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u ABSTRACT

Movement of cargo by any of the various modes of transportation - ship,
railroad, or truck - requires the employment of some type of restraining
device. The present methods of restraining cargo were developed by using
the "trial and error" approach. The amount of dunnage was determined, more
or less by the experience of the packaging personnel or by using static
test results along with a good margin of safety. This method of designing
cargo restraints suggested the need for developing a technological base
for selecting various materials to be used in cargo to vehicle restraint
systems.

Therefore, in April 1973, the US Army Materiel Development and Readiness
Command (DARCOM) Ammunition Center and the Military Traffic Management
Command (MTMC) Transportation Engineering Agency (TEA) decided to participate
in a joint project to conduct a series of tests to develop such a techno-
logical base. Because of the limited amount of information available on the
reaction of dunnage material to dynamic forces, major emphasis was directed
toward the effect of shocks on materials in cargo restraint systems.

To accomplish this joint project, an extensive test program was conducted
primarily to evaluate the strength of wood-nail assemblies and the effect of
wheel chocks in chain and wire rope restraint systems designed for rail
transport. Because rail impact tests are difficult to control and are
costly, a major portion of the tests were conducted using laboratory facil-

ities. Sty
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Results from the tests, conducted between April lQ?}nqnd November 1977,

are presented in six volumes under the general title of "STUDY OF FORCE
EFFECTS ON SELECTED MATERIALS USED IN CARGO TO VEHICLE RESTRAINT SYSTEMS
FOR RAIL TRANSPORT." The title of each volume is as follows:

VOLUME 1 SUMMARY REPORT

VOLUME 2 LABORATORY DYNAMIC TESTS ON WOOD-NAIL ASSEMBLIES

VOLUME 3 RAIL IMPACT TESTS ON WOOD-NAIL ASSEMBLIES

VOLUME 4 STUDY OF THE EFFECTS OF NAIL COATING

VOLUME 5 EFFECTIVENESS OF WHEEL CHOCKS IN THE CHAIN RESTRAINT SYSTEM
ON DODX 80-TON FLATCAR

VOLUME 6 EFFECTIVENESS OF WHEEL CHOCKS IN A RESTRAINT SYSTEM USING
3/8 INCH, 1/2 INCH, OR 5/8 INCH WIRE ROPE
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I. EXECUTIVE SUMMARY

1. SCOPE. To study the effects of dynamic forces on selected materials
used in cargo to vehicle restraint systems in order to establish a techno-
logical base for the use of those materials.

2. OBJECTIVES.

a. Determine the effect of specific gravity of the floor lumber on
the strength of a wood-nail assembly.

b. Determine the effect of specific gravity of the floorline blocking
(cleat) lumber on the strength of a wood-nail assembly.

¢. Compare the strength of a joint using nailable steel flooring with
a joint using Oak lumber as the floor material.

d. Determine if the strength of a wood-nail joint is affected by the
orientation of the wood grain of the cleat with respect to the wood grain
of the floor lumber.

e. Determine the strength relationship between high carbon (AISI 1040
steel) nails and low carbon (AISI 1020 steel) nails.

f. Determine the effect of coated nails on the strength of wood-nail
assemblies.

g. Determine the relationship between withdrawal resistance and (a)
nail size and (b) specific ¢ avity of the floor lumber.

h. Determine the effectiveness of wheel chocks in a chain tie-down
restraint system installed on a rail car.

i. Determine the effectiveness of wheel chocks in a wire rope tie-

down restraint system installed on a rail car.




3. APPROACH. Laboratory dynamic tests that simulated shocks on cargo caused
by the impacting of railroad cars, were conducted on wood-nail assemblies by
using an inclined impact test apparatus.

Test specimens that were used in the laboratory consisted of floorline
blocking sections nailed to a simulated flatcar floor. A total of 336 labora-
tory test specimens, three samples per specimen, were tested. Five species
of wood (one hardwood and four softwoods) were used to represent the blocking
and flooring sections. In addition to wood flooring, nailable steel flooring
was used in four tests. The selecticn of woods provided a specific gravity
range of 0.63 for Oak to 0.35 for Engelmann Spruce. Three sizes ¢f lumber
were used for the blocking, 2" X 4", laminated 2" X 6", and 4" X 6". The
blocking and floor lumber had a moisture content equal to or below 18%.

