





Hurricane Wind Uplift Resistance

Dark gray colored stainless steel tile roof in the Bahamas
* Minor damage after a direct hurricane hit (160 mph gusts)
+ All of the surrounding homes lost their roofs

What Factors Influence
Atmospheric Corrosion?

+ Poliution (acid rain, sulfur dioxide, particulate)
+ Coastal and deicing salt exposure

« Weather conditions

+ Maintenance

+ Design/specification

+ Finish topography, roughness & application method
+ Crevices

+ Handling & post fabrication cleaning

Critical Temperature/Humidity
Combinations for salt (chloride) corrosion
Coastal & deicing salts

Critical Critical Humidity Level, %
Temperature °C(°F) Sodium Calcium Magnesium
Chloride | Chloride Chloride
25 (77) 76 30 50
10 (50) 76 41 50
0(32) - 45 50

Salt (Chloride)’Deposition (kg/ha) - 2008

Salt (Chloride) lon Rain Concentration - 2008

Deicing Salt (Chioride) Corrosion

» Multi-year study
* IL DOT, NADP, Argonne Nationai
Lab
* High seasonal accumulation
+ Large saltwater droplets
+ Splash zone (< 49 it.)
* Dry particles
—= 1.2 miles from roads
—= 59 floors
—Stays in the air for days
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Rain Acidity (pH) - 2008 Data
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Generalized US and Canadian Corrosion Map

N

o
[¢]
=
&=
=0
£ Megligible gg
egtig =
£ dd fC
B rodurate O R
B Severs JoR=
B Extromely = O
Bevers

Central Resource Site for Locating Pollution,
Salt Exposure, Weather and Corrosion Data

www.imoa.info

«Architecture, building & construction section

«Climate & pollution data resources

sLinks are grouped by region and country
sLiterature, free software and resource articles

Chloride Accumulation In Sheltered Locations
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Kure Beach

250 m {800 ft) from the ccean never washed

Type 304

57 years exposure

Type 316

48 years exposure

Carbon steel
60 Zn, 20 Al, 20 Mg
coating
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Tupe 316 Staintess isoon:

Type 304 Stainless | >0001 | >0.001 0.02
Aluminam s
Copper | 022 NA | 0.87

Zre a1z 508 | a7
[Weathering stesl | 08 NA 31.89
Garbon steel s 58 g0




Predict Service Life With Corrosion Data
Standing seam example
Metad Type' " Typical - Avg. &nnual Corrosion Rats {in)
Ront X B0 veurs
Thickness | Mew York . HKure | Durban
Inchas City Beach -1 - Bluff
Type 316 0015 0 <0.00003 | <0.00003 0.0003
Stainless ;
Furmingm 032 0.0008 £.0008 GU2S
auzz 3,002 0.004 G025
0.931 Lons 0.0 943
0024 o1z B02e . MA

Coastal Galvanized Steel Corrosion
Less then 10 years

* SMACNA Arciitecliral Sheel Metol Manugl, 13.75-inch wids stending ssam
panel wilhy & 15 saar helght

+ A siles ave constal snd Durban Bl has the highaest sait exposers lavel,

< Fare Beuch sie way SD-Jeel from the menn high fide, low poliution lavels.

+  Baw York and Durben BioH haws randerate pollulion ovals

Coastal US Private Residence Architectural Stainless Steels

{Naminal Chemical Composition, Wt, Pct.)

Peninsula surroynded by salt water & wild life preserve cr Ni Mo N PRER
No run-off permitted —
Type 316, standing seam roof & walls, 2D finish Ferritic 430 17 - | 008 17
s 444 17.5 1.75 23
Austenitic 304 18 9 0.08 20
318 17 1 2 0.06 23
317LMN 17 13.5 4 0.10 32
6% Mo 195 | 175 8 0.18 41-43
Duplex 2304 21.5 3 0.5 0.0 22
2205 22 5 3 0.15 34
Super dupiex 24 6 3 0.24 38

PREnR {Pitting Resistance Equivalent number) = %Cr + 3.3(%Mo} + 16(%N}
Provides a comparison of relative corroslon resistance that is helpful for
many but not all service environments

Index of Relative Pitting Corrosion Resistance
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Pitting Corrosion

<4— Corrosive deposit
<4-— Passive Film

<—Stainless Steel

Increasing Corrosion Resistance
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Stainless Steel
Factors: sait (chlorides), sulfur dioxide, particulate

Sites for Pitting Corrosion

+ Rural/suburban
+ Low to moderate pollution

Select Type 316

+ Pollution

- Mederate to high urban

« Low to moderate industrial
» Marine and deicing salt

» Low to moderate exposure

Avoid Use
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Type 430 Type 304 Type 316 é E l
Select Type 304 Use More Corrosion

