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TEST TYPE: ASTM 331

TESTING AUTHORITY! ASTM
TEsST NAME: WATER PENETRATION TEST
TEsST DATE: SEPTEMBER 12, 2001
TEsT COMPLETED BY: ToM SHINGLER, P.E.
TESTING LABORATORY DESIGN DYNAMICS — RICHARDSON,
TX
PANEL TYPE: 1 Yz INCH SNAP LOCK WITH CLIP &

SEALANT

PANEL WIDTH: 16 INCH
CLIP SPACING: N/A
DECKING CONSTRUCTION: N/A

INTRODUCGTION:

Mock-UpP:

ON SEPTEMBER 12, 2001 DESIGN DYNAMICS, INC. CONDUCTED
BOTH ASTM E-283 (AIR INFILTRATION RESISTANCE) AND ASTM
E-331 (WATER PENETRATION RESISTANCE) TESTING OF THE
METALFORMING INC. 1 /2” DEEP X 167 WIDE SNAP-LOCK
ARCHITECTURAL STANDING SEAM PRODUCT AT THE DESIGN
DYNAMICS, INC. TEST FACILITY IN DALLAS, TEXAS.

THE ROOF SYSTEM TEST SPECIMEN CONSISTED OF SEVEN (7)
STANDING SEAM ROOF PANELS @ 1 “2” DEEP X 16” WIDE X 24
GAGE STEEL MOUNTED ON A 3:12 PITCHED CHAMBER.

THE TEST ASSEMBLY REPRESENTED EIGHT (8) ACTIVE
SIDEJOINTS, EACH OF WHICH CONTAINED AN APPROXIMATE 3/16”
DIAMETER BEAD OF FACTORY-APPLIED HOT-MELT BUTYL SEALANT.
A ONE (1) PIECE CLIP APPLIED TO A CENTER PURLIN MEMBER WAS
USED TO SUPPORT THE TEST PANEL ASSEMBLY AT MID-LENGTH.
A CONTINUITY SEAL (GUNNABLE BUTYL) WAS APPLIED TO THE
HOOK PORTION OF THE CLIP FOR THE PURPOSE OF PREVENTING
AN INTERRUPTION OF THE PANEL AIR/WATER SEAL AT A CGLIP
LOCATION.

END SEALS (NOT A PART OF THE TEST) WERE DEVELOPED AT THE
UPPER AND LOWER ENDS OF TEST PANELS AND EDGE SEALS (NOT
A PART OF THE TEST) WERE DEVELOPED ALONG THE SIDE EDGES
OF THE TEST PANEL ASSEMBLY.

THE TEST CHAMBER WAS 10 FT. WIDE X 9 FT. LONG X 1 FT.
DEEP, WITH TWO (2) TRANSPARENT LUCITE OBSERVATION
WINDOWS ON THE BACKSIDE.
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THIS SET OF OBSERVATION WINDOWS WAS FOR THE PURPOSE OF
WITNESSING THE WATER PENETRATION RESISTANCE BEHAVIOR OF
THE ROOF PANEL JOINT SYSTEM.

THE TEST PANELS WERE INSTALLED BY TEST LABORATORY
PERSONNEL IN ACCORDANCE WITH THE MANUFACTURER’S
INSTALLATION INSTRUCTIONS.

THE TEST MOCK-UP CONTAINED A TOTAL ‘“ACTIVE” AREA OF
79.48 FT'2 OR 67.36 LINEAR FEET OF “ACTIVE” SIDEJOINT.

INSTRUMENTATION:

® TEST CHAMBER PRESSURE DIFFERENTIAL MEASUREMENTS
WERE MADE USING A O TO 24 IN. DWYER WELL-TYPE
MANOMETER USING RED OIL AT A O0.826 SPECIFIC GRAVITY.
THIS INSTRUMENT WAS USED TO SENSE CHAMBER PRESSURE
VALUES FOR BOTH THE AIR INFILTRATION AND WATER
PENETRATION TESTING PHASES.

e AIR FLOW MEASUREMENTS WERE MONITORED USING A BROOKS
INSTRUMENT DIVISION ROTOMETER (MoODEL #
1110CM42CMAAA) AND HAVING A FACE SCALE OF O TO
92.2 cFM. BRODOKS IS A DIVISION OF EMERSON ELECTRIC
Co. oF HATFIELD, PENNSYLVANIA.

¢ VACUUM PRESSURE WAS DEVELOPED ON THE CHAMBER USING
A 5 HP SHOP-VAC SET TO A SUCTION MODE.

