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Introduction 

After the devastation caused in Southern Florida by Hurricane Andrew in 1992 (Fig 1), Miami-Dade 

County, Florida building officials developed code specifications that all building materials must now 

conform to if they are to be used in exterior building applications in Southern Florida. Particular to the 

specifications are certain tests that materials and fabrications must pass if they are to be used 

externally on buildings in Miami-Dade County.  

It was determined that the debris hurled around in a hurricane accounts for much of the damage to 

buildings and property, not just the force of the wind. For many years buildings in the USA have been 

designed according to wind velocities and loads set out in ANSI/ASCE 7 (ref.1) and generally buildings 

and structures will not be damaged just by wind forces if the building remains a sealed envelope. 

Problems occur from flying debris which impacts the envelope of the building and causes holes in the 

walls and roofs, breaks windows and doors. This allows the wind to enter the building which creates a 

huge vacuum sufficient to cause the walls and roof of the building to explode. The hurricane resistant 

codes are designed to ensure that materials and systems used to construct building exteriors can resist 

the impacts from flying debris and protect the integrity on the building envelope. The hurricane 

resistant building codes apply to all locations within 5 miles of the coast. (Fig 2) shows a map of Florida 

with wind speed contours overlaid. 

The Miami-Dade County specifications are taking on increasing importance in that they have now been 

incorporated into the State of Florida building codes, under TAS 201-94(ref.2) and TAS 203-94 (ref. 3). 

All other states in the USA that border the Atlantic Ocean and the Gulf of Mexico are adopting the 

same standards for building materials and fabrications. Australia has similar hurricane resistance 

standards and there was a project in the Philippines this year that required the GFRC panels to meet 

the Florida standards. The Miami-Dade County specifications could well be adopted world-wide where 

ever hurricanes or typhoons are possible. 

 

 

 



 

 

 

 

The Building Codes  

Florida is the most advanced of the states in the USA in its requirements for hurricane resistance in 

that it has a formal Acceptance procedure by which a manufacturer can submit their product and test 

data to the Building Code Compliance Office and if deemed to meet all code requirements they receive 

a Notice of Acceptance (NOA). GFRC Cladding Systems, of Garland, Texas has such a number for their 

hurricane resistant GFRC panel design, NOA No. 05-0901.03 (Fig. 3) (Ref.4).  

Other states, such as Texas (ref.5), have incorporated the testing requirements into their codes but 

GFRC manufacturers have to submit their test data every time they bid on projects requiring hurricane 

resistance. 

The two tests that have to be satisfied are covered by two ASTM standards. The first standard is ASTM 

E1886-05, “Standard Test Method for Performance of Exterior Windows, Curtain Walls, Doors, and 

Impact Protective Systems Impacted by Missile(s) and Exposed to Cyclic Pressure Differentials” (ref.6). 

The second standard is ASTM E1996-09, “Standard Specification of Exterior Windows, Curtain Walls, 

Doors, and Impact Protective Systems Impacted by Windborne Debris in Hurricanes” (ref.7). E1886-05 

covers details of how to perform both the impact test and the air pressure cycling test. E1996-09 

provides the necessary specification criteria for determining whether the product has passed or failed 

the tests. 

The first test performed under E1886-05 is the impact, or missile test. There are two missile tests in 

this standard, a small missile test and a large missile test. Only the large missile test will be discussed 

here because if a product passes the large missile test it is accepted that it will pass the small missile 

test. 

In the large missile test the product is subjected to various impacts with a piece of wood (the missile) 

weighing approximately 9 lbs, and measuring 2in.x4in.x9 ft in size. The missile is fired from a 

compressed air canon at a speed of either 50 ft/sec. (15.25 m/s) or 80 ft/sec. (24.38 m/s). The former 

speed is for Class 2 rated materials and the latter is for a higher Class 4 rating. Class 2 applies to most 

types of building; class 4 is for critical buildings such as hospitals, emergency shelters, etc. The testing 

for both these classes assumes Zone 4 wind speeds of greater than 140 mph (63 m/s). 

Impact and Pressure Testing 

A complete GFRC panel is tested, with the GFRC skin attached to a metal stud frame via “L” anchors 

and bonding pads (Fig. 4). The panel must include face coat (if used on the production panel) and GFRC 

back-up. The panel is mounted in the side of a chamber with the GFRC face outward from the 

chamber. The chamber is used for the second, air pressure differential cycling, test but also provides a 

convenient way to hold the panel during the missile test. 

Three panels are tested, each impacted twice. The target areas for each impact are shown in (fig 5). 

Impacts where bond pads occur are not allowed, for the center panel shots the thinnest section of the 

panel is targeted. As fig. 5 shows one panel is first hit in the center and the second impact is aimed 

within 6 inches (150 mm) of one corner. The second panel is first hit within 6 inches (150 mm) of the 

opposite corner to the first panel and the second shot targets the center of the panel. The third panel 



 

 

 

 

is first shot within 6 inches (150mm) of the opposite corner to the second panel and the second shot 

targets the center of the panel. If one panel should fail a fourth panel may tested in exactly the same 

way as the failed panel and if this panel passes the test the failed panel is ignored. The panel is 

deemed to have failed if the missile penetrates the panel. The panel can also be deemed to have failed 

if, although the missile does not penetrate the panel, it sufficiently damages the panel that it cannot 

pass the air cycling test.  

