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SYNOPSIS

A casual observation by & structural engineer of the multiple bulb tee
section designed for landiLg mats -- the T-11 Aluminum and the T-8 Magnesium --
results in a preliminary conclusion that the sections are adaptable for other
structural uses. This study analyses the sections, determines their load carry-
ing capacities and deflection characteristics under the various load conditions
expected in quite general cases, and shows specific instances where the data
80 obtained may be directly applied in auxiliary uses. Quantitative values ob-
tained in the study support the conclusion mentioned above. Fabrication, erec-
tion, and cost considerations are weighed. Modifications are specified in the

instances where they are needed.



METHOD OF ATTACK

A dztailed study and analysis of each possible application of the landing
mats would be not only of indefinite duration, but also unnecessarily repeti-
tious. But specific uses produce classifyable load.ng conditions; hence, the
analyses which follow in this report are classified

I. According to loading conditions; namely,
(a) Uniformly distributed loads

(b) Uniformly varying loads, and
x (c) Concentrated loads; and
II. According to structural types; namely,

(a) Simply supported slabs, beams, and columns

(v) Continuous slabs and columns, and

(c) Cantilever slabs.

g

One or more of the conditions listed above, or scme cambination of the

conditions, will apply to any conceivable use. For example: The sides of a
box culvert are subjected to uniformly varying loads, for which data are given
] in Drawing S-23, (UV), Shcet 13 . And an observation of the loads given there
will show that the mat used as a simple slab, supported top and bottom, will

;> carry any expected culvert load.

More details of the information and procedure needed to adapt the data given
to anv required use or application will appear as the report progresses.

A list of apvlications is Ziven imrediately following the data for each
structural element, and referred to the loading condition each application pro-
duces. The list. is not exhaustive, of course. The engineer or technician in
field or office -- informed‘cn field operation -- will be finding new uses for this
mat section long after any formal research and development is ended.

Where the mechanics of a condition is obvious, (and this is generally the

case), no explanation of mathematical procedure is given. For columns certain

information is given to show *he theory on which the calculations were based.
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All structures are composed of useful combinations of slabs, beams, and
columns. These three basic elements of structures are treated here separately.
From the data given, any required form, carrying an almost unlimited range of

loads, can be arranged.



SLABS

In this discussion SLAB has the usual connotation; that is, it is a
wide, thin beam. Except for the rare casc where the mats are layed in two
layers -- either cross laminated or not -- SIAB mears the mat section AS IS,
with the load appl.ed at right angles to the plane o! the plate. The magnesium
section T-8, because of the difference in the compressive and tensile strength
of the material, is strongest when loaded to place the top plate in compression.
In the data given here the load is applied to the top plate in all cases, so
that the section may be used in the dual purpcse of structural slab and sur-
facing material. This means thet we are recording minimum yield point loads.
Uses will probably occur where a designer working on details of a specific ap-
plication may be able to increase the allowable loads, or increase the safety
factor, by loading the Tee side of the section.

In the load diagrams (S-1-U to S-24-UV) uniform loads which produce yield
point stresses are given in thousands of pounds per square foot, ksf. Con-
centrated loads are given in thousands of pounds, k, and are values for a line
load one (1) foot wide, supported only by the section of the same width as the
load. Now, it is to be expected that there will be considerable lateral distrib-
ution of a concentrated load, the amount of this distribution depending on the
span length, the end conditions, the distance of the load from the nearest sup-
port, and the width of the load. In order tuv obtain some idea of this lateral
distribution, a test was made using Extrusion B, Magnesium, spanning four (4)
feet, and with a concentrated load of varying width located at the mid point

of the span. The results of this test follow:



250 ¥
_ } 5 (1) Tee number 2 loaded
1 1
1 2 3 N oo Gtlooooc Tee number
278 297 224 150 - = - = - - - - Load on each Tee
29% % 24% 16% - - = = = - - = Per cent of total load
1950 #
(2) Tees 2 and 3 loaded
1 2 3 b - e e eaa - Tee number
450 535 530 U35 = = = - = - - - Load on each Tee
23% 21% 27% V=<, Y S P paay Per cent of total load

(3) All Tees loaded

........ Tee number
........ Load on each Tee
-------- Per cent of total load

Although the results of the test are satisfactory, (note "All Tees loaded"),
they are true only for this one ccndition, and no iateral distribution is con-
sidered in recording the allowable loads. An acceptably accurate equation for
determining the "effective width" of slab supporting a concentrated loed can be
developed by analyzing a series of tests similar to the one described above. The
effective width for the loading condition of this test is about 1.5 times the

width of the load. Therefore, such a series of test would necessarily be a part
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of any comprehensive testing prieram, so that the advantages of lateral dis-
tribution can be realized.

For many uses the maximum loads will be limited by permissable deflections.
Trhis is especially true for magnesium whose modulus of elasticity is only about
22% of the modulus of steel. (The T-8 mat, for example, will support a uniform
load of 300 psf on a 12' simply supported span; but the deflection is 12.0".)
An engineer developing details for a particular use will need to make a notice-
able mental adjustment, if he is accustomed to the use of steel, for the

strength/modulus ratio for this material is higher than any material available

for structures.




-8-

UNIT STRESSES USED

(T11) Aluminum (18) Magnesium
Compression « = = « = = = « « - 35,000 psi 25,000 psi
Tension = = = = = = =« = = = = - 35,000 psi 36,000 psi
Shear = =~ = = = = = = = = = - - 26,000%*ps 1 20, 000*psi

#These values bear the same ratio to test results as the specified tension

aud compression values bear to test results.

PROPERTIES OF THE SECTION

{T11) Aluminum (T8) Magnesium
Moment of inertis - - = = - - - 1.40k 1n.l‘/ft. width  1.767 m.l‘/ ft.width
C (Top) --=-=-==--=- 0.652 in. 0.688 1in.
C (Bottom) - - - - - - - 0.973 in. 0.937 in.

RESISTING MOMENTS

Critical Area (T11)} Aluminum (T8) Magnesium
Top Tension = = = = = = = = = = cacrace cascee-
Top Compression =~ = = = « =~ = = «cov-e= 5.34 kf
Bottom Tension = = = = = = = = 2L kf emmeaa

Bottom Compressinn = =« = = - - L.21 kf 3.92 kf



ALLOWABLE SLAB LOADS

S-1 U) -SIMPLE SLARB, UNIFORM LORD,
| SPAN AT 12 FEET

IINERENEREEENI U_IJIIIJIIHLHIH
A 12FT.

S-2(U) -smPLE SLAB, UNIFORM LOARD
1 SPAN AT € FEET

n
[T
) — A

S-3(Y)-SIMPLE SLAB, UNIFORM LOAD
'SPAN AT 4 FEET

ITHHJIJI IIlIIlIIll
GFT.

S-4(U) -SIMPLE SLAB, UNIFORM LORD
/ SPAN AT 3 FEET

NANSENNENENERN
[T 1

3FT

S-8 (L) -CONTINIOUS SLAB, UNIFORM LORD
2 SPANS AT @ FEET

W
l
ST T LI T

S-6(U)-cONTINIOUS SLAB, UNIFORM LOAD
3 SPANS AT 4 FEET

MIXIMUM RPALIED LOADS)

ALUMINUM
T7-//

IMRGINES /UM
r-8

w=23I xs.F

wz.30xs.r.

y=75m.

y=12.0/M.

w=,90 xs.r,

w=l20Ks.F.

y =19

y *3.0/N.

w=2./10 xs.r.

w=2,70Ks.x

IY .20~

y =30 IN.

w=3.70xs.r

w=%70us.x

Yy =.60/~.

y =. 70 mw.

w =93 xs.r.

w=.87 Kxs.F

y =30 /1~

y=/.50/M

w=2.23xsk

W=l l0x.s.%

Yy =.60 i~

y =.80n.




(CoNVTINUED)

S-7(U) -coONTINIOUS SLAB,UNIFORM LORD
& SPANS BT X FEET

b2d

IFr T

S-8 (YY) - canTieveER SiAB, UNIFORM LORD
I SPAN RT '2 FEET

vy
IR REREREEE JINNENNERENRERE
2P

UL

S-9(L) - cANTLIVER SLAB, UNIFORM LORD
! SPAN AT G FEET

mrrrﬁprmmﬂ?

