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Standing-Seam Roofing

by
Myer J. Rosenfield .

The overall objective of this project was to de-
termine the behavior of aluminum standing-seam
roofing over two annual cycles and to evaluate its
capacity for long-term, trouble-free performance.
The roofing system was installed on three warehouses
at the Defense Construction Supply Center (DCSC)
at Columbus, OH. Thermocouples and gage points
were installed to measure surface and substrate
temperatures, expansion, contraction, and lateral
deflection. Measurements were taken at the time of
installation and at 6-month intervals for the next
2 years. Data indicated the roofing system expanded
and contracted without restraint, performing as
expected. Temperature measurements also indicated
that the system reacted to solar radiation and the
ambient temperature as expected. Visual observa-
tions indicated that many important details of
flashings and connections were deficient in design,
fabrication, or both. These should be corrected for
the system to function properly.
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FIELD TEST RESULTS OF
ALUMINUM STANDING-SEAM ROOFING

1 WNTRODUCTION

Background

Most Army facilities use conventional roofing sys-
tems, such as built-up roofing (BUR), that are some-
times expensive and complicated to construct. Such
systems are often comparatively short-lived, resuliting
in high life-cycle roofing costs. The Office of the Chief
of Engineers has tasked USA-CERL with identifying
alternative, easy-to-install roofing systems that can
improve the performance of Army roofing and reduce
its life-cycle costs.

The Defense Logistics Agency (DLA) was preparing
to replace 6-year-old BUR with aluminum standing-
seam roofing on warehouses 4, 5, and 8 at the Defense

i " &
y Blle ©lle Sl Clie = @
] l l
o
r Roossvelt Avenue——\( — Yy \3*— r—

Construction Supply Center (DCSC) at Columbus, OH
(Figure 1). Being aware of the roofing investigation
program, DLA asked USA-CERL and the National
Bureau of Standards (NBS) to review the drawings
and specifications, observe the construction, and
monitor the behavior of the system for 2 years fol-
lowing completion. A report describing and evaluating
the construction was published in 1983.!

Objective

The overall objective of this project is to determine
the behavior of aluminum standing-seam roofing over
two annual cycles and to evaluate its capacity for long-
term, trouble-free performance. This report describes
the instrumentation and discusses the results of the
measurements and visual observations.

" Rosenfield, Myer J., Construction of Aluminum Standing-
Seam Roofing at an Army Facility, Interim Report M-336/
ADA136401 (USA-CERL, November 1983).

X = INSTRUMENTED SECTION
BUILDING 5 SECTION 5

Figure 1. Warehouses at DCSC.
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Approach of Overall Study
The following tasks were established to accomplish
the work:

1. Observe and monitor the construction of the
roofing.

2. Perform the following specific measurements and
observations on the roofing every 6 months for 2 years:

4. Observe condition and performance of the
roofing system at periodic intervals and conduct re-
quired testing. This work would include checking each
component, such as panel, flashing. and ridgecap, for
corrosion, detormation, and movement.

b. Measure deformation and movement of the
roof panels.

¢. Measure temperatures of the metal roofing,
the existing BUR and the building intetior with therm-
ocouples.

d. Analyze and evaluate the results of these ob-
servations and measurements.

NBS has analyzed panel samples to determine the
extent and type of corrosion, using appropriate metal-
lographic techniques such as microphotography and
scanning electron microscopy. The samples are mount-
ed on a special rack on Warehouse 5 (Figure 2). The
appendix provides their report.

Figure 2. NBS test rack of samples for corrosion s,
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Description of the Roofing System

Warehouse 5 at DCSC was selected for instrumenta-
tion. This warehouse is 160 ft* wide by 1541 ft long,
and divided by firewalls into 11 approximately equal
sections, each about 140 ft long. Roofs are construc-
ted with a slope of approximately 5/8 in. per foot
(5 percent). Roofing panels are 1 ft wide. With panels
continuous from the central ridge to the eaves. each
panel is 80 ft long. Thus, there are about 3036 indi-
vidual panels on each warehouse.

Panels are held in place by clips fastened to the
roof. Each clip has bulbs at the top which fit into
the seam and prevent the roof panels from lifting
off while permitting expansion and contraction. Clips
along the center of the panels act as anchors. permit-
ting the panels to expand or contract freely at the
ends.

Mode of Technology Transfer

Information derived from this investigation will be
used as the basis for revisions to Corps of Engineers
Guide Specifications CEGS-07413. Metal Roofing and
Siding, Plain and CEGS-07415. Metral Roofing and
Siding. Factorv-Color-Finished.

*Metric conversion tuctors are provided on p 23,
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2 TEST PROGRAM INSTRUMENTATION

Thermocouple Installation

Six vertical stacks of thermocouples were installed
on Warehouse 5, Bay 5, approximately 37 ft from the
north firewall parapet. Each stack consists of three
thermocouples: one on top of the aluminum roof
panel, one on top of the existing BUR, and one on the
lower surface of the roof deck, inside the warehouse.
On the aluminum panel, the thermocouples were
epoxied to the surface and covered with aluminized
silicone sealant (Figure 3). On the existing BUR, they
were set in and covered with melted asphalt. The in-
terior thermocouples were nailed to the underside of
the roof deck. Two additional thermocouples were also
installed for reference purposes: one nailed to the
building exterior on the west side below the gutter,
approximately 5 ft from the north end of the bay,
and one just below a switchbox on an interior column
40 ft from the north wall and 60 ft from the east wall.
All 20 thermocouple cables were run to a multiposition
switchbox and digital readout where temperature data
could be easily taken. Thermocouple locations are
shown in Figure 4. Thermocouples 1,4, 7,10, 13, and
16 are on the aluminum panel; thermocouples 2. 5, 8,
11, 14, and 17 are on the BUR: and thermocouples
3,6,9, 12,15, and 18 are on the underside of the
deck. Thermocouple 19 is below the switchbox and
20 is on the exterior wall.

Gage Point Installation

Fifteen reference points (S1-S15) were measured
off and marked with a center punch at 5-ft intervals on
the top of a standing seam on both the east und west
sides of the roof approximately 36 tt from the north
end of the bay. starting 5 ft from the eave. These gage
points were used for expansion-contraction measure-
ments along the length of the roof panels and tor
lateral deflection measurements of the standing seam.
Gage point locations are shown in Figure 3 and a
typical gage point in Figure 6.

Instrumentation Measurements

Measurements were tuken and recorded at the time
of the initial installation in July 1982 and at 6-month
intervals for the next 2 years: Junuary 1983, July 1983,
January 1984, and July 1984. Readings from all 20
thermocouples were recorded at t-hour intervals from
before sunrisc to after sunset. for 1 day of each inspec-
tion visit. Local weather conditions were also noted
at the time of each reading.

Expansion-contraction measurements were tyken
with a 100-ft steel tape. Two sets of measurements
were taken on the same day as the hourly temperature
measurements: one in the morning and one in the
afternoon. Readings were taken to the nearest 1. 5-in.

