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1
TESTS OF CARGO FLOORING Nn AND T FOR AIRCRAFT'

By

J. A. LISKA, Engineer

Summary 

In cooperation with, and at the request of, the Air Materiel Command,
U. S. Air Force, (Wright-Patterson Air Force Base) the Forest
Products Laboratory investigated the properties of two sandwich-type
flooring materials, designated Nn and T, by means of basic-strength
and simulated service tests. This study was a part of a program to
determine the characteristics of aircraft cargo flooring types that
are in use or have been proposed for use. Methods of test were in
accordance with established procedures, and comparative evaluations
were made of these floors and others previously tested....,3,1,5

Aircraft cargo floors Nn and T are sandwich-type materials having
a cotton duck honeycomb core and 24ST aluminum alloy facings. The
only difference in construction is the use of a 0.064-inch thick
aluminum alloy wearing surface on floor Nn as contrasted to the use
of 0.051-inch aluminum, to reduce the weight, of floor T. The tests
on floor Nn are essentially an extension of preliminary evaluations of
floor N to provide more adequate strength data.

The weights per square foot of floors Nn and T are 1.88 and 1.66
pounds respectively. They are thus among the lighter floors tested
and well within the assumed upper weight limit of 2 pounds per square

1
—Original report published October 1948.
2

—"Methods for Testing, and Evaluating Cargo Flooring for Transport
Aircraft, " Forest Products Laboratory Report 1550, April 1945.

3
—"Development of a Sandwich-type Cargo Floor for Transport Aircraft,"

Forest Products Laboratory Report 1550-C, September 1947.
4 "Tests of Cargo Flooring N and P for Aircraft,

Laboratory Report 1550-D, January 1948.
Forest Products

5
"Tests of Cargo Flooring R and S for Aircraft," Forest Products

Laboratory Report 1550-E, June 1948.
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foot for this type of material. Floor Nn from an over-all standpoint,
and particularly on the basis of simulated service-impact and rolling-
load tests, is the most satisfactory flooring material yet investigated.
Floor T can be classed with the better flooring materials studied
and as inferior to floor Nn only, when its lower weight is taken into
account. Crushing of the core over the floor beams was the primary
cause of failure of both types in the rolling-load tests. Improvement
might be gained in this respect by increasing the compressive
strength of the core over the floor beams.

Introduction

Cargo flooring materials designated as types Nn and T were tested
at the Forest Products Laboratory in cooperation with, and at the
request of, the Air Materiel Command, U. S. Air Force (Wright-
PattersonAir Force Base). This investigation is a part of the study
to evaluate the basic strength properties and characteristics under
simulated service tests of materials proposed for use as flooring in
cargo-carrying aircraft. The tests were made in accordance with
established procedures4  for determining the behavior of cargo flooring
materials, to provide data needed for the evaluation of flooring and to
permit comparison with other types of flooring tested, either in use or
proposed for use. The tests on floor Nn were essentially an extension
of the preliminary work on floor N previously reported.--

Material

Floor Nn

This flooring material was of the sandwich type having a 3/4 inch thick
honeycomb core of resin-impregnated cotton duck, with hexagonal cells
approximately 3/8 inch across the flats. To this core were bonded
an upper facing or wearing surface of 0.064-inch 24ST Alclad aluminum
and a lower facing of 0. 0 Z5- inch 24ST Alclad aluminum (fig. 1).

Floor T

Floor T (fig. 1) is identical in construction with floor Nn, except that
the top wearing surface was 0.051-inch 24ST Alclad aluminum.
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Method of Test

The panels were weighed, measured, and then prepared as required for
use as specimens. The following tests were made in accordance with
methods specified for evaluation of flooring materials, as described in
an earlier report.?

Static bending: Specimens 7 or 8 inches in width tested over 8- and
16-inch spans.

Strip loading: Under a 1-1/4- by 9-inch steel bar.

Concentrated loading: Applied by a 1-inch diameter steel cylinder and
a 2-1/2 inch wide maple block rounded to a 4-inch radius.

