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1. INTRODUCTION

Winwall was engaged by Tong Shin Aluminium Corporation (hereinafter call "the
company) of address: 166, Yin Lin Road Jente Hsiang, Tainan Hsien, Taiwan R.O.C.
to conduct performance test of one curtain wall specimen for
BEyHERARABRELGARE IR e L.

Performance test on the specimen was conducted on 28 March 2003.
The following tests were conducted:

(a) Preliminary loading (positive pressure).

(b) Open, close and lock windows for 30 times.
(c) Air infiltration test — ASTM E283-91™*.

(d) Static water penetration test - ASTM E331-00.
(e) Dynamic water penetration test - AAMA 501.1-94*.
(f) Structural performance test - ASTM E330-97.
(9) Lateral movement test (£ 10 mm)*.

(h) Open, close and lock windows for 30 times.

0} Static water penetration test - ASTM E331-00.
) Structural proof load test - ASTM E330-97.

(k) Lateral movement test (+ 20 mm)*.

Remark "*’ : Not SAC-Singlas accredited

i L
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2. TEST FACILITY

The testing facility consists of the following:

21

22

23

24

2.5

26

2.7

2.8

2.9

2.10

2.1

2.12

213

A steel test chamber of dimensions 6-m (W) x 13-m (H).
HEWLETT PACKARD VX1 data acquisition system.

27 numbers of 50 mm range and 3 numbers in 150 mm range PIODEN
displacement transducers.

LECHLER full cone nozzles (700 mm centre to centre).
Two CROSSLE centrifugal blowers of 10 pa at 4000 CFM capacities.
ROSEMOUNT pressure transmitter (Calibration range -10 kPa to 10 kPa).

AIRFLOW manometers (Range : -0.125 kPa to 0.125 kPa, -0.5kPato 0.5
kPa, -2.0 kPa to 2.0 kPa, -9.0 kPa to 9.0 kPa).

PODDYMETER orifice plate air flowmeters.

WORTHINGTON water pump with 25 HP motor.

OMERON PLC system.

KINERTROL rotary actuator with positioner and I/P controlier.

50 tons ENERPAC double acting hydrauiic ram with control system.

Aircraft Engine Propeller.
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3. TEST SPECIMEN

The stick system curtain wall test specimen has an overall frontal dimension of 3.58m
wide by 8.9m high consisted of aluminium mullions and transoms skeleton, aluminium
cladding, fixed windows and two operable windows.

The general view of the test specimen is shown in Photo 1. The overall dimension and
the construction details of the specimen are shown in the company’ s drawings
attached.

The specimen was constructed such that the interior face of the test specimen was fitted
in the pressure chamber. The remaining area was sealed with plywood to form an
airtight chamber. A water spray rack system was used to wet the entire test specimen
during water penetration test. Electronic displacement transducers were mounted onto
the selected components to monitor the movement of the specimen under design load.
One double acting hydraulic cylinder was mounted on the middle steel |-beam to
facilitate the lateral movement test. Electronic displacement transducers were used to
monitor the movement of the middle I-beam. An aircraft engine propeller was used to
generate airflow acting onto the exterior face of the specimen during the dynamic water
penetration test.

Photo 2 shows a view of the type of bracket used for installation of the test specimen.

4. METHODS, SEQUENCE AND REQUIREMENTS OF TESTS

The following items were the sequence and methods of the tests conducted on the
curtain wall specimen as requested by the company. The company submitted the
requirements of the test conducted. The sequence of the tests was as follows:

(a) Preliminary loading (positive pressure).

(b) Open, close and lock windows for 30 times.
(c) Air infiltration test - ASTM E283-91.

(d) Static water penetration test - ASTM E331-00.
(e) Dynamic water penetration test - AAMA 501.1-94.
) Structural performance test - ASTM E330-37.
(9) Lateral movement test (x 10 mm).

(h) Open, close and lock windows for 30 times.