Lateral deflection measurements were taken by
measuring the offset of the gage points from a taut
string stretched between the end points. A 6-in. steel

Figure 3. Typical thermocouple on aluminum panel.
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Figure 6. Typical elongation and deflection measurement point.

Figure 5. Arrangement of elongation and deflection measurement points.
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scale was used for this purpose. Wind gusts induced
vibrations in the 70-ft long string. causing inaccuracies
in the readings. which were taken to the nearest 1/64
in. Before readings were taken, a sign convention was
established whereby all positions of the seam to the
north of the string were considered positive (+) and all
to the south were considered negative (--). Since the
entire seam was bent to the south. the sign convention
is not used in presenting the data in the report.

3 DISCUSSION OF MEASUREMENTS

Temperature Measurements

Recorded temperatures (Tables 1 through 5) indi-
cate that although external temperatures varied by as
much as 80°F during the summer, indoor temperatures.
whether on the underside of the roof deck or on the
column below the switch box. never varied by more
than 5°F during the summer and 3°F during the
winter. To illustrate the differences between these
extremes, data from one thermocouple stack were
plotted for cach inspection visit (Figures 7 through
I1).

The data show that although the surface tempera-
ture of the aluminum panels (T1 curves) dropped
below the ambient temperature (T20 curves) during
the night. it rose higher on winter days, and much
higher on summer days. The wide range in hourly
readings indicates that the aluminum roofing is not
capable of storing heat. but absorbs and radiates 1t
rcadily. The BUR beneath it, on the other hand,
can retain its heat fonger. The BUR temperatures
(T2 curves) were higher than the aluminum temper-
atures during the night, lower on winter days and
much lower during the heat of summer days. In all
cases. there was a 4- or S-hour lag between maxunum
aluminum  temperature and  maximum BUR  temp-
erature. Also, the aluminum temperature was mote
responsive to the solar radiation than to the ambirent
temperature (120 curves), peaking i most instances at
about 1330 hours Fastern Davlight Tine (ED 1) when
the sun is closest to its maximum hegght. The fag
reaching maximum  aluminum  temperature on 17
July 1984 is probably due to the clouds which were
continually passing overhead: it was completels over-
cast by 1600 hours.

The warchouse was not cooled during the summer
nor heated during the two winter heating seasons when
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the testing was conducted. The intericr temperature
was maintained by solar radiation alone, at a level to
prevent freezing or frosting of the contents. The
temperature at the underside of the roof deck (T3
curves) differed only slightly from the interior temp-
erature measured at the column by thermocouple T19.
(T19 values can be read in Tables | through 5.)

The slight changes in indoor temperatures, especial-
ly during the summer. indicate that even though the
aluminum roof itself can reach a high temperature, this
heat is not transmitted into the building, but is reflec-
ted back into the atmosphere.

Expansion Measurements

As previously stated. expansion-contraction meas-
urements were taken with a steel tape and read to the
nearest 1 8 in. These measurements were converted to
decimals of a foot (Table 6) as an aid in performing
calculations. To determine true changes in fength from
summer to winter conditions when using a steel tape
to measure lengths of aluminum, the ditferences in
coefticients ot thermal expansion must be considered.
Aluminum will change twice as much as steel, Jengths
and temperature changes being equal. The tape manu-
facturer stated that the tape was fabricated from
AISE 1095 steel. and was calibrated at 68°F. For
higher temperatures, it is necessary to add the caleula-
ted expansion of the steel to the measured expansion
of the aluminum to obtain the true expansion of the
aluminum. For lower temperatures, it is necessary to
add the caleulated contraction of the steel o the
measured contraction ot the aluminum to obtam the
true contraction of the aluminum. Theoretically . the
sum of the exnansion and contraction should equal the
total change in length between summer and winter

This reasoning can be used to check the measute-
ments recorded at the site.

Let Ly = Tape reading at 0915 on 4 Jan 83 be-
tween gage points STand 813 = 00 9sN3

Las = Tape seadimg at 1415 on 12 July 83 hetween
wige pointy ST and STS = 70 0000

The equanion tor the atummun panel i

Al =l r Gy v Al Hqt]

where AL Caleulated change i length of alunu-

num panel

Ly & Nonmunal distance between page points
SEand ST3=70 1
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Table 1

Hourly Temperatures, 16 July 1982

T

Time
Thermocouple 6 9 10 11 12 13 14 15 16 17 28
Tl 67 M2 96 105 110 116 117 117 117 116 109 80
T2 72 13 6 79 82 84 87 89 89 91 9l 8s
T3 515 5 75 75 16 16 16 11 17 18 o
T4 61 7 97 105 113 118 121 120 118 118 110 50
T5 73 7 7% 19 82 85 88 89 90 92 92 8s
T6 74 7 75 15 15 s 76 6 11 7 77 6
T7 67 12 99 107 114 119 122 121 19 119 110 -9
T8 7713 76 19 82 T8 91 92 93 94 6
T9 575 5 14 1S 15 76 16 16 717 18 e
TIO 66 69 87 99 112 116 120 119 117 121 112 80
Tl 64 65 78 8 94 96 95 95 94 93 93 8%
T2 7475 4 15 1S 16 11 17 11 17 18 -7
T13 65 69 88 101 111 114 119 119 117 121 111 81
T4 62 63 80 99 95 95 96 96 96 96 96 87
Tis 4 7S 74 4 75 76 16 16 71 17 718 -~
Ti6 65 69 87 98 112 114 120 119 116 121 112 81
T17 62 64 8 101 94 94 94 94 93 94 93 56
Ti8 4 14 74 15 16 76 11 77 71 11 18 -8
T19 75 76 15 15 1515 16 16 16 16 %
T20 “ B 77 80 84 87 92 93 98 101 97 86
Table 2
Hourly Temperatures, 4 January 1983
Time
Thermocouple 9 10 11 12 13 14 15
Tl N9 37 48 sS4 S5 58 52
12 2728 3335 37 40 42 4
T3 746 48 47 47 41 47 48
T4 21 28 38 49 S3 &6 57 S2
TS 2729 34 36 38 40 434S
T6 4 47 48 47 47 47 7 48
T? 200 28 39 49 s3 56  s6 S
T8 % 29 3335 37 39 42 43
T9 47 48 7 47 47 47 48 48
T10 A8 36 47 s2 0 s6 S9 5S
Tl 27028 32 34 37 39 42 4
T12 4 47 48 47 47 47 48 48
T13 228 37 47 §2 55 SR sS
Tia 708 32 34 3T 40 42 ad
Tis 4747 48 47 4T 4T 4~ 48
Tls 23 29 37 47 52 N 5" S5
T B30 34 36 39 41 44 16
Ti8 :
T19
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Table 3
Hourly Temperatures, 12 July 1983

