APPENDIX A

PREVIOUS LARGE MISSILE IMPACT TESTS PERFORMED
ON WALL AND ROOF ASSEMBLIES

Tests Performed on Wall/Roof Assemblies

Large missile impact tests performed at TTU (2002), UF (Cook et al 1998, 1999, 2000,
Ellifritt and Johnson 1998, Staley 1999, Anderson 1995), Miami-Dade Building Code
Compliance Office (2003) and Florida Department of Education (2003) are listed in this
appendix. They are summarized as follows:

e Basic large missile impact test on wall/roof assemblies
(a) Wall/roof assemblies passing previous basic large missile impact tests (Table A.1)
(b) Wall/roof assemblies failing previous basic large missile impact tests (Table A.2)
e Enhanced large missile impact test on wall/roof assemblies
(c) Wall/roof assemblies passing previous enhanced large missile impact tests (Table A.3)
(d) Wall/roof assemblies failing previous enhanced large missile impact tests (Table A.4)
e Non-standard large missile impact test on wall/roof assemblies
(e) Wall/roof assemblies passing previous large missile impact tests for various missile sizes

and speeds (Table A.5)

(F) Wall/roof assemblies failing previous large missile impact tests for various missile sizes

and speeds (Table A.6).

The following information is provided for each wall and roof section: type of wall/roof
systems, source of the test, description of the wall/roof construction, test missile size and speed,
and description of damage.
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph)

Test
No.

Wall/Roof System

Source

Sample Description

Missile
Speed
(mph)

Damage Description

CMU
(Wall)

UF

6 in. ASTM C-90 single-wythe
CMU wall, Width: 6 ft.
Reinforcement: #5 bar @ 5 ft. 4 in.
0.C., 2x4 in. joists @ 24 in. o.c.

>34

Impact point at the center of the wall. No
penetration or perforation. Punch-out of
the front face. Slight horizontal cracking
on the back face. Mortar joint cracking
along the bottom and side of the block.

>34

Impact point near the right support.
Punch-out of the front face and vertical
cracking between the point of impact and
the edge of the support. back face was
unable to withstand the impact.

>34

Impact point near the left support (mortar
joint). No penetration or perforation.
Punch-out of the front face with the
removed portion remaining intact. Back
face experienced vertical cracking along
the web and along the joints on both sides
of the block.

CMU
(Wall)

UF

8 in. ASTM C-90 single-wythe
CMU wall, Width: 6 ft. 8 in.
Reinforcement: #5 bar @ 6 ft. o.c.,
2x4 joists @ 24 in. o.c.

>34

Impact point at the center of the wall. No
penetration or perforation. Complete
punch-out of the front face. Slight joint
cracking on the back face.

>34

Impact point near the right support. No
penetration or perforation. Punch-out of
the front face with the removed portion
remaining intact. The back face
experienced vertical cracking along the
web and horizontal cracking along the
joints above and below the block.
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Table A.1:

Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Impact point near the left support (mortar
2 CMU 8 in. ASTM C-90 single-wythe joint). No penetration or perforation.
(contd.) (Wall) CMU wall, Width: 6 ft. 8 in. Punch-out of the front face with the
UE Reinforcement: #5 bar @ 6 ft.o.c., >34 removed portion remaining intact. Back
2x4 in. joists @ 24 in. o.c. face experienced extensive vertical
cracking along the web and horizontal
cracking along the joints above and below
the block.
Galvanized 24 ga. roof panel 254 :)r:]pact p0|_nt at the center. No penetration
. . . perforation.
Panel clip aII_ows for roof expansion Seam opening: none
and contraction. The panel seams -
3 Metal UE are locked into place with a snap-on Impact point near the seam. No
(Roof) batten strip with a factory applied 34.5 penetration or perforation. _
sealant. Seam opening: right (1/4 in. max x 5in.)
Panel size: 3 panels, 24 in. x 20 ft. Impact point near the seam. No
Girts: Z 8.25, 0.071 in. thick 34.3 penetration or perforation.
Seam opening: left (1/8 in. max x 1/8 in.)
22 ga. painted metal panel with Impact point at the center. No penetration
Metal UF standing seam, mechanical seam, 35.1 or perforation.
4 (Roof) Panel size: 4 panels, 1 ft. 6 in. x 9 Seam opening: none
ft., Girts: Z 8.25, 0.071 in. thick, @ Impact point near the seam. No
3 ft. o.c. (vertically spaced) 35.1 penetration or perforation.
Seam opening: none
34.3 Impact point near the seam. No

penetration or perforation.
Seam opening: none
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
354 Impact point at the center of the panel. No
' penetration or perforation.
22 ga. standard 1.5 in. wide-rib 351 Impact point at 6 in. from the support. No
5 Metal UE steel (galvanized, 33 ksi) deck, Ribs ' penetration or perforation.
(Roof) spaced at 6 in. o.c., Girts: Z8.25 @ 36.2 Impact point at the center of the panel. No
5ft. ' penetration or perforation.
36.2 Impact point at 6 in. from the support. No
' penetration or perforation.
Impact point at the center of the slab. No
34.6 q
amage.
333 Impact point at the bottom of the support.
' Cracked corner off.
6 Hollow Core Slab UF Company A: 6 in. hollow core Impact point at the mid-height of the
(Roof) grouted slab 336 support. Crack entire length front/back.
331 Impact point at the top of the support.
' Crack from impact to edge.
347 Impact point at the top-center of the slab.
' Knocked chunk off slab.
33.4 Impact point at the bottom-center of the
) slab. No damage.
42 Impact point at the grouted edge of the
support. No damage.
34.1 Impact point at the grouted edge of the

support. No damage.
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
34.5 Impact at the center of slab. No damage.
335 Impact point at the bottom of the support.
7 Hollow Core Slab UF Company A: 8 in. hollow core : No damage.
(Roof) grouted slab Impact point at the bottom-center of the
31.9
slab. No damage.
Impact point near the support. Cracked 1/4
33.3
of span through core.
Impact point at the center of the slab. No
345
damage.
348 Impact point at the bottom of the support.
8 Hollow Core Slab UE Company A: 10 in. hollow core ' Slight crack visible near edge.
(Roof) grouted slab Impact point at the bottom-center of the
34.7
slab. No damage.
Impact point near the support. Cracked 1/4
34.6
of span out edge.
Impact point at the center of the slab. No
34.5
damage.
Hollow Core Slab cp Impact point at the bottom of the support.
9 (Roof) UF Company B: 6 in. hollow core slab 34.1 No damage.
Impact point at the bottom-center of the
33.6
slab. No damage.
Impact point at the center of the slab. No
Hollow Core Slab . 34.5 damage
10 UF Company B: 8 in. hollow core slab —
(Roof) 34.6 Impact point at the top of the support. No
' damage.
Impact point at the center of the slab. No
Hollow Core Slab . 364 damage
11 UF Company B: 10 in. hollow core slab —
(Roof) 35.4 Impact point at the top of the support. No
' damage.
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Hollow Core Slab o 34.6 Impact at the center of slab. No damage.
12 UF Company C: 6 in. hollow core slab -
(Roof) 345 Impact point at the top of the support. No
' damage.
Impact point at the center of the slab. No
Hollow Core Slab . 336 damage
13 UF Company C: 8 in. hollow core slab —
(Roof) 34.1 Impact point at the top of the support. No
damage.
345 Impact point at the top of the support. No
14 Hollow Core Slab Company C: 10 in. ' damage.
UF -
(Roof) hollow core slab 345 Impact point at the center of the slab. No
' damage.
354 Impact point at the center of the slab. No
15 Hollow Core Slab UE Company C: 12 in. ' damage.
(Roof) hollow core slab 6.4 Impact point at the top of the support. No
' damage.
Impact point at the center. No penetration
34 or perforation.
Seam opening: none
Galvanized 24 ga. rolled-form panel Impact p0|_nt on the seam. No penetration
. . - 34.8 or perforation.
with structural ribs on 12 in. -
idelap screws spaced 12 Seam opening: none
Metal centers. Sidelap P Impact point near the seam. No
16 UF in. apart were used on the overlap pact p AN
(Wall/Roof) seams. 34.1 penetration or perforation.
Panel size: 3 panels, 36 in. x 20 ft. Seam opening: none
35.1 Impact point near the seam. No

Girts: Z 8.25, 0.071 in. thick

penetration or perforation. Seam opening:
1/4in. max x 2-1/2 in. max
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Missile
Lejt Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
37 No penetration or perforation. 1 in. tear.
35 No penetration or perforation. 1.5 in. tear.
17 Metal UF 24 ga. sheet metal (50 ksi) 34.8 No penetration or perforation. 9.5 in. tear.
i ) 34.2 No penetration or perforation.
(Wall/Roof) Girts: Z 8.25, 5 ft. spacing 5 No penetration or perforation,
34 No penetration or perforation. 7.5 in. tear.
36 No penetration or perforation.
35.4 No penetration or perforation.
34.8 No penetration or perforation.
Not available | No penetration or perforation.
33.8 No penetration or perforation.
18 Metal UE 26 ga. sheet metal (50 ksi) 33.6 No penetration or perforation.
(Wall/Roof) Girts: Z 8.25, 5 ft. spacing 34.5 No penetration or perforation.
33.6 No penetration or perforation.
Not available | No penetration or perforation.
35 No penetration or perforation. 8 in. tear.
Not available | No penetration or perforation. 30 in. tear.
35.4 No penetration or perforation.
35.1 No penetration or perforation.
Not available | No penetration or perforation.
34.3 No penetration or perforation > 30 in. tear
19 Metal UE 26 ga. sheet metal (80 ksi) Not available | No penetration or perforation.
(Wall/Roof) Girts: 2 8.25, 5 ft. spacing 325 No penetration or perforation.
33.5 No penetration or perforation.
33 No penetration or perforation.
Not available | No penetration or perforation.
34.0 No penetration or perforation. 21 in. tear.
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
359 Impact point at 12 in. above the girt. No
. ' penetration or perforation.
20 Metal UE 24 ga sti%dl?gigiar%p;gt)el (0.0228 N/A Impact point at 10 in. above the girt. No
(Wall/Roof) Girts: Z 8.25 ’6 ft. spacing penetration or perforation.
R 35.9 Impact point at the center of the panel. No
' penetration or perforation.
26 ga. standard panel (0.018 in 351 Impact point at4in. a_bove the girt. No
21 Metal UE ' thick, 55 ksi) ' ' ) penetration or perforation.
(Wall/Roof) Girts: 7 8.25 6 ft spacing 345 Impact point at the center of the panel. No
o ' penetration or perforation.
1.51in. deep, 2.5 in. wide ribs >34 Impact point at the center of the panel. No
spaced @ 6 in. o.c., 22 ga. steel penetration or perforation.
22 Metal roof deck,
UF 10-ft span of deck sidelaped with . .
(Wall/Roof) #10 TEpK SCrewWs sp;ced gt 12\‘Ni|n. >34 Impact point at 6 in. from the support. No
o.c. along the length of the span, penetration or perforation.
K24 bar joists spaced at 5 ft. o.c.
1.5in. deep, 2.5in. wide ribs >34 Impact point at the center of the panel. No
spaced @ 6 in. o.c., 18 ga. steel penetration or perforation.
Metal roof deck, _ _ >34 Impact point at 6 in. from the support. No
23 (Wall/Roof) UF 10-ft span of deck sidelaped with penetration or perforation.
#10 TEK screws spaced at 12 in. .
o.c. along the length of the span, >34 Impact point at the supported edge of the
K24 bar joists spaced at 5 ft. .. panel. No penetration or perforation.
stud walls with 2 layers of 3/4 in. CD grade <41 The missiles repercussed.
24 plywood TTU plywood mounted with 3 in. #8 41-44 Threshold was observed
(Wall) wood deck screws at 6 in. on center >4 The missile perforated the barrier

to the double stud 4x4 ft frame.