¢ AIR FLOW CONTROL WAS ACCOMPLISHED VIA TwO (2) 17
DIAMETER BALL VALVES ON THE CHAMBER AND ONE (1) 2 /2”7
DIAMETER GAGE VALVE ON THE ROTOMETER. THE 17”7
DIAMETER VALVES WERE USED AS A “BLEEDER’ CONTROL
WHILE THE 2 /2”7 VALVE WAS USED AS A CONTROL ON THE
MAGNITUDE OF VACUUM PULLED BY THE 5 HP SHOP-VACLC.

¢ WATER SPRAY WAS DELIVERED BY TWENTY-FIVE (25) 90
DEGREE WATER SPRAY HEADS WITH A 360 DEGREE SPRAY
CONE AND OCCURRING AT 24” ON-CENTERS IN BOTH THE
VERTICAL AND THE HORIZONTAL DIRECTION.

THE SPRAY RACK WAS SET 24’ FROM THE FACE OF THE MOCK-
UP AND OPERATED AT 30 PSI WITH A WATER DELIVERY OF 5
GALLONS/HOUR/FT 2 OF ROOF AREA.

AIR INFILTRATION TESTING: ASTM E-283
THE ROOF PANEL SIDEJOINTS WERE SEALED WITH 2” WIDE HIGH-
TACK DUcT TAPE SUCH THAT THE “ACTIVE” JOINTS WERE SEALED
AGAINST ANY POSSIBLE AIR LEAKAGE THROUGH THE PREVIOUSLY
DESCRIBED 67.36 LINEAL FEET OF SEAMS. THE PERIMETER
SEAL, WHICH HANDLED THE TRANSITION BETWEEN TEST PANEL
AND CHAMBER EDGE, WAS ISOLATED FROM THE TEST AND
THEREFORE NOT A PART OF THE LEAKAGE EVALUATION.
FOLLOWING APPLICATION OF THE TAPE SEALS, A VACUUM WAS
PULLED ON THE CHAMBER TO A SPECIFIED VALUE. TYPICALLY, A
(-) 6.24 PSF PRESSURE DIFFERENTIAL IS SPECIFIED AND
REPRESENTS THE VELOCITY PRESSURE CREATED BY A 50 MPH
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WIND SPEED, BUT ADDITIONAL AIR INFILTRATION TESTS WILL BE
CONDUCTED AT HIGHER PRESSURES.

WITH THE TAPE SEALS IN PLACE, A SPECIFIC AND TEST-DEFINED
NEGATIVE CHAMBER PRESSURE WAS MAINTAINED FOR 5 MINUTES
TO DEMONSTRATE ERQUILIBRIUM AND A DATUM VALUE WAS
RECORDED ON THE BRDODDOKS ROTOMETER.

FOLLOWING THE DESCRIBED 5 MINUTES, THE HIGH-TACK DucT
TAPE WAS STRIPPED FROM THE TEST SPECIMEN JOINTS. THE
TEST PRESSURE WAS HELD FOR FIVE (5) MINUTES AND THEN
OBSERVATIONS OF THE MANOMETER AND ROTOMETER WERE
MADE FOR THE PURPOSE OF DETERMINING IF DEVIATIONS IN
THEIR “ERUILIBRIUM” VALUES HAD OCCURRED.

IF WALL SYSTEM JOINT LEAKS WERE TO OCCUR, THE MANOMETER
VALUE (PSF) wOuLD DROP, WITH A COMMENSURATE DROP IN
ROTOMETER VALUE (CFM).

TO ADJUST THE ROOF SYSTEM BACK TO THE ORIGINAL
MANOMETER PRESSURE VALUE, ADDITIONAL CFM MUST BE
PULLED THROUGH THE PANEL JOINTS. ONCE THE MANOMETER
PRESSURE IS ADJUSTED TO THE ORIGINAL CHAMBER TEST
PRESSURE, THE NEW ROTOMETER VALUE WOULD BE RECORDED.
THE DIFFERENCE BETWEEN THE NEW (ADJUSTED) AND THE
ORIGINAL (DATUM) ROTOMETER VALUE WOULD BE LEAKAGE (CFM)
ATTRIBUTED TO THE SPECIMEN JOINTS.

FOLLOWING THE INITIAL AIR INFILTRATION RESISTANCE TEST AT (-
) 6.24 PSF, ADDITIONAL TESTS WERE CONDUCTED AT VALUES OF
(-) 12.0 PSF AND () 15 PSF.

