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Executive Summary

The excellent performance and durability of unpainted 55% Al-Zn coated sheet roofs located
throughout Europe has been confirmed through the recent roof inspection results. Thirty-eight
roofs, ranging in age from 15-26 years and spread across six countries, were inspected under this
program. Like other regions of the world, the product’s outstanding corrosion resistance and
durability has now also been conclusively established in Europe as well.

Likewise, the superior performance of prepainted 55% Al-Zn coated sheet in Europe has also
been formally documented after a 10 years at two Eurodes (ECCA certified and monitored) sites.
In this program, the relative performance of prepainted products was compared. This
outstanding overall performance of prepainted 55% Al-Zn coated sheet, observed in Europe, is
consistent with that observed in other parts of the world.

55% Al-Zn coated sheet is the generic description for the product which is available throughout
the world under more than a dozen trademarks, of which the more commonly known are
GALVALUME', ALUZINC?, ALUZINK’, ZINCALUME?, etc.

Introduction

55% Al-Zn coated sheet product became an instant success for roofing and construction
applications in the US because the pre-engineered metal building (PEB) industry was keen to
enhance the durability of their Standing Seam Roof (SSR). Unpainted 55% Al-Zn coated sheet
proved to be the ideal, cost effective product for this and other roofing applications as it offered
significantly longer service life than galvanized or aluminum coated steel.

While the superior corrosion resistance, paint adhesion, heat reflectivity, and durability of 55%
Al-Zn coated sheet were well established in the US and other regions, European regulators
remained skeptical of the product’s performance and the product was not readily accepted.
Overly restrictive and rigid building standards/codes and cumbersome code revision procedures
prevented the product’s widespread use for construction applications. The lack of European
performance data was cited as one of the main arguments against its acceptance. That data is
now available and confirms the product’s superiority over competitive materials in Europe as
well. Hopefully, these excellent performance results will help further increase its demand in
Europe.

" GALVALUME is a registered trademark of BIEC International Inc. or one of its licensed producers.
2 ALUZINC is a registered trademark of Arcelor.

3 ALUZINK is a registered trademark of SSAB Tunnplat.

* ZINCALUME is a registered trademark of BHP Steel Limited.



European producers of 55% Al-Zn coated sheet (EuroZAC) have periodically inspected
buildings, specifically roofs, made of unpainted 55% Al-Zn coated sheet. The oldest of these
roofs is 26 years old. This and other old roofs have recently been inspected after being in use for
a period of 15-26 years. This work was completed in two phases: Phase 1 inspections were
conducted in June 2002 and covered buildings in Sweden and the UK while Phase 2 inspections,
conducted in July 2003, covered buildings in Germany, France and Benelux countries. Results
of these roof inspections are presented in this paper.

Additionally, EuroZAC initiated a 10-year outdoor exposure study to document the relative
performance of prepainted 55% Al-Zn coated sheet under European conditions. This program
was conducted in cooperation with ECCA. Results of this study are also presented in this report.

Inspection Procedure

Building Roofs
Experienced engineers and metallurgists from EuroZAC member companies inspected the roofs
visually and took representative photographs to document their observations. In some cases,
where surface dirt and or stains obscured the evaluation of the metal coating itself, cleaning pads
were used to remove the dirt layer to observe the condition of the underlying coating; the object
being to determine if the steel had corroded. Comparisons between 55% Al-Zn roof panels and
other materials, mainly galvanized, used for roof ancillaries were drawn whenever possible.

Eurodes site panels
Commercially prepainted samples of hot-dip galvanized, GALFAN’ and ALUZINK/ALUZINC,
supplied by EuroZAC member companies, were used for this test. Panels from each material
were formed and assembled for exposure, per ECCA test method T-19 (Appendix 1) at two
Eurodes sites, Hendaye (severe marine) and Geleen (industrial marine) located in The
Netherlands and France respectively. Exposure panels assembled per ECCA method T-19 are
supposed to simulate building conditions and exposed under three configurations as outlined in
ECCA T-19: 45° South, 5° South and 90° North. These panels contain sheared edges, V-bend,
reverse impact dimple, scribe, overlapped joints, rivets and fasteners and represent the conditions
of roof and wall, with sheltered areas. Three sets of panels were exposed at each site, with one
set designated for removal after 2, 5 and 10 years.