(failure).
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Information obtained Exterior: Hardipanel siding
Wood/Metal from Miami Dade Interior; 5/8 in. plywood sheathing
- ertical support: 2x4 in. wood studs | Not available ot available
25 (Wall) Building Code Vertical t: 2x4 i d studs | Not availabl Not availabl
Com Iignce Office or 3-5/8x1-3/8 in. steel studs @ 16
P in. (max.) o.c.
. . Exterior: Various layers of Dryvit
Information obtained . .
Wood/Metal from Miami Dade produgts, Interior: .1/2 in. gypsum
26 (Wall) Buildina Code sheathing and 1/2 in. dens-glass Not available Not available
Com Iignce Office gold, Vertical support: 3-5/8 in.x1-
P 3/8 in.x18 ga. steel studs @ 16” o.c.
Information obtained . . .
27 Metal from Miami Dade Exterior: 24 ga. 0.0225 in. (min.)
(Wall) Building Code structural galvanized steel (1- Not available Not available
Complignce Office 1/2x36 in.) with horizontal girts
Information obtained Exterior: Grade 50, G90 galvanized
Metal from Miami Dade steel with 0.031 in. min. thickness,
(Wall) Building Code Interior: Grade 50, G90 galvanized | Not available Not available
28 Com Iignce Office steel with 0.030 in. min. thickness,
P Core material: urathane foam
Information obtained Exterior: 3/16 in. natural stone
Metal from Miami Dade veneer epoxy, vertical support: 16 . .
29 (Wall) Building Code ga. steel studs @ 24 in. o.c. (max.), Not available Not available
Compliance Office channel @ 22-1/2 in. o.c.
Exterior: 0.04 thick aluminum panel
Information obtained Interior: 0.035 thick aluminum
Metal from Miami Dade panel G90 steel, Vertical support: . .
30 (Wall) Building Code 2x2 i, steel wall studs @ 22 in. | 'Ot available Not available

Compliance Office

0.C., 2 in. thick polystyrene
insulation
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Metal }?gﬁ:rmgm %b;g;ned Exterior: 0.024 in. thick steel panel
31 - (50 Grade), support: Min. 16 ga. Not available Not available
(wall) Building Code (0.056") Z girt @ 5 ft. 0.c. (max.)
Compliance Office ' 9 o )
Information obtained Exterior: Vee Rib structural metal
Metal from Miami Dade siding (24 ga., Grade 50, min. . .
32 (Wall) Building Code thickness 0.025 in.) Not available Not available
Compliance Office support: Z girt @ 2 ft. up to 4 ft.
Information obtained Exterior: Style rib 20 ga. Metal
33 Metal from Miami Dade panel Not available Not available
(Wall) Building Code support: JW studs: 8 in.x12 ga.
Compliance Office (0.1004 in. thick)
| }nforrp/la_tloq %btglned Exterior: 0.026 in. (min.) thick Rib-
34 Meta rom Vilami ade 12 structural panel (Grade 80), Not available Not available
(wall) Building Code support: Z girt @ 4 ft. 10 in. o.c
Compliance Office pport. 29 ' C
Information obtained Exterior: 24 ga. (min. thickness
Metal from Miami Dade 0.024 in., Grade 50) Florida Rib . .
35 (Wall) Building Code Panel, support: Stringers (min. 16 Not available Not available
Compliance Office ga., Grade 50)
Information obtained
Metal from Miami Dade Exterior: 0.024 in. thick steel panel . .
36 (Wall) Building Code support: Z girt @ 4 ft. o.c. Not available Not available
Compliance Office
Information obtained . . . .
. Exterior: 0.026 in. (min.) thick
37 Metal from Miami Dade galvalume steel wall panel with Not available Not available
(Wall) Building Code

Compliance Office

insulation
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Exterior: 24 ga. Structural
Information obtained Galvalume Steel (1-1/4 x 36 in.
Metal from Miami Dade Kirby Rib) Wall Panel, Vertical . .
38 (Wall) Building Code support: 8" Z 12 ga. @ 4 ft. 10 in,, | ot available Not available
Compliance Office Horizontal support: 9x5 in. C 12 ga.
@ 8 ft.
Exterior: Pro-panel 1l profile, 26 ga.
Information obtained (min.) Grade 50 steel, Interior: 5/8
Metal/Wood from Miami Dade in. thick CDX grade plywood, . .
3 (Wall) Building Code support: Girts: 2 x wood member, Not available Not available
Compliance Office #2 SP, Studs: 2 x wood member, #2
SP
Information obtained !Exterior: 26 ga. (thic'knfzss 0.018
Metal from Miami Dade |n.)_ steel panel, Ir)terlor. 26 ga. _ _
40 - (thickness 0.018 in.) steel panel, Not available Not available
(Wall) Building Code AP ft
Compliance Office support: Girts: min 14_ga. @ 4 ft.
0.c., Urethane core (3in.).
Information obtained 3-D welded wire space frame
Concrete from Miami Dade integrated with a polystyrene . .
4l (Wall) Building Code insulation core. Wythes of concrete Not available Not available
Compliance Office or mortar are applied to both sides.
Information obtained Exterior: 3/4 in. (min. thickness)
Glass Fiber from Miami Dade GFRC panel, support: Min. 4x0.056
Reinforced Concrete - in. thick (Grade 50) studs @ 18 in. Not available Not available
Building Code 00
42 (Wall) Compliance Office (max.) and steel bridging at max. 48
in. 0.c. (min. 0.056 in. thick)
Information obtained
43 Fiber Reinforced from Miami Dade Exterior: DuroCrete veneer, Not available Not available

Concrete (Wall)

Building Code
Compliance Office

support: steel studs
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)

Information obtained

a4 Wood (Roof) from Mlaml Dade Deck: 19/32 in. or greater plywood Not available Not available
Building Code or wood plank
Compliance Office
;?;cr::rmgm %b;g:aned Deck: “Superlock 16 22 ga.

45 Steel (Roof) Building Code Standing Seam Metal Roof Panel, Not available Not available
Compliance Office support: purlin
Information obtained Deck: “Superlok 16” 0.024 in.

46 from Miami Dade Structural Galvalume Coated Steel . .

Steel (Roof) Building Code Standing Seam Roof Panel, support: Not available Not available

Compliance Office purlin
}gﬁ:rmgm %b;g;ned Deck: 0.026 in. (min.) Structural

47 Steel (Roof) Building Code Galvalume Steel “Rib-12" Roof Not available Not available
Compliance Office Panel, support: purlin
Information obtained
from Miami Dade Deck: “Rib Roof” Structural . .

48 Steel (Roof) Building Code Standing Seam Roof Panel Not available Not available
Compliance Office
;P;%rrmgm (E)b;g;ned Deck: 0.030 in. (min) Structural

49 Steel (Roof) Building Code Loc-Seam 360 Galvalume Steel Not available Not available
Compliance Office Roof Panel, support: purlin
information obtained | Deck: 0.0248 in. (min) SS-360

Steel (Roof) - Structural Metal Roof Panel, Not available Not available
50 Building Code

Compliance Office

support: purlin
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' _ _ (mph)

}?gﬁ{?ﬂgm %b;g:aned Deck: 0.03 in. (min) Structural

51 Steel (Roof) Building Code Standing Seam 360 Steel Roof Not available Not available
Compliance Office Panel (22 ga.), support: purlin
Information obtained

52 Steel (Roof) from Miami Dade Deck: 24 ga. Kirby Rib 11 Roof Not available Not available
Building Code Panel, support: purlin
Compliance Office

53 ;?;cr::rmgm %b;g:aned Deck: 0.042 in. Structural

Steel (Roof) - Galvanized Steel Roof Panels, Not available Not available

Building Code supnort: purlin
Compliance Office pporL. p
}gﬁ:rmgm %b;g;ned Deck: 0.024 in. (min) Galvanized

54 Steel (Roof) - Steel “Dyna-Rib” Roof Panel, Not available Not available
Building Code support: ourlin
Compliance Office PpOTt- P
;P;%rrmgm (E)b;g;ned Deck: 0.0325 in. (min) Structural

55 Steel (Roof) Building Code Galvalume Coated Standing Seam Not available Not available
Compliance Office Steel Roof panel, support: purlin
Information obtained
from Miami Dade Deck: 0.026 in. Galvalume Steel . .

56 Steel (Roof) Building Code Roof Panel System, support: purlin Not available Not available
Compliance Office
;?;(;:T/ﬁtz;?nni on;(zjlened Deck: 24 ga. (min. thickness 0.024

57 Steel (Roof) in.) Structural Steel Roof Panel, Not available Not available

Building Code
Compliance Office

support: purlin
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' _ _ (mph)
}?gﬂmﬁﬂ %b;g;“ecj Deck: 0.026 in. (min) UC-5
Steel (Roof) - Structural Standing Seam Roof Not available Not available
58 Building Code
. . Panel
Compliance Office
Information obtained
from Miami Dade Deck: Super Span 24 ga. (0.024 in. . .
59 Steel (Roof) Building Code min. thickness) Steel Roof Panel Not available Not available
Compliance Office
60 Concrete FBC (2001) mlcnk' 41n. thick precast concrete Not available Not available
61 Prestressed Concrete | FBC (2001) Min. 4 in. thick precast prestressed Not available Not available
concrete deck
. Deck: Min. 24 ga steel or concrete
Florldq Department of Membrane: Min. 45 mil Carlisle
Education, non-reinforced, reinforced, or
62 Metal (Roof) Testl_ng by: _ fleeceback EPDM, Insulation: Not available Not available
Architectural Testing ; R
Polyisocyanurate (16 psi), min. total
Inc., York, PA . .
thickness 1 in.
Florida Department of | Deck: Min. 24 ga steel or concrete
Education, Membrane: Min. 45 mil Carlisle
63 Metal (Roof) Testing by: reinforced or fleeceback TPO, Not available Not available
Architectural Testing Insulation: Polyisocyanurate (16
Inc., York, PA psi), min. total thickness 1 in.
. Deck: 22 ga., type B, Grade 33
E?Jéti&;olr?epartment of galv. Steel deck, over supports @ 5
64 Metal (Roof) Testing by: Exterior ft. 0.c., Membrane: Fiber Tite, Not available Not available

Research and Design,
Seattle, WA

Insulation: Two layers, min. 1.5 in.
thick ASTM C-1289 Type 2
polyisocyanurate
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
. Deck: 22 ga., type B, Grade 33
El(;)ur(l:(i?iolr?epartment of galv. Steel deck, over supports @ 5
65 Metal (Roof) Testing by: Exterior ft o.Ic.,_Mgmbrar;e: Fiber T'te’ X.T’ Not available Not available
Research and Design In_su ation: Two layers, min. 1.5 in.
Seattle. WA ' thick ASTM C-1289 Type 2
’ polyisocyanurate
. Deck: 22 ga., type B, Grade 33
E?Jéizolr?epartment of galv. Steel deck, over supports @ 5
Metal (Roof) Testing by: Exterior 2 0.C., I\:Iemllnra}ne:. I_:rlberITlte, Not available Not available
66 Research and Design treme, Insulation: Two layers,
Seattle. WA ' min. 1.5 in. thick ASTM C-1289
' Type 2 polyisocyanurate
Deck: 22 ga., type B, Grade 33
Florida Department of | galv. Steel deck, over supports @ 5
Education, ft. 0.c., Membrane: Fiber Tite,
67 Metal (Roof) Testing by: Exterior Xtreme, Coverboard: 1/4 in. thick Not available Not available
Research and Design, Dens-Deck, Insulation: Two layers,
Seattle, WA min. 1.5 in. thick ASTM C-1289
Type 2 polyisocyanurate
. Deck: 1-1/2 in. deep, 22 ga Type B
El(;)ur(l:(i?iolr?epartment of metal deck, galvanized, Membrane:
68 Metal (Roof) Testing by: Certified Flberl T|§e 'iﬁd"?] m|I_, :]ns:ulatllor): 2 Not available Not available
Testing Laboratories in. Elastizell lightweight insulating
Orlando. FL ' concrete (200 psi min.), over 3-1/2
' in. Apache Holey Board
. Deck: 22 ga., Type B, Grade 33
E?Jéizolr?epartment of profiled steel over supports @ 5 ft.
69 Metal (Roof) Testing by: Exterior 0.c., Membrane: Surnfil 10-5327, Not available Not available