Impact loading: Under the drop of a 200-pound softwood box corner.

Rolling load: Applied by an engine cradle wheel.

The direction in which the strips of treated cotton duck, of the sandwich
core, are continuous was parallel to the length of all except the strip-
loading specimens.

In addition, compression tests, with the load applied perpendicular to
the face of the panel, were made on nominal 4- by 4-inch specimens
in the condition in which they were received and after 24 hours of
soaking.

Presentation of Data

A summary of results obtained from tests of floors Nn and T is given
in table 1. The results are averages of data on three or more
specimens, except in the case of the rolling-load tests, results of
which are generally based on tests of a single panel for each loading
condition.

Compression

To obtain information on the crushing strength of the flooring materials
and to determine whether this strength would vary materially with
change in moisture content, a number of compression tests were made
on nominal 4- by 4-inch specimens. In each case the load was
applied in a direction normal to the face of the panel. Tests were
made on sections of panels 'as received at a low moisture content,
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and after soaking in water for 24 hours. Comparative average strength
values are given in table 1 for tests of eight specimens of each panel
and test condition.

Static Bending 

Eleven specimens of each flooring material and span length were tested
over 8- and 16-inch spans. Each specimen was taken from a separate
test panel and was nominally 8 inches in width, a few being approximately
7 inches wide to eliminate a small hole in the aluminum facings. Load-
deflection curves were obtained in each test, and typical curves for
specimens tested over 8-- and 16-inch spans are shown in figures 2 and
3. The specimens tested over the shorter span failed in shear of the
glue bond between the core and facings as shown in figure 4. Two
failures in bond also occurred in the tests over a 16-inch span, but
the normal type of failure was, as is shown in figure 5, a tension
failure in the lower aluminum facing. No difference in test behavior
or mode of failure was apparent for the two types of flooring material
under test.

Strip Loading 

Eight strip-loading tests were made for each flooring material on
specimens randomly selected from several panels, and typical test
results are plotted in figure 6. All of the specimens failed at ap-
proximately 0.03-inch deformation of the portion of the specimen under
the loading bar that simulates the action of a floor beam on the under
side of the panel. At this point, crushing of the core occurs along
with some punching and shearing of the lower aluminum facing material,
as shown in figure 7.

Concentrated Loading

The resistance of cargo flooring Nn and T to concentrated loads was
measured by tests using a 1-inch diameter steel bar and a 2-1/2 inch
wide maple block, rounded to a 4-inch radius to simulate an engine
cradle wheel, to apply the load. Tests were made at exterior and
interior positions 4 to 12 inches from an unsupported edge of the panel.
Tests made with the steel bar were carried to ultimate, failure
normally being due to punching and shearing of the aluminum under the
bar, as shown in figures 8 and 9. Tests with the maple block,
however, caused shear failures between the core and the facings.
These results were not uniform in magnitude because of the position
and orientation of the load block on the panel and damage of the
panel caused by other concentrated load tests on adjacent areas of the
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panel. The criterion of quality in this case was, therefore, changed
to the load that could be sustained at a 1/2-inch deflection. These
loads, assumed to measure more accurately the properties of the
panel, are reported in table 1, and damage under load is shown in
figures 8 and 9.

Impact Loading 

Typical evidence of damage to cargo flooring Nn and T under corner-
wise impact of a 200-pound softwood box corner dropped from heights
Of 8 to 21 inches is shown in figures 10 and 11. As is evident in
the photographs, this impact was not sufficient in any case to fracture
the surface of the panel, and the damage resulting was so slight that
it would not impair the serviceability of the panel. The average
deflections under impact load, and permanent sets based on three tests
for each height of drop, are given in table 1 and plotted in figure 12
to show graphically this relationship for the two panel types.

Rolling Load (Engine Cradle) 

Six test panels of cargo flooring T and eight panels of Nn flooring were
tested to measure their resistance to a continuously repeated rolling
load simulating that of an engine cradle. The applied loads varied in
magnitude from 800 to 2,200 pounds, and were repeated until the test
panel failed. Load and number of trips or repetitions to failure are
plotted on semilogarithmic coordinates in figure 13, and photographs
of typical failures are shown in figures 14 to 19, inclusive.