After a panel has received its two impacts it is subjected to the air pressure differential cycling test 

(Fig. 6). The purpose of the test is to determine if the Integrity of the panel, and therefore the 

integrity of the building envelope, has been breached. As was stated earlier if the building envelope 

integrity is breached the building can explode. The panel is sealed into one of the walls of the chamber 

and the air pressure in the chamber is cycled 9,000 times between positive and negative pressure 

differentials across the panel. If the pressure differential at any time in the test cannot be achieved 

then the panel is deemed to have failed the test. Clearly if the missile has penetrated the panel and a 

hole has been created then the panel has failed but the panel could also fail even though it may have 

resisted the impact without penetration. If the panel cracked through its thickness it would leak air 

and could fail to maintain the required pressure differential.  

Also a maximum allowable deflection is calculated for the panel when subjected to the maximum 

pressure differential. During the test the dynamic deflection of the panel is measured and any residual 

deflection is also measured. If either deflection exceeds the maximum value the panel may be deemed 

to have failed. Again a cracked panel could cause a panel to fail this criteria. 

Basically the test requires for the panel to pass the tests that the missile should simply bounce off the 

panel without penetration or causing cracks through the panel. Unfortunately basic 5% fiber content 

sprayed, or cast, GFRC will not pass the hurricane resistance test but GFRC can be designed so that it 

will pass. 

GFRC designed to pass the Hurricane resistance test  

The design developed by GFRC Cladding that has passed all hurricane resistance tests is covered by 

Miami-Dade County Building Code Compliance Office, Notice of Acceptance (NOA) No. 05-0901.03 

(Fig.3) (Ref.4). The NOA expired on 05/31/2011, after this paper was written, but the new NOA will be 

available at the Congress. 

The NOA is not generic in that each manufacturer has to have their design and product tested to 

receive their own NOA.  

Because 5% random chopped fiber content of sprayed, or cast GFRC will not pass the large missile 

impact test a way of enhancing the impact properties of random fiber 5% GFRC had to be found. 

Increasing the chopped fiber content to 6% did not solve the problem and increasing it beyond 6% was 

not practical because the properties of GFRC start to decline at this level due to poor compaction 

caused by the high fiber content. Also making the panel thicker was not a solution because it required 

such a big increase that it was uneconomic. 



 

 

 

 

It was known that the addition of AR glass fiber scrims, or textile fabrics, can increase the properties 

of GFRC (Fig.7). Initially light weight scrims, NEG’s TD10x10 and TD5x5 (Fig. 8) were tried but adding 

even two layers of TD5x5, the heavier weight of the two scrims, into the spray up composite did not 

pass the impact test. Other heavier weight fabrics were investigated and it was found that a 20 

oz/sq.yd.(0.66kg/sq.mt.) leno weave AR fabric (Fig. 9) offered possibilities based on small scale impact 

testing. 

Panels were made in which the 20 oz. fabric was laid ¼ inch off the outer face of the panel and the 

final minimum thickness of the GFRC was ¾ inch. This panel passed the large missile impact test and 

also passed the cyclic air pressure differential test. The location of the fabric is very important in that, 

if it is too far from the outer face of the panel the panel can resist penetration of the missile but the 

panel may crack and fail the cyclic air pressure differential test. The panel design accepted by Miami-

Dade County is shown in (figs. 10-13). The position of the fabric in the panel is shown in the drawings. 

It is not sufficient that the fabric be heavy enough to allow GFRC to pass the tests but it must also be 

flexible enough to follow the contours of the panel as shown in the panel drawings in (figs. 10-13. 

(Fig.14) shows a building that was done by GFRC Cladding Systems in Miami where the GFRC panels 

meet class 2 hurricane resistance. 

Conclusions 

One layer of 20 oz/sq.yd. AR glass fiber fabric laid ¼ inch from the outer face of a 5% spray up GFRC 

panel will pass the ASTM E1886-05 large missile impact and the cyclic air pressure differential tests. 

The panel design has received Miami-Dade County and the state of Florida approval for class 2 

hurricane resistant wall panels.  

The higher class 4 rating can also be achieved by the incorporation of a second layer of the 20 oz. 

fabric about 3/4 inch from the outer face. This does require that the overall thickness of the panel be 

increased to a minimum of 1 inch. 

The inclusion of AR glass fiber textile fabrics in random chopped fiber sprayed or cast GFRC to improve 

impact properties also opens the possibility of using this same design concept to manufacture GFRC 

that is blast resistant. Although this is a different type of impact force than the large missile test some 

preliminary testing has suggested that this is certainly a possible fruitful application to research. 
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Fig 1 Hurricane Andrew 
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Fig 8 Lightweight Scrims 



 

 

 

 

 

Fig 9 20 oz scrim 



 

 

 

 

 

Fig. 14 Miami Hospital clad in hurricane resistant GFRC panels 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Fig. 2 Wind speed contours in Florida 



 

 

 

 

FIG. 3 Notice of Acceptance (NOA) No. 05-0901.03 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 GFRC panel 



 

 

 

 

Fig. 5 Impact Test Target areas 



 

 

 

 

Fig. 6 cyclic wind pressure test 



 

 

 

 

 

Fig. 7 Scrim properties 



 

 

 

 

Fig. 10 panel details of class 2 hurricane resistant GFRC panels 



 

 

 

 

Fig. 11 details of class 2 hurricane resistant GFRC panels 



 

 

 

 

Fig. 12 Details of class 2 hurricane resistant GFRC panels 



 

 

 

 

 

Fig. 13 Details of class 2 hurricane resistant GFRC panel 