Nails used to fasten the boards were made from low carbon and higher
carbon (AISI 1040 tempered) steel with a cement coated or bright finish.
Eight nail sizes were used with 8d being the smallest size and 60d being
the largest. These sizes resulted in a depth of penetration that varied
from 1 inch to 2-1/2 inches.

For all of the tests, load cells, accelerometers, and a displacement
gage were used to obtain the pertinent data.

The data were recorded on a magnetic tape and were processed with the
aid of a Texas Instrument Model 960 computer.

Several studies were made to obtain data that would be valuable in
explaining the test results. Some of these studies were: X-ray analysis
of failed nails, the effects of nail coating, and comparison with static

test results.
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To determine if the laboratory data could be applied to full-scale blocking

and bracing designs, rail impact tests were performed on thirteen wood-nail
assemblies. The primary difference between the :ull-scale wood-nail assemblies
and their comparable laboratory assemblies is that the quantity of lumber and
nails were greater for the full-scale application. Test loads for the rail
impact tests consisted of one 12,815 1b concrete block and one 3,612 1b
concrete block. By increasing the speed of the 50 ton flatcar for each suc-
cessive impact, the dynamic force into the blocking was increased until the
blocking failed or impending failure was apparent.

The effectiveness of wheel chocks in a chain tie-down restraint system
was determined by testing a military 2-1/2 ton cargo truck that was restrained
to a DODX 80 ton flatcar. The railroad car was equipped with a chain
restraint system.

The same 2-1/2 ton truck was used in a wire rope restraint system to
obtain additional data on the effectiveness of wheel chocks.

Test results from the actions described above are presented in six
volumes under the general title of "STUDY OF FORCE EFFECTS ON SELECTED MATER-
IALS USED IN CARGO TO VEHICLE RESTRAINT SYSTEMS FOR RAIL TRANSPORT." The
title of each volume is shown below.

VOLUME 1 SUMMARY REPORT

VOLUME 2 LABORATORY DYNAMIC TESTS ON NAILED WOOD ASSEMBLIES

VOLUME 3 RAIL IMPACT TESTS ON NAILED WOOD ASSEMBLIES

VOLUME 4 STUDY OF THE EFFECTS OF NAIL COATING

VOLUME 5 EFFECTIVENESS OF WHEEL CHOCKS IN THE CHAIN RESTRAINT SYSTEM
ON DODX 80 TON FLATCAR
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VOLUME 6 EFFECTIVENESS OF WHEEL CHOCKS IN A RESTRAINT SYSTEM USING
3/8 INCH, 1/2 INCH, OR 5/8 INCH WIRE ROPE
4. CONCLUSIONS.

a. The strength of a wood-nail assembly increases with an increase in
the specific gravity of the floor lumber.

b. There is no significant difference in the strength of wood-nail
joints when various species of wood are used for the cleat. One exception
is the combination of an Oak cleat with high carbon coated nails, which
develops increased strength.

¢. Nailable steel flooring provides an approximately 17% stronger
joint than when Oak is used in the wood-nail assembly.

d. The orientation of the wood grain of the cleat with respect to the
wood grain of the floor lumber does not affect the strength of a wood-nail
joint provided the floor is rigidly fastened to its supporting structure.

e. High carbon (AISI 1040 steel) nails in a wood-nail joint provide
approximately the same resistance to lateral forces as a joint that con-
tains low carbon (AISI 1020 steel) nails of the same size.

f. Coated nails affect the strength of a wood-nail joint only when
high carbon coated nails are driven through or into Oak wood.

g. Withdrawal resistance for nails from wood increases with an in-
crease in nail size and also with an increase in specific gravity of the
floor lumber.

h. For most practical cases, the yield point of a wood-nail joint

is approximately one-half the maximum force.
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i. Wheel chocks are effective in reducing the longitudinal movement
of a vehicle and in reducing the force into the tie-downs of a chain re-
straint system; however, the shock into the truck is much larger when
wheel chocks are used.

j. Wheel chocks are also effective in reducing the longitudinal

movement of a vehicle and in reducing the force into the tie-downs of a

wire rope restraint system. The three-piece wheel chocks should not be
used in a wire rope restraint system.