Analysis  of Results 

Weight 

Cargo flooring of type Nn weighed an average of 1.88, and type T 1.66,
pounds per square foot. Cargo flooring T is one of the lightest flooring
materials tested , 3,4 , 5 and the weight of Nn is well below the assumed
upper limit of 2 pounds per square foot for this type of material.

Compression 

The compressive strength, in a direction perpendicular to the facings
of the flooring panels, was much the same for the two types of
flooring, as is shown in table 1. Both flooring materials suffered a
reduction in strength of about 25 percent, and an increase in weight
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of 10 to 15 percent, after soaking in water for 24 hours. These
changes are for the nominal 4- by 4-inch specimens used in test,
and the reduction in strength and the weight increase would be less
on full-size panels because of greater total resistance to moisture
penetration. The fact that moisture is absorbed by the panel core
materials, however, may need to be considered in actual use of these
flooring materials.

Static Bending 

Flooring, materials Nn and T can be classed with the better floors
testedZ22,4,5 as to flexural strength and shock resistance, particularly
over longer spans where shear strength of the panels is not highly
critical. The shock resistance was measured in these tests by the
energy-absorbing qualities of the panel in inch-pounds per inch of
specimen width, as given in table 1. When the shear strength is the
governing criterion, as in flexural tests made over short spans, the
floors are less satisfactory than the riveted all-aluminum floors5
because of the weakness in shear of the glue bond between the core
and facings, which is the primary cause of failure in the tests over
short spans.

General load-deflection characteristics for both flooring materials and
span lengths are given in figures 2 and 3, which show average curves
for the two materials. In test, the specimens continued to deflect
under increasing loads in a regular manner until ultimate, at which
point the tensile failure in specimens tested over the longer span and
the shear failure in those tested over an 8-inch span caused an
abrupt decrease in the load. This sudden decrease in load, as con-
trasted to the more gradual decrease obtained in tests of all-aluminum
specimens, 5 indicates the lesser ability of these panels to absorb
energy. It also indicates that, once failure has occurred, these
honeycomb-type floors will be greatly reduced in load-carrying capacity,
as contrasted to the more gradual loss in strength of the all-aluminum
floors.

Strip Loading

The resistance to compressive stresses offered by the cores used in
cargo floors Nn and T is indicated by the excellent performance under
strip-load tests that simulate the loading of the floor beam on flooring
panels. The strepgth vp.lues (table 1) were among the best obtained in
tests of this type..`.. _"" 4'_,_-) and showed approximately equal results for
both floors, as would be expected since the cores and lower facings
are nominally the same in flooring Nn and T. While the results
obtained are very good in comparison to those of tests on other flooring
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materials, an increase in rolling-load resistance could be obtained by
improving this property. In all tests the load continued to increase
uniformly to a deformation of about 0.03 inch, as shown in figure 6,
until the core failed in compression accompanied sometimes by a
punching or shearing failure in the aluminum.

Concentrated Loading 

The results obtained by applying concentrated loads by means of a 1-inch
diameter steel bar at points 4 inches and 12 inches from an unsupported
edge of the panel are given in table 1, and damage is shown in
figures 8 and 9. The data obtained show floor Nn to have the greatest
resistance to this type of concentrated loading of all of the floors tested.
Floor T is also highly satisfactory, but less so than floor Nn because of
its thinner aluminum wearing surface. Generally the failure was a
punching or shearing of the aluminum wearing surface but the thicker
facing of the Nn type flooring had sufficient strength, when the load
was placed near an unsupported edge, to cause failure of the bond between
core and facings.

Loading the test panels with maple blocks of a size and shape to
simulate the load imposed through engine cradle wheels did not cause
any localized failure of the flooring materials but, rather, a failure
in shear of the bond between core and facing. Since a measure of
this strength of the panel is obtained in the short-span static-bending
tests, it was believed that a better criterion of quality would be obtained
by measuring the load that could be sustained at a panel deflection of
1/2 inch, and these values are reported in table I.