Thermocouple 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2t

Tl 67 72 86 107 125 133 135 144 147 144 139 136 124 110 97 89
T "3 17T 82 87 91 97 102 104 105 106 106 104 102 97 ; ‘
T3 AT PR X1 T4 14 7 716 71 77 18 18 19 9 19 7 FEiarsa
‘\'1 ""- J‘l'.% )
T4 67 T2 87 w8 126 133 136 142 145 143 139 134 123 108 788 PR O
TS 3o 8 83 89 93 98 102 105 105 106 105 103 101 96 TRV ]
T6 447 4 14 4 15 16 11 717 11 18 8 7 w9 19 PR
B
T7 67 72 87 107 125 131 134 137 141 140 136 131 122 107 96 88 _.")-:‘.-z,-\,
T8 EE T R 77 82 87 92 97 100 103 104 104 104 {02 100 96 KA Ay,
T9 47 74 4 4 415 15 16 17 ? 77 8 8 TR 78
TI0 67 71 8 102 120 128 134 136 141 141 137 135 126 111 98 88
Tl 73 012073 6 81 86 91 96 100 103 104 10S 105 103 101 97
TI2 40 4 44 741518 16 16 717 T8 8 18 8
T13 68 °) 85 102 120 127 134 131 136 136 134 134 125 110 98 89
T4 73073 4 T 83 88 92 98 102 105 106 107 107 105 102 98
T1S T4 74 74 T4 7 74 75 75 76 17 77 78 78 9 "¢ "9
T16 68 71 86  1u3 122 138 134 128 135 132 134 133 124 109 97 K "
TI7 hE TS B T 82 8T 92 %6 100 102 103 103 103 101 99 ys >4
T18 ) 3 4 T4 ) 74 75 78 16 77 78 78 79 79 LIV 1) ™"
» . .. . R . I f\_ o d
T19 75 s 5 75 i 15 16 16 16 16 71 "7 Po AN '1"\«
T20 <3 e s TO82 86 90 91 93 93 96 98 96 94 93 30 A
- = - AL

ay
v
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Hourly Temperatures, 4 January 1984 -
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» N

<+

Time [OAEAES

PR AN A

Thermocouple 6 7 8 9 10 11 12 13 14 15 16 17 18 PSS )

ROADAAS

Y u.'\-.'

T 37036 39 44 45 46 48 43 43 42 B )T Ot Ty

T 3937 38 38 40 40 41 42 41 43 4l 4w LA CR

13 43 41 42 41 43 4 4 &2 a9 e AT

P’\’L}LfL

T4 37035 39 44 45 45 48 43 43 42 38 3"

TS 39 7038 38 40 40 41 42 4 &2 4 W ""Q'-'—f

T6 43041 42 4t 43 a1l 41 42 4 3 R ettt
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T8 39037 38 38 40 40 41 41 41 4 41 4o SN
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Table 5
Hourly Temperatures, 17 July 1984

Thermocouple

o e

PR

Lol e

Tl
T2
T3

T4
TS
T6

T7
T8
T9

Tio
Til
T12

T13
Ti4

T1s.

Ti6
T17
Ti8

T19

T20

74

63

107

73

1u8

74

107

74

99

76

100
61
76

102
T
76
74

70

124
80

77

123
82
77

124
82

7

75

78

85 88
77 77
127 128 135
86 90
77 78

17 77
75 75
79 82

134

133

123
101

122

T

76

88

91
y3
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Figure 7. Temperature data, 16 July 1982,

19 20 21

WEATHER ' SUNNY/SLIGHT HAZE

A

kY
ALY
P A

TN NI
)

~
-

—
w i

Nl

[\
LS =

il
[}
)
&

AT

| 4 L
AR

e ptt LSS

.
- I

o Ny

N

R

K

A R
.
B
RS \;,‘1
< NN
) -
S ok
LSS -4
:\"_\ S g
Y00
DDA
AN AV
O
:. "\::‘\~ :"
NN
‘R .‘\_.".l\.-
R S
T
aNY
AN




(T '

. ; - P AN
pallsy PR A RAAS
Bt NONY A PN P

YH%Y o g

~ 4N ’,
I~ ~ “
w &
15 I X
. N ~ M ..
K = K
- 1% 1 z ',
. o e I o
f, 1= 1= N. A
» > ‘s
12 2 {i® 2 oA
L, s W Py
*7 v .*7 @ ....
« T 2
2 w .
g ¢ x : 4 3 fx
- o) -~ . o h
- a X <« ™ K
Jo w ® W 0 ‘
7 H — . =3 .
. 4 m 4® ...
N = 2 ..-
o = - E o
. —_ .
[ FPEEES
o x ¥ v &
T = E
- = -1 5
- w T - R
=3 2 2 o m e -
e £ 5 € = 3
= =
1° 3 * S
m. oo
#a g © £
o b
= [
47 . ~ . N
o0 [- ) .l.
4o m 40 m ...
LS
i .20 {o 8o A
3 Fi .
qe 1 g
S
- - :
N #Z 4~
2 N
- - '
.
ko - A i 't A i i I SN -y A A . o] e, e | S— o A A . A A A A A e, ke 0 .
Q 0 0o ©© o o @ 0o o o 0o o ©o o o © ©o © o © o © © © © o © o o o ..._
3 m N T 0 o ©o & 0o o e m & = ¢ 2T m N = O 6 ©@ M v o ¢ m & T -
d ....L
< do - JHYNLVYHIINIL do - 3UNLVYIINIL Ny
K
b ;
o d

A C L. >y Y ..n..), ... ..\J.J.-)

Y YS JON

AAIIIFY  AIRDITY, BN, oY . A Y S Y ]



. . . N e - .

R 0 ) ) - DR & - . 4
. -.. [N ..v ; na g ) \.\ .~ ..x.-\,.\.nm LA ...s. ..H.,H..ﬂl“ .. ﬁ
-y A R A Y S X L
LT, LSS,

ALK A
. ...-........f'..r...zr-.frx
“ %o .n\.--.\s.\- ‘V.. ....-.»np. =

mﬁ.ﬁfw A&I‘-

\.ﬁn.
NYSND

_ 5
i
~
Y 4 S
'y ~ N o
-
> -
' 18 o 18 ¢
3 >
)
o 3 J
1 3 ¥ 3
g {e lo o
> ey N
. o " !
192 3 3 ie =
v 2 .
| S 4 S
| © > 4~ a
4 © 3 =
g £ 5 le &
{Je x < By ® x <
. - % " 3
‘ \
u {1 © 40 W qe “ <
& S -
y Lan)
_ 4 3 {e =
. ! 4 3 E]
§
“ \ 4o _ {7 =~
I o :
; o % - 4 @ =
2 1< < X ]
I ..|a. ] el
« 4= —“._ = 3 17 w g ~
‘é s It 2 3 = —
o - = (=} {jo = =
) ¢ £ 2 1 = s
[4 m S nﬂuv.
. 4o W > 4o £
) £ g g
‘ | - 5 x e =
[ 4 = a .
J —
. LA 1™~ = - -
. - — @
‘ 4o o 1° s
‘ m Bo
I3 “n - <40 [T
<3
Y 4 “e
¢
<m “4m
P
v BY.Y e
4
: J- 4
ra d, S Y . - A . A L - A - A, L o I — I ——Y e A A A A 'l A - - A A Fe L oo
o © o o @ o o o © © © © 0o © 0o © © o o o o o o©o
- M m 2 m S &R 3 23 ¢ 3 8 ¢ © ¢ m & = 66 0o & F © v e ™ «
-3¥NLVY¥3dN3L ~3¥NLVYEIINIL