ECCA helped first expose and then remove these panels are pre-designated intervals and
forwarded them to an independent laboratory in Europe for evaluation. Panels were evaluated
for corrosion resistance along flat and formed areas, overlapped joints, along scribes and sheared
edges and around fasteners and photographed.

> Registered trademark for Zn-5%Al coated sheet steel.



Results & Discussion

Building Roofs
A total of 38 buildings with unpainted roofs were inspected throughout Europe: 12 in the UK and
Sweden under Phase 1 (June 2002) and 26 in France, Germany and Benelux under Phase 2 (June
2003). Representing a variety of European environments, these buildings showed excellent
performance in industrial, marine, and industrial-marine conditions. Building details like
location, environment, age, roof slope, etc. are listed in Table 1 and their location is shown in
Figure 1. Of the 38 buildings inspected, 34% were between 20-25 years old and 71% were
between 15-25 years old (Figure 2). Roof slope varied from near flat (<5 degrees) to medium (5-
10 degrees), to steep (>10 degrees). 76% of the roofs had low to moderate slope i.e., 5-10
degrees (Figure 3). Perhaps the oldest European building to use 55% Al-Zn coated sheet, that
has been periodically evaluated, was built in 1977 and is located in a severe industrial
environment in Belgium. These 55% Al-Zn roofs were made from material produced with
conventional passivation systems that were prone to abrasion and handling marks; current
systems contain film-forming components that prevent abrasion markings on the surface and
allow the sheet to be roll formed without additional lubrication. These systems are expected to
further improve the aesthetics of the 55% Al-Zn coated sheet.

Photographs documenting the overall performance of inspected buildings are presented here.
Figure 4 shows a 22-year-old building in an urban environment in France. This standing seam
roof is in excellent condition and expected to provide many more years of worry free service.
Figure 5 and 6 show 14-year-old roofs in excellent condition in the French countryside where the
environment can be classified as mild marine.

This 18-year-old-roof (Figure 7) in the heavy industrial/marine environment in Rotterdam,
Netherlands is performing exceptionally well, in spite of the heavy industry in the vicinity: a
chemical complex in the background and a cement factory within 2 km, and the ocean nearby.
Generally, this severe environment will be unsuitable for any other steel product.

Figure 8 shows a 23-year-old roof in an industrial environment in Germany and is performing
remarkably well.

Two buildings, one in the UK and the other in Germany, show a remarkable feature of 55% Al-
Zn coated sheet. While showing the excellent performance of 55% Al-Zn roof panels, these 22-
and 23-year-old buildings also show the progression of rusting on the galvanized vents. Both
buildings were inspected earlier (the UK building in 1990 and the German building in 1988)
when the galvanized vent had just started to corrode. The recent inspections show the
progression of corrosion on the galvanized vents while the 55% Al-Zn roof panels are virtually
unaffected (Figures 9 and 10).

The former Cockerill Sambre plant in Belgium may be the oldest 55% Al-Zn roof in Europe.
This 26-year old roof in an industrial environment is a repository of dramatic data on the relative
performance of various roofing materials. Figure 11 shows a section of the building where
unpainted 55% Al-Zn and prepainted galvanized panels were used. While the unpainted 55%



Al-Zn panels are performing well, the prepainted galvanized panels are heavily corroded and the
paint has disappeared. In spite of the severe environment, the drip edge on the 55% Al-Zn
panels is in excellent condition with virtually no rusting (Figure 11). Figure 12 is another section
on the same building where the relative performance of unpainted 55% Al-Zn and unpainted and
prepainted galvanized can again be compared. While the 55% Al-Zn panel is in good condition,
the unpainted galvanized cap is heavily corroded and even the prepainted galvanized roof panel
is corroded at bends.

In some cases, a thin layer of dirt adhered to the exposed roof panel, imparting to it a darker
appearance. The condition of the 55% Al-Zn surface under the dirt layer was good with no
evidence of corrosion (Figure 13).

