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Abstract

Function and cogt are important factors when selecting materias for constructing cave
and mine dosures. Characterigtics of common construction materias, specid materids
for increased security, and common finishes are factors in the design and planning
process. Evauation of longevity criteriaand assessment of site environmentd factors are
vitdl to project planning. For each materid commonly used in cave and mine gates, there
are beneficia aswdll as disadvantageous characteristics—stainless stedls, Mangana®
mild gructurd stedls, concrete, duminum, gavanized sted, plagtic products, security
inserts, paint, and other finishes. Specific knowledge about bat habitat and genera
common sense mudt dictate design and materid sdlection.  Although many materids can
offer enhanced protection, often the most cost-efficient and readily available materid that
provides reasonable life expectancy for cave and mine gatesis standard structural stedl.

I ntroduction

What materids are safe and cost-effective for long-term use in the harsh environments of
caves and mines? Characterigtics of common construction materias are described in this
paper. Emphasisis placed on materias that are considered corrosion resstant, tough, and
readily available. Other exotic materiads, though their characteristics may be beneficid to
the protection of underground habitats, tend to be expensive, less available, and
sometimes require specia ingtdlation procedures. Typicdly, gatesfor caves and mines
are congtructed of structural stedls, concrete, Manganad® , or stainless stedls. In addition
to gates, there are cave and mine closure designs that cdl for cable netting or chain-
link—these materias are described in other papers included in the proceedings for the
2002 Bat Gate Design Forum.

Before planning and designing gete structures, you should evauate the materia options

and fabrication requirements. Gate-builders should add severd useful reference manuas

to their libraries Machinery’s Handbook (Industria Press); Manud of Steel

Construction (American Indtitute of Sted Construction, Inc.); Electrode Pocket Guide
(Airco); and Ryerson Seels Sock List and Data Book and Ryerson Special Metals Data
Book (Joseph T. Ryerson and Son, Inc.). Materids reference books are updated regularly
and contain ussful information for any congdruction project. For example, the Machinery
Handbook has sections on types and properties of materids, welding specifications, and
finishes The drength of materids section in the Machinery Handbook, has amplified
mathematical formulasto usein caculaing materiad strengths for gete designs.



Stainless Steels

Chromium-nickel augtenitic steels are commonly known as stainless stedls. Both names
refer to the same family of sted materids. The corrosion resistance and toughness of
dainless sedls make them highly suitable for cave and mine gates. Thelongevity of
danlessisten-fold that of mild seds. However, snce sainless is more costly than other
gating materids, it is currently used only when required by specid Ste circumstances or
gae designs.

Stanlessged life expectancy and corrosion-resistance far exceed the characteristics of
other materials. However, snce vandalism is akey issue for cave and mine closures, and
sncereplacing Sainlessis expensive, it may be more cost effective to choose other
materias for gate condruction. In extreme cases, where the environment is too harsh for
mild stedls to survive, the Site conditions may dictate that stainless be selected for its
increased life expectancy. Any of the chromium-nickel augtenitic stedls offer good
characterigtics for cave and mine ingdlations, however, there are important fabrication
requirements for these sainless sed materids.

There are anumber of weldable chromium-nickd augtenitic steds on the market. If the
project isfabricated in a controlled, clean welding shop, any of the weldable austenitic
danless gedswill work well. Find complete listings of the characteristics of augenitic
dedsin the Machinery' s Handbook. For augtenitic stainless stedls, welding requirements
cal for shielded gas metd arc welding processes to minimize the potentid for carbide
precipitation, e.g., tungsten inert gas (T1G), or meta inert gas (MIG).

Generdly, gainless cannot be properly fabricated in the fied unless specia welding
equipment is used to purge the welds with argon to minimize corrosion-inducing carbide
precipitation. If welding must be donein thefidd at the gating Ste, chromium-nickel
austenitic stedl types 304L, 316L, or 321 are recommended. These Sedsare less
vulnerable to the harmful carbide precipitation that enhances weld corrosion (rust)
tendencies.

For field applications, an optiona method of congtruction may be to pre-drill and
countersink holes in a fabrication shop, transport the pieces to the Site, then use boltsto
assemble the pieces. Holesfor the rivet-like bolting can be drilled in the shop. After
ingaling stainless sted bolts with countersunk heeds, flatten the heads with a hammer,
and then grind the nuts to a cylindrica shape so they will not accept awrench.

Manganala

High-manganese, augtenitic, work hardening sted that is currently used in some cave and
mine gates is avallable under the trade name Manganda . Typicdly, the chemicd
composition is manganese (12.00/14.00%) and carbon (1.00/1.25 %). Manganda bars,
plates, and castings are used for high-impact industria applications. Cost of high-
manganese, austenitic, work hardening stedl tends to run two to three times that of mild
Sed.



Manganda isused in extreme wear conditions and is hardened by impact, hammering,
and abrasion. This surface characteridtic is known aswork hardening. In other stedls
(e.g., carburized or casehardened), the depth of hardnessis fixed. When Manganda is
subjected to wear, the surface toughens and the materid remains ductile undernesth.