Ao "B e "aA YA Nl S

Al A

e
RN
RN
-0f _.
L)
NN
O
N
U
GAN Y
.-:.-:.r,}-“
Table 6 IS
Expansion and Contraction Measurements ® .
AR
Surface AT
Temp East Side West Side ,-::,,:',_ &
Date Time °F Weather  S1-S8 $8-S15 §1-S15  S16-523  §23-S30  S16-§30 jf_x_:.'\j:-‘j
e
16 July 82 0815 84 Haze 34.9792 34.9792 69.9688 "‘ " =
1130 113 Sunny 34.9792 34.9896 69.9896 35.0000 35.0000 69.9896 AW
1430 118 Sunny 34,9792 34.9896 69.9792 34.9896 35.0000 70.0000 t.-'_‘.-‘ o
e’ AP A
4 Jan 83 0915 31 Sunny 34.9792 34.9792 69.9583 349896 349896 69.9792 .:J.:-'::-'.:-’
1500 52 Sunny 349792 34.9792 69.9583 34,9792 349792 69.9792 '.:-.";\:\ 4
"-.". ~ %
12 July 83 0930 116 Haze 34.9896 349167 69.9583 35.0156 35.0417 70.0417 hd .'-':‘-‘:\_,
1415 145 Sunny 35.0000 349792 70.0000 35.0521 35.0313 70.0417 r Y .
", 4 Jan 84 0930 41 PL.Cldy 349792 34.9792 69.9583 349792 349792  69.9583 PSS
%4 1415 43 Cloudy 349792 349792 69.9583 349896 349896  69.9792 A
N MO,
‘-: 17 July 84 0920 112 pt. Cldy 349792 34.9896 69.9792 349896 35.0104 69.9792 PRCRCRS
":. 1400 143 Pt. Cldy 349896 35.0000 70.0000 35.0000 35.0000 70.0104 ‘\'
5
2
i:- C5 = Coefficient of thermal expansion of = 0.0519 ft.
. aluminum = 0.0000129
N The thecretical measured change in length from
r AT = 145 — 31 = 114F°, assuming tape and winter to summer will then be 0.1029 — 0.0519 =
. panel are at the same temperature. 0.0510 ft.
~
e The equation for the steel tape is: The actual measured change in length was L4 —
ey L;,, or 70.0000 —~ 69.9583 = 0.0417 ft.
’ The difference between the theoretical and actual
.r\. where ALg = calculated change in length of steel changes is 0.0510 — 0.0417 = 0.0093 ft or 0.1116 in.,
5 tape which is less than 1/8 in., the experimental error of
N reading the tape.
S Ly = 70ft
Besides verifying the tape reading, this calculation o
Cg = coefficient of thermal expansion of also indicates that the roofing system expands and "
) steel = 0.0000065 contracts freely, thus performing as expected. NS
::;. :'.{‘ -:::'.::-.‘
o AT = 114 It is now only necessary to determine the force ,'\_-:,-: .{:
= required to stretch the tape 1/8 in. ORI
"_: Using values from Table 6 and the above, the cal- ) ] ) E{': 't-.:\‘
culations are as follows: The equation for calculating this force can be ex- o
o pressed as: Gr s
. - AN
(* ALA = LN X CA X AT .’\...-).-._..
D SAE g
o) P =——-L [Eq 3] > ._,\..:.( e
o = 70X 0.0000129 X 114 O
i SE
Y = 0.1029 ft where P = the force @
.
RS Ny
" ALg = Lg X Cg X AT 8 = the amount of stretch = 1/8 in. T
RN SANKY
. AOACNOA
-, . ) Ot
L. = 70X 0.0000065 X 114 A = the cross section area of the tape ORGSR
b ROASRY
N LSERERE &
d 18 8@«
< A
> NN
~> S
W Al
-:‘_ N
YN S N AN AT ST o L S L s e N S T
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L = the nominal length = 70 ft (converted to
inches)
E = the modulus of elasticity = 30 X 10 psi.

The tape dimensions are 0.375 in. wide X 0.008 in.
thick.

Substituting the proper values,

0.125 X 0.375 X 0.008 X 30 X 10°
70 X 12

133 1b.

It is very doubtful that a force of this magnitude
would be used in holding the tape to take the measure-
ments.

Lateral Deflection Measurements

The lateral deflection of one of the east side stand-
ing seams was measured to check for buckling resulting
from binding at any of the clips. The expansion calcu-
lations have shown that the aluminum roofing panels
tend to expand and contract freely. so buckling should
not occur, This is borne out by examining the data and
studying the curves piotted from them. The curves, of
course, are drawn as averages through the data points.
From the similarity of their shapes. it can be deduced
that the caster (horizontal curvature) was built into the
seam during construction and was retained for the
entire 2 years. As with the expansion measurements,
this also indicates that the system expands and con-
tracts without restraint. The data are in Tables 7
through 11 and the curves are in Figures 12 through
16.

DISCUSSION OF
VISUAL OBSERVATIONS

Although the roofing appeared to be in very good
condition and was performing well. close exammation
revealed several places where more care should have
been exercised in design, fubrication, and nstallaton,
Those places are as follows.

Ridge Caps

Of all the components of the alunimum rooting
system, the ridge cap is the least supported. Only the
flanges are fastened to the roofing panels. The rased
portion relies on tts own stiffness. [ this should be

19

inadvertently stepped on, which probably caused the
damage shown in Figure 17, it may not be possible to
straighten the cap without first removing it. It is un-
likely that the damage was caused by expansion. An
expansion joint is visible in Figure 17 and its design is
such that it should act as a slip joint between sections.

Figure 18 shows a damaged expansion joint in the
ridge cap. It also shows that the expansion joint was
fabricated similar to the manufacturer’s design, as
detailed in Figure 19, but was not installed properly.
A buckled flange was noted at one location on the
ridge cap (Figure 20). This may have occurred during
original installation rather than as a result of expansion.
However, the exact cause is not known. The effect is
not serious since there is already a space between the
top of the panel closure and the ridge cap. which is
not gasketed.

Counterflashing at Firewalls

The most serious damage to roofing compornents
has been associated with the counterflashing. Alumi-
num has a high coefficient of thermal expansion to
begin with, and if this is not taken into account when
the system is designed and installed. the results can be
disastrous. Such has happened to this system. The
counterflashing was made in 10-ft long sections. step-
ped and tapered to follow the roof slope. as shown in
Figure 21. These sections were installed so the end of
the outer section was slit to interlock with the end of
the inner section, as shown in Figure 22. This was
done to make it more difficult for the wind to lift the
section of counterflashing, The actual effect of this
interlocking was to restrain the sections trom cxpand-
ing freely, causing the counterflashing to separate from
the wall and the sealant to split (Figure 23).

