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Dhear Mr. Becord:

Windbarme missile impact bats weee performed on vour LEEP STRUCTURAL CORE
(LEEF CORE} FANEL SYSTEMS on the [0th of Tamuary of this year at the Wind Losd
liest Facility Incated mt Clemson University, Clemson, South Caroling,  The windbarne
milseile Impact 16318 Were performed with dhe use of the facility's air cannen and 2 Decamur
: Iew. Gemesis-l radar gun,  The purpose of the testing was 1o determine
whether the LEEF CORE pane] systems moet the Large Missile Impact tests a3 specified
in the South Florica Bailding Code, A5TM E 1956, and the SECC] sandsrd, 55 T 2,

Background:

The large missile specified in all these standards is 8 9 pound 254 pece of lumber. The
misgile is projected a1 the test abject using an sir canon and strikes the test ohject eod on,
perpenidicular 1o the surface, For all buildings, other than essential facilities (hospitals
lml_ hun'ifm: sh:lmg.}. the missile impect speed specified for regions with the highess
design witd spevls in e VS i 5 feel per seeond (34 mph) in all three standands.
ASTM B 1996 specifies a missile impaet speed of 80 feet per second (35 mph) for
casmibial facilises located in regions with the laghest design wind speeds in the US. The
tesdt protocol requires that specimen rests impacs in the middle of the panel and in &
earner of the panel. In order for a produet o pass the test, te Sowth Florida Building
Cotle’s impaer srndard S10Ws 06 pEREETS of the prolective svsiem while the SBOCT
arel ASTM standards do allow penetration provided the bols is small ensugh to prevent a
3 inch sphere fram passing through the hole,

The test standards also inchide testing of the panel system for 2000 cycles of pressune
Nuciuations, of variouws maghitudes up to te design pressure, afier the panel has basn
sibjected 1o the missile impacts. The tests performed at Clemsan University only
coverad the missile impact potion of the 128 precedure and wers inended to provide

preliminary performance informstion.
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The pm.:lj consist of a polyurethane foam core that is chemically bonded durng
production to tove light gage (0.019-inch thick) stee] face sheets, The panels were 4
inchis thick, 24 inches wide and 190 feet Jong. Theee panels were shipped s Clemson
University for testing.  The three panels were commected together abong therr lemg edges
ising a bualt in tongee and groeve system.  The cormection was made at the factory using
palyurcthane adhesive bonding hetween the edges of the fongue and groove system, The
comiplete sssembly allowed testing of impacts in the middle of the panels, near free edges
anel along the wagoe and grosve Joint  The center of each pane] containg a wericsl
channa] shapsd indentation (4 inchas wicds amed 2.5 moh rJiIFI thilk Gan asssmamadate
building services. This indenintion runs the entire length of the panel, cresting the
thinpest pertion of the panel. Consequently, impacts neor the center of the panel targesed
birth 1 niddle of this clausel, e cdges of e channed, aed repions whine the panel bad
thaz Tull 4-=inch thicknes.

Hefore testing began, several Southern Yellow Fine (YT Jxd boards were weighed and
cut o produce missikes with weights of 9 Ths, (+~ 0.1 Tbs.}. The Genesis-[ radar gun was
calibented with two uning forks previded by Decatur Electronies, Ing, The panel system
was ounted in froet of a 12 feot wide by 12 foot tall siecl chamber so that any missile
penetraling the specimen would ool pose a threal bo people or equipment i the area. [n
arder to provide a rigid support the panels, they were braced at the hottom and af a I'mgl'rt
of abowt § feet. Rigid supparts insure that the impact koading of the missile is properly
transfered to the panel system.

Pamel Tesis:

Inftzal lests were conducted with mudiple impacts of the 9-pound 2xd ot 2 target speed of
34 mph. Two impacts were a1 33 mph, several were ot 33 mph, bt mest wers at 34 mpl.
These impacts produced permanent indentations in or perforations of the exterior metal
sheeting in all cases. The X o 35 mph mapact speed tor the %pound 2x4 wood missike
tarned put 10 he close o the threshold velocity for perforation of the exterior mwetal
chesting. Perforations occurred in thiee cazsss out of sbeut 10 impacts. Figure 1 shows a
(vpaial extenor surface perforaten with a mesaile spoed of 35 mph. However, there was
little or oo defomrsison thal coulld be ohserved on the interior surface of the panels for
impacts in this speed range. The largest ohservable deformations of the interior surface
accurrsd when the missiles strack an or near the vertical charmed indentation.  Figure 2
illastrates the tepe of interior surfece deformotion oboerved from an mapect on ec neor the
vertical channel. This deformation was limited to a slight local buckling of the thin medal
imterior sheet in the vicinity of the impact

EP

fc.

58



Alrborne Debris Test EP

Duming the courss of the impact lesting using (e S-pound 2x4 missile with impact speeds
of 4 mph, each of the three panels was impacted with comer and center shais. In no
instance did the missile come close to perforating the interior surface of any of the panels.
Figure 3 shows the multiple impacts on the middle portion of the three panels. Afier the
34 mph missile impact tests had been completed, the missile speeds were increased in an
effort to determine the threshold velocity for missile penetration of the entire panel.
Total perforation occurred for missile speeds around 85 mph. A missile impact at 81
mph in the middle of one of the panels and near the bottom edge of a panel failed to
totally perforate the panel. However, at those missile speeds, there was considerable

deformation of the inner surface of the panel and what appeared to be delamination of the
foam inside the pancl.

[t should be noted that the impact speeds required to completely perforate the panels were
more than twice the large missile impact velocity standard for conventional construction
and even substantially exceeded, by about 50 percent, the threshold value (9-pound 2x4
at 55 mph) for essential facilities located in the highest wind regions of the US as
specified in ASTM E 199%.

If you should have any questions about the tests or results, please do not hesitate to call.
Sincerely yours,

"‘:-:i_',.,-.-—-f'-_g £ ;,-;L{JJ
Timothy A. Reinhold, Ph.D., P.E. (Colorado)

Associate Professor
Director Wind Load Test Facility
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Typical perforation of exterior metal
sheeting (9-pound 2x4 at 35 mph)

Typical local indentation of
interior surface from strike on
exterior surface (9-pound 2x4 at
35 mph)
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LeepCore wall section resisted

penetration of 9 pound wood | ! r ! &
2 x 4s, shot on end, at speeds up &b .
to and including 81 mph. j Wi
W ?.3\ s \
s e % o N

Localized wall penetration Inside surface bent but
occurred at 234% of Dade not penetrated
County test specification.

At speeds in excess of 90 mph, only
local damage occurs and is easily
repaired. Flying debris penetrating the
LeepCore wall at such excessive
speeds, is retained within the wall so
humans inside such a building would not
have been harmed .
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