Impact Loading 

Cargo floorings Nn and T had an impact resistance, as measured by the
drop of a 200-pound softwood box corner, equal to that of the best of
the panels tested in this program. Because of the increased shock
resistance of the materials tested as contrasted to that of some of the
floorings tested earlier in the program, the apparatus was modified to
permit drops at heights up to 21 inches. This increased height of
drop, however, did not cause actual failures or damage the wearing
surface to an extent that would make it unserviceable. The area of
damage, as shown in figures 10 and 11, was localized and the greatest
permanent indentation was about 1/4 inch. The values of deflection
under load and permanent set for drops of 8 to 21 inches (fig. 12)
show that panel T was slightly less resistant to this type of loading
than flooring Nn, as would be anticipated because of its thinner
wearing surface, but it still has excellent impact-resistance qualities.
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Rolling Load (Engine Cradle) 

A sufficient number of rolling-load tests was made on types Nn and T
cargo flooring to indicate general relationships between imposed wheel
load and number of trips or repetitions of load to failure. A semi-
logarithmic plot of wheel load versus trips to failure is given in
figure 13, and visual evidence of damage under repeated load in
figures 14 to 19, inclusive.

Based on tests of eight panels, flooring Nn had the greatest resistance
to damage under the action of repeated rolling loads of any of the
flooring materials tested. The flooring carried heavy wheel loads for
a relatively large number of repetitions and the change in slope of the
curve of figure 13 indicates that it can carry the lesser wheel loads
for relatively longer periods than is indicated by results obtained for
heavy loadings.

Flooring T was only slightly less satisfactory than flooring Nn, and this
difference in strength was most pronounced in the relatively high
wheel-load ranges. At loads of lesser magnitude, the trend seemed to
be toward more nearly equal resistance to damage. Flooring T was
also found to be a satisfactory flooring material on the basis of these
tests, being comparable to the best of the flooring materials studied
except type Nn, particularly if its light weight were considered.

The behavior of all panels tested was quite similar. Relatively early
in the test, crushing of the core occurred over the panel supports, and
the first evidence of failure occurred at those points where the upper
facing or wearing surface carried a larger proportion of the load on
the panel. This damage was a small crack in the aluminum wearing
surface at the edge of the wheel path that grew progressively larger as
the load was repeated. This first failure was joined by others on' both
sides of the wheel path, until a portion of the wearing surface along
the path was broken from the remainder of the panel and the loaded
wheel could no longer be supported. The number of repetitions of
load for each of the wheel loads used in test given in table 1 and
figures 14 to 19 are the number of trips required to cause complete
failure. If this number of repetitions is decreased by about 10 percent,
the result will indicate the relative serviceable life of the panel
before replacement is required.

Conclusions

Tests of flooring Nn, essentially an extension of preliminary tests
previously made on flooring N, prove it to be the most satisfactory
flooring tested under this program?, 3 , 4 , 5 from an over-all standpoint,
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and particularly on the basis of the simulated service, impact, and
rolling-load tests. Flooring T also has an excellent performance
record based on these tests and should be classed as inferior only
to floor Nn on a straight comparison basis; if the lesser weight
of 0.2 pound per square foot of floor T is considered, its performance
record is further improved. While these floors appear to be ac-
ceptable in every way, their performance under rolling-load tests
could be further improved if the core could be reinforced over supports
or floor beams to increase their resistance to crushing at these points.
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APPENDIX A

Comparative Ratings of Floors Nn and T

and Identification Key

Results of Forest Products Laboratory tests and ratings by tentative
methods A and B as described in Forest Products Laboratory Report
No. 1550 2 are presented for floors Nn and T in tables 2 and 3.
Since the original impact test permitted a maximum height of drop of
15 inches, and this was used in rating other floors, the same value
will be used in rating floors Nn and T, although these floors will
take greater impact loads without damage. A floor will be given a
rating of 100 in impact if no serious damage results from a drop
test from heights of 15 or more inches.