5. RECOMMENDATIONS. It is recommended that:

a. The floor of carriers be constructed of lumber selected from the
highest specific gravity wood that is available.

b. Lumber for the cleat or blocking be chosen from low specific
gravity wood, such as Western Hemlock, provided the density of the cleat -
is sufficient to withstand the pressure from the load - to prevent
crushing.

c. Caution be exercised in the layout of floorline blocking. Be-
cause some floors are not rigidly fastened to its supporting structure,

a cleat that is oriented so that its wood grain is parallel to the wood
grain of the floor will not have the holding capability of a cleat in-
stalled perpendicular to the wood grain of the floor.

d. High carbon (AISI 1040 steel) nails not be used in the blocking
and bracing of mil{tary cargo.

e. Only bright nails be used in the blocking and bracing of military

cargo.




f. When the blocking will be subjected to the design force for more than
one time, the quantity of nails used in the blocking should be increased.
The maximum number of nails required to restrain a load for a large number
of shock loadings is twice the number of nails calculated for one design
force.

g. Wheel chocks be used only to reduce the longitudinal movement of
a wheeled vehicle.

h. Three-piece wheel chocks similar to AAR Pattern 17 not be used in

the blocking of military vehicles.
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II. INTRODUCTION
Movement of cargo by any of the various modes of transportation - ship,
railroad, or truck - requires the employment of some type of restraining
device. In the past, the cargc restraints were developed by using the
"trial and error" approach. The amount of dunnage was determined, more or
less by the experience of the packaging personnel or by using static test

results along with a good margin of safety.

In April 1973, the US Army Materiel Development and Readiness Command
(DARCOM) Ammunition Center and the Military Traffic Management Command
(MTMC) decided to participate in a joint project to conduct a series of
tests to develop a tethnological base for selecting various materials to
be used in cargo restraint systems. Because of the limited amount of
information available on the reaction of dunnage material to dynamic
forces, major emphasis was directed toward the effect of shocks on
cargo restraint systems.

One major problem the designer of restraint systems must occasionally
solve is the holding capability of nailed-wood assemblies. The problem is
more severe when the restraint system is exposed to shock loading. In
recent years the problem has been complicated by inflationary costs that
are requiring designers to cut expenses by optimizing designs or opera-
tions.

Most of the cargo that is transported from one destination to another
is moved by one or more of the following modes of transportation - truck,
railroad, airplane, or ship. Each mode subjects the load to different
dynamic forces. A truck exposes the load to a large number of low amp-

litude, short duration, vertical forces with oaccasional low level long-

T —
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itudinal forces. For this discussion, transportation by plane or ship can
L be considered to yield somewhat similar results on the load, This is to
say, the rate at which the force is applied to the restraint system results
in low level dynamic loads. Shipments by railroads expose the restraint
systems to the most severe dynamic forces, primarily in the longitudinal

direction. Based on this information, components for restraint systems

that are designed for shocks similar to those produced by the impacting of
uncushioned railroad cars will be adequate as restraint material for all

modes of transport.




IIT. WOOD-NAIL ASSEMBLIES

In many restraint systems or procedures, wood is used for various
purposes - from filling a void to serving as the major component in the
system. An example of the latter function of wood is shown in Figures 1
and 2. When wood-nail assemblies are used to provide resistance to the
major forces expected from the shipment of an item, it is important to
use the correct number of nails in the assemblies. Through extensive
testing of wood-nail assemblies, a better understanding of the failure
characteristics of these assemblies has been achieved.

Wood can be considered a nonhomegeneous material. There are proper-
ties of wood that can affect the strength of a wood-nail assembly. Some
of these properties are: moisture content, grain orientations, species,
number of knots, and amount of pitch. These properties, along with the
type of nail used to join two pieces of lumber, will cause wood-nail

assemblies to have different strength characteristics.

Examples of the effects of wood and nail characteristics on the
strength of a joint are shown in Figures 3 through 7. These curves show
some interesting properties of wood-nail assemblies. For instance,
observe the three curves in Figure 3 representing the forces sustained by
2" X 4" oak cleats nailed to an oak floor with four 20d nails. Each
arrangement withstood approximately the same maximum force; however, the
permanent displacements of the cleats at the maximum forces vary consid-
erably. Figure 8 shows the permanent deformation of nails in a 2" X 6"
laminated joint,

The yield points shown in Figures 3 and 5 indicate the force above
which failure of the joint will ultimately occur and below which failure

of the assembly will not occur. The yield points for wood-nail assemblies

9 3
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FORCE ON CLEAT, 1000 LBS