S-10 (UV) - SIMPLE SLRB, UNIFORNMLY YARYING LOAD
/ SPAN AT |2 FEET

WW‘H

S-11(UV) - SIMRLE SLRB,UNIFORMLY VRRYING LORD
!/ SPAN RT & FEET

eI

S-12 (UV) -SImPLE SLAB, UNIFORMLY VARYING LOAD
| SPAN AT & FEET

iy

Y/

ALLOWRABLE SLAB LOARD

MAXIMUM RPPLIED LORDS

ALUMINUM
7-1/

MAGINESIUM|

7-8

w =3 90xsk

w=3.70xs.5.

y =.40 /N.

y =.40 /~.

w =.060K.8.F.

w =055 K.3.r.

y =/8.0~.

y 2 2/LOn.

W=.23xsk

Wwe22 KK

y =450 .~

y 25.90m.

w=.46 xSk

wadBns.k

y = 7.90 .

y =/L.70/N.

w=/80nsr

w =2.30k.3.x]

y =80 .

y =2.90/m.

w=4,/0xsk

w=5.20r8.4

y 2.80w.

y =430m.




ALLOWABLE SLAB LOADS 1=

(CONTINUVED)
LMAXIMUM RPRLIED LOAD
ALUMINUMIMAGNE STUM
=11 7-8
S-I3(UV) - conrivious SLAB, UNIFORMLY
YARYING LORD, 2 SRANS AT G FEET
w w=L90xs.F \wE2.00Ks.F.
ri7a y § €F T A y =l90m. |y =2.90n.

S/ ¥ (UV)-CanTi.EVER SLAB, UNIFORMLY
VARYINS LORD, | SPAN AT /2 FEET

wz,/8rsrlwz=/6ns.~

b - y =/2.50. |y =17.00m.

S =15 (UV) - conritEveER SLARB, UNIFORMLY
VRRYING LOAD, | SPRN € FEET

w=.70x8r | W=65ks.x
’% r=3.60,~‘ Y:4.20,M

S-/6(C) -~SimPLE SLAB, CONCENTRATED LOARD
!/ SPAN AT 12 FEET

i Px /. BO0xirs|P5/. 80 Kips

A 12FT A ) 4 = 6,00~ )’:Q.GOIN.

w

L

S-17(C) -SIMPLE SLRB, CONCENTRATED LORD
I SPAN AT G FECT

’i Pz 2.80,a0%3.60 rxrms
Fy wryis 7 \ Yy S/80 i~ |y 22.90 /.

S-/8(C) -SIMPLE SLRB, CONCENTRRATED LORD
/1 SPRY AT @ FEET

R . Pz 20nirs| PES.30x08
o

2 y=.80/n. |y=LIOm.




- IZ‘
(CONTINUED)

S-19(C) -CONTINIOUS SLAB, CONCENTRATED
LOAD, 2 SPANS AT G FEET

pX P
/.76’ ’
A 6 FI A

:“é'lerzm'

S-20(C) - conrivious SLAB, CONCENTRATED
LORD, 3 SPANS AT ¢ FEET

P¥ P
4 v , X ) ,. ,
K‘”"L- ry73 A ¢7T A 9FL A

S-2/ (C) - cONTINIOUS SLRE, CONCENTRRTED
LORD, @ SPANS AT 3 FELT

S-22 (C)- conTivious SthB,COMCENTRATED
LORD, £ SPANS ATr 2 FEET
Px P
‘41’ .67y /.33’
7. ALF7 A 2F% 2F7

eFrr EFT

XCRITICAL POSITION

ALLOWRBLE SLAB LOADS

MAXIMUM APRLIED LORDS

ALUMINUM
7-1/

RENES ILY
7-8

P=3.30unas

P =4 30nm,s

y S/ 20m.

y =@30n.

P =5./0nxirs

P =6.60 rrns

y =.50mw.

y =.90mv.

P =6.80nrs

P=8.60xps

y =.30 .

y =.60 /M.

P =/0.20n

=/3.OO0n/Ps

Y =./0 /n.

y 2. 20/A.




ALLOWABLE SLAB LOAROS

i (CONT IIVUED)

i

+ MAXIMUM APALIED LOADS

1 S-2IUN) -SwPLE SLAB, UNIORMLY MAGNESIUIM T-8
VARYING LOAD, | SPAN AT 4 FEET w,;=0 ‘;’a: ,5§3';';’

Ww, = OO x.s.r.
| Wy Wr=qw, | we=420ksr
y, ry 4 -1 y 2 /.30 .

w, = 1.70k.s.¢.
Wy=2uw wp= I.50ns.F
y = /.30 .

! / w) = 2.30x3r.
wp=lxw) W2=3.00xks.r
y =430 n.

70P OF Fll.l_7 we=w, ‘;’//, 2 523 700;:::

/650 (LB. PER LIN. FT)

TR
&

[
X5
BTy

- -

——Ir—r'Ff.l'"

-
-5
HOR

\‘ ANC
| S/IZE—
l DERPENOS ON
f SPRCING OF
LOARD LINE

ANCHOR RODS
MAXIMUM LORD RS FOR AN
EQUIVRLENT FLUID PRESSURE
OF 785 8. PER CU. FT.

a 5T

LY

ORIGINRL GRADE :
ﬁ[‘iﬁﬂ‘l"‘““‘ﬁ“‘ﬂ*f““fiq"

S5-24 (UV)- BuLkHEAD OB RETAINING

WAL - ANCHORED

T Er

-13-
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SPECIFIC APPLICATION
(Slabs)

APPLICATION

I. BUILDINGS:

Floors

Roofs

Siding

Foundation Plate (Light Loads)
II. BRIDGES: All types

Decking

Sub-Flooring

Bent Bracing

Abutment

Footbridges; Fixed, Floating
III. CULVERTS

General

Ribs longitudinal

Ribs Transverse

Headwalls

REFERENCE FOR LOAD
DATA

S-5(U) to s-7(U)
5-1(U)
s-1(U)

§-5(U) (approximately)

§-21(C) and S5-22(C)
s-22(C)

S-21(C)

(Normally, P/A will
be well below any
critical value.)

5-5(U) to s-7(U)

S-1(U) to s-5(U)

CU-1 to CU-4
S-5(U) and S-6(U)

s-2(U), s-3(U),
S-4(U) and S-23(UV)

(Loading will depend on
method of support.)



Iv.

v.

VI.

APPLICATION

ROADWAYS
Beach landing Strips, Treadways, etc.
Surfacing; short impassable stretches
Guard Rails
Approach Ramps

BULK HEADS AND RETAINING WALLS

General

Low Head Dams
MISCELLANEOUS
Tanks, Circular

(Water, Sewage, etc.)

(Canvas Lined?)

Work Benches, Shelves, Counters,

Drying Racks, Seat Benches
Wharf Decking

Truck Beds

Truck Sides

Surface Drains

Earth Covered Shelters
(Fox holes, dugouts, bomb shelters)

REFERENCE FOR LOAD
DATA

(Landing Mat Loads)
(Landing Mat Loads)
§-16(U) and S-19(V)

S-21(C) and S-22(C)

s-5(U), s-6(U),
5-15(UV), and S-23(8)

5-15(UV)

(Transverse tensile
strength of the long-
itudinal joint must be
determined.)

S-1(V), s-2(U), and S-5(U)

S-6(U) and S-7(U)
S-21(C) and S-22(C)

S-5(U) and S-6(U)

(Either Landing Mat Loads

or no critical Load.)

S-5(U) and s-6(U)
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BEAMS

The extruded landing mat can be built-up into beams which will have almost
unlimited possibilities. For the purpose of this report only the simplest and
most versatile sections were selected for analysis.

An effort was made to select sections that would involve simple beam me-
chanics in a specific adaptation. Beam sections were kept symmetrical and loads
were calculated for laterally supported beans.

Each beam section has two section moduli, a condition of no importance in
the aluminum beams for which the tensile and compression yield stresses are
equal. For magnesium beams the least bending moment value was used so that there
is no need for designating a top or bottom for these beams.

For beam sectionsconsisting of two B Extrusions, the section modulus was
determined neglecting 2.45 inches of the splice connection edge because of the
possibility of local buckling. The resulting sectior modulus was greater than
that for the entire section. Therefore, buckling of this outstanding leg would
not indicate failure of the beam.

Beam Sections

Three beam sections, for both aluminum and magnesium, were developed and
are shown in Table B-1, Sheet 19 and in TableB-8 , Sheet 26 . It can readily
be seen that the extrusions used in each case can be arranged in a variety of
ways without changing the properties as given. For example, the extrusions may
be reversed frou the position shown. In either position they can be separated
by spreader blocks to any desired width.