Research and Design,

Seattle, WA

80 mil thick (5/8 in. thick Dens-
Deck) Insulation: One layer, 1.5 in.
thick polyisocyanurate, AC Foam 2
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests

(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Deck: 22 ga., Type B, Grade 33
Florida Department of | profiled steel over supports @ 5 ft.
Education, 0.c., Membrane: Surnfil 10-S327,
70 Metal (Roof) Testing by: Exterior 80 mil thick (1/2 in. thick High- Not available Not available
Research and Design, Density Wood Fiberboard),
Seattle, WA Insulation: One layer, 1.5 in. thick
polyisocyanurate, AC Foam 2
. Deck: 22 ga., Type B, Grade 33
Florldq Department of profiled steel over supports @ 5 ft.
71 Metal (Roof) eating by Exterior | 0/ Membrane: Surnfil 68327, 60 |\ o Not available
g by: \ mil thick (5/8 in. thick Dens-Deck),
Research and Design, S - -
Insulation: One layer, 1.5 in. thick
Seattle, WA .
polyisocyanurate, AC Foam 2
Deck: 22 ga., Type B, Grade 33
Florida Department of | profiled steel over supports @ 5 ft.
Education, 0.c., Membrane: Surnfil 6-S327, 60
72 Metal (Roof) Testing by: Exterior mil thick (1/2 in. thick High- Not available Not available
Research and Design, Density Wood Fiberboard),
Seattle, WA Insulation: One layer, 1.5 in. thick
polyisocyanurate, AC Foam 2
Florida Department of Deck: Galvanized 22 ga. Type B
. steel or concrete, Membrane:
Metal/Concrete Edut_:atlon, - Stevens EP minimum 45 mil . .
73 Testing by: Certified o i Not available Not available
(Roof) . - Insulation: Two layers of 1.5 in.
Testing Laboratories,
ASTM C-1289 type 2
Orlando, FL .
polyisocyanurate
Florida Department of Deck: Galvanized 22 ga. Type B
- steel or concrete, Membrane:
Metal/Concrete Edugatlon, - Stevens EV minimum 45 mil . .
74 Testing by: Certified ' Not available Not available

(Roof)

Testing Laboratories,
Orlando, FL

Insulation: Two layers of 1.5 in.
ASTM C-1289 type 2
polyisocyanurate
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
. Deck: 1-1/2 in. deep, 22 ga. Type B,
El(;)ur(l:(i?ioa)]epartment of profiled steel over supports @ 5 ft.
Metal (Roof) Testing by: Exterior 0.C., M_emprana Tnpolym_er FBf’ Not available Not available
75 Research and Design Insu!atlon. One layer, 1.5 in. thick
' polyisocyanurate, ASTM C-1289,
Seattle, WA T
ype Il
Deck: 1-1/2 in. deep, 22 ga. Type B,
. profiled steel over supports @ 5 ft.
E?Jéi&;oaepartment of o.c., M.embrane: Tripolymer FB,
Metal (Roof) Testing by: Exterior I_nsulatl_on. 200 psi cellular . . Not available Not available
76 . lightweight concrete cast with ¥4 in.
Research and Design,
Seattle. WA slurry coat over steel deck followed
’ by (optional) 1 in. Apache Holey
Board and a 2 in. min. top coat
Deck: 1-1/2 in. deep, 22 ga.
corrugated metal deck, galvanized,
Florida Department of | Membrane: Layer #75 nailed base
Education, sheet, layer of polyster reinforced
77 Metal (Roof) Testing by: Certified SBS modified bitumen (min. 0.16 Not available Not available
Testing Laboratories, in. thick) set in hot asphalt,
Orlando, FL Insulation: 2 in. Celcore cellular
concrete over min. 1 in. thick
celcore EPS Holey Board
Florida Department of | Deck: 1-1/2 in. deep, 22 ga., Type B
Education, metal deck, Membrane: GAF
78 Metal (Roof) Testing by: Certified membrane, Insulation: 2 in. Not available Not available

Testing Laboratories,

Orlando, FL

Elastizell lightweight insulating
concrete (200 psi min.)
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
. Deck: 1-1/2 in. deep, 22 ga., Type B
Florlda_ Department of metal deck, Membrane: layers of
Education, Manville Dyna base sheet
79 Metal (Roof) Testing by: Certified - yn 0 Not available Not available
. - Insulation: 2 in. Elastizell
Testing Laboratories, lightweight insulating concrete (200
Orlando, FL ghtwelg g
psi min.)
Deck: 22 ga., Type B Grade 33
Florida Department of | profiled steel over supports @ 5 ft.
Education, 0.c., Membrane: Johns Manville
Metal (Roof) Testing by: Exterior Dynalastic 180 set, 180 FR, or 250 | Not available Not available
80 Research and Design, FR set in hot asphalt, Insulation: 3/4
Seattle, WA in. Fesco Board or Dura Board
adhered in hot asphalt
. Deck: 22 ga., Type B Grade 33
Florlda_ Department of profiled steel over supports @ 5 ft.
Education, ] .
81 - . . 0.c., Membrane: Johns Manville . .
Metal (Roof) Testing by: Exterior . Not available Not available
. DynaGrip cap FR, over Johns
Research and Design, il b
Seattle. WA Manvi le Dyn_aGrlp_ ase,
’ Insulation: Min 1.5 in. Nailboard
Florida Department of | Deck: 22 ga., Type B Grade 33
Education, profiled steel over supports @ 5 ft.
82 Metal (Roof) Testing by: Exterior 0.c., Membrane: layers of Johns Not available Not available
Research and Design, Manville Dynalastic mat.,
Seattle, WA Insulation: Min 1.5 in. Nailboard
Florida Department of Deck: 1-1/2 in. deep, 22 ga.
. corrugated metal deck, galvanized,
Education, Membrane: Siplast: Parabase
83 Metal (Roof) Testing by: Certified - 2lpiast ' Not available Not available

Testing Laboratories,
Orlando, FL

P30HT FR Granulated Cap sheet,
Insulation: 2 in. ZIC concrete over
3-1/2 in. Insultperm board
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Florida Department of Deck: 15/16 in. deep, 24 ga. _
. corrugated metal deck, galvanized
Education, Membrane: 2 layers of 250 gram
Metal (Roof) Testing by: Certified Vst ; forced modified Not available Not available
84 Testing Laboratories, g? ysterrein ) .
Orlando. EL itumen, Board: 3 Iayerg of 1/2 in.
' Loadmaster Duraflex mineral board
Deck: 15/16 in. deep, 24 ga.
Florida Department of | corrugated metal deck, galvanized
Education, Membrane: 2 layers of 250 gram
85 Metal (Roof) Testing by: Certified polyster reinforced modified Not available Not available
Testing Laboratories, bitumen, Board: 3 layers of 1/2 in.
Orlando, FL Loadmaster Duraflex mineral
board, with insulation
Deck: 15/16 in. deep, 24 ga.
Florida Department of | corrugated metal deck, galvanized
Education, Membrane: 1 layer 250 gram, 1
86 Metal (Roof) Testing by: Certified layer 180 gram polyster reinforced Not available Not available
Testing Laboratories, modified bitumen, Board: 3 layers
Orlando, FL of % in. Loadmaster Duraflex
mineral board, with insulation
. Deck: 1-1/2 in. deep, 22 ga., Type
Florlda_ Department of B, Grade C profiled steel deck, over
Education, ft Base sheet:
87 Metal (Roof) Testing by: Exterior supports @ 5t 0., | Not available Not available

Research and Design,
Seattle, WA

Soprafix (X), Top sheet: Sopralene
Flam, Insulation: Min. 1.5 in. thick
polyisocyanurate
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Deck: 1-1/2 in. deep, 22 ga., Type
Florida Department of | B, Grade 33 profiled steel deck,
Education, over supports @ 4 ft. o.c., Base
88 Metal (Roof) Testing by: Exterior sheet: ASTM D4601, type 2, Ply | Not available Not available
Research and Design, sheet: Sopreme cap membrane
Seattle, WA Top sheet: same as Ply sheet, with
Insulation
Deck: 1-1/2 in. deep, 22 ga., Type
B, Grade 33 profiled steel deck,
Florida Department of | over supports @ 4 ft. o.c., Base
Education, sheet: ASTM D4601, type 2, Ply
89 Metal (Roof) Testing by: Exterior sheet: Two or more plies of ASTM | Not available Not available
Research and Design, D2178, Type 4 or Type 6 ply sheet
Seattle, WA applied in hot asphalt
Top sheet: Sopreme cap membrane,
with insulation
. Deck: 1-1/2 in. deep, 22 ga., Type
Florlda_ Department of B, Grade 33 profiled steel deck,
Education, ts @ 4 ft. o.c., Base
90 Metal (Roof) Testing by: Exterior over §uppor . o Not available Not available
. sheet: Soprafix (S, F, H or X), Top
Research and Design, sheet: Sopreme cap membrane, with
Seattle, WA - » :
insulation
. Deck: 1-1/2 in. deep, 22 ga., Type
FIorldq Department of B, Grade 33 profiled steel deck,
Education, over supports @ 4 ft. o.c., Base
91 Metal (Roof) Testing by: Exterior PP o Not available Not available

Research and Design,
Seattle, WA

sheet: Soprafix (S, F, H or X), Top
sheet: Sopralene Flam 350 GR or
FR GR, with insulation
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
. Deck: 1-1/2 in. deep, 22 ga., Type
Florlda_ Department of B, Grade 33 profiled steel deck,
Education, ts @ 4 ft. 0.c., Base
92 Metal (Roof) Testing by: Exterior or\]/er §uspporf_ S e Not available Not available
Research and Design, S eet: oprafix (S, F or X), Top
Seattle. WA sheet: Sopralene _Fla_m 250 or 350
' GR or FR GR, with insulation
Deck: 1-1/2 in. deep, 22 ga., Type
Florida Department of | B, Grade 33 profiled steel deck,
Education, over supports @ 4 ft. o.c., Base
93 Metal (Roof) Testing by: Exterior sheet: Soprafix (S, F or X), with Not available Not available
Research and Design, | either 190 or 180 g/m? mat, Top
Seattle, WA sheet: Sopralene Flam 250 or 350
GR or FR GR, with insulation
Deck: 1-1/2 in. deep, 22 ga., Type
Florida Department of | B, Grade 33 profiled steel deck,
Education, over supports @ 4 ft. o.c., Base
94 Metal (Roof) Testing by: Exterior sheet: Soprafix (S, F or X), with Not available Not available
Research and Design, either 190 or 180 g/m? mat, Top
Seattle, WA sheet: Sopralene Flam 180, 250 or
350 GR or FR GR, with insulation
. Deck: 1-1/2 in. deep, 22 ga., Type
Florlda_ Department of B, Grade 33 profiled steel deck,
Education, it B
95 Metal (Roof) Testing by: Exterior over supports @ 4 t. 0.c., Base Not available Not available

Research and Design,
Seattle, WA

sheet: Soprafix (X), Top sheet:

Sopralene Flam 180, 250 or 350 GR

or FR GR, with insulation
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test
No.