A key to the letter designation of cargo floors showing their source
follows table 3.
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Table 1. --Summary of results of tests on cargo flooring
panels Nn and T

Property	 Panel type

Nn : T

Weight of panel 	 Lb. per sq. ft. : 1. 88	 : 1. 66

Compressive strength (perpendicular to face of panel)	 •

	

.	 •

As received 	  Lb. per sq. in.: 1, 110 : 1, 030
Soaked 24 hours in water 	  Lb. per sq. in.:	 770 :	 770

Static bending	 :
8-inch span	 Ultimate load per inch of width 	 Lb.:	 510 :	 470

Ultimate work per inch of width...In 	 -lb.:	 100 :	 70
16-inch span	 Ultimate load per inch of width 	 Lb.:	 360 :	 340

Ultimate work per inch of width...In 	 -lb.:	 380 :	 340

Strip loading 
Ultimate load 	  	 Lb. per sq. in.: 1, 430 : 1, 530
Deflection at ultimate 	  In.: .033	 .032

Concentrated load
1-inch steel cylinder -- interior position 	 Lb.: 5, 430 : 4, 150
Deflection at ultimate 	  In.: . 67	 . 55

1-inch steel cylinder -- exterior position 	  Lb.: 4, 300 : 3, 960
Deflection at ultimate 	  In.: . 78 : . 70

Maple block, 4-inch radius -- interior position 	 •
Load at O. 5-inch deformation 	 Lb.: 4, 790 : 4, 780

Maple block, 4-inch radius -- exterior position
Load at O. 5-inch deformation 	

Impact loading -- 200-pound box corner
21-inch drop

Deflection 	
Set 	

18-inch drop
Deflection 	
Set 	

Lb.: 3, 930

:
In.: .496
In.: . 130

In.: . 447
In.: . 113

: 3, 620

:
: . 554
:	 . 150

:	 528
:	 . 136

(Sheet 1 of 2)
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Table 1. --Summary of results of tests on cargo flooring
panels Nn and T (continued)

Property	 Panel type

Nn	 T

Impact loading -- 200-pound box corner (continued)

	

15-inch drop	 :	 :

	

Deflection 	 In.: 0.407 : 0.444

	

Set 	  In.: . 094 : . 103

	

12-inch drop	 •

	

Deflection 	 In.: . 346	 . 406

	

Set 	  	  In.: . 066 : .087

	

10-inch drop	 •.	 •.

	Deflection	 In.: . 331 : . 350

	

Set 	  In.: . 058 : . 062

	

8-inch drop	 •.	 :

	

Deflection 	 In.: . 284 : . 305

	

Set 	  In.: .039 : .051

Rolling load	 Engine cradle wheel

	

Load 	 Lb.: 2, 200 :

	

Trips	 -	 223 :

	

Load 	 Lb.: 1, 800 : 1, 800

	

Trips	 •	 450 :	 105

	

Load 	 Lb.: 1, 600 : 1, 600

	

Trips	 •	 972 :	 210

	

Load 	 	 450 : 1, 450

	

Trips	 •I  1, 074 :	 676

	

Load	 Lb • 1 ' 300 : 1,300'1

	

Trips 	 	 634 :	 810

	

Load 	 Lb.: 1,000 : 1,000

	

Trips	 •12, 000 : 2, 950

	

Load 	 Lb.:	 :	 800

	

Trips 	 	 :10, 980

1
Average of tests of two panels.	 (Sheet 2 of 2)
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Table 2. --Comparative ratings of air cargo floors based
on best results obtained from Forest
Products Laboratory weight, impact, and
rolling-load tests according to tentative
method A

Type of test Floor

Nn

Weight per square foot 	 Lb.: 1.88 : 1.66

Engine-cradle rolling load sustained for
500 trips 	 Lb.: 1,825 : 1,425

Allowable height of drop of 200-pound
box corner 	 In.:	 15	 15

Criteria for satisfactory floors based on
best results

Weight	 1.42 pounds per square foot
Rolling load = 1,450 pounds
Impact	 15 inches