Extrustions A and B were not used singly or in combiration with each other
because of the unsymmetrical section which results. This is not meant to imply
that for light load conditions, sucih as those that are encountered in one story
buildings &ad sheds, individual extrusion beams cannot be used, for which case

use 1/2 the loads shown in the beam tables.



It became evident early in the study of beams that box type beams and
girders would be difficult to fabricate from the extruded landing mat in its
present form. The necessity of transferring shear across the corner connection
of a box section makes its fabrication impractical. It can also be seen that
beams of any desired capacity can be fabricated simply by the addition of ex-
trusions to sections shown in Drawings B-1 and B-8 . The box girder is not

needed.
Beam Lengths

The analysis and presentation of beam data is separated into three span
ranges. The divisions are, spans up to twelve feet, spans from twelve to
twenty-four feet and spans from twenty-four to forty-eight feet,. The first
two divisions consist of beams fabricated from Extrusions A or B; the third di-
vision consists of beams fabricated from the landing mat as a unit.

Beams having spans less than uwelve feet can be fabricated from the mat by
separating the A and B Extrusion and using each part as it is. For beam fab-
ricated from the individual extrusions having spans greater than twelve feet,
two splice connections have been developed. The details of these connections
are shown in the section on joints. (Sheet 60 ).

Beams fabricated from full width landing mats are generally limited in
capacity by longitudinal shear in the splice connection between Ertrusions A
and B. Load values are tabulated for the section as is, and for a similar sec-
tion in which the mat is modified in the field by the addition of 1/4 inch rivets
or bolts equally spaced between the shop rivets connecting Extrusion A and B.

A long span beam using these sections can be fabricated lapping the panels with
staggard end joints. For example, to build a beam having a span of thirty-six
feet with a capacity iandicated in Table B-6 , Sheet 24 , ten landing mat sections
are required. Except for a six foot length at each end of the beam the full

width of the beam is twice the effective width. The splice connection is similar

to that shown in Drawing J-5 , Sheet65 , for long span individual extrusion
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beams, except that the length of the splice plate is extended to twelve feet.
Loads and Stresses

The following tables contain the maximum uniform loads and maximum con-
centrated load at mid-span for various span lengths for the sections shown _a
Dravings Bl and B8. These values are based on the yield point stresses as
given in Tables Bl and B8. For the sections and spens for which sghear was a
controlling factor the maximum concentrated load which can be placed any where
on the beam is also given. For all other cases this load is equal to the max-
imum concentrated load at mid-span.

The transfer of applied loads to the edge of the beams in most practical
applications is not a problem, but for very high concentrations of load,
physical testing will be required to determine the ability of the different
edges to receive such loads. Several methods for transferring reaction loads

to supports are shown in the section on Jjoints, Sheet 6k,
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DRAWING 8-/

WP AT

BEAM DESIGW DATA

ALUMINUM LANDING MAT T-1/

T -
Ll b .I.
e [ c i
| C
|
|
]
X - =X
X - - X
|
- 1
1 2 S
1 Cs % :
. P ! 1
: LA
f kL______L
SECTION | SECTION 2
2 EXTRUSIONS “A” 2 exTRUSIONS '8
TABLE B~/
SECTION | S&crion | secrion
/ 2 3
Arsas S.12 &.90 16.02
wr. Pae rFoor | 11.4 8.63 20.1
Ixx 203.6 S7.2 1047
c, 787 7.1/ /13.13
Cs 722 | S6e | 1350
z, 257 /3.7 78.8
Z, 28.2 17.2 77.5
M- KIP FT 74. 7 39.9 22@

DESIGN STRESSES

TENS/ON -

SHEARZ -
BEARLING -

35,000 PSS/
COMPEESS/ON - 38,000 PSS/
24,000 PS/
56,000 PS8/

—/9-

<

S N BN o B

SeCTION 3
£ FuLL WIDTH MATS



-20- DEAW//UG B'Z
YIELD POINT LOADS FOR LATERPALLY SUPPOEBTED BEAMS

ALUMINUM LANDING MAT T-1/ BEAM SN & 70 /2 F&er
EXTRUSION A"

TABLE B8-2 =5 e =
5
ke I
LOADS i
kst ~N K JFT G
FEeT f 3 =]
. | S I L—%—-——%—-
e [t o [Tt e S e
6 |60 [024a [as8 | o9 i
|
7 l1z.zo | 032 | 427 0.26 o H
8 | 935 |oaez [374 | o2 ;::;;*gﬂf 1
9 | 738 | 054 | 332 | o043 | AT22ec — NS 1
10| 598 | 066 | 299 | 0.53 s
/| 4.94 0.80 | 272 0.64 i
€ | 4.6 085 | 250 0.76 = i .
1, Either edge of section may be J_ I |7
used as top, depending on _| /
application, = /‘—
2, See the section of the report T %%Z”Z?ﬁfa—z,_. /)
on connections for re;action d
details. ( Sheet €0 l__.i |__
3. Beams of greater capacity may

be fabricated using several

sectiong. The load will be EAAMELES

proportional to the number of

sections, |"—‘__' '_— —i
L. The extrusions may be orientated

several ways without changing

the properties from those of

the section above., Several possible l i

combinations are shown at right,

s,

/L—BOLT

7' T




DRAWING B-3

-2[-

YIELD POINT LOADS FOR LATERALLY SURPCRTED BEAMS

ALUMINUM LANOING NMAT T-1/
EXTRUSION 8%

BEANM SPRAN & TO /2 FEET

propertisnal to the number of
sections.

TABLE B -3
LORDS 1 s
i WRJET P b
roer| o | (e | fgoirone | A
L W |DCFLECT: 7 BT 1 = !ﬂ
K/FT | IncHES | wKiPs wewes | 4TSt o€ ;
& 8.87 27 266 .2/
7 6.5/ 3¢ 22.8 .29 b
8 4.98 47 19.9 .37 ; ﬂ
9 |[294 | 6o |77 | 48 = “"““‘I*_"’
/0 [ 379 | .74 | /59 | .59 l i |
/1 264 89 /4.8 .70
/2 | 222 | 106 | 15.3 | .84 b
U o :
1, Either edge of section may be ' l
used as top, depending on 3 = | =
application,
2. See the section of the report
on connections for reaction
details. ( Sheet ©0) 7
3« Beams of greater capacity may l
be fabricated using several /—BOLr 7
sections, The load will be B — /——

h. The extrusions may be orientated
several ways without changing
the properties from those for

the section abeve, Several possible

combinatiens are shown at right.

l._

—_—

| I !
| |
CONTINUOUS
1 wooo rmemsEeR -
]

e ————

r“'/l__ﬂ

I o

EXRVIPLES
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DRAWING

B-4

YIELD POINT LORDS FOR LATERALLY SUPPRORTED BEAMS

ARUMINUM LANOING MAT T-1/
EXTRUSION “R*

TABLE B-4

BEANM SPAAN 14 TO &% FEET

SPAN
FEET

LOARDS

W K/FT

—

]

|

r=]

bso o 252

W
K/FT

wEFLECT)
INCHES

o
NIPS

D& FLECTIOM
NCHES

3.08

.30

1.3

LO3

/€

.32

168

/8.6

133

/8

/o 84

2./¢

/6.6

170

20

L50

2.66

/5.0

2./ /

22

L29

32/

/3'6

2.5¢

24

yX#)-4

3.74

ez

2.96

1, Either edge of section may be
used as top, depending on

application,

SERUBATOR BLOCAK -
AT 8’ * oc

2., 7he extrusions may be orientated
several ways without changing
the properties from those for

the section above.

Several possible

combinations are shown at right.

3. For beams with spans from 12 to
21 feet see sheet 64 for splice

details,

4, Deflection computations are based
on constant section conditions,

5. Beams of greater capacity may
be fabricated using several

sections,

The load will be

proportional to the number of

6. For beams with spans from «1 to
2l feet mee sheet 65for splice

detaih.