(i) Static water penetration test - ASTM E331-00.
1)) Structural proof load test - ASTM E330-97.

(k) Lateral movement test (£ 20 mm).

4.1 PRELIMINARY LOADING (POSITIVE PRESSURE)

Prior to the testing, the specimen was preloaded to positive pressure of 1375 Pa
(50% of positive design pressure of 2750 Pa) maintained for 10 seconds and
then unloaded to zero pressure.
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OPEN- CLOSE AND LOCK WINDOWS FOR 30 TIMES

Prior to the testing, The two operable windows were subjected to a repeated
cycles of ‘open, close and lock’'operation for 30 times to check its functionality.

AIR INFILTRATION TEST
ASTM E 283-91
Rate of air leakage through exterior windows, curtain walls and doors.

As specified by the company, the test pressure applied onto the test specimen
was positive 75 Pa.

Refer to figure F.1 for schematic drawing for air infiltration test set-up.

Procedure :

The exterior face of the entire specimen was first covered with PE sheet. The ~
opening joint perimeter of the operable windows was sealed with masking tape
at the interior face of the specimen. a
The chamber was pressurised gradually by a blower to the required test pressure

of 75 Pa, read from the manometer. The air leakage of the chamber expressed —

in m%hr (read from the air flow meter) at 75 Pa was recorded as q;.

The PE sheet was then removed from the specimen (windows remained sealed)
and procedure (b) was repeated.

The second air leakage reading taken from the air flow meter was the air leakage
through the chamber and the test specimen fixed areas. This reading was
recorded as q,.

The masking tape was then removed from the windows. Procedure (b) was
repeated. The air leakage taken was the air leakage through the chamber, the
test specimen fixed areas and the operable windows. This reading was recorded
as qa.

The actual air leakage of the specimen fixed area, Q, is equal to g, - ;.

The actual air leakage through the operable windows, Q, is equai to q; - 2.
The air infiltration of the test specimen fixed area, Qs,, in term of unit area, is
calculated as actual air leakage through the fixed area divided by the total frontal
fixed areas of the specimen (Ay). Qun = Qi /A:

The air infiltration of the operable windows, Q. in term of unit length, is calculated
as actual air leakage through the operable windows divided by the total opening
joint perimeter of the windows (Ly). Q. =Qz/L,.

Requirement : i) Air infiltration shall not exceed 1.092 mhr per metre square for

fixed area.
ii) Air infiltration shall not exceed 1.392 m*hr per meter length for
operable window.

Remark: If the total air leakage of the chamber and specimen fixed area is less

than the allowable air leakage of the specimen alone. The procedure of
sealing the specimen using PE sheet shall be omitted.
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44  STATIC WATER PENETRATION TEST

ASTM E 331-96
Water penetration of exterior windows, curtain walls and doors by uniform static
air pressure difference.

As specified by the company, the test pressure applied onto the test specimen
was positive 720 Pa.

Refer to figure F.2 for schematic drawing for water penetration test set-up.
Procedure:
a. Water was sprayed from an array of nozzles spaced 700 mm centre to

centre and approximately 400 mm from the curtain wall specimen
surface at a rate of approximately 4 litre/min/m?2.

b. The test chamber was then pressurized graduaily to the required
pressure of 720 Pa maintained for 15 minutes.

c. Water was sprayed continuously during the duration of the test.

d. The test specimen was visually checked for water leakage during the

duration of the test.

Requirement : There shall be no uncontrollable water leakage during the duration of the

test. Uncontrollable water leakage is defined as :- ff’ﬁ'ﬂ\
a. Water appears on the inside face of the specimen and is visible T~~7!
from an occupied space. B
P - o
b. Water appears on the inside face of the specimen and is likely to

damage insulation or architectural fixtures.

c. Water leakage that is not contained and drained away within the
test period.
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45 DYNAMIC WATER PENETRATION TEST

AAMA 501.1-94
Standard test method for metal curtain walls for water penetration using dynamic

pressure.