G-F

S+

LEGEND

CLEAT CLEAT FLOOR NAIL NAIL NAIL NAIL

MAT, SIZE MAT. QTY, SIZE MAT. FINISH

Oak 2" X 4" Qak 4 20d Regular Coated

— e — Oak 2" X 4" Oak 4 20d Regular Bright
— = — Oak 2" X 4" 0Oak 4 20d Special Bright
— - — Oak 2" X 4" Qak 3 20d Special Coated
——— ¢ = Doug. Fir 2" X 4" Doug. Fir 4 8d Special Bright
————— Doug. Fir 2" X 4" Doug. Fir 4 8d Special Coated
—

y A

2

0 0.l 02 03 04 oY 0.
PERMANENT DISPLACEMENT, INCH
FIGURE 3. TYPICAL FORCE-DISPLACEMENT CURVES FOR WOOD-NAIL ASSEMBLIES USING

A 2" X 4" CLEAT.
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LEGEND

FORCE ON CLEAT, 1000 LBS

CLEAT  CLEAT FLOOR NAIL NAIL NAIL NAIL
MAT. SIZE MAT. qQry. SIZE MAT. FINISH

Oak 2-2" X 6" Nailable 2 ea. 16d & 30d Regular Coated
Sti1. Floor
Oak 2-2" X 6" Oak 2 ea. 16d & 30d Regular Coated
Oak 2-2" X 6" Oak 2 ea. 20d & 50d Special Bright
Oak 2-2" X 6" Oak 2 ea. 16d & 40d Special Bright
Oak 2-2" X 6" Oak 2 ea. 20d & 50d Regular Bright
Oak 2-2" X 6" Oak 2 ea. 16d & 40d Regular Bright
Oak 2-2" X 6" Engelmann 3 ea. 20d & 50d Special Bright
Spruce

4 ry a 4 2
v

o 0.1 02 0.3 04 05 06
PERMANENT DISPLACEMENT, INCH

FIGURE 4.  TYPICAL FORCE-DISPLACEMENT CURVES FOR WOOD-NAIL ASSEMBLIES
USING A 2" X 6" LAMINATED CLEAT, i
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FORCE ON CLEAT, 1000 LBS

2l [ LEGEND

CLEAT CLEAT FLOOR NAIL NAIL  NAIL NAIL
MAT. SIZE __ MAT. QTY. SIZE MAT. FINISH

—ee  Qak 4" X 6" Oak 4 50d Special Bright
'T —_— - —— 0ak 4" X 6" Oak 3 50d Special Coated
——— == —— Doug. Fir 4" X 6" Doug. Fir 4 50d Special Bright
— «—— —— — Doug. Fir 4" X 6" Doug. Fir 4 50d Special Coated
—————— Doug. Fir 4" X 6" Doug. Fir 4 60d Regular Bright
———— ¢ = Doug. Fir 4" X 6" Doug. Fir 4 60d Regular Coated
o + 4 + ¥ + 4
0 0.l 0.2 0.3 o4 0.5 0.6

PERMANENT DISPLACEMENT, INCH

FIGURE 5. TYPICAL FORCE-DISPLACEMENT CURVES FOR WOOD-NAIL ASSEMBLIES
USING A 4" X 6" CLEAT,
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FOXCE ON CLEAT, 1000 LBS

FORCE ON CLEAT, 1000 LBS

LEGEND

3
CLEAT CLEAT FLOOR NAIL NAIL  NAIL NAIL
MAT. SIZE  MAT. Qty. SIZE MAT. _ FINISH
et Bl | CRNCRES S, Ding 4 12d Regular Bright
gl  ~———am S. Pine 2" X 4" S, Pine 4 12d Regular Coated
‘F —— ~—— M. Hemlock 2" X 4" . Hemlock 4 12d Regular Coated
i 4‘
0 + <+ $ 4 $- g
0 LY 02 o3 04 08 06
PERMANENT DISPLACEMENT, INCH
FIGURE 6. TYPICAL FORCE-DISPLACEMENT CURVE FOR A WOOD-NAIL ASSEMBLY
SHOWING WITHDRAWAL RESISTANCE,
37
LEGEND
CLEAT  CLEAT FLOOR NAIL NAIL  NAIL NAIL
MAT. SIZE MAT. QTY. SIZE MAT. FINISH
o | Doug. Fir 2" X 4" Doug. Fir 4 12d Regular Bright
————— Doug. Fir 2" X 4" Doug. Fir 4 12d Regular Coated
"l e
V 4/
‘r
0 4 4 & $ B —
) 0.l 02 03 04 os 06