Characterigtics include high-gtrength, ductility, toughness, and substantia longevity.
Corroson resistance (e.g., rust and attack by acids) is about the same as ordinary stedls.
Manganda is extremdy tough when work-hardened and may tolerate harsh
environments. Functiona mine rails made from this materid are over 100 years old
(Louis Arnodt, persond communication). Cave and mine gates constructed of
Manganda can deter vandals using hacksaws, however power tools or cutting torches
can breech the closures,

Continuous high temperature can cause high-manganese, austenitic steds to become
brittle. In eectric arc welding processes, no loca area should remain at visible red heat
for more than two or three minutes. If there is build up with multiple layers from weld
passes, the welder may either skip weld, or weld intermittently to reduce locaized hest.

Manganda isagood choicefor fidd fabrication if the high cost isjudtified. Preferred
applications tend to be in remote sites where minimal acidic conditions exist and where
vandals cannot easily use power tools. Manganda is durable and has excdllent longevity
characterigtics.

Structural Stedls

The most common grade of structurd sted (sometimes called mild stedl) iISASTM A-36.
The high-strength structurd steddls ASTM A-529 and A-440 have high carbon content for
srength but they are no more durable than mild steds. Corrosion-ressant, high-strength
stedls have one advantage over the mild varieties in that they are more difficult to
vanddize. Mild steds are easy to fabricate, readily available, and cost less than most
other options. In some environments, the life expectancy is 50 to 100 years. Mild ged is
avalablein avariety of sructurd shapesthat are easlly welded and fabricated in the

fidd.

Aluminum

Aluminum will probably work for gates placed in dry, nontakaine environments.
However, duminum is easy to vanddize because, generdly, it is not as strong as stedl.
Aluminum can deteriorate rapidly and the degradation may introduce toxinsinto cave and
mine habitats. For example, an duminum ladder left in acave located in the arid
southwestern US literally deteriorated to a pile of scrap in lessthan 20 years (Werker,
unpublished data). Aluminum carabineers|eft in cavesfor varying time intervals rgpidly
show sgns of pitting and corrosive deterioration (Storage, 1994).



When duminum structures are exposed to the atmosphere, athin, invisble oxide skin
formsimmediately and protects the surface from additiond oxidation. This sdif-
protecting characterigtic gives duminum its high resstance to corrosion unlessit is
exposed to some substance or condition that destroys the oxide coeting. Alkdis are
among the few substances that will attack the oxide skin—thus, akaine conditions will
cause duminum to corrode. When auminum is placed in direct contact with other
metals, the presence of an dectrolyte (i.e., moist conditions or high humidity) will cause
gavanic corroson of the duminum at the contact points.

Depending on the Site conditions, protective coatings may increase the life expectancy of
duminum. Chromate coating can be brushed on in the fidld, but anodizing must be done
at acoating lab.

Because duminum is especialy susceptible to both vandaism and corrosion, it is usudly
aless desrable materid for cave and mine applications.

Concrete

Concrete works well in most environmerts. It is resstant to chemica and corrosive
attack and has extremely good longevity characteristics. Structures built with 3000ps
concrete reinforced with rebar will deter vandas and will hold up for many decadesin
mogt environments. Cement is made of clay and limestone—thus, concreteislikely to
add few if any toxic materids to cave and mine systems.

Culvert and Pipe

Culverts and pipes used for cave and mine closures can be made from avariety of
materids. Severd materia types are addressed below. Be aware that culverts or pipes
may not be the best option for protecting most bat colonies. Small diameter flyways can
st the stage for easy predation of bats.

Galvanized Sted

Gavanized stedl culvert has been used in roadway construction for decades and seems to
function well. However, in caves and mines, gavanized culvert may deteriorate rapidly.
For example, agavanized culvert ingdled in Lechuguilla Cave in 1986 showed visble
signs of degradation by 1994 and had severdly deteriorated by the time it was replaced in
the year 2000 (Werker, unpublished data).

Asthe zinc coating of gdvanized sted degrades, it may generate harmful by-products.
Welding gavanized materid results in noxious fumes that can be hazardous to human
hedth. The breakdown, out-gassng, and deterioration of gavanized sted culvert
introduces by- products that may be especidly toxic to bats. The by-products of
deteriorating galvanized sted may adversely affect other cave or mine-dwdling animas
and plants.



Plastics

Little is known about the degradation processes of plastics used in cave and mine
environments. Polyvinyl chloride (PVC) used in water lines and air conduits tends to
become brittle over time. PV C aso out-gasses potentidly harmful substances. Until
studies further define the longevity and degradation characterigtics of PV C and various
plastics when used in subterranean environments, other construction materids are
preferred for cave and mine use.

Finishes

Finishes applied to the surfaces of materias, intended to enhance longevity, may add
contamination to cave and mine environments. Many paints and finishes, over time, will
deteriorate (Sometimes flaking onto the habitat floor). Out-gassing of these products may
introduce potentialy toxic materids to underground cave and mine sysems. Researchis
needed to investigate the potentid benefits and harms of various finishes when used on
cave and mine gates.

Common Sense

Investigating the multitude of materia choices, evduating their varying characteridics,

and andyzing the cog, the potentid for vandalism, and the inherent longevity of the
materials can be an arduous task. First, evauate the site, the habitat, and the purposes for
the gate or soft closure. Smplify the gods, Sate the Site objectives, and then alow
common sense to dictate materia choice and congtruction technique. In project planning,
the priority isto be redistic about the habitat, the Site requirements, and the budget.
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