THIS MULTIPLE TEST VALUE TECHNIRQUE GIVES A “SPECTRUM” OF
AIR INFILTRATION RESISTANCE PERFORMANCE AND ALSO
SUGGESTS THE FACTOR-OF-SAFETY WHICH A SYSTEM HAS OVER
AN ACCEPTED INDUSTRY-STANDARD PRESSURE DIFFERENTIAL
SUcH AS THE (-) 6.24 PSF VALUE.

THE ASTM E-283 AIR INFILTRATION RESISTANCE TEST RESULTS
ARE AS FOLLOWS....

METALFORMING INC.

1 /2” SNAP-LOCK @ 16”
PRESSURE AIR
DIFFERENGCE INFILTRATION

PSF VALUE,
CFM/FT" 2

6.24 0.006

12.00 0.012

15.00 0.015

WATER PENETRATION TESTING: ASTM E-331
THERE WERE THREE (3) SEPARATE WATER PENETRATION
RESISTANCE TESTS RUN ON THE SAME SPECIMEN.
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THESE INDIVIDUAL TESTS WERE CONDUCTED AT PRESSURE
DIFFERENTIALS OF (-) 6.24 pPsF, (-) 12.00 pPsrF AND (-) 15.00
PSF.

A SPECIFIC PRESSURE DIFFERENTIAL WAS DEVELOPED ON THE
SPECIMEN AREA AND HELD AT THAT PRESSURE FOR AN
EQUALIZATION PERIOD OF 5 MINUTES.

FOLLOWING THE EQUALIZATION PERIOD, A 15 MINUTE TEST
PERIOD ENSUED WITH WATER BEING DISPERSED AT A RATE OF 5
GALLONS/HOUR/FT 2 OF SPECIMEN FRONTAL AREA.

PANEL JOINT PERFORMANCE OBSERVATIONS WERE MADE
THROUGH THE REAR OF THE TEST CHAMBER.

THE RESULTS OF EACH OF THE THREE (3) TESTS WERE AS FOLLOWS....

METALFORMING INC.
1 /2” SNAP-LOCK @ 16”

PRESSURE
TEST

DIFFERENCE

OBSERVATION
PSF

6.24 NO LEAKAGE
12.00 NO LEAKAGE
15.00 NO LEAKAGE
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TEST TYPE: ASTM 331
TESTING AUTHORITY: ASTM
TEST NAME: WATER PENETRATION TEST
TEST DATE: AUGUST 24, 2001
TEsST COMPLETED BY: ToM SHINGLER, P.E.
TESTING LABORATORY DESIGN DYNAMICS — RICHARDSON,
T™X
PANEL TYPE: 1 V2 IN MECHANICAL W/ CLIP &
SEALANT
PANEL WIDTH: 16 INCH
CLIP SPACING: N/A
DECKING CONSTRUCTION: N/A

INTRODUCTION:

Mock-Up:

ON AUGUST 24, 2001 DEsSIGN DYNAMICS, INC. CONDUCTED
BOTH ASTM E-283 (AIR INFILTRATION RESISTANCE) AND ASTM
E-331 (WATER PENETRATION RESISTANCE) TESTING OF THE
METALFORMING INC. 1 2” DEEP X 16” WIDE STRUCTURAL
STANDING SEAM PRODUCT AT THE DESIGN DYNAMICS, INC. TEST
FACILITY IN DALLAS, TEXAS.

THE ROOF SYSTEM TEST SPECIMEN CONSISTED OF SEVEN (7)
STANDING SEAM ROOF PANELS @ 1 %” DEEP X 16” WIDE X 24
GAGE STEEL MOUNTED ON A 3:12 PITCHED CHAMBER.

THE TEST ASSEMBLY REPRESENTED EIGHT (8) ACTIVE
SIDEJOINTS, EACH OF WHICH CONTAINED AN APPROXIMATE 3/16”
DIAMETER BEAD OF FACTORY-APPLIED BUTYL SEALANT.

A TwO (2) PIECE SLIDING CLIP APPLIED TO A CENTER PURLIN
MEMBER WAS USED TO SUPPORT THE TEST PANEL ASSEMBLY AT
MID-LENGTH.

A CONTINUITY SEAL (GUNNABLE BUTYL) WAS APPLIED TO THE
HOOK PORTION OF THE CLIP FOR THE PURPOSE OF PREVENTING
AN INTERRUPTION OF THE PANEL AIR/WATER SEAL AT A CLIP
LOCATION.