PERMANENT DISPLACEMENT, INCH

FIGURE 7. TYPICAL FORCE-DISPLACEMENT CURVES FOR WOOD-NAIL ASSEMBLIES
SHOWING WITHDRAWAL RESISTANCE.
15
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were determined by the rate of change in the permanent displacement per
potential energy input to the cleat, and not by stress-strain curves used
to determine the yield point in metals. A wood-nail assembly can with-
stand a small number of impacts when the impact force is equal to the
maximum force that the assembly can restrain. For an impact force equal
to the yield point, the assembly can withstand approximately 75 to 100
impacts.

Strengths of wood-nail assemblies using 2" X 4", laminated 2" X 6",
and 4" X 6" cleats are shown in Appendix A. The data in this appendix
were used as a basis for the following conclusions.

1. For a cleat that is oriented so that its wood grain is parallel
to the wood grain of the floor, the holding capability of the assembly
seems slightly higher than when the cleat is perpendicular to the floor.
However, full scale tests show that the floors on flatcars can cause a
parallel board, or header, to have a rolling effect. This rolling effect
can decrease the resistance of a wood-nail assembly.

2. The strength of a wood-nail assembly increases with an increase in
the specific gravity of the wood in the floor. Comparatively, there appears
to be no significant difference in the strength of most wood-nail joints
when various species of wood are used for the cleat.

3. Results of limited testing indicate that nailable steel flooring
provides a 17% stronger joint than when oak is used as the floor material.

4, Coated nails do not significantly increase the lateral resi>iance
of a wood-nail assembly to dynamic forces. Nail coating is effective only
for a special higher-carbon-steel (AISI 1040), cement-coated nails driven

through or into oak wood.

17
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5. The lateral resistance of a wood-nail assembly constructed using
regular bright finished low carbon steel nails, AISI 1020, is approximately
the same as the resistance of an assembly constructed using bright finished
special higher-carbon steel nails, AISI 1040.

6. For most practical cases, the yield point of a wood-nail joint is
approximately one-half the maximum force.

The conclusions presented in the above paragraphs were used to select
the data for the curves snown in Figures 9 and 10. No safety factor was
used in the development of the curves, however, the lowest forces measured
during the laboratory tests were used in the analysis.

An example of how the curves can be used is explained in the calculation
for the recommended number of nails to be used in floorline blocking to meet
the requirements of the American Association of Railroads (AAR). To meet
the AAR 8 mph impact requirement, a 1,000 1b load of cargo would generally
subject an 8,000 1b force to the floorline blocking. If 4" X 6" lumber and
50 penny nails are used to fabricate the blocking, Figure 9 shows that the
number of nails required in the blocking are 9 (8,000 + 965 = 8.29 and
rounded up to the next whole number, 9). The curve for softwood flooring
is used because some railroad cars have softwood floors. Similar calcula-
tions were made to develop Table 1.

The number of nails required in the floorline blocking shown in Figure 1
can be calculated by using Figure 9. The cargo weight of 6,000 1bs is to
withsiand four impacts at 8 mph. From Figure 9 a 60d nail into softwood
can withstand a force of 1,300 1bs and a 30d nail can withstand 1,030 1bs.
Therefore, one pair of 60d and 30d nails will withstand a total force of
2,330 1bs. Since the wood-nat) combinations will be subjected to more than

18
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one impact at 8 mph, the data from Figure 9 should be reduced. Assuming the

yield point is approximately one-half the maximum value, the total resistance
for the pair of 60d and 30d nails is 2,330 + 2 = 1,165 1bs. Therefore, the
: number of nails required in the blocking should be 6,000 x 8 + 1,165 = 41.2
. % or 42 pair of nails. The value, 8, used in the preceding equation represents |
the dynamic loading caused by the 8 mph impact.

An example for using the data presented in Appendix A is shown in

Appendix B. i




TABLE 1

RECOMMENDED NUMBER OF NAILS TO BE USED IN
FLOORLINE BLOCKING TO MEET AAR REQUIREMENTS

For Each 1,000 Lbs of Cargo

NAIL SIZE, PENNY 2-INC; THICK BLOCKING 4-INC; THICK BLOCKING
8 37
10 29
12 19
16 15
20 10
30 8 20
40 12
50 9
60 6

*Actual thicknesses are 1-1/2 inch and 3-1/2 inch
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IV, EFFECTIVENESS OF WHEEL CHOCKS

1. CHAIN RESTRAINT SYSTEM. Railroad cars which utilize chain restraint

systems either have a built-in cushioning system or the cars are uncushioned,
and the chain restraint system itself has cushioning devices.