Ridge Vents

[t was previously reperted” that the ndge cap and
nidge ventilator tlashing dimensions were not coording:
ted when they were fabncated. sooa large amount of
scalant was needed to waterproof the connections. The
effect of this error has become apparent bigure 24
shows a condition typical of all these connections The
sealant has completely split, openmyg the pomt between
the two metal ~omponents and allowme wimd and
water to enter.

Figure 25 shows the effect of expansion o the
flange of one of the ventlatar Mashungs Note rhat
both flanges are fastened 1o the panel closure

PRosentield, Intenim Repeat M 336

v
“\'. -

\"l
200

-

N

'
-

N




- 8 SRR e & = & = & WINTR S, . e e o e owm

Table 7

Deviation of Standing Seam from a Straight Line,
16 July 1982
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Table 8

Deviation of Standing Seam from a Straight Line,
4 January 1983

Time 0815 1150 1410 Time 0915 1500
Temperature 78 90 95 Temperature 23 44
Weather Haze Sunny Sunny Weather Sunny Sunny
East Side East Side
S1 0 0 0 S1 0 0
S2 13/64 17/64 10/32 S2 1/4 7/32
S3 23/64 13/32 29/64 S3 7/16 5/16
S4 13/32 15/32 15/32 S4 1/2 3/8
S5 13/32 31/64 15/32 S5 1/2 13/32
S6 13/32 1/2 15/32 S6 1/2 7/16
S7 7/16 33/64 1/2 S7 17/32 1/2
S8 27/64 17/32 17/32 S8 1/2 15/32
S9 25/64 17/32 33/64 S9 7/16 7/16
S10 7/16 35/64 9/32 S10 15/32 15/32
S11 7/16 9/16 31/64 S11 13/32 15/32
S12 3/8 17/32 15/32 S12 /16 11/32
S13 5/16 25/64 25/64 S13 7/32 5/16
S14 1/4 11/32 13/32 S14 3/32 7/32
S15 0 0 0 S1§ 0 0
West Side West Side
S16 0 0 S16 (] 0
S17 3/8 3/8 S17 5/16 3/16
Si8 7/16 7/16 S18 13/32 1/4
S19 7/16 13/32 S19 13/32 5/16
S20 7/16 3/8 520 3/8 5/16
S21 15/32 15/32 S21 1/2 13/32
S22 1/2 29/64 S22 9/16 15/32
S23 5/8 23/32 S23 19/32 1/2
S24 9/16 11/16 S24 7/16 3/8
S25 25/32 7/8 S25 11/16 19/32
S26 23/32 23/32 S26 9/16 7/16
S27 61/64 59/64 S27 21/32 19/32
528 17/32 9/16 S28 5/16 3/16
S$29 7/16 1/2 S29 1/4 1/8
S30 0 0 S30 0 Q

As the photograph shows, the flange of the flashing
is fastened to the panel closures at the ends of the
panels. Since the 80-ft panels are anchored at the
center, the expansion from 40 ft pushes toward the
ventilator. At the same time. the ventilator flashing
tends to expand opposite to the movement of the
panel. The buckled flange is the result of the two
opposing movements.

Another effect of this expansion can be seen in
Figure 26. In this case, only one flange was fastened
to the panel closure, and the flange joint broke open
instead of buckling.

Plumbing Stack Flashings

The plumbing stacks were flashed according to
the manufacturer’s details. Due to the original build-
ing construction, the stacks could not be centered on
a single panel of the roofing system (Figures 27 and
28). Figure 27 shows that one stack could be centered
within a panel, so that the panel seams could be left
undisturbed, while the other stack was sufficiently
off-center that the seam had to be cut to clear the
counterflashing. Figure 28 shows that one seam had to
be cut twice with one stack centered on the scam.
(A close-up of this condition is shown in Figure 29.)
Note the heavy application of sealant around the
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Table 9 Table 10
Deviation of Standing Seam from a Straight Line, Deviation of Standing Seam from a Straight Line,
12 July 1983 4 January 1984
Time 0930 1430 1530 Time 0930 1415
Temperature 81 100 100 Temperature 32 38
Weather Haze Sunny Pt. Cidy Weather Pt. Cldy Cloudy
East Side East Side
S1 0 0 Sl 0 0
S2 15/64 11/32 S2 1/4 1/4
S3 13/32 31/64 S3 7/16 7/16
sS4 7/16 1/2 S4 15/32 15/32
S5 27/64 25/64 S5 3/8 3/8
S6 29/64 7/16 S6 7/16 7/16
S7 33/64 15/32 S7 9/16 17/32
S8 31/64 1/2 S8 7/16 7/16
S9 15/32 15/32 S9 3/8 13/32
S10 15/32 17/32 Si0 13/32 11/32
S11 33/64 29/64 S11 13/32 3/8
S12 13/32 25/64 S12 1/4 7/32
Si13 25/64 13/32 S13 3/16 3/16
S14 1/4 13/64 S14 1/16 1/16
S15§ 0 0 S15 0 0
West Side West Side
S16 0 0 Si6 0 0
S17 3/8 3/8 817 3/16 7/32
S18 25/64 25/64 S18 13/32 11/32
S19 29/64 15/32 S19 5/16 13/32
S20 15/32 29/64 S20 7/16 7/16
S21 17/32 1/2 s21 11/32 1/2
S22 33/64 33/64 S22 1/2 1/2
S23 11/16 5/8 $23 19/32 21/32
S24 33/64 17/32 S24 7/16 9/16
8§25 47/64 3/4 Sus 11/16 19/32
S26 21/32 5/8 $26 19/32 5/8
S27 51/64 47/64 S27 23/32 23/32
S28 29/64 7/16 S28 11/32 13/32
$29 13/32 13/32 S29 5/16 5/16
$30 0 0 S30 0 0

base. Not visible in the photograph are the rubber
plugs that the manufacturer suggests be inserted into
the open ends of the seams. Those plugs tend to dry
and shrink as they age, thus losing their effectiveness
as seals. The contractor did not initially install rubber
plugs, but sealed many openings with nonhardening
sealant. The plugs were installed some time after
construction.

Lightning Rod Installation

The original lightning protection system was left
on the buildings when the aluminum roofing was
installed. No provision for this could be found in the
specifications and no details were on the drawings.

The result was that holes were cut into the ridge caps
to allow for the rods. and sealant was applied to close
them (Figure 30). As the sealant aged and the ridge
cap moved back and forth from expansion and contrac-
tion. the sealant lost its function and left the hole
open (Figure 31). Lightning rods were also mounted
to the ridge ventilators (Figure 32). All cables are
stranded copper. as are the lightning rods themselves.
and the fittings are copper or bronze. The cables lie
beneath the aluminum roofing on the old BUR surface.
The metal roofing system is not grounded.