In summary, the inspection results show the unpainted 55% Al-Zn roofs to be performing
exceptionally well throughout Europe and are expected to last for many more years to come.

Eurodes Sites
Exposure panels for these sites were cut from coil line prepainted material, painted with
conventional paint systems per the manufacturers’ specifications. Test panels were grouped by
(1) exposure orientation (i1) substrate and (iii) paint system, were evaluated for overall corrosion
resistance; paint film properties like color retention, chalk and fade characteristics were beyond
the scope of this study. Photographs of the panels after 10 years’ exposure at Hendaye (severe
marine) and Geleen (industrial marine) provide a rather dramatic comparison of the relative
corrosion resistance of each material. While the paint systems may have contributed to the
overall performance, that effect was insignificant and did not affect the relative product ranking.

The 55% Al-Zn coated sheet, prepainted with each of the three systems, far outperformed the
galvanized and GALFAN substrates at Hendaye. While the performance difference between
55% Al-Zn and other substrates at Hendaye was dramatic, their relative performance at Geleen
was not as pronounced. At both sites however, 55% Al-Zn performed better than other products.

Hendaye Results:

Figures 14-16 shows the relative performance of the three substrates after 45° south exposure at
Hendaye after 10 years. The two 55% Al-Zn panels in Figure 14 were from two different
licensees, one painted with polyester, and the other with silicon modified polyester paint system.
The equivalent GALFAN and galvanized panels are shown in Figures 15 and 16 and show
inferior performance. Notice the paint loss along the edges, white corrosion product along the
bend, and blistering in the field on the panel.

The 5° south exposure for the same panels, which more realistically depicts the roof condition on
a building, shows the stark contrast between the three substrates. Figure 17 shows the
performance of both 55% Al-Zn coated panels that have performed very well relative to the
galvanized and GALFAN panels (Figures 18 and 19). The galvanized and GALFAN panels are
severely corroded on the bend and the disappearance of the paint and the appearance of red rust
along the edges (edge creep) exhibits the total dissolution of the underlying metal coating in that
area. Similarly, the severe blistering in flat and formed areas and around fasteners is obvious.



By comparison, there is no detectable edge creep or blisters on the 55% Al-Zn panels. This
observation is critical as it supports BIEC original position that 55% Al-Zn coated sheet offers
superior overall performance.

The 90° north exposure, designed to depict the sidewalls with the longest time of wetness and
sheltered area corrosion resistance, showed a similar trend. Again, the 55% Al-Zn coated sheet
(Figure 20) far outperformed the galvanized and GALFAN product (Figures 21 and 22). While
the 55% Al-Zn coated panels showed virtually no failure, both galvanized and GALFAN showed
extensive substrate corrosion and paint loss along the edges, bend, and flat areas. The superior
overall performance of 55% Al-Zn coated sheet, especially the excellent sheltered area corrosion
resistance, has been widely observed and documented® elsewhere and these results simply
reconfirm the product’s inherent overall superiority in Europe as well.

Similar trends were observed with the PVDF paint system on the 45° south, 5° south and 90°
north exposure. Figure 23 shows the relative performance of 55% Al-Zn and GALFAN panels,
both painted with the fluorocarbon paint system, after the 45° south exposure. While both panels
show good performance at this exposure orientation, the paint loss along the edges of the
GALFAN panel and a few blisters on the bend are visible. Figure 24 shows the relative
performance of the two substrates under more severe exposure orientation, 5° south exposure.
As expected and consistent with earlier observations, the 55% Al-Zn coated sheet panel
outperformed the GALFAN panel, which showed loss of paint adhesion along the sheared edges.
The panel also exhibited blistering on the bend and flat areas. The 55% Al-Zn panel, by
comparison was free of any significant failure other than fine blisters along the edges but the
paint still adhered to the substrate.