END SEALS (NOT A PART OF THE TEST) WERE DEVELOPED AT THE
UPPER AND LOWER ENDS OF TEST PANELS AND EDGE SEALS (NOT
A PART OF THE TEST) WERE DEVELOPED ALONG THE SIDE EDGES
OF THE TEST PANEL ASSEMBLY.
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THE TEST CHAMBER WAS 10 FT. WIDE X 9 FT. LONG X 1 FT.
DEEP, WITH T™O (2) TRANSPARENT LUucITE OBSERVATION
WINDOWS ON THE BACKSIDE.

THIS SET OF OBSERVATION WINDOWS WAS FOR THE PURPOSE OF
WITNESSING THE WATER PENETRATION RESISTANCE BEHAVIOR OF
THE ROOF PANEL JOINT SYSTEM.

THE TEST PANELS WERE INSTALLED BY TEST LABORATORY
PERSONNEL IN ACCORDANCE WITH THE MANUFACTURER’S
INSTALLATION INSTRUCTIONS.

THE TEST MOCK-UP CONTAINED A TOTAL “ACTIVE” AREA OF
79.48 FT'2 OR 67.36 LINEAR FEET OF “ACTIVE” SIDEJOINT.

INSTRUMENTATION:

® TEST CHAMBER PRESSURE DIFFERENTIAL MEASUREMENTS
WERE MADE USING A 0 TO 24 IN. DWYER WELL-TYPE
MANOMETER USING RED OIL AT A 0.826 SpPECIFIC GRAVITY.
THIS INSTRUMENT WAS USED TO SENSE CHAMBER PRESSURE
VALUES FOR BOTH THE AIR INFILTRATION AND WATER
PENETRATION TESTING PHASES.

e AIR FLOW MEASUREMENTS WERE MONITORED USING A BROOKS
INSTRUMENT DIVISION ROTOMETER (MODEL #
1110CM42CMAAA) AND HAVING A FACE SCALE OF O TO
92.2 cCFM. BROOKS IS A DivisiON OF EMERSON ELECTRIC
Co. oF HATFIELD, PENNSYLVANIA.

¢ VACUUM PRESSURE WAS DEVELOPED ON THE CHAMBER USING
A 5 HP SHOP-VAC SET TO A SUCTION MODE.

® AIR FLOW CONTROL WAS ACCOMPLISHED VIA TwWO (2) 1”7
DIAMETER BALL VALVES ON THE CHAMBER AND ONE (1) 2 /27
DIAMETER GAGE VALVE ON THE ROTOMETER. THE 17
DIAMETER VALVES WERE USED AS A “BLEEDER” CONTROL
WHILE THE 2 '/2” VALVE WAS USED AS A CONTROL ON THE
MAGNITUDE OF VACUUM PULLED BY THE 5 HP SHOP-VAEC.

®¢ WATER SPRAY WAS DELIVERED BY TWENTY-FIVE (25) 90
DEGREE WATER SPRAY HEADS WITH A 360 DEGREE SPRAY
CONE AND OCCURRING AT 24” 0ON-CENTERS IN BOTH THE
VERTICAL AND THE HORIZONTAL DIRECTION.

THE SPRAY RACK WAS SET 24’ FROM THE FACE OF THE MOCK-
UP AND OPERATED AT 30 PSI WITH A WATER DELIVERY OF 5
GALLONS/HOUR/FT 2 OF ROOF AREA.

AIR INFILTRATION TESTING: ASTM E-283

THE ROOF PANEL SIDEJOINTS WERE SEALED WITH 27”7 WIDE HIGH-
TACK DuUucT TAPE SUCH THAT THE “ACTIVE” JOINTS WERE SEALED
AGAINST ANY POSSIBLE AIR LEAKAGE THROUGH THE PREVIOUSLY
DESCRIBED 67.36 LINEAL FEET OF SEAMS. THE PERIMETER
SEAL, WHICH HANDLED THE TRANSITION BETWEEN TEST PANEL
AND CHAMBER EDGE, WAS ISOLATED FROM THE TEST AND
THEREFORE NOT A PART OF THE LEAKAGE EVALUATION.

FOLLOWING APPLICATION OF THE TAPE SEALS, A VACUUM WAS
PULLED ON THE CHAMBER TO A SPECIFIED VALUE. TYPICALLY, A
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(-) 6.24 PSF PRESSURE DIFFERENTIAL IS SPECIFIED AND
REPRESENTS THE VELOCITY PRESSURE CREATED BY A 50 MPH
WIND SPEED, BUT ADDITIONAL AIR INFILTRATION TESTS WILL BE
CONDUCTED AT HIGHER PRESSURES.