Locking Panels to Anchor Clips
The manufacturer recommends anchoring the
panels at the center of their run, so that expansion
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i Deviation of Standing Seam from a Straight Line, RECOMMENDATIONS S

N 17 July 1984 L -
. " ®, * .‘.h ", .
. Time 0930 1415 Conclusions ::::._i:\::
> Temperature 74 95 Aluminum standing-seam roofing is capable of N
hel Weather Pt. Cldy Pt. Cldy long-term, trouble-free performance, provided the *'{i‘:-r'\'\
Y design, fabrication and/or installation deficiencies are h‘ LAY,

East Side corrected. Methods to correct the deficiencies are :
J:" :; 5?3 3 1(/)8 listed below. :'.'
N $3 11/32 5/16 RS
" S4 3/8 11/32 The temperature measurements indicated the roof- o
» 85 38 38 ing system performed as desired. Although the alumi- o
'" gg I%ié l;ﬁé num readily absorbed radiant energy, the resulting heat .
i S8 7116 7116 was not transmitted into the building.
. 9 13/32 7/16
:-; S10 13/32 15/32 The expansion and contraction measurements
N st /16 172 indicated the system behaved as predicted, within
:_\ g:i g;‘;’; lgﬁg the experimental error of reading the tape. There is
L S14 1/8 316 no impediment to free movement of the panels.
S15 0 0
. The visual examination revealed that many im-
WesStIS6|de 0 0 portant details were deficient in design, fabrication,
S17 3/16 9/32 or installation.
Si8 5/16 3/8
$19 11/32 38 Recommendations
S20 11/32 7/16 .
s21 15/32 12 Ridge Caps PO
522 1/2 17/32 The ridge caps will be the easiest components of BCSANA GRS
$23 17/32 9/16 the roofing system to remove, repair, and replace. At RN
24 13/32 15/32 the firewall ends. the ridge caps should be anchored BASARATEN
525 19/32 23/32 to the walls by aluminum or stainless steel clip angles. RO
gzg 1;?32 1?;?6 The counterflashing could then in.corporate.a flange N CRONENY
o $28 $/16 3/8 to cover the cap. Fasteners holding the ridge cap
,»I: $29 1/4 5/16 flanges to the panel closures should be removed and
-, $30 0 0 the holes sealed with closures similar to tinker's dams.
‘.;" Clip angles should be attached to the panel closures,
\-C"" and the ridge cap fastendd to these clips through
o slotted holes. This recommendation is illustrated in
Figure 34. Ridge cap expansion joints should be
o and contraction can occur freely at the ridge and eave checked to determine if they are free to slide. and
:.: ends. A special type of clip is provided for this pur- comp]y with the manufacturer’s recommendation
" pose, and the panel seam is locked to th - clip by means (Figure 19).
i:- of a button punch. If the workman did not provide a
means of accurately locating the anchor clip, many Counterflashing at Firewalls
% buttons had to be punched into a seam before the Counterflashing should be removed and redesigned
:: panel was anchored. As can be seen in Figure 33, the before being replaced. To reduce expansion. the
& condition existed in several seams along the row of counterflashing should be made of two pieces of
t; anchor clips. stainless steel. A hook strip should be inserted into the
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v
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reglet and sealed into place. The counterflashing should
then be hung from this hook strip, fastened at the
center to keep it in place, with the lower edge support-
ed by the existing hooks (Figure 35). Ends of the
counterflashings should not be interlocked as they
now are.

Ridge Vents

A new cover should be fabricated to fit over the
connections between the ridge cap and the ventilator
flashings. This cover would divert any water from
entering the split joints. The flanges of the ventilator
flashings should be attached to the panel closures with
clip angles, similar to those recommended for the ridge
cap. This design will help prevent buckling.

Plumbing Stack Flashings

Redesign of the plumbing stack flashing is not
necessary. All that is required is to inspect all the
opening seals, remove them if they are dried and
shrunken, and replace with a new rubbery mastic.

. .

Y

Lightning Rods

A flanged sleeve made from aluminum tubing
should be fastened to the ridge cap around the light-
ning rod. An umbrella-type counterflashing of copper
or a copper-bearing alloy should then be fastened to
the rod to cover the sleeve. Alternatively, a prefab-
ricated rubber boot could be installed. In addition, the
whole roofing system should be grounded.

Metric Conversion Factors

lin. = 254 mm
1ft = 0.305m
1sqft = 0.093 m?
°C = 5/9(°F-32)
1psi = 6.89 kPa
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Figure 12. Deviation of standing seam from a straight line, 16 July 1982,
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Figure 15. Deviation of standing seam from a straight line, 4 January 1984.
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Deviation of standing seam from a straight line, 17 July 1984,
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Figure 17. Damage to ridge cap (July 1983).

Figure 18. Damage at ridge cap expansion joint (July 1984).
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Figure 19. Manufacturer’s design of ridge cap expansion joint.
Figure 20. Buckled flange of ridge cap (July 1984).
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Figure 21. Firewall counterflashing (July 1982).

Figure 22, Interloched ends of countertlashnmge (July 1982).
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Figure 23. Separation of countertlashing from wall (July 1984).

Figure 24. Connection ol vidge cap to ventldator lashing (Jannary 1984,
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Figure 25. Buckled flange of ventilator flashing (July 1983).

Figure 26. Broken tlange joint of ventilator tlashin
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Figure 29. Close-up of plumbing stack flashing (July 1984).
Figure 30. Lightning rod mstallation (January 1984y,
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Figure 31. Open hole around lightning rod (July 1983).

Figure 32. Lightning rod on ventilator (January 1984).
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Figure 33. Multiple button punches along a row of clips (July 1984).

3" min. for
pan end, 10

Vertical height should be 5 times

roof movement.
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desirable for
Zipper Tool

" .
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movement
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Figure 34. Recommended attachment of ridge cap to pancl closure.
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ABSTRACT

An investigation was conducted to determine the extent of corrosion of an
aluminum standing-seam roofing system exposed to weathering over a period of
nearly three years. The aluminum roofing was installed on three large ware-—
houses at an Army facility in Columbus, Ohio. A high performance elastomeric .
sealant was used in forming the standing seams of the roofing system. The
roof slope, about 5 percent, was less than that usually recommended for
unsoldered standing-seam roofing. The roofs were located in a region having a
high level of acid rain.

