tend to indicate a lower
than actual MC. This can be overcome by testing more than one sample in
stacks.

USING THE 0 -100 ARBITRARY SCALE

This scale is used to test the moisture content of hygroscopic materials for which
a calibration is not available. Depending on the material, a special application
external electrode, instead of the integral contact pins may be required.
Increasing readings on the

(0-100 reference scale indicate higher levels of moisture content. These readings
can be translated into percent moisture content once a calibration has been
developed.

» Set the meter scale for #2. If necessary, attach an external electrode to the
meter.

# Push the contact pins into the material or apply the external electrode.
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~ Press the read button (#1). The meter displays a relative value for two
seconds.

The readings may also be usad for comparative tests, after meter readings have
bbeen related to given conditions for the materials involved. When the meter is
used as a gauge for comparative tests, readings should be taken on samples
considered to be at “safe’ levels or in satisfactory condition. These readings are
then used as the “standard” against which subsequent readings on the same
material are evaluated.

The “standard’ for any given material is related to safe storability or any other
property which is important for further production processing.

TESTING BALED SCRAP PAPER

» Setthe meter scale for #3 baled scrap paper. Attach an external electrode
to the meter.

~ Push the external electrode into the matenal being tested.
~ Press the read button (#1). The meter displays the %MC for two seconds.

The level of accuracy of meter readings depends on a number of factors:
similarity between the material tested and samples on which the calibration was
made; moisture distribution; and chemical application or processing which may
affect the electrical properties of the paper product.

The required electrode is the H-3 with a #830-series prod. (10"cr 18"). A sharp,
steel rod to open the hole for the prod may be helpful if the bale is very dense.

A few meter readings in a limitad number of specific areas of a large mass can
hardly be projected to indicate an average moisture content of an entire bale.
The readings can be very helpful in providing an indication of the overall moisture
condition inside the bale and to detect areas of excessive moisture.

Meter reacings may be used as an arbitrary guiceline in determining whether or
not to accept or reject the material. Since checking the moisture conditien of
bales is performed when buying and selling, the specific value of the meter
readings remains an €lement to be agreed upon between buyer and seller. Such
an agreement should consider not only a specific ‘range” of readings, but the
number and location of where they are taken.

The following ranges can be used as a guideline and may help to interpret the

readings:
e Readings of 5%-10%, with EMC to 60% RH are usually considered “dry”.
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« Readings from 11%-20% with EMC to 95% are usually considerad
‘acceptable” but should be taken with some reservation.
+ Readings of 20%-40% are considered "wet” and unacceptable.

CARE OF YOUR METER
To keep your meter in good working order:

= Store your meter in a clean, dry place. The protective carrying case provided
is an ideal storage place when the metar is not in usa.

» Change the 9-Volt battery as neaded. Continued use with a low battery may
cause the meter to go out of calibration. .

~ Change contact pins as needed. Keep pin retainers hand tightened.
~ Clean the meter, contact pins, and probes with any biodegradable cleaner.
Use the cleaner sparingly and on external parts only. Keep the cleaner out of

the external connector. DO NOT IMMERSE THE METER OR ANY
ELECTRQDE IN WATER.

» Remove the battery if the meter will not be usead for one month ar langer.

SERVICE FOR YOUR METER

» Pack your meter securely. Enclose a purchase order or letter with a brief
description of the problem.

~ There is no need to call us for a return authorization number if you are within
the U.S. Customers cutside the U.S. must contact us for more specific
instructions prior to returning a meter.

~ Include your name, address, daytime phone and fax numbers or e-mail
address. If you believe the meter is under warranty, please provide the
original sales slip or invoice.

= Ship via UPS, Express Mail, Priority Mail or any overnight courier who
provides prompt service. Do not use standard parcel post.

» Insure your instrument for its full value and ship prepaid. We are not
responsible for damage in transit.

= We do not accept COD shipments or cover any incoming freight or duty
charges on returned merchandise

= Turnaround time on repairs is approximately two weeks.
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» We will call you with an estimate if you specifically request one, or if we
determine that the meter may be too costly to repair.

» MNon-warranty repairs will be returned via UPS/COD unless you have already
established other payment terms. There is no CQD service outside the U.S.
To pay by credit card, include the card number and expiration date with your
repair. We accept Visa/MasterCard, American Express, and Discover.

» Warranty repairs will be returned at no charge if shipped within the U.S. via
UPRPS Ground Service. Freight charges for expedited services (i.e., Federal
Express, UPS/2 Day, UPS/1 Day, etc.) are the customer’s responsibility and
will be charged as per the above terms.

WARRANTY

Delmhaorst Instrument Co., referred to hereafter as Delmhorst, guarantees its
P-2000 meter for one year from date of purchase and any optional electrodes
against defects in material or workmanship for 90 days. [f, within the warranty
period of the P-2000, you find any defect in material or werkmanship return the
meter following the instructions in the “Service for Your Meter” section. This
limited warranty does not cover abuse, alteration, misuse, damage during
shipment, improper service, unauthorized or unreasonable use of the meter or
electrodes. This warranty does not cover batteries, pin assemblies, or pins. If the
meter or any optional electrodes have been tampered with, the warranty shall be
void. At our option we may replace or repair the meter.

Delmharst shall not be liable for incidental or consequential damages for the
breach of any express or implied warranty with respect to this product orits
calibration. With proper care and maintenance the mster should stay in
calibration: follow the instructions in the “Care of Your Meter” section.

Under no circumstances shall Delmhorst be liable for any incidental, indirect,
special, or consequential damages of any type whatsoever, including, but not
limited to, lost profits or downtime arising out of or related in any respect to its
meters or electrades and no other warranty, written, oral or implied applies.
Delmhorst shall in no event be liable for any breach of warranty or defect in this
product that exceeds the amount of purchase of this product.

The express warranty set forth above constitutes the entire warranty with respect
to Delmhorst meters and electrodes and no other warranty, written, oral, or
implied applies. This warranty is personal to the customer purchasing the
product and is not transferable.
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Delmhaorst Instrument Co.
51 Indian Lane East
Towaco NJ 07082
(800)-222-0638
www.delmhorst.com
e-mail - info@delmhorst.com

For over 50 years, Delmhorst has been the leading manufacturer of high-quality
resistance moisture meters. Today we offer a complete line of portable moisture
meters for a variety of different applications including woodworking/lumber,
agriculture, construction and paper.

©1999, Delmhorst Instrument Co. Rev. 08-03

Appendix Ill is a direct copy of the Delmhorst P-2000 Moisture Meter.