Wheel chocks are not normally used in a chain restraint system. If
wheel chocks are used in the system, the force into the tie-downs is reduced
but the truck chassis will have a higher acceleration when the flatcar is
subjected to an impact. Relationships for the force versus speed of the
flatcar at time of impact and acceleration of the truck chassis as a function
of coupler force are shown in Figures 11 and 12 respectively. Figure 13
shows the relationship between coupler force and the speed of the flatcar
at time of impact.

2. WIRE ROPE RESTRAINT SYSTEM. Wire rope is often used as the major

component in a restraint system. When wire rope is used to restrain
vehicles, wheel chocks and side blocking are usually a part of the system.

Tests have shown that side blocking is primarily a back-up for the
system in case one of the cables would break while the shipment is in
transit.

Wheel chocks are effective in reducing the longitudinal movement of a
vehicle and in reducing the force into the tie-downs by approximately
8,000 1bs or 21 percent - when a restrained vehicle is subjected to an
8 mph impact. However, the reduced longitudinal movement causes the
acceleration of the truck chassis to increase by 36 percent. If wheel
chocks are used, the three-piece chock (AAR Pattern 17) shonld not be used.

Effects of wire rope size when used with and without wheel chocks are

23
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Figure 11 Relationship between force on tiedown and speed of flatcar -

with and without wheel chocks
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1 s00k + CHARACTERISTICS OF FLATCAR
| DODX CAR NUMBER -=-====-=====s-=cescccenmzas 3961 o
LIGHT WEIGHT ==--ceememmmmmamconcnomenanan- 56,000 Lbs
CAPACITY ==--comcecmmmmnmmmnnmnas e 160,000 Lbs
LENGTH ====-=c=esemmmmmmmecsoocosscceoman- 50 Ft 9 In

800K -

700K -

600K

500K A

400K 1

COUPLER FORCE, LBS.

300K <

® 2-1/2 ton truck without wheel chocks
100K 4 @ 2-1/2 torn truck with wheel chocks
a&

Empty flatcar

0 A A " 1 A A

3 4 5 6 7 8 9

SPEED OF FLATCAR AT TIME OF IMPACT, MPH
Figure 13. Coupler force versus speed of empty test car.
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shown in Figures 14 and 15 respectively. The relationship between the
coupler force and the speed of the flatcar at the time of impact is shown
in Figure 16.

The rated breaking strength of a wire rope is multiplied by 1.55 to

obtain the design strength of a wire rope loop as used in a restraint

system.

_ i
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WSO e ~ - -
] CHARACTERISTICS OF FLATCAR
800¥ |— CAR NUMBER BN607078 ‘
LIGHT WEIGHT 50,300 Lbs
'i CAPACITY 110,000 Lbs
LENGTH 53 Ft 6 In
700K }—
E |
P |
500K |~
! 2
L -
w
&
S 400K -
ac
W
&
pesn |
3 o
300K }—
200K |
100K -
i 0 | | | ] | i
- 3 4 5 6 7 8 9
' SPEED OF FLATCAR, MPH
FIGURE 16. Relationship between coupler force and speed of flatcar at time of impact
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PROBLEM: Caiculate the number of nails required to restrain a 4,800 1b
howitzer so that the restraint system will meet AAR requirements.
Given: Weight of Howitzer = 4,800 1bs
Dynamic loading = Approximately 8 G's
Floor material = Assume Douglas Fir

Blocking material = Douglas Fir

Nail size 50d through two layers of

2" X 8" boards
SOLUTION: Using Figure 9 the force that a 50d nail can withstand in a
4" X 6" softwood is 970 1bs. Therefore for a dynamic load of 8 G's the

number of nails required is:
4800 x 8 _
) G 39.59 or 40 nails

Since the actual thickness of a 4" X 6" board is 1/2 inch thicker than
two 2" X 8" boards, the number of nails as calculated above has an in-
creased safety factor because of the increased depth of penetration the
nails have through two 2" X 8" boards.