As specified by the company, the test pressure applied onto the test specimen
was positive 720 Pa.

Refer to figure F.2 for schematic drawing for water penetration test set-up.

Procedure :

a.

Requirement :

Woater was sprayed from an array of nozzles spaced 700 mm centre to
centre and approximately 400 mm above the curtain wall surface at a
rate of approximately 4 litre/min/m?.

Airflow was generated by an aircraft engine propeller to produce the
equivalent air pressure of 720 Pa acting on the exterior face of the
specimen.

Water was sprayed continuously for 15 minutes.

The test specimen was visually checked for water leakage at the interior
side of the specimen during the duration of the test.

There shall be no uncontrollable water leakage during the duration of the
test. Uncontrollable water leakage is defined as :-

a. Water appears on the inside face of the specimen and is visible
from an occupied space.

b. Water appears on the inside face of the specimen and is likely to
damage insulation or architectural fixtures.

c. Water leakage that is not contained and drained away within the
test period.
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STRUCTURAL PERFORMANCE TEST

ASTM E 330-97
Structural performance of exterior windows, curtain walls and doors by uniform
static air pressure difference.

As specified by the company, the test pressures applied onto the test specimen
were positive 2750 Pa and negative -4710 Pa.

Refer to figure F.3 for schematic drawing for structural performance test set-up.

Procedure :
a. Seven (7) numbers of displacement transducers were mounted on the test

d.

specimen to measure the displacement of the test specimen. Each
transducer was checked prior to testing.

The test specimen was preload to 50% of the positive design load for 10
seconds and then unloaded to zero pressure.

The test specimen was then loaded to 100% of the positive design load
(2750 Pa) with increments indicated in figure F.4 and at each increment, the
displacement of the test specimen was captured by a HP data acquisition
system and the displacement values were calculated by a in-house softiware
and then shown on the computer monitor and printed out.

The pressure was then unloaded to zero pressure and the residual
deformations were measured two minutes later.

e. The procedure (b) to (d) were repeated for negative pressure of -4710 Pa.

Requirement: Deflection of structural member shall not exceed L/175 (L = span)

or 20 mm whichever is less.
Residual deflection shall not exceed 0.2% of clear span.

AN
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47 LATERAL MOVEMENT TEST (FIRST PHASE)

The lateral movement test was conducted in such a way that the middie I- beam
was displaced laterally by hydraulic cylinders to the required distance of £ 10 mm
for 3 cycles. The movement was measured with respected to its original position.

The top and bottom I-beams were fixed during the test. The chamber I-beams
were simulates concrete floor slabs.

Refer to F.5 for schematic drawing for lateral movement test set-up.
Requirement; There shall be no failure of glass pane or permanent distortion of

bracket, hardware, framing and panels. There shall be no failure
of sealant.

48 OPEN- CLOSE AND LOCK WINDOWS FOR 30 TIMES

The two operable windows were again subjected to a repeated cycles of ‘open,
close and lock ’ operation for 30 times to check its functionality.

49  STATIC WATER PENETRATION TEST

Same procedure and requirement as in Section 4.4.
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STRUCTURAL PROOF LOAD TEST

Prior to the test, the test specimen was preloaded to 2065 Pa (75% of the
positive design pressure) for 10 seconds and then unioaded to zero pressure.
The test specimen was then gradually loaded to 2065 Pa for 10 seconds followed
by 4125 Pa (150% of the positive design pressure) for 10 seconds before
reduced to zero pressure.

Similar procedure was repeated for negative proof load test. The negative
pressures applied onto the specimen were —3535 Pa (75% of the negative
design pressure) and -7065 Pa (150% of the negative design pressure).

Requirement: There shall be no structural failure. There shall be no failure of

glass pane or permanent distortion of bracket, hardware, framing
and panels.

LATERAL MOVEMENT TEST (SECOND PHASE)

Same procedure and requirement as in Section 4.7 but the lateral movement
was increased to + 20 mm for 3 cycles.