Again, this observation is consistent with past experience and fits the classic edge creep
mechanism; fine blisters develop along sheared edge on 55% Al-Zn sheet but do not progress
further. While the blister initiation on galvanized and GLAFAN is delayed relative to 55% Al-
Zn product, it continues to progresses and the rate of progression increases with time. The 90°
north exposure for these panels also confirms the relative superiority of 55% Al-Zn coated sheet
(Figure 25).

Geleen Results:

Generally, the relative performance differences between substrate from the panels exposed at
Geleen are not as dramatic as those from Hendaye. The 55% Al-Zn and galvanized panels
painted with the polyester paint system show virtually no failure after the 45°S exposure at
Geleen after 10 years (Figure 26). However, the comparable GALFAN panel showed paint loss
on the bend and the edges (Figure 27).

As noted earlier, the 5° exposure is more severe relative to the 45° exposure and this was
reconfirmed from the panels exposed under this condition. While no appreciable corrosion was
observed on any substrate, the galvanized panel showed paint loss along the edges (Figure 28
and 29). Figures 30 and 31 show the 90° sheltered exposure for the three substrates and shows
no appreciable corrosion. One point to note is the edge blistering (also referred to as edge creep)

% A. Humayun, The Basics of 55% Al-Zn Coated Sheet’s Legendary Performance, Natl. Conference on Coil Coating
& Continuous Sheet Galvanizing, India, 1997.



on the 55% Al-Zn panel. This behavior of edge blistering is per the earlier predictions and
experience around the world. It does not become worse after its initial appearance. While this
may be a minor cosmetic drawback in the industrial environment during the initial stages of
exposure, the overall superior corrosion resistance far outweighs this minor cosmetic effect.
Results of this test, particularly those from Hendaye, forcefully reinforce this point.

The SMP topcoat is brittle (less formable) than the polyester topcoat and is expected to exhibit
more micro fracturing on bends. This effect is well documented in Figures 32-34. While the
55% Al-Zn coated panels show staining on the V-bend for all exposure orientations, no substrate
corrosion (red rust) is observed. By comparison, the galvanized panels exhibit varying degrees
of red rust on the V-bend, sheared and overlapped edges, and along the fastener (rivets).

Figure 35-37 show the performance of 55% Al-Zn coated and galvanized panels painted with the
fluorocarbon (PVDF) paint system. Again, the 55% Al-Zn panels exhibit superior overall
performance than the galvanized panel.

Concluding Comment

Unpainted 55% Al-Zn coated sheet has demonstrated its exceptional durability in Europe that is
consistent with results obtained from other parts of the world’. Roof inspection results show the
product’s unrivaled corrosion resistance, which makes it an attractive and cost effective product
for construction applications, particularly low-slope roofing. Its pleasing spangle appearance
and its retained brightness have encouraged architects to used acrylic passivated product for
high-slope, exposed applications as well.

Independently, prepainted 55% Al-Zn coated sheet has also demonstrated its superior corrosion
resistance and durability with commonly used paint systems under European environmental
conditions. With ECCA’s cooperation and using ECCA characterized and monitored exposure
sites and test procedures, the product’s superior performance will be easier to comprehend and
enable consumers to draw their own conclusions. Again, this trend is consistent with that
observed elsewhere around the world.’

The above results conclusively establish that 55% Al-Zn is indeed the magic formula for
building construction applications.

" GALVALUME SSR — Proven Performance 25 Years & Beyond, NamZAC, 2000.



Appendix I — Panel Design and Method for Atmospheric Exposure Testing

1.1 INTRODUCTION
In the past it has been common practice to expose test panels at 45 degrees facing South. Whilst
this orientation is totally adequate for degradation of the organic coating, recent investigations
have shown that this method of exposure has little bearing on the overall corrosion performance
of the product when used in building applications. For example, the 45 degrees facing South
exposure takes no account of:

1) Overhangs which produce unwashed areas

2) Sheet overlaps

3) Low pitched roofing, etc.
1.2 SCOPE

This specification covers all aspect of panel design, panel preparation, exposure orientation and a
possible rack design which would be suitable.

1.3 EXPOSURE ORIENTATION
Three panel orientations are requested:

1.3.1 Panel 1: 45° to horizontal facing South. Traditional orientation for evaluation of organic
coating, colour change, gloss change, chalking, etc.