Using Table 1, the number of nails required is 9 x 4.8 = 43 nails.
The three additional nails are due to the values in the table being
rounded off to the next highest whole number.

If the lumber is unused and in sound condition, the designer can
use the data in Appendix A-3 to reduce the number of nails. The
appendix shows that a joint fabricated from 50d nails and Douglas Fir
cleats and floor has an average maximum strength of 1,242 1bs. The
value that should be used in the restraint system depends upon the

degree of risk the designer is willing to apply to the system. For




somewhat better than a 50/50 chance of success, the 1,242 1b strength
could be used. The 1/2 inch deeper depth of penetration obtained by
using two 2" X 8" boards instead of one 4" X 6" timber will provide
additional strength. The number of nails required to restrain the 4
! ‘ Howitzer would be 4800 x 8 +# 1,242 = 31 nails. This is a reduction '
of 9 nails. !
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APPENDIX C




GLOSSARY

AVERAGE MAXIMUM STRENGTH. An arithmetic average of the maximum forces

each wood-nail assembly withstood when subjected to dynamic forces under
laboratory conditions. The average is based on a small sample size,
usually three, for each configuration.

BLOCKING AND BRACING SYSTEM. A group of materials, such as wood and

nails, that are arranged to restrain an item. The material arrangement
depends upon the magnitude, direction, and type of forces to which the
item will be subjected.

CLEAT. The piece of lumber of a wood-nail assembly that is normally

used to restrain a cargo by transferring its force to the floor component
of that assembly. A cleat is also referred to as a floorline blocking.

CONBUR TYPE INCLINED RAMP, Laboratory equipment used to simulate railroad

car impacts. The equipment consists primarily of two inclined rails onto
which a two axle dolly can travel and impact into a rigid barrier, The
speed of the dolly prior to impact and the time and duration of the shock
are controllable,

DEPTH OF PENETRATION. The distance the nail travels into the floor member

of the wood-nail assembly. Calculated penetration is the length of the
nail minus the thickness of the cleat.

FAILED WOOD-NAIL ASSEMBLY. An assembly that cannot resist a force greater

than the largest force it has already withstood.

FLOOR. The wood-nail assembly component that provides support for the
cleat and holds the nail point.

HEADER. An assembly that distributes forces to several pieces of blocking.

c-2 R




HIGH CARBON NAILS. Nails that are manufactured frow AISI 1040 steel and have

a Rockwell hardness of at least C-42. These nailc are custom manufactured.

HIGHEST MAXIMUM STRENGTH. For a specific configuration in the laboratory

tests, the largest of the individual maximum forces that were recorded for
each sample or schedule.

LOW CARBON NAILS. Nails manufactured from AISI 1020 steel. These nails are

commonly used.

LOWEST MAXIMUM STRENGTH. For a specific configuration in the laboratory

tests, the smallest of the individual maximum forces that were recorded
for each sample or schedule.

MOISTURE CONTENT. The amount of water contained in the wood, usually expressed

as a percentage of the weight of the ovendry wood.

NAILABLE STEEL FLOORING. Steel flooring manufactured with special seams that

extend across the width of a railroad car. The seams are constructed so
that they receive the nails which deform within the seam during the nail
driving process.

RESTRAINT SYSTEM. Materials installed in or on a transport medium to secure

cargo.

RESTRAINING DEVICE. A component of a restraint system.

SCHEDULE. Specific configurations within the test specimen.
SPECIFIC GRAVITY. The ratio of the weight of a body to the weight of an

equal volume of water at 4°C or other specified temperature.
SPECIMEN. A family of related wood-nail assembly configurations wich have
identical cleat and flooring size,and orientation of the cleat with respect

to the flooring and to the applied force. Wood and nail types are varied

within the specimen.




WITHORAWAL RESISTANCE. The resistance of a nail to direct withdrawal

from a piece of wood.

WOOD-NAIL ASSEMBLIES. An assembly fabricated by driving nails through .
one or more pieces of lumber (cleat) into another piece of lumber (floor). ’
A wood-nail assembly is also referred to as a wood-nail joint.

YIELD POINT. The force above which failure of a wood-nail joint will
ultimately occur and below which failure of the joint will not occur. ;
Unlike the yield point for metals, the yield point for wood-nail joints
were determined by the rate of change in the permanent displacement per i
potential energy input to the cleat. Note: This definition for yield

point of wood-nail joints was established for this project.
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