—

|

il

7.87

L

i 80LT AND

/5.09
: x
|
]

— 1 1 1

|

CONTINUOUS -
WO00 MEMBER —-/

___{

__|

_{

\——504 7

)

EXAMPLES

-

BESNANN

AT

A

—t



DEAWING 8B-5
YIELD POINT LORDS FOR LATERALLY SUPRPPORTED BEAMS

RLUMINUM LANDING MAT T-// BEAN SPRN 14 7O 24 FEET
EXTF JS/ION 8"
TABLE B8-S
LOADS I
SN R / 5 * 5 .
FEET {. f Lﬁ i L l 4 ’ i BOr AND A H
SeavRATOR BLOCK—
L W OEFLECTION ) OEFLECTION] AT 8' * oC =
K/FT INCHES KIPS INCHES e
/4 /63 /35 /02 L15
16 | L2a | 188 9.9 /49 N
/8 98 | 239 | 89 /.90 r:
20| .80 | 297 | 80 | 235 - Kot 7= ™
22 N-Y-) 3.58 73 284 '
¢ Y-} 4./7 6.5 3.3/
— D
“ = s e by
0 I
1, Either edge of section may be ‘ ﬂ
used as top, depending on 1 L U
application,

2. The extrusions may be orientated
several ways without changing
the properties from those for
the section above, Several possible
combinations are shown at right.
3+ For beams with spans from 12 to
21 feet see sheet 64 for splice
details, —
L. Deflsction computations are based
on constant section conditions,
Se Beams of greater capacity may
be fabricated using several
sections, The load will be I
proportional to the mmber of
sections,
6+ For beams with spans from 21 to

2l feet see sheet &5 for splice l———-|

details, CONTINUOUS
1 wooo Mzmaen-.x /

Y b L

EXANIRPLES

80LT \

n [y
\ﬁ——

L1

|__
r__
|__
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DRAWING B-6

YIELD POINT LOADS FOR LATERALLY SUPPORTED BEAMS
ALUMINUM LANDING MAT T-// BEAM SPUN B¢ TO 48 Feer

AULL WIOTH MAT WITH NO MODIFICATIONS

TABLE B-6
LOADS™
s’ w k/FT ip MAXIMUM
Fe&T L_ » | MOVING
) —— | 3 |
w ¥ ‘Dersucnon| oeracTioN |, oap ‘T
K/FT INCNES KiPs INCNES &
24 | 127 .86 30.4%% | 138 /5.2
280 | 108 1.36 30.4%% | 2.20 15.2
32 .85 2.08 28.2 8.06 5.2
36 .84 2.90 R5.2 4.08 5.2
40 .76 4.0! 22.5 4.75 /5.2
44 .69 5.33 20.5 5.75 5.2
48 .63 6.90 /8.8 6.67 /52

# Values are based on the properties of two panels,

#¢ These values are determined by the shear on the
rivited connection between extrusion A and
extrusion B.

1, See sheet &5for details on the necessary splice
connection,

2. Either edge of section may be used as top , depending
on application.

3. Eeams of greater capacity may be fabricated
using several sections. The load will be proportional
to the number of sections,

L. See the section of the report on connectiona
for reaction details, (Sheet &0 )

S. Deflection values are based on the properties
of the two panels,

26.63

J(/_ A
%4 soLT AND

13./13

——

xx

B L
I

=]

/3.50
-

SEPARATOR BLOCK
AT 8’ ¢ oc.



DRAWING B-7

YIELD POINT LOADS FODR LATERALLY SUPPORTED BEAMS “R5-
ALUMINUM LANDING MAT T-// 8841 SPAN 24 70 48 Feer

PANEL MOODIFIED BY TWE ADDITION

c‘ﬁ}g EBIVETS BETWEEN EXISTING

RIVETS |IN CONNEBCTION SerwaeN

EXTEUSION A" AND ‘8"

TABLE B5-7
LoADs " =
SPAN [ 7FT ‘P MAXIMUM J
Feer | | ] MOVING J
L . e % % - cavceurati 0
wer DEFLECTION P DEFLECTIONY |, ap o)
K/FT | incwes KiPS INCHES K ~ 4]1
24 | 3.3 2./14 | 376 172 |30.4""
28 | 2.3 2.92 | 82.3 2.34 | 30.4""
32 (.77 3 78 28.2 3.06 28.2 #
36 /.40 4.88 25,/ 4.08 RS.2
40 113 5.53 22.5 4.78 285
44 | 53 | 7/8 | zas | B35 ze5 | § T L3I
48 .79 859 /8.8 687 /8.8 (\\g {"’ ﬂ
[}

# Values are based on the properties of two panels,

#% These values are determined by the shear on the j[}
riveted connection between extrusion A and
extrusion B,

1, See sheet ¢5for details on necessary splice
connection.

2. Either edge may be used as top, depending on
application,

3. Beams of greater capacity may be fabricated
using several sections. The load will be
proportional to the mumber of sections. |

L. See the section of the report on connections -
for reaction details. (Sheet <o) R ,.,_r_’ -4

5. Deflection values are based on the properties A S
of the two panels,

[
Li

——— /3.50

I
A LA

% soLT awD
Serucaroe sLock
Ar 83't o.c.



BEAM DESIGAN DATA

MACNES/UM L(ANDING MAT T-8

X %
A | [
, A
[
1 | <
i | !
| []
| L
X . X x L . — .4 X
1 *’_ —
'S
é B
] |z 4 el 4
' C
l 1
i i | T
L LA
kL t.L___l, SecrioN &
SECTION / 2 EXTRUSIONS B
2 &xrrusions A”
TABLE B&-8
SECTION | S&crron | s&cTrion
/ 2 s
AREA .06 4.76 /0.82
WT. Af® FOOT | 10.7 a5 /9.2
Ixx 241.2 | 1298 1501
c, 7 96 7. 66 14.27
Cg 793 | 588 | /3.92
Zz, 30.3 /6.9 106
Z, 30.4 | 22.! | /086
M-KIP FT 63.2 | 35/ 22/
D&S/IGN STERESSES
TEANSION 36,000 P~S/
COMPEESSION 25,000 7S/
SHEAL R2 000 PS/
BLARING 45000 APS/

DRAWING B8-8

[I
3
1
-
c,
1
||
[
]
X -4 4—X
b
1
1
C 1
* 1|
1l
1
A LA
SECTION 3

L FULL WIDTH MATS



DRAWING B-9 oo
YIELD POINT LORDS FOR LRARTERALLY SUPPORTED BEAMS

NMAGNESIUV LANDING MRART T-8 BEAN SPRAN 6 TV /IR FEET
EXTRUS/ION *A¥

TABLE 53-9
SPAN =002 ' i I
W K/Fr P i
FEET | | — n K
| T N ~
L W DEFLECT -] DEFLECT, ?
K/ET INCHES | K1PS INCHES N i
¢ | 190 (026 | 42 |o.2/ F
7 /0.3 0385 | 36 0.28
8 790 | 0.¢6 | 3/.6 .37 !
s | 623 |o5s | 28/ | 047 ) L B
0| 505 | 072 | 252 ] 0.68 9
// +./7 088 | 229 | 0.7/ 3 1L
® socr Anp , I
2| 38/ | 104 | 24/ | 0.8¢ Semraror sock~| N
AT 3’2 o.c. e el
—
1. Either edge of section may be ]
used as top, depending on

application.

See the section of the report

on connections for reaction
details, ( Sheet ©0O)

Beams of greater capacity may
be fabricated using several
sections, The load will be
proportional to the number of
sections,

The extrusions may be orientated
several ways without changin/
the properties from those for
the section above, Several poasible
coambinations are shown at right.

2,

3.

CON TINUOYVS
woouo m’fﬁ\“

ke

——

.

EXAMPLES



- DRAWING B -1O

YIELD POINT LOADS FOR LATERALLY SUPPORTED BEAMS

MAGNESIUM LANDING MAT T-8 BEAVI SRAN 6 7O 12 FEET
EXTRUSION ‘B
TABLE B-/0 ’
soan n__wwcogos » i
4er) | ettt & socr aws—" '
¢ W [oerEcrion B [ocFLCTioN mgtx I N é—
KIFT INCHES | KIRS INCHES = k
6 | 72726 | .27 | 23.3] .22
7 | 87/ | .36 | z00]| .29 4
8 | 4.38 | .97 /75 | .38 2 ’ |
o | 345 | .@/ | /56 | .49 TP T —T*
o] 280 | .74 120 | .59 -
/7| 2.31 | .97 /2.7 | .73

/2 1.94 1.07 /47 .86

1, Either edge of section may be
used as top, depending on
application,

2. See the section of the repart
on connections far reaction lm
details. ( Sheet ©0) d

3+ Beams of greater capacity may
be fabricated using several
sections, The lead will be l——
proportional to the number of
sections,

ke The extrusions may be orientated
several ways without changing |
the properties frem those for
the section above., Several possible
combinations are shown at righte

8oLr

\

L1 1

F__
CONTINUVOUS

i waa.o,mmems—\y

. =y T

t U k L//I )

EXANMPLES

—




DRAWING B~/

-29-

YIELD POINT LOADS FOR LATERALLY SURPORTED BEAMS
MAENESIUNM LANDING MART T-8

EXTRUS/IVNY “A*’

TABLE 8-/
LORODS
R a2 P
e G
< » DEFLECT) = DEFLETT:
K/ FT | INCHES | KIRS INCHES
/4 | 2.88 | /<43 | /8.0 | //5
/6 /.96 1885 18.7 /149
/18 | /.56 e3¢ | /4/ .90
20 | 127 29¢ | /127 | 236
22| 1085 354 | /85 | 285
24| .86 %/3 | 1703 | 3.32

1, Either edgs of section may be
used as top, depending on

application.
2.