WITH THE TAPE SEALS IN PLACE, A SPECIFIC AND TEST-DEFINED
NEGATIVE CHAMBER PRESSURE WAS MAINTAINED FOR 5 MINUTES
TO DEMONSTRATE EQRUILIBRIUM AND A DATUM VALUE WAS
RECORDED ON THE BROOKS ROTOMETER.

FOLLOWING THE DESCRIBED 5 MINUTES, THE HIGH-TACK DucT
TAPE WAS STRIPPED FROM THE TEST SPECIMEN JOINTS. THE
TEST PRESSURE WAS HELD FOR FIVE (5) MINUTES AND THEN
OBSERVATIONS OF THE MANOMETER AND ROTOMETER WERE
MADE FOR THE PURPOSE OF DETERMINING IF DEVIATIONS IN
THEIR “ERUILIBRIUM” VALUES HAD OCCURRED.

IF WALL SYSTEM JOINT LEAKS WERE TO OCCUR, THE MANOMETER
VALUE (PSF) wOuLD DROP, WITH A COMMENSURATE DROP IN
ROTOMETER VALUE (CFM).

TOo ADJUST THE ROOF SYSTEM BACK TO THE ORIGINAL
MANOMETER PRESSURE VALUE, ADDITIONAL CFM MUST BE
PULLED THROUGH THE PANEL JOINTS. ONCE THE MANOMETER
PRESSURE IS ADJUSTED TO THE ORIGINAL CHAMBER TEST
PRESSURE, THE NEW ROTOMETER VALUE WOULD BE RECORDED.
THE DIFFERENCE BETWEEN THE NEW (ADJUSTED) AND THE
ORIGINAL (DATUM) ROTOMETER VALUE wOULD BE LEAKAGE (CFM)
ATTRIBUTED TO THE SPECIMEN JOINTS.

FOLLOWING THE INITIAL AIR INFILTRATION RESISTANCE TEST AT (-
) 6.24 PSF, ADDITIONAL TESTS WERE CONDUCTED AT VALUES OF

(-) 12.0 PsSF AND () 15 PSF.
THIS MULTIPLE TEST VALUE TECHNIRUE GIVES A “SPECTRUM” OF
AIR INFILTRATION RESISTANCE PERFORMANCE AND ALSO

SUGGESTS THE FACTOR-OF-SAFETY WHICH A SYSTEM HAS OVER
AN ACCEPTED INDUSTRY-STANDARD PRESSURE DIFFERENTIAL
SUCH AS THE () 6.24 PSF VALUE.

THE ASTM E-283 AIR INFILTRATION RESISTANCE TEST RESULTS
ARE AS FOLLOWS....

METALFORMING INC.
1 =” STANDING SEAM @
16”
PRESSUR AIR
E INFILTRATION
DIFFEREN VALUE,
CE PSF CFM/FT 2
6.24 0.006
12.00 0.000
15.00 0.000
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WATER PENETRATION TESTING: ASTM E-331
THERE WERE THREE (3) SEPARATE WATER PENETRATION
RESISTANCE TESTS RUN ON THE SAME SPECIMEN.
THESE INDIVIDUAL TESTS WERE CONDUCTED AT PRESSURE
DIFFERENTIALS OF (-) 6.24 pPsF, (-) 12.00 psF AND (-) 15.00
PSF.
A SPECIFIC PRESSURE DIFFERENTIAL WAS DEVELOPED ON THE
SPECIMEN AREA AND HELD AT THAT PRESSURE FOR AN
EQUALIZATION PERIOD OF 5 MINUTES.
FOLLOWING THE EQUALIZATION PERIOD, A 15 MINUTE TEST
PERIOD ENSUED WITH WATER BEING DISPERSED AT A RATE OF 5
GALLONS/HOUR/FT 2 OF SPECIMEN FRONTAL AREA.
PANEL JOINT PERFORMANCE OBSERVATIONS WERE MADE
THROUGH THE REAR OF THE TEST CHAMBER.

THE RESULTS OF EACH OF THE THREE (3) TESTS WERE AS FOLLOWS....

METALFORMING INC.
1 /=” STANDING SEAM @

1 6”
PRESSURE
TEST

DIFFERENCE

OBSERVATION
PSF

6.24 NO LEAKAGE
12.00 NO LEAKAGE
15.00 NO LEAKAGE
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