Requirement: Same requirement as in Section 4.7 but disengagement of glazing
gasket and failure of weather proofing gasket is allowed.

- ”('Q\
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5. SUMMARY OF TEST RESULTS:

5.1 PRELIMINARY LOADING (POSITIVE PRESSURE)

Prior to the testing, the specimen was loaded to 1375 maintained for 10 seconds
and then unloaded to zero pressure.

52 OPEN-CLOSE AND LOCK WINDOWS FOR 30 TIMES

No functional fault of hardware was noted on the two operable windows after
each of the window was subjected to the repeated cycles of open, close and lock
operation for 30 times.

53 AR INFILTRATION TEST

Test Test pressure Company's
Requirement
75 Pa

Air infiltration of the curtain wall fixed area. 3 2
(m>hr. m?) 0.78 1.0r?n2a:i1n{:;1m
Air infiltration of the operable window.

P o 1.382 mhr. m
(m3hr. m) maximum

Note: Refer to Appendix A.1 for detail results of the air infiltration test.

54  STATIC WATER PENETRATION TEST

Test Time

pressure maintained Observation
(Pa) (mins)
720 15

No water leakage was observed from the specimen throughout the
test duration.

Photo 3 shows a partial view of the specimen undergoing water penetration test.
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55 DYNAMIC WATER PENETRATION TEST
Test Time
pressure maintained
(Pa) (mins) Observation
720 15 No water leakage was observed from the specimen throughout the test
duration.
5.6 STRUCTURAL PERFORMANCE TEST
Test Pressure: Requirement:
. Deflection of structural member
Location of components measured shall not exceed span/175 or 20
(Transducer no.) 2750 4710 mm whichever isslg:s. or
Deflection (mm) of aluminium mullion:
(7)- (4 +10)/2 274 52 17.1 mm maximum.
( span = 3000 mm)
NOTE: a. Refer to Appendix A.2 and A.3 for detail results of displacement readings.
b. Refer to figure F.6 for locations of displacement transducers

measurements on test specimen.

C. Deflection of aluminium structural member and other component is
calculated based on measured value minus the average of the
corresponding two end deflections.

d. No conclusions of any kind regarding the adequacy or inadequacy of the
glass in the test specimen are to be drawn from the test.

Photo 4 shows a partial view of the displacement transducers mounted on the specimen
for the structural test.

SR
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57 LATERAL MOVEMENT TEST (FIRST PHASE)

5.8

5.9

No collapse of specimen, no visible permanent distortion of brackets, no breakage
of glass pane, no failure of other component was observed after the lateral
movement of £ 10 mm for 3 cycles.

Photo 5 shows a view of the hydraulic cylinder mounted on the middle |-beam for
lateral movement test.

OPEN -CLOSE AND LOCK WINDOWS FOR 30 TIMES
No functional fault of hardware was noted on the two operable windows after

each of the window was subjected to the repeated cycles of open, close and lock
operation for 30 times.

STATIC WATER PENETRATION TEST

Test
pressure
(Pa)

Time
maintained
(mins)

Observation

720

15

No water leakage from the specimen was observed during the test

duration:
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STRUCTURAL PROOF LOAD TEST

The test specimen withstood the positive pressure of +4125 Pa maintained for 10
seconds and negative pressure of -7065 Pa maintained for 10 seconds. No
breakage of glass pane, no visible failure of component, no visible permanent
deformation of bracket or failure of other component was observed after the test.

The displacement readings and residual readings were tabulated in Appendix A.4
and A.S of the report.

LATERAL MOVEMENT TEST (SECOND PHASE)

No collapse of specimen, no visible permanent distortion of brackets, no
breakage of glass pane, no failure of other component was observed after the
lateral movement of £ 20 mm for 3 cycles.
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6. WITNESSES:
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GOH AIK WEE SIMON CHIN YUN FEN

ASSISTANT MANAGER DIRECTOR
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APPENDIX A
A.1 AIR INFILTRATION TEST

Test Pressure (Pa) 75 Pa
Air leakage through chamber and curtain wall fixed area, q, (m%hr). 25*
Air leakage through chamber, curtain wall fixed area and windows, q; 25
(m>hr).