Wall/Roof System

Source

Sample Description

Missile
Speed
(mph)

Damage Description

96

Metal (Roof)

Florida Department of
Education,

Testing by: Exterior
Research and Design,
Seattle, WA

Deck: 1-1/2 in. deep, 22 ga., Type
B, Grade 33 profiled steel deck,
over supports @ 4 ft. o.c., Base
sheet: Soprafix (S or F), with either
190 or 180 g/m? mat, Top sheet:
Sopralene Flam 180, 250 or 350 GR
or FR GR, with insulation

Not available

Not available

97

Metal (Roof)

Florida Department of
Education,

Testing by: Exterior
Research and Design,
Seattle, WA

Deck: 1-1/2 in. deep, 22 ga., Type
B, Grade 33 profiled steel deck,
over supports @ 4 ft. o.c., Base
sheet optional, Ply sheet:
Elastophene 180 sanded; Sopralene
180, 250 or 350, Top sheet:
Sopralene Flam 180, 250 or 350 GR
or FR GR, with insulation

Not available

Not available

98

Metal (Roof)

Florida Department of
Education,

Testing by: Exterior
Research and Design,
Seattle, WA

Deck: 1-1/2 in. deep, 22 ga., Type
B, Grade 33 profiled steel deck,
over supports @ 4 ft. o.c., Base
sheet optional, Ply sheet: Sopralene
Flam 180, 250 or 350 GR or FR
GR, Top sheet: Sopralene Flam
180, 250 or 350 GR or FR GR, with
insulation

Not available

Not available

99

Metal (Roof)

Florida Department of
Education,

Testing by: Exterior
Research and Design,
Seattle, WA

Deck: 1-1/2 in. deep, 22 ga., Type
B, Grade 33 profiled steel deck,
over supports @ 4 ft. o.c., Base
sheet: Soprafix (S or F), Ply sheet:
Sopralene Flam 180, 250 or 350,
Top sheet: Sopralene Flam 180, 250
or 350 GR or FR GR, with
insulation

Not available

Not available
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Deck: 1-1/2 in. deep, 22 ga., Type
Florida Department of | B, Grade 33 profiled steel deck,
Education, over supports @ 4 ft. o.c., Base
100 Metal (Roof) Testing by: Exterior sheet optional, Ply sheet: Sopralene | Not available Not available
Research and Design, 250 or 350, Top sheet: Sopralene
Seattle, WA Flam 250 or 350 GR or FR GR,
with insulation
Deck: 1-1/2 in. deep, 22 ga., Type
. B, Grade 33 profiled steel deck,
Florlda_ Department of over supports @ 4 ft. o.c., Base
101 Education, . sheet: Sopralene 180, 250 or 350 . _
Metal (Roof) Testing by: Exterior | h t Elastooh ﬁe 180 sand ]d' Not available Not available
Research and Design, Ply sheet: Elastophe sanded,
Seattle. WA Sopralene 180, 250 or 350, Top
’ sheet: Sopralene 180, 250 or 350
GR or FR GR, with insulation
Deck: 1-1/2 in. deep, 22 ga., Type
. B, Grade 33 profiled steel deck,
Florldq Department of over supports @ 4 ft. o.c., Base
Education, sheet: Sopralene Flam 180, 250 or
102 Metal (Roof) Testing by: Exterior 350 I5I ph tS | Iél 180 Not available Not available
Research and Design, » Ty Sheet. Sopra fene am '
Seattle. WA 250 or 350, Top sheet: Sppralene
’ Flam 180, 250 or 350, with
insulation
15/16 in. x 25 ga. Corrugated metal
Florida Department of | Metal paneling: 0.032 in. x 16 in.
Education, (24 ga.) Zip-rib panel by Merchant
103 Metal (Roof) Testing by: and Evans, Underlayment: 40 mil Not available Not available
Avrchitectural Testing Duraclad, Board: 1 layer of ¥ in.
Inc., York, PA Loadmaster Duraflex mineral

board, with insulation
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
LOC-seam 360 panels, 24 ga. steel
Florida Department of | (0.241) with 2 in. high seams at 16
Education, in. o.c., Metal paneling: SS-360
104 Metal (Roof) Testing by: Hurricane panels, 24 ga steel with 3/32 in. Not available Not available
Test Laboratory, high ribs at 5/16 in. o.c., Supports:
Riviera Beach, FL 0.06 in. Z-shape, 8 in. deep, 2.5 in.
flanges at 60 in. o.c.
Florida Department of | 1-15/32 in. deep, 0.030 in. thick,
Education, Type BR-28 corrugated metal deck,
105 Metal (Roof) Testing by: Membrane: Morin steel roof Not available Not available
Architectural Testing paneling 2-1/2 in. deep, 0.026 in. to
Inc., York, PA 0.027 in. thick, with insulation
Florida Department of
Education, MBCI Superlock, 24 ga. steel
106 Metal (Roof) Test_ing b_y: Farabaugh (0.(_)23 in.) with 2 |n high seam at Not available Not available
Engineering and 16 in. o.c., Support: 16 ga structural
Testing, Inc., Turtle member @ 5 ft. o.c.
Creek, PA
Florida Department of
Education, MBCI Superlock, 24 ga. steel
107 Metal (Roof) Test_ing b_y : Farabaugh (0'923 in.) with 2 |n high seam at Not available Not available
Engineering and 16 in. o.c., Support: 16 ga structural
Testing, Inc., Turtle member @ 5 ft. o.c., with insulation
Creek, PA
Florida Department of | MBCI R-Panel Standing Seam Roof
Education, Panel 36 in. wide, 24 ga. (0.023)
108 Metal (Roof) Testing by: Farabaugh | with Superlock, 24 ga steel (0.023 Not available Not available

Engineering and
Testing, Inc., Turtle

Creek, PA

in.) with 2 in. high seam at 16 in.
0.C., Support: 16 ga structural
member @ 5 ft. o0.c., with insulation
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test Missile
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Florida Department of
Education, 1-1/2 in. x 22 ga. B-Deck
Testing by: Farabaugh Metal paneling: MBCI Superlock, . .
109 Metal (Roof) Engineering and 24 ga. steel (0.023 in.) at 16 in. o.c., Not available Not available
Testing, Inc., Turtle with insulation
Creek, PA
Egﬁ(‘:‘;‘t"ioge""’“tme“t of | BEMO, USA 400 16 in. x 0.032
110 Metal (Roof) Testing by: Certified alummu.m roofing pane_l system Not available Not available
. . Support: 22 ga. x 50 ksi in. B in.
Testing Laboratories, rofile steel deck, with insulation
Orlando, FL P '
E'(;’Jéi%ogepa”me”t of | BEMO, USA 400 16 in. x 0.024
111 Metal (Roof) | Testing by: Certified | &lUminum roofing panel system, | o o aitaple Not available
. - Support: 14 ga. Z purlins @ 4 ft. oc
Testing Laboratories, L ioi
Orlando, FL over steel joist
. Berridge “S” metal deck, 7/8 in.
Florlda_ Department of deep x 24 ga., Metal paneling:
Education, Berridge Double-Locked Z-Lock
112 Metal (Roof) Testing by: Hurricane 24 43 g " | Not available Not available
Test Laboratory, ? o i
Riviera Beach. EL Purlins: 8 in. x 2-1/2 |_n.,_16 ga.
' channel @ 4 ft. oc, with insulation
Obtained from Florida S;( te:OFG:_Sgg M;E;}';elgt;?jtlonal’
113 Metal (Roof) Department of ga., ) 9 - Not available Not available
: Interior: 26 ga., G-90 galvanized
Education L .
steel, with insulation
Florida Department of
Education, UNACLAD/Copper Sales, Inc. 22
114 Metal (Roof) Testing by: Force ga. steel UC5 Batten Seam, Not available Not available

Engineering & Testing,
Inc., Humble, TX

Support: 16 ga. steel purlins
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Table A.1: Wall/Roof Assemblies Passing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph) — contd.

Test o Missile o
No Wall/Roof System Source Sample Description Speed Damage Description
' (mph)
Florida Department of
Education, UNACLAD/Copper Sales, Inc. 22
Metal (Roof) Testing by: Force ga. steel UC6 Batten Seam, Not available Not available
115 L9 . i .
Engineering & Testing, | Support: 16 ga. steel purlins
Inc., Humble, TX
E?Jéizolr?epartment of Whirlwind Wegther_Lok_—lG, 24 ga.
Testing by" Farabaugh stegl (0.023) with 2 in. high seam @ _ '
116 Metal (Roof) ’ 16 in. o.c., Support: 16 ga. Not available Not available

Engineering and
Testing, Inc., Turtle

Creek, PA

Structural members @ 5 ft.-2 in.
o.C.
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Table A.2: Wall/Roof Assemblies Failing Previous Basic Large Missile Impact Tests
(2x4 in. 9 b missile @ 34 mph)

Le;t Wall/Roof System Source Sample Description Mls?*epi?eed Damage Description

34.5 No penetration or perforation.
35.7 No penetration or perforation.
35 No penetration or perforation.
36.8 No penetration or perforation.
1 Metal UE 24 ga. sheet metal (80 ksi) 36 No penetrat?on or perforat?on.
(Wall/Roof) 335 No penetration or perforation.
34.3 No penetration or perforation.
Not available | No penetration or perforation.

36.7 The missile penetrated the

barrier.
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Table A.3: Wall/Roof Assemblies Passing Previous Enhanced Large Missile Impact Tests
(2x4 in. 15 Ib missile @ 50 mph)

Missile
Test Wall/Roof Source Sample Description Speed Damage Description
No. System
(mph)
20 ga. galvanized metal panel with
standing seam, manual seam, Panel size: Impact point at the center of the middle panel. No
1 Metal UF 3 panels, 1 ft. 6 in. x 9 ft., Girts: Z 8.25, >50 penetration or perforation. Seam opening: right
0.085 in. thick, @ 3 ft. o.c. (vertically (/4 in. max x 21in.)
placed)
20 ga. galvanized metal panel with
standing seam, manual seam, Panel size: . .
2 Metal UF 3 panels, 1 ft. 6 in. x 9 ft., Girts: Z 8.25, 57 'mr;aCt point on the seam. No penetration or
0.071 in. thick, @ 3 ft. o.c. (vertically perforation. Seam opening: none
placed)
20 ga. galvanized metal panel with
standing seam, manual seam, Panel size: Impact point near the seam. No penetration or
3 Metal UF 3 panels, 1 ft. 6 in. x 9 ft., Girts: Z 8.25, 51.3 foration. Seam openin R none
0.058 in. thick, @ 3 ft. o.c. (vertically perforation. pening:
placed)
20 ga. galvanized metal panel with 564 Impact point at the center (middle right). No
standing seam, mechanical seam, Panel ' penetration or perforation. Seam opening: none
4 Metal UF size: 4 panels, 1 ft. 6 in. x 9 ft., Girts: Z Impact point near the seam. No penetration or
8.25, 0.071 in. thick, @ 3 ft. o.c. 55.5 perforation. Seam opening: right (1/4 in. max x 2
(vertically placed) in.)
Impact point at the center. No penetration or
22 ga. painted metal panel with standing 48.7 perforation. Seam opening: left (1 1/2 in. max x 1
5 Metal UE seam, manual seam, Panel size: 3 panels, 1/2in.)
1ft. 6in. x 9 ft, Girts: Z 8.25, 0.058 in. Impact point at the center. No penetration or
thick, @ 3 ft. o.c. (vertically placed) 51.7 perforation. Seam opening: right (1/2 in. max x 6
in.) and left (1 in. max x 8 in.)
A composite section using a rubber
energy absorbing material (EAM)
6 Metal UE sandwich between gal. 20 ga. and gal. 26 591 Impact point at the center. No penetration or

ga. floating panels, Panel size: 3 panels, 1
ft. 6 in. x 9 ft., Girts: Z 8.25, 0.058 in.
thick, @ 3 ft. o.c. (vertically placed)

perforation. Seam opening: none
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Table A.3: Wall/Roof Assemblies Passing Previous Enhanced Large Missile Impact Tests
(2x4 in. 15 Ib missile @ 50 mph) — contd.