The extrusions may be orientated

several ways without changing
the properties from those of

the section above,

Several possible

cambinations are shown at right,

3.

For beams with spans from 12 to

21 feet see sheet %¢ for splice

details,
ke

Deflection computations are based

on constant section conditions.

5

Beams of greater capacity may

be fabricated using several

sections.

The load will be

proportional to the number of

sections.
6o

For beams with spans from 21 to

2ly feet see sheet ©5 for splice

detailse.

BEANM SPRN /& 70 24 FEET

| |
I
o ol
w I
1
0
I T
9
m
N
& socr AMD N I
SEPARATOR BLOCK [~
AT 3'% o.c. N |

|

CONTINVOUS — |
WOOD MEMBER

l_

|

.__1
_|
- —
N socr

— 1 [ [ [

—l

NN

I

EXAMPLES

— 1
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DRAWING B-~/2

Y/ELD POINT LOAQDS FOR LATERALLY SUPRPPORTED BEAMS

MAGNESIUM LAND NG MAT T7-8 BEAM SPRN 4 70 24 FEET
EXTRUSION “B"

TABLE &-12 ‘

LOADS ! : =
SOAN T, 7 |
k) { : et iaoz.rnuo/‘
L W OEFLECTION| P DEFLECTION AT ﬁ‘:’”g c <
KIFT | imcmes | kiPs | iNEHES N
/4 | 143 147 /00| /0 [
/16 | 109 | 1.9/ 87 | 153 N *
/8 | .86 | 2.3 | 78 | 195 !
20| .70 | 3o/ | 70 | 242 N ’
22| .58 363 64 | 292 J'
24| <48 422 | 47 3.39 o~
\! -~
9
3 !
1, Either edge of section may be 1 l Jt )
used as top, depending on -
applicatiom.

2+ The extrusions may be orientated
several ways without changing
the properties from those for
the section above, OSeveral possible
combinations are shown at right,
3. For beams with spans from 12 to .
21 feet see sheet 64¢ for splice
details, "—
Le Deflection computations are based
on constant section conditionms,
5. Beams of greater capacity may
be fabricated using several l__
sections. The load will be
proportional to the number of
sections.
6. For beams with <,nws from 21 to
2l feet see sheet -5 for splice '_—’
details,

BoLr

<
.
=7
i

_..‘_
P .

CONTINUVOUS

WOOD MEMBER \“/
| / |
\ A2 4 }

EXANIPLES

-

1
NN

L 1L 1 1
Il
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DRAWING B-)3

~3/-

YIELD POINT LORDS FOR LATERALLY SUPPRORTED BEAMS

MAGNESIUM LANDING MAT 7-8 BEAN) SPAN 29 70O 48 FEET

FULL WIDTH MAT WITH NO MODIFICATION

TABLE B-/3 u T T
LOADS * |
A W K/FT P MARIMUM
FEET | F 1 MOVING
S L—L/Z——H—‘vé—-—-' co»cnnum#
- w XX Dercgcrion] A cecTin|  LoAD i
K/FT INCHES | K/IRS INCHES n1PS I
24 | 105 | .8 |282%%| 130 | /2.6
28 .90 .28 |25.2%*| 206 /126 &
32 | .79 | 192 |2s2%xx(308 | /2.6 X I
3a .70 2.73 24¢.5 | ¢+50 /2.6
40 .63 374 | 2.9 523 /26
44 57 4.96 19.9 6.32 | r2.6 H
48 | .53 6.4/ /8.4 7.59 /2%
2 | — - H—

#* Values are based of the properties of two panels, 00% == 1 T

## These values are determined by the shear on the . T -
riveted comnection between extrusion A and
extrusion B,

1, See sheet 65 for details of the necessary splice ]'}
connection.

2, Either edge of section may be used as top, depending
on application,

3. Beams of greater capacity may be fabricated N "
using several sections. The load will be 9 1
proportional to the number of sections, Y

ke See the section of the report on connections
for reaction details. ( Sheet 0 )

S5« Deflection values are based on the properties i
of the two panels, !

o /7_ ~J
aowr auc;wc/ 1
&
AT 3'L o.C. _LL__J 2& L




-32- DRAWING B-/4
YIELD POINT LORDS FOR LATERALLY SUPPORTED BEAMIS

MABENES/IUM LANDING MAT r-8 BEANM SPRN 24 7D Fe
PANVEL MODIFIED BY THE ADDITION OF Yg" 98 racr
RIVETS BETWEEN EX/STING RIVETS IN

CONNECTION BETWEEN EXTRUS IONS ‘RA"RAND"8¥

TABLE B8-/4
- q
sy W K/FT. ° MAX 1AM i
FEET MOVING
r's f..(,{.q_ ,l._ g,(‘ .} coNe ._J_ S
L W DERLFCTION| P aEFLLCT LomD
R/ET INCHES ~IPS INCHES KiPS T
¢ | 305 | 234+ | 36.6 | /.89 25.2 !

28 | 224 | 3.2/ 336 | 258 | 26.2
32 | 172 .2/ 278 | 338 | 28.2 1
36 | /.36 533 245 | 428 24.5 0

%0 | 110 .58 | 2/9 | 530 | 2/.9
94 2/ 7.96 /9.9 {690 | /9.9 "

48 .76 9.42 | /84 257 | /18.¢ 1

/12.27

28.19

I

1, See sheet &35 for detzils on necessary splice J{' ﬂ}'
cormection,

2. Either edge may be used as top, depending on
application, 1

3. Beams of greater capacity may be fabricated i
using several sections. The load will be
proportional to the number of sections,

L, See the section of the report on connections
for reaction details, ( Sheet ©0)

5 Deflection values are based on the properties
of the two panels,

/13.92

80LT AMD I
SekarATOR Alock | —~ I

AT 8’2 0. ¢, \




SPECIFIC APPLICATION

(Beams)

ITEM

I. BUILDINGS
Flooring Framing
Roof Framing
Grade Beam

II. TOWERS
Control
Elevated Tank
Drying (Parachute)

III. BRIDGES

Fixed

Floating (Stiffener Girder)

Ferries

Bents (Trestle & Pier)

Sills and Caps

Bridge Repair

REFERENCE FOR LOAD
DATA

B-1 to B-5
B-8 to B-12

B-1 to B-1k

B-1 to B-1k

B-1 to B-§
B-8 to B-12

B-1 to B-5
B-8 to B-12

B-1 to B-5
B-8 to B-12

B-1 to B-1k

B-6, B-7, B-13
and B-1L

B-1 to B-1k

B-1 to B-5
B-8 to B-12

B-1 to B-5
B-8 to B-12

B-1 to B-14
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ITEM REFERENCE FOR LOAD
DATA

IV. MISCELLANEOUS

Grease Rack B-1 to B-5
B-8 to B-12
Hose Drying Rack B-1 to B-5
B-8 to B-12
Long Ridge Poles B-1 to B-5
B-8 to B-12
Covered Walkways B-1 to B-5
B-8 to B-12
Storage Rack B-1 to B-5

! B-8 to B-12




COLUMNS

Single extrusions will be used as struts in structures only where condi-
tions are such that they may be laterally supported. Generally, columns will
be built up of two or more extrusions. The information which follows is limit-
ed to true columns, where the unsupported length is a consideration in the load
carrying capacity.

Allowable loads were calculated to produce specified yield point stresses.
Any factor of safety may be applied for a particular condition.

Column theory as illustrated by the composite curve on Drawing No. CT-1,
Sheet 37 , was used in determining the allowable concentric loads on built-up
columns. This approach is based on classic column theory, with the crippling
stress limitations for aluminum as recommended in Paper No. 970, "Specifications
for Structures of Aluminum Alloy 6061-76", as reported in the Journal of the
Structural Division of the American Society of Civil Engineers. For magnesium,
crippling stress limitations were used as given in Technical Memorandum No. 15,
"Crippling Strength of Magnesium Sheet and Extrusion", published by the Dow
Chemical Company.