Resistant Stainless Steel

+ High levels industrial pollution
» Coastal or deicing salt
+ Splashed by or immersed in salt water
- Sheltered or unwashed applications
- Significant salt deposits
- Rough surface finishes

e 2
Type 316 rallings

Hong Kong Convention Center
- seawater spray exposure,
rough finish

Photo courtesy of the Nicket

institide

IMOA Site and Design Evaluation Sysiem

Factors that should be considered when selecting all
construction materials

Stainless steel is more corrosion resistant than most
construction materials

Designed for appiications where
corrosion staining of stainless stee! is not acceptable

Do not use this system if
- Appearance does not matter

+ Structuratl integrity is the primary concern

Crevice Corrosion

—— Metal or non-metal

<— Solution

<4 Passive film
<— Stainless steel




Sites for Crevice Corrosion

If the design will be exposed to salt (chlorides) and moisture,
avoid crevices or seal them to prevent corrosion

Avoid Use

7

Inappropriate Strippable Film Use Can Cause

Crevice Corrosion

+ UV rated films protect surfaces
during shipping/installation
« Remove film quickly in high salt
environmernts
- Film is water & chloride permeable
+ Film creates conditions for crevice
corrosion

Corrosion Caused By Residual Adhesive

«Causes

» Protective film was not UV rated

+ Film used past service life

. Exposure to extreme temperatures
» Residual adhesive retains more salt,

moisture, dirt accelerating corrosion

«Use solvents for adhesive removal

« Contact film manufacturer

Galvanic Series for Metals
and Alloys in Sea Water

Magnesium

Aluminum Alloys
Mild Steel

Low Alloy Steel
Castiron

Muntz Metal
Yeliow Brass

Red Brass
copper
Aluminum Bronze
Silver

Stainless Steel
Monel

Gold

Zinc More Likely to be

Anodic
Attacked

More Noble l
Cathodic

Galvanic Corrosion

— Noble metal

<4— Solution
«— Passive film
<4—Stainless steel

Galvanic Corrosion Requires...

+ Dissimilar metals
« Electrical connection between metals
(i.e., metal-to-metal contact)

+ Moisture is present and connects the metal
on aregular basis

Solution

+ Prevent direct contact
« Inert washers, paint
« Other non-conducting barriers
+ Surface area ratio is important!

Stainless steel plate &
rapidly corroding galvanized steel
fasteners




Corrosion Caused by Sparks From Abrasive Cutting
Carbon Steel

k Stainless Steel Roofing Fasteners

+ All metal roof types
+ Stainless steel
-+ Aluminum
- Painted galvanized steel
+ Wood shingles, tile, slate

B,
San Francisco Type 316 bay-side sine-wave roof design represents
rolling hills, ocean waves, movement.....

Carbon steel
fasteners
in stainless steel

Bending Characteristics Annealed Stainless

Type Free bend | V-block
Annealed Austenitics 180°R=%T |135°R="%T

Annealed Ferritics
2 | (up to 9.5 mm (0.374 in)
430 180°R=T

135°R=T
446 180°R=T 135°R=T
Annealed Ferritics
(9.53-12.7 om (0.375-0.5 in)
430 180°R=T 135°R = 2T
135°R = 2T

446 180°R = 2T

R = radius and T = thickness of material

Strength Comparison

B Tarsite bai ® Yinki kst

Relative Yield Strength & Elongation

Stainless o

430 30

304/316 annealed 30

3044318, 142 Hard 1o T
317LMN 35 40
2304 : 8 4 25
2205 85 25
A36 Carbon sieel . = 18




P Cold Forming
- C0|d Worklng Strengthens Spring Back & Surface Protection
(A 666, Type 304)

Condition| Yield Strength  Elongation \ - Seel punch Rubber sheet or adhesive

{min, ksi) {min. Pct} N \ | . fiim protacts surfac
Annealed 30 40 S i | /

Sy o bl |

1/16 Hard 45 35 X o "’,f;iﬂ;"’ p 5 b //w—-\
1/8 Hard 55 35 Rubliar "hor® [0 7 Jwe SUPQ?:’:S v
1/4 Hard 75 10
1/2 Hard 110 7 b

Springback of Stainless Steels Prevent Surface Contamination
110
100 « Surface protection
7 90 + Protective surface during storage, forming, and instaliation -
g 80 strippable adhesive films are common
g 70 « Specify sufficient film life
% 80 - Use UV rated films
< 50 T T =2 + Store components off site until it is time for installation
§ 40 + Clean tools and equipment
5 0 - Do not use
£ 20 - Steel brushes, steel wool, steel shot
1030 50 70 20 110 + Media previously used on carbon steel or iron
Bending Angle {Degrees) + Do not grind carbon steel near stainless
Metal Thermal Thermal
Expansion | Conductivity
pinfin °F | (Btu/hr/fe/ft oF
Type 304/316 5.4 9.4
2205 7.22 13.5
Carbon steel 8.7 31
Alloy 400 7.7 15
| |Copper 9.4 223
AA 3003 12.9 118 .
Zinc 12.0 67

FIGURE 1-5 ALLOWANCES FOR GUTTER EXPANSION




FIGURE 3-2 LOCKS & SEAMS

L

- 7 e, T B T RN

FIGURE 3-3 LOCKS & SEAMS

Double S-Seam
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FIGURE 4-17 EQUIPMENT SUPPORT FLASHING