Missile
Lejt Wsillgtl:r?;)f Source Sample Description Speed Damage Description
' (mph)
. . . Impact point at the center. No penetration or
A composite s_ectlon using a rubber 529 perforation. Seam opening: none
energy absorbing material (EAM) - h -
sandwich between painted 22 ga. and gal. 54.9 Imp;act pomt on the seam. !\IO penetration or
Metal UF 26 ga. floating panels. Panel size: 3 per oratlor'm Seam opening: none -
7 panels, 1 ft. 6 in. x 9 ft., Girts: Z 8.25, 529 Impact point on the seam. No penetration or
0.058 in. thick, @ 3 ft. o.c. (vertically perforation. Seam opening: none :
placed) 594 Impact point near the seam. No penetration or
' perforation. Seam opening: none
Impact point at the center panel near female side
53.6 of the rib. No penetration or perforation. Panel
tearing: none. Sidelap opening: none.
Metal Steel panel (24 ga., 50 ksi) Impact point near girt. No penetration or
8 (Wall) UF Panel size: 3 panels, 16 in. x 10 ft. 55.8 perforation. Panel tearing: 3 in. tear. Sidelap
Girts: Z 8.0, 16 ga. opening: none
Impact point at the center panel near female side
55.7 of the rib. No penetration or perforation. Panel
tearing: none. Sidelap opening: none
Impact point at the center panel near sidelap. No
531 penetration or perforation. Panel tearing: split
' outer panel 10 in. in length. Sidelap opening:
. . none.
Steel panel (24 ga., 80 ksi arch 11/ 1 in. - -
9 Metal Therngax/ 2((3 ga? 50 ksi back panel). Impact point at the center panel near sidelap. No
(Wall) UF Panel size: 3 pan’els 16in. x 10 ft 52.7 penetration or perforation. Panel tearing: tore the
Girts: Z 8.0. 16 ga ' ' ' arch 11 panel. Sidelap opening: none
' ’ Impact point at the center panel near sidelap. No
528 penetration or perforation.

Panel tearing: none
Sidelap opening: none
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Table A.3: Wall/Roof Assemblies Passing Previous Enhanced Large Missile Impact Tests
(2x4 in. 15 Ib missile @ 50 mph) — contd.

Missile
Test wall/Roof Source Sample Description Speed Damage Description
No. System
(mph)

Steel panel (24 ga., 80 ksi), sidelap Impact point near the sidelap. No penetration or

10 Metal UE fasteners at 9 in. o.c. 578 perforation.

(Wall/Roof) Panel size: 3 panels, 16 in. x 10 ft. ' Panel tearing: none

Girts: Z 8.0, 16 ga. Sidelap opening: 2 in. max x 5 ft.
Steel panel (24 ga., 80 ksi), sidelap Impact point near the sidelap. No penetration or
fasteners at 6 in. o.c. perforation.

1 Metal UF Panel size: 3 panels, 16 in. x 10 ft. 555 Panel tearing: none
Girts: Z 8.0, 16 ga. Sidelap opening: minimal
22 ga. pamted_ metal panel with standing Most of the right seam separated from the batten

12 seam, mechanical seam, - 9

Metal UF . . 73.9 strip. Opening size was 1 ft. max x 3 ft. long. No

Panel size: 3 panels, 1 ft. 6 in. x 9 ft. . -
Girts: 7 8.25. 0.058 in. thick penetration or perforation.
A composite section using a rubber
energy absorbing material (EAM)

13 Metal UE sandwich bgtween painted 22 ga. and gal. 749 Lgft seam opening: 3 in. max x 1ft.6 in.
26 ga. floating panels Right seam opening: 5 in. max x 1 ft. 6 in.
Panel size: 3 panels, 1 ft. 6 in. x 9 ft.
Girts: Z 8.25, 0.058 in. thick
3 layer of 3/4 in. CD grade plywood <59 The missiles repercussed.

14 Stud walls with TTU mounted with 3 in. #8 wood deck screws 59-61 Threshold was observed

plywood spaced 6 in. on center to the double stud . . .

Ax4 ft frame. > 61 The missile perforated the barrier (failure).
4 layer of 3/4 in. CD grade plywood

15 Stud walls with TTU mounted with 3 in. #8 wood deck screws <71 The missiles repercussed.

plywood

spaced 6 in. on center to the double stud
4x4 ft frame.
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Table A.4: Wall/Roof Assemblies Failing Previous Enhanced Large Missile Impact Tests
(2x4 in. 15 Ib missile @ 50 mph)

Test
No.

Wall/Roof System

Source

Sample Description

Stud walls with
combination of infill
and siding materials

TTU

Masonite siding wall; 7/16 in. masonite
siding on the front face and 1/2 in.
gypsum wallboard on the back face

Stud walls with
combination of infill
and siding materials

TTU

Insulation board /masonite siding wall;
1/2 in. insulating board and 7/16 in.
masonite siding on the front face and 1/2
in. gypsum wallboard on the back face

Stud walls with
combination of infill
and siding materials

TTU

Plywood masonite siding wall; 1/2 in.
plywood sheathing and 7/16 in. masonite
siding on the front face and 1/2 in.
gypsum wallboard on the back face

Stud walls with
combination of infill
and siding materials

TTU

Plywood wall; 1/2 in. plywood sheeting
in the front face and 1/2 in. gypsum
wallboard on the back face

Stud walls with
combination of infill
and siding materials

TTU

Plywood wall; 3/4 in. plywood sheeting
in the front face and 1/2 in. gypsum
wallboard on the back face

Stud walls with
combination of infill
and siding materials

TTU

Stucco wall; 1/2 in. plywood sheeting
topped by 3 course stucco exterior on the
front face and 1/2 in. gypsum wallboard
on the back face

Stud walls with
combination of infill
and siding materials

TTU

Lapboard siding wall; 3/4 in. plain
lapboard siding on the front face and %
in. gypsum wallboard on the back face

Stud walls with
combination of infill
and siding materials

TTU

Insulation board / lapboard siding wall;
1/2 in. insulating board and 3/4 in. plain
lapboard siding on the front face and 1/2
in. gypsum wallboard on the back face

Mis?:][lepi[):)eed Damage Description
54.0 The missile perforated the target.
54.0 The missile perforated the target.
52 The missile perforated the target.
52 The missile perforated the target.
53 The missile perforated the target.
53 The missile perforated the target.
53 The missile perforated the target.
67 The missile perforated the target.
52 The missile perforated the target.
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Table A.4: Wall/Roof Assemblies Failing Previous Enhanced Large Missile Impact Tests
(2x4 in. 15 Ib missile @ 50 mph)- contd.

Lejt Wall/Roof System Source Sample Description Mlsi::]epi?%d Damage Description
Interior finish consists of 5/8 in. gypsum The missile perforated
board attached directly to the wood studs. completely through the brick
3-1/2 in. fiberglass batt insulation was veneer, exterior and interior
9 Brick veneer walls TTU placed between studs. Exterior finish 69.4 sheeting. The brick veneer was
consists of 3/4 in. plywood sheeting cracked horizontally and
attached to the studs with a 3 in. brick vertically from the point of
veneer impact.
Impact point near the girt. No
perforation. The missile
s . penetrated and produced a large
teel panel (24 ga., 80 ksi) i
10 Metal UE Panel size: 3 | ) tear in the panel.
: 3 panels, 16 in. x 10 ft. 54.7 S
(Wall/Roof) Girts: Panel tearing: 18 in. horz. x 18
irts: 2 8.0, 16 ga. . .
in. vert. (in the shape of
inverted-L)
Sidelap opening: none
Two 3/4 in. sheets of plywood c o
11 Wood UF Panel size: 26 in. x 65 in. 53.2 “f'ss"egerforated both sheets of
Girts: Z 8.25, 0.058 in. thick PIywoo
Impact point at the center panel
near sidelap. No penetration or
525 : L
perforation. Panel tearing: none.
Sidelap opening: none
Impact point at the center panel
Metal Steel pgnel (24 ga., 80 k§i) 59 7 on girt. No penetration or
12 (Wall) UF Panel size: 3 panels, 16 in. x 10 ft. : perforation. Panel tearing: none.
Girts: Z 8.0, 16 ga. Sidelap opening: none
Impact point at the left panel
near girt. No perforation. The
52.5 missile penetrated. Panel

tearing: in the shape of inverted-
U. Sidelap opening: none.
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Table A.5: Wall/Roof Assemblies Passing Previous Large Missile Impact Tests for VVarious Missiles
Sizes and Speeds

Missile
Legt Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph) _ _
reinforced 8 in. CMU reinforced with 2x4in.151b | 100.0+ mﬁlt;:g%te‘;‘gi 'mlps"f‘s‘l’lt:d over 30 times
. concrete and #4 rebar in every — — -
1 Masonry Unit TTU cell; truss type horizontal Wall remained intact; no stress cracks in
(CMU) rein’forcement was placed every 2x4in. 15 1b 116.0 block nor joints could be found. Missile
(Wall) 16 in splintered on impact
' 2x4in. 15 lb 121.0 Minor surface indention (1/8 in.)
Reinforced
2 Masonry Unit 8 in. CMU reinforced with . No damage was observed. The impact
(CMU) TTu grout filled in every cell 2x4in. 12.5 Ib % point was at the joint between cells.
(Wall)
MRemforcsd_t 6 in. CMU reinforced with 2x4 !n. 151b <130 The missile repercussed.
3 a?grll\;l{J) ni TTU concrete and #4 rebar in every 2x4in.151b | 130 -137 | Threshold was observed.
(Wall) cell 2x4in. 15 Ib >137 | The missile perforated the barrier.
Eaﬂﬂfox:ﬁsbxﬁl; Brick cavity wall reinforced
4 con%rete infill TTU with #4 rebar every 12 in. and 2x4in. 151b > 100 The target proved successful.
(Wall) concrete infill
106.1 Impacted 1-1/2 in. to the left of a stud.
2x4in. 151b ' No damage was visible on the back of
101.0
the target.
: Impacted 1 in. to the right of a stud. No
. Il with CD . L
5 Stud walls with S;IUd wall with C grade 2x4in. 151b 105.4 damage was visible on the back of the
concrete infill TTU plywood, 14 ga. 1/2 in. 100.4 target
(Wall) expanded metal, and concrete :
infill.
105.0 Impacted 4 in. to the left of a stud. No
2x4in. 15 1b 100'0 damage was visible on the back of the

target.
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Sizes and Speeds - contd.