In this preliminary study, small scale samples of the same material as the
aluminum roofing were exposed on a rack mounted on the roof of one of the
warehouses. The extent of corrosion of the roofing system was determined from
measurements of mass and observations of the exposed small scale aluminum
roofing samples. The change in mass of the exposed samples was compared to
that of the control samples. The average rate of mass loss was calculated to
be 0.038 mg/dm2°day. Low power microscopic observations to determine :
the surface condition of the exposed samples after nearly three years exposure Tell
indicated a loss of gloss, an increase in surface roughness, and many small
dark spots. At the dark spots, which were thought to be incipient corrosion, RS
there was essentially no pitting. K
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" 1. INTRODUCT ION

. 1.1 Background

4

or In July 1981, the Defense Logistics Agency (DLA) requested that the National

Bureau of Standards (NBS) and the U.S. Army Construction Engineering Research
Laboratory (CERL) provide technical assistance for a project involving the
installation of aluminum standing-seam roofing on three large warehouses at the
Defense Construction Supply Center (DCSC) in Columbus, Ohio. Both NBS and CERL
. were given copies of the plans and specifications for review. At a precon-

. struction conference held at DCSC in October 1981, comments from both agencies
and details regarding the aluminum roofing systems were discussed.

Ly

Aluminum standing-seam roofing was specified to replace built-up bituminous
roofing on the three warehouses which were each about 160 ft (48.8 m) wide and
1541 ft (470 m) long. Firewalls divided the roof into approximately 11 equal
sections, each about 138 ft (42 m) long. The centrally located ridge of the
roof extended the length of the building. The roof slope from ridge to eaves
was about 5/8 in. per foot (50 mm/m). The aluminum panels used in the roofing
system were 1 ft (305 mm) wide, 0.032 in (0.8]1 mm) thick, and 80 ft (24 m)
long. They were rolled-formed with a 2-1/2 in. (64 mm) high rib on each side
and two low profile equally spaced intermediate ribs. A strip type sealant was
used in forming the standing seam which joined two panels together. The purpose
of the sealant was to make the seam watertight. Construction of the aluminum
standing-seam roofing at DCSC is described in CERL interim report M-336 [1]%*.

AR ..' PN

a2
e e,

One concern with the aluminum roofing system was the relatively low slope of
the roof. The Department of Defense Manual on Maintenance and Repair of Roofs
states that unsoldered standing-seam roofing should be used with slopes of
3 in. per foot (250 mm/m) or geater [2]. In addition, the standing-seam method
. for metal (unsoldered seams) roofing illustrated in the Architectural Sheet
Metal Manual [3] is recommended for roofs having a slope of 3 in. per foot
(250 mm/m) or greater. It is noted that the manufacturer of the aluminum
' roofing system recommended a minimum slope of 1/2 in. per foot (40 mm/m).
Because of the relatively low slope of the aluminum roofs and also because
Columbus, Ohio is located in an area having a high level of acid rain, DLA
requested that NBS conduct a preliminary assessment of the performance of the
aluminum roofing with regard to corrosion.

In carrying out the DLA aluminum roofing project, CERL had the overall
responsibility to determine the behavior of the aluminum standing-seam roofing
system over two annual cycles and to evaluate its capacity for long-term,
trouble-free performance. The CERL report (1] documents the construction and
instrumentation of the roof system for one of the three DCSC warehouses on
which it was installed. Specific tasks assigned to CERL were to observe and
monitor the construction of the roofing on the warehouses, to observe condition
and performance of the roofing at periodic intervals, to measure deformation

RN

G W%

* Numbers in brackets indicate references listed in Section 5.
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and movement of roof panels at appropriate locations, to measure temperatures
of the metal and existing bullt-up roofing, and analyze and evaluate the results

AN LY

of the observations and measurements. The results of the analysis and ,u\-,;_a?_.-,,.

1 evaluation will be documented by CERL in a final report. LN -\i.
AR R

. Ao
1.2 OBJECTIVE AND SCOPE O

T T 0 By

BERd X R

: The objective of this study was to conduct a preliminary assessment of the ",\’\:-.;\:«'
! corrosion of the aluminum roofing system over a three year period using samples .-::".Q::.-:
; of the same roofing material that were exposed on a rack mounted on the roof of :.;'_,"'-."}
. one of the warehouses. The change in mass of the exposed samples was measured L AT
o and low power microscopic observations were conducted to determine the surface . -
condition and extent of corrosion. - ° '{
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2. OUTDOOR EXPOSURE OF ALUMINUM ROOFING SAMPLES

2.1 DESCRIPTION AND PROPERTIES OF SAMPLES

Fourteen pieces, each about 16 in. (40 cm) long, of the 1 ft (30 cm) wide
aluminum roofing panels were obtained and used to prepare samples for the
exposure tests. These 16 in. (40 cm) long pieces were cut from the 80 ft

(24 m) long panels at ventilator locations on the roof. Four samples for KT

exposure tests were prepared from each of the 16 in. (40 cm) length of panel. \j-.:a:'-.i\

The exposure samples were approximately 4 x 6 in. (10 x 15 cm) and had a low APRTANENTD

profile rib in the center that extended the length of the sample. Figures 1 DS

o~ and 2 show the sample configuration; figure 2 also shows a large area of the :’-:’Q "t
N aluminum roofing system. VAR
.e____J

The aluminum panels has a nominal thickness of 0.032 in. (0.81 mm) and a Bodated-

N textured finish described by the manufacturer as "stucco embossed.” The :-";‘-:'.“_-".‘:-‘:'_d
" average density of the aluminum roofin§ panels determined from tests of 42 j.\.s"','.::
N specimens was 171.12 1b/ft3 (2.74 g/cm’). The manufacturer reported the '.:':::’tj-.'
~ panels to be corrosion resistant Alclad 3004* and they were furnished in mill ':i":-i‘i"a":
3 finish. L@
N

RSN

» 2.2 EXPOSURE TESTS e
v RO SN
'(' Thirty samples were mounted on a rack and exposed at the same angle as the N .:‘f:';\'::
roofing., Figures Al and A2 show the exposure rack mounted on the firewall of one 9 4

of the warehouses at DCSC. The exposure rack faced west. :.::;::::::::::

- A K
X Each of the aluminum roofing samples was supported by six porcelain insulators. :-:::::'»j::;j
-~ The method of support allowed for expansion and contraction of the samples ~:’:‘::'C‘~'.'
' without introducing stress in them. The samples were not in contact with any ',';\:.\:.'-f:
other material. Round slots in the insulators where the samples were supported \!"r_"

(figure A2) allowed some movement of the samples and still maintained their N

: adequate attachment. The insulators were held in place by screws attached to ',::-‘.::"
- the wood rack. The distance between the samples and the wood rack was about Ca el
- 7/8 in. (22 mm). 4\;-__:__:_‘:
% TN
The cleaning of the samples for their initial weighing and exposure consisted 7‘9"‘""'

of soaking them in acetone for 10 to 30 minutes and rinsing them in ethyl
alcohol. It is noted that this initial cleaning was found to be unsatisfactory.
A Because of this, the average rate of mass loss of the exposed samples was
-7, determined from a second exposure period. The samples for exposure were Y
.S chemically cleaned before and after the second exposure period. Of the 56 A
samples included in the tests, 30 were selected for exposure and 26 were used b aoe. |
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* This description was used to identify the aluminum roofing material, it does .3:’.,._.__!
not represent an endorsement or disapproval by the National Bureau of Standards. NN
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as control samples. The control samples were stored in the laboratory in

polyethylene bags and protected from light, moisture, and sources of
contamination.