End Fixity Condition

The column gsections were investigated for the end fixity values, k equals
1.0 and k equals 0.75. (Where k is 1.0 for pin end conditions and k is 0.5 for
fixed end conditions.) Ordinarily the value for partial restraint (k = .75)

should be used unlesstests or known conditions indicate a higher or lower value.

Accidental or Unknown Eccentricity

Eccentricity caused by fabricetion or construction is assumed to be
ec/r? = 0.25, where:
e = eccentricity in loading
¢ = distance to extreme fiber subject to compression
r = radius of gyration
The equation that follows was used to determine the allowable bending stress
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produced by the asgumed eccentric louding:

(1)
f‘pﬁ[/-%][/-;é-e l

Where

fb is the maximum bending stress that may be permitted in addition

to the uniform campression.

P/A is the average compressive stress on gross section produced by
the column load, P.

fB is the allowable compressive working stress for the member con-
sidered as a beam.

fc is the allowable working stress for the member considered as an

axially loaded member.

2
fce -Fﬂf—) where L/r is the slenderness ratio.

The preceeding equation results in a trial and error solution for the maximum
allowable load.
The same formula can be used in any special application to design a member

subjected to combined bending and axial stress.

Spacing of Wood Blocks
The spacing of the wood blocks between the extrusions used to build up the

section was determined by considering the individual extruded sections as columns
of length equal to the spacing of the blocks. A very conservative assumption of
end fixity, k = 1.0, was used for these individual columns.

Selection cf Bolts

2024-Th Aluminum Alloy bSolts were used to design all joints for both the
aluminum and magnesium columns. Replacement of the aluminum bolts by bolts c’>'f
steel or of other materials is certainly acceptable for field operation:.

Allowable loads for the bolts were computed using minimum guaranteed shear
stress for 2024-Th Aluminum Allny &nd winimum guaranteed bearing yield stress

for 6061-T6 Aluminum Alloy or ZK6OA-TS Magnesium Alloy.

1. Previous reference (Paper 970).
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38~ ALLOWABLE COLUMN LOADS DRAWING C-l
DouBLE EXTRUS/ION A" ALUMINUM COLUMN

P
¥ ‘ ]
. L < /5.094 ———]
3 xa’Bor- 202¢ T4 AL duov~ ex 2:2'x 8° HaBDWOOD BLock
32 £2200. 6 BEQD.
TYPICAL CEOSS SECTION
PEOFPERTIES

A4 - A4 = 9./2 NE
MOMENT OF INGETIA ~ 1y = /1. 80 IN*
LADIUS OF GYRAT/ON -~ Iy = /.15 IN.
LOADING AND END CONDITIONS
| e e

\Fce 'Pce | PauLowasLe PavowaseLe

CONDITION I conDiTIoON IO convoiT/oN IO , CONDIT/ION IN
CONCENTRIC LOADING CONCENTRIC LOADING BCCENTRIC LOADING®  ECCENTRIC LOADING
A BNDS - k x/ mzrlzt. 5537“”” € c/rtszs ecr®:z-2s

&,

PN ENps < k=i PaETIAL RESTRANT - k +. 28
TABLE C-/
wa:/m: uwg:{.s/ou: guw m{: u: slu-.: ALLOWABLE LoAD
reer Tncues Wos0 Biocks e |V aces e | ins | s | ms

12 144 |6x2.2x3 4 46 39 /100 47 75
11 /182 |6x2.2x3 4 42 7/ /20 355 a8
10 /20 |eéx22x3 4 38 as /80 65 /06
(<] 108 | 6x22x3 4 34 /02 /183 77 124
a 96 6x2.2x8 4 30 128 2/8 92 /44

L PUARTIAL RESTRAINT OF ke.785 CAN MNOBMALLY 88 ASSUMED IN STEUCTURAL DESION
FOR BOLTED OF RIWATED CONMECTIONS.

2. ec/rt 2. 88 WHERE €wlCCANTEICITY , C » DISTANCE TO EXTEEME FI8ME,
Fe BADIUS OF OYPATION THIS VALUA OF €c/r' /S NORMALLY ASSUMED TO
EX/ST 7O TAKE INTO ACCOUNT ANY LACK OF STEAISHTNESS AND ANY INDETESMIMATE
ECCENTRICITY [N LOADING - DOES ANOT PEOVIOR FOR ANY KNOWN EBCCENTRICITY .

3 /N BACH CLLL A BLOCK /S MPACED FLUSH WITH BACH BND OF THE COLUMA.
TWO BOLTS ABE PLACED THROUON EACH BLOCK ON & I} INCHES FeOM
BACH &8D.



DRAWING C-2 4L LOWABLE COLUMN LOADS
DOUBLE EXTRUSION “8" ALUMINUM COLUMN

/NN

X——— -+ e —-—X Jazs5

NIV

N

b — — —

l

£ x4'BOLT - 2024 T4 Acummwum Auor™ 6“1 2.2« 8" murONOOO BLOCK
32 eeQ’o 6 £2J'D
TYPICAL CEOSS SECTION
PROPERTIES

ABEA - A< &.90 v¢
MOMANT OF INERTIA- Iy = 9.42 IN*
RADIUS OF GYRATION - Iy = /.17 IN.

LOADING AND EMND COMDITIONS

e e & e
|
1
1 t
|
Pce | Pee Patiowasca PAlLLowisLe
CONDITION I CONDITION O CONDITION IO 2 CONDITION I¥
COMNCSNTRIC LOADING CONCENTRIC LOADING ECCENTRIC LOADING ECCENTRIC LOANND
PIN BNDS Kw/ PAETIAL ESTRAINT eg/r? =, 25 ec/rftr.2
=781 N BNDS - ku ) ATIAL RASTEAINT-K=.T5
TABLE C-2
:%:.,255”."0 uné:.wws guxg: l%mrcsmclﬂoa’e’m ALLOWABLE LOAD ]
wooo BiLockS | BLocks |wooo stoces lcovomon I'lcovomow T Youdirron X [conomon
FOPT |INCHES | jvcwas PeLg caiL INCHES KiPs KPS Kims KIS
/2 /44 |6x2.2x3 4 46 47 79 38 59
11 132 |6x2.2x3 4 42 55 94 43 o9
10 | 120 |6x22x3 4 38 Y] "s 7 8!
9 |08 [ox22xs 4 34 80 /44 P7) 98 |
8 -/ 6x 223 4 30 /0/ /68 73 1

I. PARTIAL ESSTEAINT OF K3 .78 CAN NOEMALLY S&

FOB BOLTED OR RIVETED CONNEBCTIONS.

2.ec/ri=. 25 WHERR € vECCENTRICITY , T = OISTANCE TO BXTEEME FIBEE,
s ADIUS OF OYRATION. THIS vAlve o ec/rt ;s moemaity assumeo To

EXIST TO TAKE INTO ACCOUNT ANY LACK OF STEAIGHTNESS ANO ANY [INDETBRAMINATE

EBCCENTRICITY |N LOADING - DOBS MNOT PLOVIOE AOE ANY KNOWN BECCENTEICITY.

ASSUMEBD |IN STERUCTURAL De&SIGN

3. /N BACH C8LL A BLOCK 13 PLACED FLUSM WITH E8ACM D OF TWE COLUMN .
TWO BOLTS ABEL MPLACED THEOUGH 8ACN BLOCK ON € If INCHES KFROM &ACH &ND.



_ORAWING C3 ALLOWABLE COLUMN LOADS - INTERLACED
EXTRUSIONS A ano "B ° ALUMINUM COLUMN

| 4 SoT - L7885
i l l
™ | e N (= B
| . ,, i a e B
sy | T4 i o
-r _‘— -
rd-"4 — 5
b e - f? B A
12 8our-2084-T8 AL ALioY
15 BEQO - SPACRD EQUALLY ALONG
COLUMM LBASTHN
TYPICAL CROSS SECT/ON
RPEOLPELTIES
ABBA- Az 8.0/ /N
MOMENT OF INEETIA - I = 11.80 IN*
BADIUS OF GYRATION = Fy=.702 IN.
LOADING anvpo END COMNDITIONS
(4 —— e
| ' i
]
| ' '

Pce 'Pce PaomsLa Pactowasee
conoyriod I CoxnvoiTioN T CoNoDITIoN T, conDiT/ioN I
CONCEMNTRIC LOADING CONCENTRIC LOADING ECCEN LOADING® ECCENTRIC LOADING

PIN BNDS~ k= / PUETIAL BESTRAINT eg/rt=.25 ec/rf=.2s8
ke, .78 7 PIN EADS -Ks/ PUABTIAL RESTRAINT~K =.T5
TABLE (C-3
INSUPPORTED ALLOWABLE LOAD
LRIy _LHIOTN Dmon I fconamon 8 | covormov dcovomon
FEET [INCHES | KkiIRS KPS KPS XIS

2 | 144 19.2 32.0 2.7 8.9
" 32 24.0 40.0 /5.1 22.0
10 120 28.8 49.6 73 253
8 /08 35 6/7 20.3 29.2
8 Seé 43.3 73.7 23.4 33./

1, Partisl restraint of k z.75 can normally be assumed in structural design
for bolted ar riveted connections,
2. ec/r’r .25 wheret e seccentricity , cs= distance to extreme fiber,
rsradiuvs of gyration, This value of ec/r? is normally assumed to exist
to take into account any origional lack of straightness and any indeterminate
eccentricity in loading., Does not provide for any known eccentricity.