Table A.5: Wall/Roof Assemblies Passing Previous Large Missile Impact Tests for VVarious Missiles

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
107.7 The missile made partial contact with the
2x4in.151b ' stud. The concrete was cracked around
102.6 .
the impact area.
. . The missile made partial contact with the
. St.Ud wall filled with concrete . 107.2 stud. The concrete was severely
Stud walls with with no plywood and 14 ga. 1/2 | 2x4in. 151b ; .
6 . . 102.1 damaged and a 4 in. deflection on the
concrete infill TTU in. expanded metal on the non- back of th b d
(Wall) impact face ack of the target was observed.
o%4 in. 15 Ib 107.1 The missile impacted the concrete. No
' 102.0 visible damage was observed.
1045 The missile hit the stud fully. There was
2x4in. 15 Ib ' 3 in. of deflection to the back of the
99.5 )
target but no perforation.
4 in. concrete block in a 2x4 in. o%4 in. 15 Ib 106.7 3/4 in. of penetration. No evident
stud wall with two layers of ¥ ' 101.6 damage to the non-impact side
Stud walls with in. CD grade plywood on the
7 concrete block TTU non-impact side, one layer of 106.1 The missile impacted the stud and
infill (Wall) plywood on the impact side, 2x4in.151b 101'0 sheared it in two. The non-impact side
and 14 ga. 1/2 in. expanded ' showed no damage
metal
4x4 in. stud wall with1x4 ft.s 106.5 Missile penetrated the target, but did not
on the studs, containing 4 in. 2x4in. 15 1b 101'4 perforate when impacted at the interface
Stud walls with concrete block, gypsum board ' between the block and the 4x4 in. stud
8 concrete block TTU infill, and one layer of 3/8 in.
infill (Wall) CD grade plywood on the oxdin 15 Ib 111.2 | The missile impacted the stud and 1/2 in.
impact face and two layers on ' 105.9 of deflection occurred on the non-impact
non-impact face face
Double 2x4 in. stud wall with Not Not The missile impacted near the stud and
Stud walls with one layer of 12 ga. Steel on the mentioned mentioned | was deflected.
9 plywood and steel TTU impact side and one layer of 3/4 Not Not The missile impacted near the stud and
plate (Wall) in. CD grade plywood on the 0 0 was deflected, there was some damage to
mentioned mentioned

non-impact side

the non-impact face.
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Table A.5: Wall/Roof Assemblies Passing Previous Large Missile Impact Tests for VVarious Missiles
Sizes and Speeds - contd.

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
9 TTU Double 2x4 in. stud wall with oxd in. 15 Ib 105.2 The missile impacted next to the stud
(contd) Stud walls with one layer of 12 ga. Steel on the ' ' and was destroyed.
plywood and steel impact side and one layer of 3/4 L
plate (Wall) in. CD grade plywood onthe | 2x4in.151b | 1036 Th; m'ssé'e :mpagt"'d nextto the stud
non-impact side and was destroyed.
Stud walls with 2x8 in. stud wall with two T
10 plywood and steel TTU layers of 3/4 in. plywood and 2x41in.151b 100.9 The mls_sne impacted the stud and broke
it, but did not perforate the target.
plate (Wall) one layer of 14 ga. steel
o%4 in. 15 Ib 104-107 | 1in. of deformation on the back face of
' 99-102 | the steel but no perforation.
The target was impacted next to a stud.
. Double stud wall with 4 layers . 106.6 Several heads of screws were popped off
11 Stud walls with of 3/4 in. CD grade plywood 2x4in. 15 Ib 101.5 the back of the target. The steel had 1 in.
plywood and steel TTU . .
and 14 ga. Steel on the back of deformation. No perforation.
plate (Wall) - -
face of the target The target was impacted on the stud line.
%4 in. 15 Ib 104.9 The stud was cut in two. No deformation
' 99.9 was observed on the back side. No
perforation.
105.7 1 in. deformation of 16 ga. Metal on
2x4in. 15 1b 100'7 non-impact side of target. No
' perforation.
Stud walls with Stud wall with 2 layers of 3/4 104.7 Wood screws pulled out of studs and 16
12 plywood and steel TTU in. CD grade plywood with 16 2x4in. 15 1b 99 7 ga. Metal had 3-1/2 in. of deformation.
plate (Wall) ga. Metal on non-impact side ' No perforation.
105.1 Wood screws pulled through metal and 1
2x4in. 15 1b 100'1 in. of deformation of 16 ga. Metal. No

perforation.
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Sizes and Speeds - contd.

Table A.5: Wall/Roof Assemblies Passing Previous Large Missile Impact Tests for VVarious Missiles

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
Stud walls with Stud wall with 3 layers of 3/4 Thhe flrs:]_llnser:t c_)f plywood f?'!fddm
lywood and steel in. CD grade plywood inserts . 105.7 shear while the interior two failed in
13 P late TTU with 14 ga. Metal on non- 2x4in. 15 1b 100'7 bending. The studs started to be torn in
(SVaII) impact s?dé ' half and there was 3 in. deformation in
P ' the steel.
4 in. of deformation on the non-impact
972 side. The wood screws were pulled from
21 £3/4in. CD arad 2x4in. 15 Ib 92.6 the studs and the studs were torn in half.
. ayers ot 54 In. grade ' The inserts were sheared through with no
14 Stud walls with plywood with 14 ga. Steel on bending action,
plywood and steel the non-impact side, and T in of dof o ™ - :
plate TTU | ypsum board on both the Side. The wood sorows were pulled from
(wall) impact and non-impact faces. 2x4in. 15 Ib 1909466 the studs and the studs were torn in half.
' The inserts were sheared through with no
bending action.
. 108.4 The metal screws were pulled from the
2x4in. 15 Ib 103.2 studs 6 in.
Stud walls with 1 layer of 12 ga. Steel that was 2x4in. 15 1b <145 The missiles repercussed.
plywood and steel hot rolled A569 Grade 33 on 2x4in. 151b | 145-148 | Threshold was observed
15 plate TTU top of the double stud frame
(Wall) followed by a layer of 3/4 in. 2x4in. 15 Ib >148 | The missile perforated the barrier.
plywood
Stud walls with _ 2x4in. 151b <130 The missiles repercussed.
16 plywood and steel TTU 2 layers of 3/4 in. plywood, one | 2x4in. 151b | 130-133 | Threshold was observed
plate layer of 14 ga. steel ) — -
(Wall) 2x4in. 15 Ib > 133 The missile perforated the barrier.
Stud walls with 4|Iay(;§do\fvi{141|2' CaDSgt]ggije 104.6 All plywood inserts failed in bending.
17 inserts between TTU ipn)s/:\rlt with spacerg Between all 2x4in.151b 99 6 The top third of the inserts were shot out

studs (Wall)

inserts.

the non-impact side of the target.
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Table A.5: Wall/Roof Assemblies Passing Previous Large Missile Impact Tests for VVarious Missiles
Sizes and Speeds - contd.

Missile
Wall/Roof System Source Sample Description Missile Size Speed Damage Description
(mph)

Test
No.

45 degree impact angle, no damage was

2X4in. 13.75 92 observed. The impact point was at the

Reinfarced 8 in. CMU reinforced with #4 Ib

18

Masonry Units TTU rebar @ 24 in. o.c. cells with joint betwe.zen cells.
(CMUL) " : 45 degree impact angle, no damage
rebar filled with grout . . . .
(Wall) 2x4 in. 11.5 Ib 116 observed. The impact point at the joint
between cells.

Impact point at the center. No
2x4in. 15 Ib >34 penetration or perforation.
Seam opening: none

Impact point at the center. No
2x4in. 15 Ib >34 penetration or perforation.
Seam opening: none

Impact point at the center. No

] 2x4in. 15 Ib 36.9 penetration or perforation.
20 ga. galvanized metal panel Seam opening: none

19 Metal UF with standing seam, manual
(Roof) seam, Panel size: 4 panels, 1 ft. ;
6in. x 9 ft, Girts: 2 8.25, 0071 | 2411810 358

Impact point on the seam. No penetration
or perforation.
Seam opening: none

in. thick Impact point near the seam. No

2x4in. 15 Ib 35.8 penetration or perforation. Seam
opening: right (2 in. max x 3 ft. 2.in.)

Impact point near the seam. No
2x4in. 15 Ib 35.7 penetration or perforation. Seam
opening: none

Impact point near the seam. No
2x4in. 15 Ib 36.1 penetration or perforation. Seam
opening: right (1/4 in. max x 1 ft. 3in.)

Impact point near the seam. No
penetration or perforation. Seam
opening: right (1/4 in. max x 1 ft. 4in.),
right (1/4 in. max x 1 ft. 5in.)

2x4in.151b 36.4
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Sizes and Speeds - contd.

Table A.5: Wall/Roof Assemblies Passing Previous Large Missile Impact Tests for VVarious Missiles

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
Impact point at the center. No
2x4in. 15 1b 36.3 penetration or perforation. Seam
opening: left (1/4 in. max x 1 ft. 5in.)
_ ) Impact point near the seam. No
22 ga. painted metal panel with | 2x4in. 15 Ib 37.3 penetration or perforation. Seam
20 Metal UF standing seam, manual seam, opening: left (3/8 in. max x 7 in.)
(Roof) Panel size: 4 panels, 1 ft. 6 in. x Impact point on the seam. No penetration
9 ft., Girts: 2 8.25, 0.071 in. 2x4 in. 15 Ib 36 or perforation. Seam opening: left (1/8
thick in. max x 3 in.)
Impact point near the seam. No
2x4in. 15 1b 35.8 penetration or perforation.
Seam opening: left (1/4 in. max x 1/4 in.)
Impact point at the center. No
2x4in. 15 1b 33.9 penetration or perforation.
Seam opening: none
. . Impact point at the center. No
22 ga- painted metal pa_nel with 2x4in. 15 1b 34.1 penetration or perforation.
standing seam, mechanical ]
Metal . Seam opening: none
21 (Roof) UF seam, Panel size: 4 panels, 1 ft. -
6 in. x 9 ft., Girts: Z 8.25, 0.071 _ Impact point near the seam. No
in. thick 2x4in. 15 1b 333 penetration or perforation. Seam
opening: none
Impact point near the seam. No
2x4in. 15 Ib 34 penetration or perforation. Seam
opening: right (1/2 in. max x 5 in.)
Impact point at the center panel near
Steel panel with standing seam 2x4in. 15 Ib 35.9 ;':ﬁé?gég% p.err:gtr::ng? dglrapegf%rrz]iitrlloh.
Metal UF (24 ga., 50 ksi), Panel size: 3 g ' P opening:
22 . none
(Roof) panels, 36 in. x 10 ft. -
it Impact point at the center panel. No
Girts: Z 8.0, 16 ga. . . . .
2x4in. 15 Ib 35 penetration or perforation. Panel tearing:

none, Sidelap opening: minimal
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Table A.5: Wall/Roof Assemblies Passing Previous Large Missile Impact Tests for VVarious Missiles
Sizes and Speeds - contd.

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
%4 in. 9 Ib 502 Impact point at the top of the support.
23 Hollow Core Slab UF Company C: 6 in. hollow core ' ' Penetrated top core for ¥ span.
Roof lab i
(Roof) sla o4 in 9l 508 Impact point at the center of the slab. No
damage.
. Impact point at the top of the support. No
24 Hollow Core Slab UF Company C: 8 in. hollow core 2x4in. 9 Ib 502 damage.
Roof | i
(Roof) slab o4 in 9l 513 Impact point at the center of the slab. No
damage.
. Impact point at the center of the slab. No
25 Hollow Core Slab UF Company C: 10 in. hollow core 2x4in. 9 Ib 500 damage.
Roof | i
(Roof) slab oxdin. 9 Ib 50.2 Impact point at the top of the support. No
damage.
. Impact point at the center of the slab. No
26 Hollow Core Slab UF Company C: 12 in. hollow core 2x4in. 9 Ib 500 damage.
Roof slab i
(Roof) o4 in. 9 Ib 50.2 Impact point at the top of the support. No
damage.
A composite section using a
rubber energy absorbing
material (EAM) sandwich
between gal. 20 gage and gal. .
97 Metal UF 26 ga. floating panels, 3.5in. R- | 2x4 in. 15 Ib 396 Both seams_separated from batten strips.
(Roof) A : A No penetration or perforation.
11 fiberglass insulation was
used for the EAM. Panel size: 3
panels, 1 ft. 6 in. x 9 ft. Girts: Z
8.25, 0.058 in. thick
22 ga. painted metal pa_nel with Most of the right seam separated from
Metal UF standing seam, mechanical . the batten strip. Opening size was 1 ft
28 seam, Panel size: 3 panels, 1 ft. 2x4in. 15 1b 73.9 ) . '
(Roof) max X 3 ft. long. No penetration or

6 in. x 9 ft. Girts: Z 8.25, 0.058
in. thick

perforation.
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Sizes and Speeds - contd.