Actual air leakage from the operable windows, Q, (m%¥hr). 0
Air infiltration of curtain wall fixed area, Qs,. (M%hr.m?). 0.78
Air infiltration of operable window, Q. (m3hr.m). 0

Total frontal fixed area of the specimen (A) is 31.86 m2
Total opening joint perimeter of the windows is 8.6 m.

Remark **’ : This is the total air leakage from the chamber and curtain wall fixed area.
Air infiltration result calculated (0.78 m*hr.m?) was smaller than the
allowable air leakage limit (1.092 m*hr.m?) of the specimen fixed area.
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A.2 STRUCTURAL PERFORMANCE TEST (POSITIVE PRESSURE
Disp! it_(mm) of curtain wall specimen under positive pressure
Locations Test pressure (Pa
of Time
displacement maintained Residual deformation 2
transducers (secs) 4] 1375 2750 minutes after the test
pressure was removed
1 0 1.69 3.26 0.45
4 0 0.20 0.77 0.36
6 0 0.04 0.09 0.00
7 10 0 0.00 0.00 0.00
8 0 0.00 0.00 -0.04
9 1] -0.05 -0.08 -0.058
10 0 0.09 0.27 0.09
A.3 STRUCTURAL PERFORMANCE TEST (NEGATIVE PRESSURE)
Dispiacement (mm) of curtain wall specimen under negative pressure
Locations Test pressure (Pa)
of Time
displacement maintained Residual deformation 2
transducers (secs) 0 -2355 4710 minutes after the test
pressure was removed
1 0 223 6.25 ‘125
4 0 -0.40 -1.23 -0.41
6 0 -0.09 -0.27 0.00
7 10 1] -0.08 -0.24 -0.05
8 0 -0.10 -0.24 0.00
9 0 -0.05 -0.08 0.00
10 Q -0.18 -0.87 -0.28

See Figure F.6 for the locations of transducers on the specimen.
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A.4 STRUCTURAL PROOF LOAD TEST (POSITIVE PRESSURE)
Displacement (mm) of curtain wall specimen under positive pressure
Locations Test pressure (Pa)
of Time
displacement maintained Residual deformation 2
transducers (secs) 0 2065 4125 minutes after the test
pressure was removed
1 0 263 5.87 1.42
4 0 0.36 1.36 0.64
6 0 0.09 0.18 0.00
7 10 0.00 -0.11 -0.03
8 0.00 -0.10 -0.04
9 -0.03 -0.16 -0.08
10 0.13 0.50 0.18
A.3 STRUCTURAL PERFORMANCE TEST (NEGATIVE PRESSURE)
Displacement (mm) of curtain wall specimen under negative pressure
Locations
of Time Test pressure (Pa)
displacement maintained
transducers (secs) 0 -3535 -5100 -7065
1 0 -4.00 632 -10.18
4 ] -0.67 -1.08 -2.04
6 0 -0.17 -0.35 -0.80
7 10 (4] -0.12 -0.20 -0.37
8 0 -0.20 -0.28 -0.43
9 0 -0.08 -0.08 -0.13
10 0 -0.36 -0.86 -168

See Figure F.6 for the locations of transducers on the specimen.
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F.2 SCHEMATIC DRAWING FOR WATER PENETRATION TEST SET-UP
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F.5 SCHEMATIC DRAWING FOR LATERAL MOVEMENT TEST
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F.6 LOCATIONS OF DISPLACEMENT TRANSDUCERS ON TEST SPECIMEN.
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PHOTO 1. An exterior view of the test specimen.
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PHOTO 4. A partial view of the displacement transducers mounted
on the specimen for structural test.

PHOTO 5. A view of the hydraulic cylinder mounted on the middie I-beam
for the lateral movement test.
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