After 206 days of exposure (first exposure) the samples were returned to the
laboratory, and both the exposed and control samples were weighed, chemically
cleaned, following the methods in ASTM G1-81 [4], and weighed again. The
exposure surfaces, or tops, of the samples were subjected to low power micro-
scopic examination. The samples were then reinstalled on the exposure rack
and exposed for 797 days (second exposure). After this second exposure they
were returned to the laboratory and weighed, chemically cleaned, and weighed
again., They were also examined visually and by using a light microscope

at 10x.
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3. LABORATORY MEASUREMENTS AND OBSERVATIONS
3.1 MASS LOSS

The samples were initially installed for exposure at DCSC on August 10, 1982,
and removed for laboratory tests and observations on March 3, 1983 (first
exposure). The samples were reinstalled on the exposure rack at DCSC on

May 23, 1983, and removed for the second time for laboratory tests on

August 1, 1985 (second exposure).

The samples were weighed before and after cleaning prior to the initial exposure
and for each of the two times that they were returned to the laboratory for
testing. The initial cleaning consisted of soaking them in acetone for 10 to

20 minutes and rinsing them in ethyl alcohol. When the samples were returned

to the laboratory after exposure at DCSC they were chemically cleaned essentially
as described by ASTM G1-81 for aluminum alloys [4]. The chemical cleaning of
both the exposed and control samples was conducted as follows:

step
1. Samples were dipped in the following mixture:
Chromic acid (Cr03) 20 g
Phosphoric acid (H3PO04, sp gr 1.69) 50 ml
Water to make 1 liter
Temperature of the mixture 80°C (176°F)
Time in the mixture 6 to 7 minutes
2. Rinse sample in distilled water 6 to 7 minutes
3. Scrub specimens lightly with a bristle brush under running water
4. Rinse specimens in distilled water 6 to 7 minutes
5. Place specimens in methyl alcohol 6 to 7 minutes

After cleaning and weighing the samples after their second exposure (May 23,
1983 to August 1, 1985) at DCSC, 4 exposed and 4 control samples were cleaned
again as described above and then weighed. The reason for this second cleaning
of these 8 samples was to determine the effect of the cleaning on mass loss.

The loss of mass of the aluminum roofing samples after each of the two exposire
periods is given in table Al. The average value of the mass of the control and
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exposed samples is given for the samples after the first period of exposure ind g!!g?;:!

chemical cleauing. It can be seen from the mass loss data in table Al that NG

there was considerably more loss of mass of the control specimens after the ?f;L}::ﬁ:

shorter, first exposure, period than for the longer, second exposure, period. C;ujfjs;n

This may possibly be due to the initial cleaning of the specimens (acetone and ;a;s“eze:

alcohol) not removing as much adhered material from the samples as compared to N“}i}fﬁfﬁ

the chemical cleaning procedure. The estimate of mass loss due to exposure M
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> Table Al. Mass Loss of Aluminum Roofing Samples o

) N

:-.- Type of {Mass of Samples After Mass Loss After Mass Loss After N '\'

3 Sample |First Exposurel/ (g) | First Exposurel/ (g) Second ExposureZ/ (g)| .':',::: - :-.::

W -:\:.-.'-‘\

Y

_ 33/ o4/ X3/ o4/ X3/ o4/

%

f. Control |35,.7280 0.4878 0.0055 0.0009 0.0012 0.0003

-

::f Exposed [35.9003 0.5554 0.0188 0.0035 0.0485 0.0091

A 1/ First exposure period was August 10, 1982 to March 28, 1983 (206 days).

¢

:: 2/ Second exposure period was May 28, 1983 to August 1, 1985 (797 days).
K 3/ Average value of 30 exposed and 26 control scmnlec. "
d

- X

:} 4/ Standard deviation. .

S 2

o p

reported herein is therefore based on the second exposure period since the -
samples were chemically cleaned before and after this exposure period. gt

(SN
.
The surface area of the 4 x 6 in. (10 x 15 cm) samples is estimated to be .‘_-'::-{

[ 25.14 in.2 (0.016 w?), since the samples have a low profile rib that extends ‘::
along the center of the longitudinal direction. The average effective width -:::\ . ’{r
of the samples, including the rib, was determined to be 4.19 in. (10.6 cm) from DAY

A measurements of six samples. Using data from the second exposure period (X = ' ’

o 0.0485 g) the average rate of mass loss was calculated to be 0.038 mg/dmz'day.

N

:: It was noted earlier that after cleaning and weighing the samples after the

,. second exposure, 4 exposed and 4 control samples were again chemically cleaned
and weighed to determine the effect of cleaning on mass loss. There was

= essentially no change in mass of the control samples after the second chemical

-3 cleaning of the samples from the second exposure, however, for the exposed

- samples the mass loss averaged 0.0016 g.

v,

-,

b

. 3.2 MICROSCOPIC EXAMINAT IONS

*:: ASTM Standards G1-8l1 [4] and G48-76 [5]) were considered in examining and

: determining the extent of corrosion. It can be seen from the photograph . A

$~. (figure A3) of a typical exposed and control sample, that tne exposed sample et i

N on the left has less gloss and greater surface roughness than the control : -

‘> sample on the right. Also, it can be seen that the surface of the exposed e

. ampl tai 11 dark . It is thought that these d t e,

N sample contains many sma ark spots t is thought that these dark spots ﬁ
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Photomicrographs (10x) of a portion of the

surfaces of typical exposed and control samples after the second exposure are

represent incipient corrosion.

P ...-\.r\ [y

The dark spots on the exposed

presented in figures A4 and A5, respectively.

Ay

At the dark
The total time

gsample seen in figure A3 are shown in more detail in figure A4.
spots (inciplent corrosion) there was essentially no pitting.

-

AR

h'Y

of outdoor exposure at DCSC of the exposed samples was 33 months and 26 days.
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Photomicrograph (10x) of portion of surface area of exposed sample.

Figure A4.

A N N

5.\.-

Photomicrograph (10x) of portion of surface area of control sample.

Figure A5,
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4., SUMMARY

Aluminum roofing samples, 4 x 6 in. (10 x 15 em) in size were exposed to outdoor
weathering for nearly three years on a rack mounted on one of the roofs of the
buildings at the Defense Construction Supply Center (DCSC) in Columbus, Ohio that
were reroofed with an aluminum standing-seam roofing system. The samples were
of the same material as the roofing system. The objective of the study was to
conduct a preliminary assessment of the extent of corrosion of the aluminum
roofing over a period of nearly three years. Changes in mass of the exposed
samples were measured and the average rate of corrosion was calculated to be
0.038 mg/dmz'day. Photographs and photomicrographs of exposed and control
samples indicated a loss of gloss, increased surface roughness, and dark spots
(incipient corrosion) at many locations on the surface due to the outdoor
exposure. Observations of the surface of the exposed samples indicated that
essentially no pitting occurred.
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