Table A.5: Wall/Roof Assemblies Passing Previous Large Missile Impact Tests for VVarious Missiles

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
A composite section using a
rubber energy absorbing
Metal UE material (EAM) sandwich Left seam opening: 3 in. max x 1 ft. 6 in.
29 (Roof) between painted 22 ga. and gal. | 2x4in. 151b 74.9 Right seam opening: 5 in. max x 1 ft. 6
26 ga. floating panels. Panel in.
size: 3 panels, 1 ft. 6 in. x 9 ft.
Girts: Z 8.25, 0.058 in. thick
. No cracking, front face spalling, or back
coiilrne];zr\fveadlls %4 in. 15 Ib 103.8 face scabbing of the concrete core was
constructed usin 6 in. thick GREENBLOCK ICF ' ' observed. The missile penetrated the
30 Insulating g TTU (Exterior finish consists of vinyl siding and the Greenblock form
Concrete Forms vinyl siding attached to ICF No cracking, front face spalling, or back
(ICF) fastening strips) oxdin 15 Ib 1199 | face scabbing of the concrete core was
(Wall) ' ' observed. The missile penetrated the
vinyl siding and the Greenblock form
Reinforced 6 in. thick BLUE MAXX ICE No cracking, front face scabbing, or back
M X face spalling of the concrete core was
concrete walls (Interior finish consists of 5/8 observed. The missile penetrated the
constructed using in. gypsum board attached brick ven'eer crackin F?t from the point
Insulating TTU directly to ICF fastening strips. 2x4in. 15 Ib 99.0 . ’ g P
31 P . : of impact to the top of the sample. The
Concrete Forms Exterior finish consists of 3 in. Blue Maxx ICF was indented but the
(ICF) brick attached to ICF strips with L . :
(Wali) brick ties) missile never made direct contact with
the concrete core.
Reinforced 41n. thick LITE FORM ICF No cracking, front face scabbing, or back
concrete walls (Interior finish consists of 5/8 g, g
. ) face spalling of the concrete core was
constructed using in. gypsum board attached observed. The missile penetrated the
32 Insulating TTU directly to ICF fastening strips. 2x4in. 15 1b 96.7 vinvl sidi.n and the LiFt)e Form ICE form
Concrete Forms Exterior finish consists of vinyl ylsiding . :
- . The missile made contact with the
(ICF) siding attached to ICF fastening
. concrete core.
(Wall) strips)
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Sizes and Speeds - contd.

Table A.5: Wall/Roof Assemblies Passing Previous Large Missile Impact Tests for VVarious Missiles

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
No cracking, front face scabbing, or back
face spalling of the concrete core was
observed. The missile penetrated the
Reinforced _ _ 2x4in. 15 1b 103.8 EI_FS_ siding and the Pol_ysteel ICF. The
concrete walls 6 in. thick POLYSTEEL missile mad_e contact with the concrete
constructed using (WAF_FLE_) !CF _ core. Tht_a missile hit the target at the side
Insulating TTU (Exte_rlor flnlsh consists pf 1/4 of the thicker column.
Concrete Forms in. thick Exterior Insulation No cracking, front face scabbing, or back
33 (ICF) Finish System (EIFS) applied face spalling of the concrete core was
(Wall) directly to ICF) observed. The missile penetrated the
2x4in. 15 1b 100.2 EIFS siding and the Polysteel ICF. The
missile made contact with the concrete
core. The missile hit the target exactly at
the most vulnerable area.
Brick veneer walls !Brick veneer wall with 1{2 in. _ The missile penetratet_j the target gnd the
34 (Wall) TTU insulation board and 1/2 in. 2x4in. 15 Ib 120 brick veneer crushed into small pieces.
gypsum board The backside wallboard remained intact.
Reinforced 6 in. thick pea-gravel concrete, No cracking, front face spalling, or back
35 concrete slabs TTU #4 rebar reinforcement 12 in. 2x4in. 15 1b 102.4 e '
face scabbing was observed.
(Roof) 0.c. each way
Impact point at the center panel near girt.
2x4in. 15 Ib >34 No perforation. The missile penetrated.
No panel tearing or sidelap opening
Standing Seam panel (22 ga., Impact point at the left panel near girt.
36 Metal UE 50 ksi), Panel size: 3 panels, 24 | 2x4in.151b >34 No penetration or perforation.
(Roof) in. x 10 ft. No panel tearing or sidelap opening
Girts: 2 8.0, 16 ga. Impact point at the right panel near girt.
oxd in. 15 Ib > 50 No perforation. The missile penetrated.

Panel tearing: none, Sidelap opening:
none
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Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles

Sizes and Speeds

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
106.7 No visible damage was observed.
2x4in. 15 Ib ' 1/8 in. to 3/8 in. indention on
101.6 : .
impact side.
The missile impacted the target at
TTU 6 in. CMU reinforced with a mortar joint. The target was
concrete and #4 rebar in every cell; 103.4 cracked from the point of impact
truss type horizontal reinforcement | 2x4 in. 15 Ib 985 to the top of the target, both in the
was placed every 16 in. ' front and in the back. The mortar
spilled out of the joint on the back
of the target.
] The missile impacted the target at
1 Reinforced Masonry a mortar joint. The cracking of the
Unit (CMU) wall was extended into the base.
(Wall) 97.0 A new crack appeared in the next
2x4in. 15 Ib 92'4 joint 8 in. away and extended to
' the top of the target. The missile
perforated the target and spilled
the concrete fill out of the back of
the target.
No penetration of the target
Not mentioned Not occurred. The target was cracked
measured | from the point of impact to the top
of the target.
The target was impacted at a
111.3 vertical mortar joint. There was a
2x4in. 151b 106'1 1/16 in. indentation on the impact

face but no visible damage to
either side of the target.
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Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles
Sizes and Speeds (contd.)

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
1 The target was impacted at a
(contd.) 6 in. CMU reinforced with vertical mortar joint. There was a
Reinforced Masonry concrete and #4 rebar in every 1/16 in. indentation on the impact
Unit (CMU) TTu cell; truss type horizontal oxdin 151 | 1069 | face. The joint spalled slightly on
(Wall) reinforcement was placed every xan. 101.8 the non-impact side of the target.
16 in. A small crack was detected at the
impact point terminating at the top
of the target.
Reinforced Masonry . .
2 Unit (CMU) TTU 8 in. CMU with no reinforcement 2x4in. 15 1b > 100 The missile perforated the barrier.
(Wall)
4x4 in. stud wall, containing 4 in. . 115.7 . .
Stud : concrete block, and one layer of 2x4in. 15 1b 110.1 No missile penetration
3 ud walls Wl-th- 3/8 in. CD grade plywood on the
concrete block infill TTU impact and two lavers of 3/4 in 1009.0 | The missile impacted the interface
(Wall) Cngrade plywoog on non-impact | 2X4in-151b 1038 | Petween the block and the 4x4 in.
faces stud perforating the target 3 ft.
Stud walls with 4 in. concrete block in a 2x4 in. T
4 concrete block infill TTU stud wall with two layers of 3/4 in. 2x4in.151b 109.1 Thi mISSIIer:mpacted th? stud and
(Wall) CD grade plywood 103.9 perforated the target 18 in.
Double studded 2x4 in. wall with The_missile 1/2in. on the stuq apd
furring. Two layers of % in. CD 2x4in. 15 Ib 103.0 '1|'/hzelr2v(\)/gst?/achnnchgt(;ae?cl)?fnka;?g:llI.
Stud walls with grade plywood on the non-impact on the non-impaét side
5 concrete block infill TTU side, one layer on the impact face, — -
(Wall) and a layer of 3/8 in. gypsum The missile |mpactec_j next to the
board. The wall is filled with 4 in. 2%4in. 15 Ib 100.7 | stud. There was 1/2in. of

concrete block.

deformation and cracking on the
non-impact side
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Sizes and Speeds (contd.)

Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
Double studded 2x4 in. wall with
furring. Two layers of 3/4 in. CD
. grade plywood on the non-impact
6 coigigt\e,vgllcl)sc\liv;:}ill TTU side, one layer on j[he impact face, 2% in. 15 Ib 101.9 The missile perforated the target 3
(Wall) and a layer of 3/5_3 in. gypsum in.
board. The wall is filled with 4 in.
concrete block place vertically in
the cell
4 in. concrete block in a 2x6 in. 85 1 The missile penetrated the target.
wall with 1-1/2 in. of polystyrene 2x4in. 151b 81.0 The non-impact plywood was
7 Stud walls with between block on the non-impact ' punched out in the area of impact.
concrete block infill TTU side and one layer of 3/4 in. CD L
(Wall) grade plywood. There are also two . 111.3 The missile penetrated the target.
layers of plywood on the non- 2x4in. 151b 106.0 There was no damage to the back
impact side. side of the target.
4 in. concrete block in a 2x6 in. The missile penetrated the target
stud walls with wall with 1-1/2 in. of pplystyrene but did not perforate it. The back
8 | concrete block infill TTU between block and the impact face | 5, 3, 45y, | 1007 | face plywood pulled from the.
(Wall) of 3/4 in. CD grade plywood. 105.4 studs and the studs were torniin
There are also two layers of half. There was catastrophic
plywood on the non-impact side. damage to the structure.
4 in. concrete block in a 2x6 in. The missile penetrated the target
stud walls with wall with 1-1/2 in. of polystyrene but did not perforate it. The back
e on each side of the block, one layer . 104.0 face plywood pulled from the
9 concrete block infill TTU . 2x4in. 15 Ib .
(Wall) _of 3/4 in. CD grade plywood on the 99.0 studs and the studs were torn in
impact side, and two layerson the half. There was catastrophic
non-impact side. damage to the structure.
Stud walls with 2 layers of 3/4 in. plywood, one 112.8-
10 plywood and steel TTU layer of 14 ga. Steel and the 4x4 ft 2x4in. 151b 117' 8 The target was perforated.

plate (Wall)

double stud frame
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Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles
Sizes and Speeds (contd.)