1.3.2 Panel 2: 90° to horizontal facing North. With an overhang for
evaluating general corrosion on side cladding particularly in unwashed areas.

1.3.2  Panel 3: 5° to horizontal facing South. This panel which includes an overlap is
principally to evaluate roofing applications.

1.4 PANEL PREPARATION
1.4.1 For exposure at all three orientations, five blanks are required.
1.4.2 Panels can be made from laboratory prepared samples or coil line production runs.

Following text is according to ECCA-T19© “ECCA Recommendation for panel design and
method for atmospheric exposure testing”

1.4.3 Al panels are prepared from an initial blank size of 200 mm x 150 mm.

1.4.4 When preparing panels, all cuts and drill holes must be made such that metal burrs occur
on the side of the panel which is not exposed.



Appendix I — continued

1.4.5

1.4.6

All panels to have a 90-degree angle bend with a variable radius from 1T to 3T. Details
of how to produce this and suitable equipment is given in Figures 1,2,3 and 6

All panels should be conditioned for at least 24 hours under ambient conditions of
temperature and humidity before forming.

1.5 PANEL DESIGN

1.5.1

1.5.2

Panel 1 (45 degrees facing South — Traditional orientation) : See Figure 1. This consists
of a single blank into which a 90-degree variable radius bend has been produced, 25 mm
from and parallel to the 200 mm edge. The variable radius is from 1T to 3T as defined in
2.5

All dimensions are shown in Fig. 1. This panel will have all edges protected and will be
mounted such that the tightest radius on the bend is at the bottom of the panel. The
method of protecting edges is at the discretion of the individual company but suggested
techniques are tape or over-lacquering of the edges.

This panel will be used predominantly to measure changes in colour (ISO 7724/3),
changes in gloss (ISO 2813) and degree of chalking (ISO 4628/6).

Panel 2 (90-degrees facing North — for side cladding exposure) : See Figure 2

This panel consists of two blanks each exhibiting: variable radius bends, scribe marks,
and stainless steel screw fixings with plastic covers. When exposed a sheet manufactured
from an inert material (see item 6) will be employed to form an overhang of 65 mm (see
Fig 4).

Variable Radius Bends
These should be prepared such that the panels are mirror images, i.e. when they are riveted
together, the tightest radius bends occur at the same end of the panel.

Position and dimensions of radius bends are shown in Fig. 2. To form the variable radius bend in
the right hand panel it is necessary to rotate the variable radius punch through 180° in the press.

Scribe Marks

Two scribes on each panel arranged at 90 degrees to each other. The scribes are 40 mm in length
with the vertical scribe central to the horizontal but separated by 10 mm. The scribes are
prepared by means of a cutting tool with a hard metal point that extends down through to the
metal substrate; they shall be no less than 30 mm from the sides of the test sample. The scribe
indentation shall exhibit a vee-shaped profile and must expose at least 0.2 mm of metal substrate.
Approximate scribing tool design is a hard metal tip with a radius of approximately 0.5 mm.
Cutting by means of a simple knife is inappropriate. When the blanks are riveted together the
scribes should be at opposite ends of the panels as shown in Fig. 2.



Appendix I — Continued

Fixings

Two stainless steel screws with plastic covers will be located at opposite ends of the blanks when
riveted together, approximately 30 mm for the bends and 50 mm from the top and bottom edges
as shown in Fig 2.

Rivets

The two blanks will be riveted together such that the left hand panel overlaps the right by 20 mm
with the tightest radius of both blanks to the bottom of the panel. Rivets will be aluminum
domed with a stainless steel core.

Edges
All edges will be uncoated as the main purpose of the panel is to check corrosion, particularly in
the unwashed area under the overhang.

1.5.3 Panel 3 (5 degrees facing South — for roofing exposure): This panel is prepared from two
blanks riveted together as in Fig. 3, i.e. two blanks with 90 degree variable radius bends
(from 1T to 3T) and overlapped by 80mm. In this case, the widest radius of the top panel
overlaps the tightest in the bottom panel.