. -4/-
DRAWING C-4.~ 4, | oWaBLE COLUMN LOAD - DOUBLE EXTRUSION ‘&°
ALUMINUM CO(TUMN FOB LENGTAHS GELEATEE THAN 12 FEET

‘S o84

o &
gx4 BOLT 2024-T4 AL ALLor -
48 g0

THE CBOSS SECTION SHOWA ABOVE /S AT THE JONT.
TWO EXTEUS/OMS '6" FOBA? THE COLUMA. THE OVEEZLAPPING v
JOINT IS FOEMED 8Y TWO 3 FOOT SECTIONS OF EXTRUSION A%

THE LOCATION OF THE JOINT AS TO LPOSITION IN LENGTH
1S AOT SA,PECIFIED FOE LASE OF FASERICATION.

PROPEETIES OF COLUMN CEOSS SECTION (EXTRUSION ‘8" omwy)
AREA - A = 6.50 IN?

MOMENT OF INEEBTIA - I = 11.27 IN®

LBAOIVS OF GY&AT/ION - 'y« /.28 /N

LOADING 4D END CONOITIONS

€ e

|Pece |Pce
CONDITION I

CONCENTREIC LOADING
PIN 8NOS - K =/

P ALLONABLE | |PALLowas e
CONOITION IO CONDITION IV
ECCANTRIC LOADING ECCEAN C LOADING

ec/rt:. 25

ec/ré¢=z .25
PIN ENDS Kk&/ RUETIAL BESTRAINT-K .75

CONDITION IO
CONCENTRIC LOADING
FALT/AL E”rZAINT'
2

k=

CON/TIMNUBD
o

ANEXT SNBeT




TABLE C-4
S A L —
FBEY (CAES | cwes Ane cou wenes >\ gps kips | kims XiPS
24 268 |22+335:6| 3 78 /3.8 | 241 | 122 | z0.5
23 |276 |2.21335x6| 3 75 /5.2 268 | 34 | 22.5
2z | 2ca |22x3 35%6| 3 72 /6.7 290 | /4.5 | 24.4
21 |22 |22+2.35%6 | 3 &7 /8.4 | 322 | /60 | 267
20 |240 |2.z2+535%¢| a3 5 /9.9 | 35.4 | /7.7 29.0
79 | 228 |2.2x3.85x6| 3 Gz 220 | 384 | /89 | 311
78 |26 |2273.38:0] 3 58 244 | 43.5 | z0.8 | 34.8
17 | 20¢ |22x3.35x6| 3 55 27.6 | 490 | 25.2 | 384
/6 | /92 |2.2x3.35x6| 3 52 30/ 548 | 258 | 428
/15 | 180 |2.2x3.85:¢] 3 a8 355 | 628 | 29/ | <a4
/4 | /168 12.2x3.35x6 3 45 40.9 73./ 3s8.2 55.6
/3 e 12.248.35x6 3 4) 47. 3 &84.3 378 2.3

1, Partial restraint of k=75 can normally be assumed in structural design for
bolted or riveted connections,

2, ec/r?= .25 where e= eccentricity, ¢=distance to extreme fiber, r «radius of
gyration, This value of ec/r< is normally assumed to exist to take into account

any lack of straightness and any indeterminate eccentricity in loading. Does
not provide for any knomn eccentricity.

3¢ In each cell a block is placed flush with each end of the column, Two bolts
are placed through each block on it's {1—} inches from the ends, Since the location
of the joint is not specified, exact spacing of the wood blocks is not specified,



DRAWING C-5 41| OWABLE COLUMN LOADS- EXPANDED -

EXTRUSION "A4° ALUMINUM COLUMN  ( EXPANDED 8Y
BLOCKS CUT FIPOM STANDARD 4x4 AND 6x6 LUMBER)

| | |

—NJINAIN -1

AVNININTNE ™ T
AT .

15094 ——— -
|

8024 -T4 ALUMINUM ALLOY BOLTS
CASE A - $'x 4 soLT - 40 £EQ D
CASE B-4'% 6 8Bor - 48 £€Q'0

TYPICAL C8OSS SECTION
PEOPERTIES OF THE S&CTIONS

CASE A - &xmanoeD BY 8LOCES CuTr AEOM 4 K14 LUMBEE
WIDTH OF COLUMM ~ N = 3.89 /M.
ABEA - Adn 972 INZ
MOMENT OF INEETIA - li & 18,27 1a/9

BAOIUS OF GYr&ATION = I, = [ 414 IM.

CASE B - axmansBD By BLOCKS CUT FEOM Gi G LUMBEE

WIDTH 0OF COLUMA - W = D76 IN.
ABEL ~ A = 9.2 ?

MOMBNT OF INBETIA-T3 = 48.36 /%
BADIUS OF GYRBAT/ION - Iy = 2.30 /N

LOADING anD END COMDITIONS

l .

|

| .

Pce ce PaLLOWABLE PALLOWUBLE
CoNDITION 2 CONDITION I ComoiTicN -, COMOITioN IZ
CONCENTRIC LOADING COMNCANTRIC LOADING BCCEMNTYIC (OADING® ECCOUTE/C. LOADING
PIN BLOS - K/ PAETIAL RESTRAINT ec/ri:. 25 ec/riz. 25
ka. 75"’ PIN ENDS - kv | PUBTIAL @ESTRAINT- k=.75
[ 4
CONMTINUED
OA/

NEXT™ SHEET



TABLE C-5
(case A)
ot e S 3 P N T L -
FEET \IMCHES INCHES 2 oL coLL NCHES 3 | &IPS KIPS KPS K/PS
12 |14¢ 2.2 xd{x /2 4 44 a8 155 67 109
"o 132 z.zx.aj x/2 4 40 106 189 80 128
10 | 120 2.2x3§r /2 4 36 /126 217 92 143
9 108 |2.2x3¥§ x/2 4 32 159 232 111 15/
8 | % 2.zxa£ 2 4 28 205 246 | 137 159
(case B)
12 144 |22x5{x 14 S 32.5 212 255 142 /63
11 /132 |2.2x5F x /4 5 29.5 225 2ed 148 167
/10 120 |22x535x12 5 27 237 273 /54 172
S |/08 |22x5fxi2 5 24 251 28/ /60 /176
8 | 96 |2exsixiz 5 2/ 258 290 | /65 /180
1,

bolted or riveted connections.

2

Partial restraint of k= .75 can normally be assumed in structural design for

ec/r2= ,25 where: e = eccentricity, c zdistance to extreme fiber, r=radius of

gyration, This value of ec/r? is normally assumed to exist to take into account
any lack of straightness and any indeterminate eccentricity in loading, Does

3.

not provide for any known eccentricity.
In each cell a block is placed flush with each end of the column. Tvo bolts

are placed through each interior block on its ¢ 1% inches from each end. Yhree
bolt3 are placed through each block flush with end of column,




DRAWING C-6 4/t OWABLE COLUMN LOADS - EXPANDED ~45-

EXTRUSION “8” ALUMINUM COLUMN (EXPANDED BY
BLOCKS CUT FROM STANDARD 4x4 AND &x6 LUMBEE)

| i - 1

¥ — - - - —x w

’/ f2TFe —— ——‘

~

| #

—— 2024 - T4 AMUMINUM AUOY BOLTS
CASZ 4-§ x 4f BouT - 32 QD
CASFB -4 X & B80T 4o REQD

TYPICAL CROSS SE&CT/ON
PROPERTIES OF THE SECTIONS

CASE A - EXPANDED BY BLOCKS CUT FEOM 4x4 LUMBEE
W/IOTH ©F COLUMN —wW = 389 /|AN.
ArsA — Ar 6.90 102
MOMENT oF IN6ETIA - [y » 14.29 ING
BADIUS OF GYRATION — Fy = 1.-446 IN.