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
Stud walls with .
3 layers of 3/4 in. CD grade .
1 plywood and TTU olywood with 14 ga. 1/2 in. o%4 in. 15 Ib 109.0 The missile perforated the target
expanded metal . . 103.8 12 ft.
(Wall) expanded metal on the impact side.
Stud walls with 4 layers of 3/4 in. CD grade 2% in. 15 Ib 104.2 The missile perforated the target 7
12 plywood and TTU plywood with 14 ga. 1/2 in. ' 99.2 ft.
expanded metal expanded metal on the non-impact oxd in. 15 Ib 107.8 The missile perforated the target 3
(Wall) side. Xamn. 1027 |t
Stud walls with 3 layers of 3/4 in. CD grade
13 plywood and TTU plywood with 14 ga. 1/2 in. o%4 in. 15 Ib 105.9 The full length of the missile
expanded metal expanded metal on the non-impact ' 100.9 perforated the target
(Wall) side.
Stud walls with .
5 layers of 3/4 in. CD grade .
14 plywood and TTU olywood with 14 ga. 1/2 in. Not mentioned Not The missile perforated the target 3
expanded metal . . measured | ft.
(Wall) expanded metal on the impact side.
Stud walls with .
4 layers of 3/4 in. CD grade L
15 plywood and TTU olywood with 14 ga. 1/2 in. o%4 in. 15 Ib 103.6 The missile perforated the target
expanded metal - . 98.7 10 ft.
(Wall) expanded metal on the impact side.
. . The missile penetrated the target
Stud walls with 4;%?;:}225} I\Tv.it%h;w;:%?swnh 14 109.4 1-1/2to 2 in.. A crack in the
16 inserts between studs TTU g : . P 2x4in. 15 1b ' plywood on the back face caused
etween inserts and the back face 104.2 . . .
(Wall) of the taraet bending, but total separation did
get. not occur.
. . The missile penetrated the target
Stud walls with éA’ ga. steelll n;se'rt with spgcirsb K 1-1/2to 2 in.. A crack in the
17 inserts between studs TTU etween all the Inserts an .t € bac 2x4in.151b 108-110 plywood on the back face caused
face has two layers of 3/4 in. CD ' 103-106

(Wall)

grade plywood

bending, but total separation did
not occur.
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Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles
Sizes and Speeds (contd.)

Missile
Lest Wall/Roof System Source Sample Description Missile Size (Speehd) Damage Description
mp
Stud walls with 2x8 in. stud wall with 3/4 in. CD . 106.4 The full length of the missile
18 plywood (Wall) TTU grade plywood inserts 2x4in. 15 1b 101.3 perforated tge target
2% in. 15 Ib 100.8 The missile perforated the target 4
96.0 ft.
_ _ 2% in. 15 Ib 97.7 The missile perforated the target 2
19 Stud walls with TTU 4 layers of 3/4 in. CD grgde 93.0 ft.
plywood (Wall) plywood on the impact side . 89.7 | The missile perforated the target 2
2x4in. 151b 85.4 ft
%4 in. 15 Ib 91.0 The missile perforated the target 1
86.7 ft.
4 layers of 3/4 in. CD grade
20 Stud walls with TTU plywood glued together_ and %4 in. 15 Ib 86.1 The missile perforated the target 3
plywood (Wall) attached to the frame with screws ' 82.0 ft.
on the impact side
. 103.1 The missile perforated the target 7
4 layers of 3/4 in. BC grade 2x4in. 15 1b 98.2 ft. P )
Stud walls with lywood glued together and . 90.6 The missile perforated the target 3
21 plywood (Wall) TTu gtévcvhed t% the fra%ne with screws 2x4in. 15 b 86.3 ft. i )
on the non-impact side x4 in. 15 Ib 82.8 | The missile perforated the target 1
78.9 ft.
1 layer of 3/4 in. CD grade 2x4in. 15 1b <29 The missiles repercussed.
Stud walls with plywood mounted with 3 in. #8 2x4 in. 15 Ib 29-31 Threshold was observed
22 plywood TTU wood deck screws spaced 6 in. on
(Wall) center to the double stud 4x4 ft 2x4 in. 15 Ib 31 The missile perforated the barrier.
frame.
The missile penetrated the target
4 layers of 3/4 in. CD grade but did not perforate it. The back
Stud walls \{vith TTU plywoqd with two Iaye_rs of energy %4 in. 15 Ib 105.4 of the target had 6 in. of
23 polystyrene infill absorbing polystyrene inserts ' 100.4 deformation and the back layer of

(Wall)

plywood was pulled from the
frame.
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Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles
Sizes and Speeds (contd.)

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
23 TTU 2% in. 15 Ib 109.3 The missile perforated the target 4
(contd.) Stud walls with 4 layers of 3/4 in. CD grade ' 104.1 ft.
polystyrene infill plywood with two layers of energy The full length of the missile
(Wall) absorbing polystyrene inserts 2x4in. 15 Ib >100 | perforated the target.
. 109.3 The missile perforated the target 8
Stud walls with o 2x4in- 1510 13001 | g
S 3 layers of corrugated tin with four
24 corrugated infill T layers of 3/4 in. CD grade plywood issi
materials (Wall) Y/ : g plyw 2% in. 15 Ib 105.9 The missile perforated the target 7
100.9 ft.
Stud walls with 3 layers of 3/4 in. CD grade
25 combination of infill TTU plywood with 14 ga. 1/2 in. o%4 in. 15 Ib 95.3 The full length of the missile
and siding materials expanded metal on the non-impact ' 90.8 perforated the target.
(Wall) side and bead-board infill
Stud walls with .
N o 4 layers of 3/4 in. CD grade i
2% comb!ngtlon of |r_1f|II TTU olywood with two layers of energy | 2x4 in. 15 Ib 107.3 The missile perforated the target 7
and siding materials - . 102.2 ft.
absorbing bead board as inserts
(Wall)
Stud walls with 3 layers of 3/4 in. CD grade
27 comb!ngtlon of |r_1f|II TTU plywood with 14 ga. 1/_2 in. o%4 in. 15 Ib 110.0 The full length of the missile
and siding materials expanded metal on the impact side 104.8 perforated the target.
(Wall) and bead-board infill
Stud walls with 4 layers of 3/4 in. CD grade
combination of infill plywood with 14 ga. 1/2 in. . 108.5 The missile perforated the target 3
28 and siding materials T expanded metal on the impact side 2x4in. 15 Ib 103.3 ft.
(Wall) and bead-board infill
Reinforced Masonry The missile perforated the barrier.
29 Units (CMU) TTU 8 in. CMU with no reinforcement 2x4in.11.51b 131 The impact point was at the joint

(Wall)

between cells.
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Sizes and Speeds (contd.)

Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
No penetration of the target
. occurred. One big crack was
2x4in. 11 1b 135 observed. The impact point was at
. . . . the center of the cell.
30 Reinforced Masonry TTU 8 in. CMU reinforced with #4 rebar The missile perforated the barrier
Units (CMU) @ 16 in. o.c. cells with rebar filled 2x4 in. . . -
. 104 The impact point was at the joint
(Wall) with grout 11.251b b
etween cells.
No damage was observed. The
. impact point was at the center of
2x4in. 11 lb 49 the cell where the rebar and the
grout are located.
No damage was observed. The
. impact point was at the center of
2x4in. 12 lb 120 the cell where the rebar and the
grout are located.
The missile perforated the barrier.
2x4 in. 71 The impact point was at the joint
Reinforced Masonry 13.751b between cells. The missile had
Units (CMU) . . . pointed ends.
3t (Wall) Ty 8 in. CMU with no reinforcement The missile perforated the barrier.
2x4 in. 100 The impact point was at the joint
13.751b between cells. The missile had
pointed ends.
x4 in The missile perforated the barrier.
Reinforced Masonry : 75 The impact point was at the center
Units (CMU) . . . 11.751b of the cell.
32 TTU 12 in. CMU with no reinforcement — -
(Wall) The missile perforated the barrier.
2x4in. 12 1b 85 Impact point: at the joint between

CMU ft.s.
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Sizes and Speeds (contd.)

Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
No penetration of the target
2x4 in. 195 occurred. Small cracks were
11.751b observed. The impact point was at
the joint between cells.
%4 in The missile pe_rforated the barrier.
. 124 The impact point was at the center
11.751b
of the cell.
2% in. The missile pe_rforated the barrier.
_ _ _ _ 12.75 Ib 86 The impact point was at the center
33 Reinforced Masonry 12 in. CMU with steel trusses in ' of the cell.
Uni(ts (CI:II\)/IU) TTU horizontal joints The missile penetrated the barrier
Wal . 2.5 in. The impact point was at he
2x4in. 12 lb 76 center of the cell, the missile had
pointed end.
The missile perforated the barrier.
2x4 in. 79 The impact point was at he center
12.751b of the cell, the missile had pointed
end.
The missile perforated the barrier.
2x4in. 13 1b 85 The impact point was at the center
of the cell.
The missile perforated the barrier.
Reinforced Masonry 2x41in.12.51b 104 The impact point was at the joint
. 8 in. CMU with steel trusses in between cells.
34 Units (CMU) TTU horizontal ioint — -
(Wall) orizontal joints . The mlssne pe_rforated the barrier.
2x41in.12.51b 89 The impact point was at the center
of the cell.
. 2 in. thick pea-gravel concrete with | 2x4in.151b <26 The missile repercussed.
35 Reinforced concrete TTU #4 rebar reinforcement 12 in. o.c
slabs (Roof) each way T 2x4 in. 15 Ib 26-30 | Threshold was observed.
2x4in. 15 1b > 30 The missile perforated the barrier.
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Sizes and Speeds (contd.)

Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles

Missile
Lest Wall/Roof System Source Sample Description Missile Size Speed Damage Description
' (mph)
Reinforced concrete 3 in. thick pea-gravel concrete, #4 2x4 in. 15 Ib <102 | The missile repercussed.
36 slabs (Roof) TTU rebar reinforcement 12 in. o.c.each | 2x4in.151b | 102-106 | Threshold was observed.
way 2x4in. 15 1b > 106 The missile perforated the barrier.
Reinforced concrete 4 in. thick pea-gravel concrete, #4 2x4 in. 15 Ib <162 | The missile repercussed.
37 slabs (Roof) TTU rebar reinforcement 12 in. o.c.each | 2x4in. 151b | Assumed | Threshold was observed.
way 2x4 in. 15 lb > 162 | The missile perforated the barrier.
Impact point at the center panel
2% in. 15 Ib 36.3 near S|d_elap. No penet_raﬂpn or
perforation. Panel tearing: none,
Sidelap opening: none
Impact point at the left panel on
2% in. 15 Ib 35.1 girt. No penetration or .
perforation. Panel tearing: none,
Sidelap opening: none
Impact point at the right panel on
) . girt. No penetration or
(Roof) ksi), Panel size: 3 panels, 24 in. x Sidelap opening: none
101t Girts: 28.0, 16 ga. Impact point at the center panel
near girt. No penetration or
2x4in. 15 1b 34 perforation. Panel tearing: 6 in.
long
Sidelap opening: none
Impact point at the right panel
2% in. 15 Ib 35 near girt. No penetration gr
perforation. Panel tearing: none
Sidelap opening: none
Impact point at the center panel
2% in. 15 Ib 35.3 near girt. No penetration or

perforation. Panel tearing: none
Sidelap opening: none
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Table A.6: Wall/Roof Assemblies Failing Previous Large Missile Impact Tests for Various Missiles
Sizes and Speeds (contd.)

Test
No.

Wall/Roof System

Source

Sample Description

Missile Size

Missile
Speed
(mph)

Damage Description

38
(contd.)

Metal
(Roof)

UF

Standing Seam panel (24 ga., 50
ksi), Panel size: 3 panels, 24 in. x
10 ft., Girts: Z 8.0, 16 ga.

2x4in.151b

36.6

Impact point at the left panel near
girt. No penetration or
perforation. Panel tearing: none
Sidelap opening: minimal

2x41in. 15 1b

34.3

Impact point at the center panel
near girt. No perforation. The
missile penetrated. Panel tearing:
none, Sidelap opening: none

2x41in. 15 1b

34.5

Impact point at the left panel near
girt. No penetration or
perforation.

Panel tearing: none, Sidelap
opening: none

2x4in.151b

34.1

Impact point at the left panel near
girt. No perforation. The missile
penetrated.

Panel tearing: none, Sidelap
opening: none
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