Criteria	 : Percentage
rating of

: floors based
: on criteria

•	 Nn : T

Weight	 •	 76 :	 86
Rolling load 	 • 126	 98
Impact 	 • 100 : 100

Sum 	  : 302 : 284

Rating 	  : 101	 95
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Table 3. --Comparative ratings of air cargo floors based
on best results obtained from Forest 
Products Laboratory weight, impact, and 
rolling-load tests according to tentative 
method B

Type of test	 Floor

Nn

Weight per square foot 	 Lb.: 1.88 : 1.66

Engine-cradle rolling load sustained for
1, 000 trips 	 Lb.: 1, 550	 1, 275

Allowable height of drop of 200-pound
box corner 	 In.:	 15 :	 15

Criteria for satisfactory floors based on
best results

Weight	 = 1.42 pounds per square foot
Rolling load = 1, 300 pounds
Impact •	 = 15 inches

Criteria Percentage
rating of

floors based
: on criteria

Nn : T

Weight	 •	 76 :	 86
Rolling load 	  119 :	 98
Impact 	 • 100 : 100

Sum 	  : 295 : 284

Rating 	  :	 98 :	 95
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Key to Letter Designations of Cargo Floors, Showing 
Source of Material and Aircraft Application

	

Floor	 Aircraft application	 Material supplied by:

	

Nn )	 Experimental	 Aircraft Laboratory,

	

T )	 Air Materiel Command
(Wright-Patterson Air
Force Base) manu-
factured by U. S.
Plywood Corporation.
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Figure 5. --Typical tension failures in the lower facing that resulted
from tests of cargo flooring types Nn and T in static bending over
a 16-inch span.

Z M 78395 F





n.

CARGO FLOORING N n	CARGO FLOORING T

STRIP LOAD TEST SPECIMEN	 STRIP LOAD TEST SPECIMEN

Figure 7. --Tested surface of strip-load test specimens of cargo
flooring types Nn and T. Aluminum failed at upper end of each
loaded area.
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CARGO FLOORING Nrt

CONCENTRATED LOAD : r

•

•

•

Figure 8. --Damage that occurred in concentrated-load tests made
on cargo flooring Nn.
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Figure 9. --Damage that occurred in concentrated-load tests made
on cargo flooring T.
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CARGO FLOOR;NG

IMPACT TESTS

200 POUND BOX CORN;R. •

Figure 10. --Loaded surface of cargo flooring Nn, showing position
of blow, height of drop, and extent of damage that occurred under
impact tests with a 200-pound softwood box corner. No failures
of the aluminum wearing surface occurred in these tests.
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•

Figure 11. --Loaded surface of cargo flooring T, showing position
of blow, height of drop, and extent of damage that occurred under
impact tests with a 200-pound softwood box corner. No failures
of the aluminum wearing surface occurred in these tests.
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Figure 12. --Relationship between height of drop of a 200-pound
softwood box corner and the deflection and damage at point of
impact for cargo floorings Nn and T.





Figure 14. --Loaded surface of cargo flooring Nn after 223 repeti-
tions of a 2,200-pound rolling load.

i
Z M 78404 F



TF3T
•	 P,T.1 N DS

•

Figure 15. --Loaded surface of cargo flooring Nn after 1,071
repetitions of a 1,450-pound rolling load.
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Figure 16. --Loaded surface of cargo flooring Nn after 12,000
repetitions of a 1,000-pound rolling load.
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'.G LOAD TEST

IT 16 OP. POUNDS

2:-

Figure 17. --Loaded surface of cargo flooring T after 210 repeti-
tions of a 1,600-pound rolling load.

7. M 78401 F



Figure 18. --Loaded surface of cargo flooring T after 676 repeti-
tions of a 1,450-pound rolling load.
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Figure 19. --Loaded surface of cargo flooring T after 10,980
repetitions of an 800-pound rolling load.
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