A stainless steel fixing with plastic cap is positioned as in Fig.3, 50 mm from the bottom
of the panel and 47.5 mm from the edge.

The blanks are riveted together as in Fig. 3 at the mid point of the overlap, i.e. 40 mm
with aluminum domes rivets with stainless steel cores.

Edges are unprotected as the panel is mainly for corrosion measurement and simulation
of low-pitched roofs.

1.6 RACK DESIGN

A typical rack configuration accommodating the three elevations is shown in Fig.4, but each
individual company is free to request one or several elevations according to the exposure
availabilities on the site(s). The actual design and material of manufacture is at the discretion of
the individual company. Similarly the method of fixing the panels to the rack is up to the
individual company, but they should be fixed in such a way as to be insulated from the rack
itself. The material to provide the overhang on the North-facing panel should be manufactured
from an inert material such as plastic or cement substitutes and should give an overhang on the
panel of 65mm.

1.7 EQUIPMENT REQUIREMENT TO PREPARE 90 DEGREE VARIABLE RADIS
BENDS

Forming the 90-degree variable radius bends can be done either by manual or automatic press
fitted with a variable radius forming tool and die. The tool and die are illustrated in Fig. 5.
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Figure 4. Twenty-two year old 55% Al-Zn roof in France-urban environment

Figure 5. Fourteen year old 55% Al-Zn roof in France-mild marine environment



Figure 6. Fourteen year old 55% Al-Zn roof in France-mild marine environment

Figure 7. Eighteen year old 55% Al-Zn roof in Rotterdam, Netherlands in good condition
- heavy industrial marine environment



Figure 8. Twenty three year old 55% Al-Zn roof in Germany - industrial environment
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Fig 9a. Photographed in 1990; 10 years old Fig 9b. Photographed in 2002; 22 years old

Figure 9. 55% Al-Zn roof in the UK — See progression of corrosion on galvanized vent
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Fig 10a. Photographed in 1988; 8 years old Fig 10b. Photographed in 2003; 23 years old

Figure 10. 55% Al-Zn roof in the Germany — See progression of corrosion on galvanized vent
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Figure 11. Twenty six year old roof in a severe industrial environment the Belgium. Unpainted 55% Al-Zn
and prepainted galvanized panels are used.
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Figure 12. Another section of the 26-year old building in Figure 11 showing the relative performance of
unpainted 55% Al-Zn sheet and unpainted and prepainted galvanized sheet.

Figure 13. 55% Al-Zn coating still retained its luster under the dirt layer on this 21-year old building
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Figure 21: GLAFAN & galvanized; 90°N, Hendaye sheltered exposure, 10 years.
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Figure 23: 55% Al-Zn & GALFAN, 45° S, Hendaye, 10 years.
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Figure 26. 55% Al-Zn and galvanized panels; 45°S, Geleen, 10 years..
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Figure 27. GALFAN panel; 45°S, Geleen, 10 years
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Figure 28. 55% Al-Zn and galvanized panels; 5°S, Geleen, 10 years
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Figure 29. GALFAN panel; 5°S, Geleen, 10 years
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Figure 30. 55% Al-Zn and galvanized panels; 90°N, Geleen, 10 years,.
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Figure 31. GALFAN panel; 90°, Geleen, 10 years
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Figure 32. 55% Al-Zn and galvanized panels; 45°S, Geleen, 10 years.
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G-90 galvanized, smMp
Figure 33. 55% Al-Zn and galvanized panels; 5°S, Geleen, 10 years.
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55% Al-Zn coated, SMP
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Figure 34. 55% Al-Zn and galvanized panels; 90°N, Geleen, 10 years
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Figure 35. 55% Al-Zn and galvanized panels; 45°S, Geleen, 10 years.



55% Al-Zn coated, PVDF

G-90 galvanized, PVDF

Figure 36. 55% Al-Zn and galvanized panels; 5°S, Geleen, 10 years.




55% Al-Zn coated, PVDF
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G-90 galvanized, PVDF
Figure 37. 55% Al-Zn and galvanized panels; 90°N, Geleen, 10 years.
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