Stainless steel ledge penetration

Uniform Appearance

+ Use one coil or consecutive coils from
one supplier

+ Mark roliing direction on film

+ Install panels and coils consecutively

+ Failing to follow these rules can
produce a checkerboard appearance




Dull or Embossed Finishes

« Both samples are equally flat
* Light diffusion makes finishes look flatter

H
i

Light Diffused (%)

(Type 304)

? R
Plos, 20 Mo 28 Mooz BA

Raflective 28 roof finish
| Notsuitable near airports

Oil-canning very visible

elded Standing Seam

Less reflective - 2D roof finish
Acceptable near airports

Oil-canning less visible

Ludwig-Erhard Haus, 1998

Dol

| of flatness” to minimize problems with wavy

Require “stretcher or tension leveled quality

panels
*Optional in ASTM A480 — must be specified
*Waviness can reoccur after cutting

*Minimize problem = use full panel width if
possible

*Post fabrication panel flattening may be
needed

Flat Roiled Product Specifications
(Piate, Sheet and Strip}

+ Tighten finish specification text using surface roughness (Ra)
and gloss (reflectivity)

e ESREy it

Potential Variation In Appearance Problem

Pattern depth variations from roll or polishing
belt wear

+ Number coils as they are produced

- Install consecutively
UV rated strippable film with arrows marking
direction
Variations in underlying finish
Specify maximum pattern depth variation anc’
finish reflectivity
More visible at higher light levels




Welding methods

- Stainless steels have good weldability and can be welded with
most welding methods

+ Distortion less likely above 0.063 inches

» Most common methods for lighter gauges SMAW, GTAW,
GMAW

* SMAW mriewed Metal s
« GTAW may

< GMAW st

+ FOW Fiux soced Wirsy
< PAW Pusma Ao Weld
= SAW suemenged ac

> Ohers dased Resistance welding ste}

Low Carbon or “L” Grades

- “L” refers to low carbon levels
—Examples: 304L and 3161

» Specify “low carbon” for welding sections 0.25
inch or heavier

Clean Before Welding or Soldering

- Remove contamination on the surface which could cause
embrittlement or lower corrosion resistance

- Sulfur, phosphorus, carbon, lead, zinc, copper

Sources of Contaminants:

Hydrocarbons: grease, oil, cutting iubricants
Marking crayons, paints

Tools: hammers, backing bars

Shop dirt

Dirty gloves

Chromium Depletion under Weld Discoloration

Chromium Content
(schematic)

Weld
Discoloration

Base
Matertal

Effect of Post-Weld Cleaning on Critical Pitting Temperature {CPT)

Criticat Pitting Temperature F




Pickling

= Chemical treatment o
remove heat tint, and the
undetrlying chromium-
depleted layer and surface
contamination

Covered by:
ASTM A 380

Pickling with paste

Welding

Submit welder certification and weiding
procedures with the bid package
For structural stainless steel designs

- Require compliance with AWS D1.6

- Use a welding inspector
Clean and degrease prior to welding
Use de-ionized or low-solid content water
when chemical cleaning to ASTM A 380

+ Otherwise water staining can cceur
Welding destroys the finish

+ Some finishes can be repaired by blending

+ Colored and other special finishes are not
repairable

Soldering

Soldering is an economical way to seal joints with minimal
distortion relative to welding light gauge stainless

Less corrosion resistant than welding

Low mechanical strength relative to base metal — 63% tin/37%
lead best strength

Finish color matching will not be perfect —~ 80% tin/20% lead and
higher provides best color match

Soldering Guidelines

+ Clean the surface to be soldered
+ Remove any grease, oil, and markings

+ Use stainless steet wire brush, sandpaper, or stainless-steel wool to
roughen surface,

+ Do net use carbon steel or products previcusly used on it because they
can contaminate the surface and cause corrosion.
+ Cover the surfaces to be joined with a thin film of flux, preferably
phosphoric acid based.

« Chiaride fluxes (e.g. hydrochioric acid) are corrosive to stainless and
through neutralization and flushing is required.

- More corrosion resistant stainless steels may need a flux with some
chlorides

+ Assemble the metal to be joined.

Soldering Guidelines

« Apply solder in the same manner as for other metals
+ Neutralize all flux and rinse thoroughly

+ If a chloride containing flux has been used, this is critical because it will
cause corrosion of the stainless steel.

+ Make sure to wash flux out of any crevices which are particularly
susceptible to corrosion.

+ Inspect for pinholes. scams, and cracks.
» Rework if necessary and fill any suspect holes .

Conclusions

Carefully evaluate each site and application

Follow stainless steel producer, welding and soldering
manufacturer guidelines, and industry association
guidelines for fabrication

If technical questions arise, contact IMOA or the Nickel
Institute

In corrosive environments, have a metallurgical engineer
with architecture experience evaluate the site and
applications