CASE B-axpances &v BLockS cCUT FEBOM G x6 LUMBER
WIIOTH CF COLUMN - We B.76 IN.
APBd- Az &.90 mi2
MOMEN ©OF INEETIA - [3 = 37.08 /nv¢
LADUS OF GYEATION - I = 2.315 M.

LOADING awo END COAOIT/IONS

o] e a2
|
)
Pce Pce [PaLowasLe PALLOWABLE
CONDITION I COMOITION T CONDITION I CONDITION I¥
CONCENTRIC LOADINSG CONCENTRIC LOADING ECCONTRIC LOWDINGS EccanTE: (oADING
PN ENDS- Kal PPUETIAL RESTRANT ec/ri=.25 ec/riz .25
k=75 Pl ENOS - K= PUETIAL EESTIANT = £3.75

CONMTINVED
OA
NEXT SHEET




TABLE C-6
(cise 4)
T ] s | VIBR LpeRS [L]  ALLOWABLE Lodb
mer wwe.s'm SLOCKS IVOOD BLOCKS (WD BLOCKS ICOVDITION 1|COMDMmay B bonoirow I poveriov IX
INCHES PaR celL NCHES 4 KRS KIPS KRS KPS
12 | 1a¢ |22x3g¢x 12 4 44 69 122 55 89
1 | 182 a2 x.sj A2 4 40 84 /49 e /106
10 120 |2.2x3%x 9 4 37 100 65 76 7K
9 | /08 2.2x.3§x9 4 33 123 176 [Ye) 121
8 | 96 z.zwjxs 4 29 153 189 109 128
(case 8)
12 144 |2.2x54x 12 s 33 16/ /193 /06 /24
11| 132 2.2:5! X112 & 30 171 20/ 7 127
0 (120 (2.2x S5Xx /2 5 27 /180 207 "7 /30
9 |08 |[2.2x5%xi0 5 24.5 /90 2/2 /122 /13"
8 |96 |22x55x8 5 22 /197 a/9 /26 /136

1, Partial restraint of k = ,75 can normally be assumed in structural design for
bolted or riveted connections,

2, ec/r?s,25 wheret e = eccentricity, c:distance to extreme fiber, r=radius of
gyration, This value of ec/r? is normally assumed to exist to take into account
any lack of straightness and any indeterminate eccentricity in loading, Does
not provide for any known eccentricity.

3. In each cell a block is placed flush with each end of the column, Two bolts
are placed through each block on ¢ 13 inches from each end,



DRAWING C-7 4, owaBLE COLUMN LOADS
ALUMINUM BOX COLUMA FORIMED FROM EXTRUSION °8°

oL T T B

I

x|
|
|

/4.4

{___

-
t&li

]

a 1 1 l?ézzl‘m

x2 wmeowooo evwweves>
(NS ML) BNEGTH 024 -T4 Al. Alloy
OF CoLumal

TYPICAL CRBOSS SECT/ON
PEOPLLETIES
AL - A= /8.8 52

MOMENT OF |NSETIA - IR = 368./ /N &
BADIUS OF GYRATION Fry = B.17 IN

W—
| l 1
f | ol —r |
i t

I

DoOTTeD PORTION —/ ' JOINT BOLTS
7O 88 CUT AWAY 2024-7T4 AL Auovy

S

TYFP/ICAL JOINT CROSS SECT/IOM
SPECIFICATIONS !

L USE 3 FeET OF EXTRUSION '8" TO FORM CONNECTION AS SHOWN.

2. MAKS JOINT O/ OAMLY THE TWO OMPOS/TES S/DES OF THE COLUMN
AT ANY ONE LOCATION ALONG THWE LENOTH OF COLUMNMN.

ASSEMBLY [PLOCEBOURE OB MAKING THE JOINT

1. DBILL AlL HOLES FO& COBMEE CONNECTIONS - WITH WOooD
BLOCK IN PLACS.

2.0€8/LL MOLESS Fol& JONT COMNNECTIONS,

J. PLACC BOLTS /N POS/TION FO&E COZNE‘E COA/NG‘CT/OUS.

4. PlLACE 3 FOOT SE&CT/ION OF EXTEUSION -7V, PoSITIoN
AND COMPLETE COMNAECTIONS.

COMNTINUGD
OA ANEBXT SHesT



LOADING anvD END COMNDITIONS

&
]
[}

Pce PaLowasL e
COMDITION I CONDITION IT
CONCEBNTRIC LOADING EccanTriC Loaoing !

PIN ENOS - kK ni ec/rtz .28

PIN ENOS - K=/

TABLE C-7
N BOLT PEBEQUIBEMENTS ALLOWABLE LOADS
corneE BoLTs | JOINT BOLTS |opupirion 1| coworron o
Feer | IVckeS | sizn | omper |¢ o ¢ |svze |(dSeE rac &IPS IR
loFe corner| INCHeS S
12 | e |px1f ]| 23 @ = - 445 27/
14 /68 |$x13| 23 7 $r2f| eo 429 a7
16 /92 [3xi4] 23 &8 |4x2f| oo 4/3 260
8 |2l Exig| a1 10 |ix24| eo 398 252
20 240 [fxi| 2/ /1 17 54 38/ 244
22 |2¢¢ |$xif| 20 /8 |$x2f| 54 364 237
24 |288 |$x/3 | 20 14 |x2f| <8 34¢ zzs
26 |32 [yx/4] /9 /6 |jx24| <& 328 2/6
28 |33 (cib| 2¢ 134 |$x24{ 48 3/3 2/0
20 |30 |gxi1i| 23 15 |3x2¢| ¢ 280 /90
35 (420 |ga 15| 20 20§ 3124 42 234 164
40 |aso |4 i3] 20 23% |&xz4] 30 160 120
45 | S0 |41t ]| 22 2¢ |axef| 24 127 o8
S0 |eco (fxip| 2a 2a; |3xej| 2« /05 8s

1. ec/r¥=.25 wweEe € ECCENTRICITY , C=DISTANCE TO EXTREME FISEL,
r=Z40IUS OF GYRATION . THIS VALUE OF €C/ri s NOEIALLY ASUMED TO
EXIST TO TALE INTO ACCOUNT ANY LACK OF STCAIONTIESS AND ANY
IUDETERMINATE BCCENTRICITY . DOBS MNOT PEOVIOE FOB ANY AAOWN &CCENTRICITY.



e e e e

DRAWING C-8 ALLOWABLE COLUMN Lo4D

& -49-
DOUBLE EXTRUSION 4" MAGNESIUM COLUMN
| VA
, A ] b 3-T50
AL
414" BOIT - 2024 -T4 AL, ALLOY L972.9%G  HAEDNOOD 8Lock
32 esq'n /6 EAQD
TYPICAL CBOSS SECT/ION
PEOPERTIES
ARBA -4 = 12,12 W&
MOMENT OF INEBTIA - Iy = 14.98 /N *
LADIUS OF GYRATION -~ Iy = [ Il IN
LOADING 4o END CONDITIONS
e e e
t
|
Wee | Pce iPALLowamL e PALlowiaLe
CoNODITION T COMNDITION IT CONDITION I CONOITION I
COMCENTRIC LOADING CONCEBANTEIC LOADING ACCENTEX LDAOM&? BCCANTRIC Loadbyne
Pin BNDS - ks | PAETIAL ZOSTRAINT ec/rts. 25 ec/rtz 25
ks.75 7 PIN BNDS K/ nnrrm. BESTRAUNT - k1. 75
TABLE C-8
[MAVASOETED | DIMENSIONS | NUMBEE | SRIC/Me 1M ALLOWASLE (LOAD
{COLUMN LNITH or OF WooD |Cals g rd s
1 [CONDITION TIConvDmoNn I CONDITION T KONDITION I
FERT |l |10, Beoks | ot |V menas e kies | ko3 | xips | kips
12 |/144 |/9xe9x6 4 46 36.¢4 | 68.0 3/ 54
" /82 |/9x29x6 4 42 44.8 | 8/.3 37 63
/0 120 | 1.9x2.9x 6 4 38 S70 97.0 46 73
) 108 |r1o9xe9x6| 4 34 70.4 | #n7.8 S5 86
a 96 | 19x2.9x6 4 30 88.5 | 1¢4/7.0 67 I 100

1, Partial restraint of kr.75 can normally be assumed in structural design for
bolted or riveted connections,

2, ec/r* .25 wheres e= eccentricity, c ~distance to extreme fiber, r =radius of
gyration, This value of eg/r is normally assumed to exist to take into account
any lack of straightness and any indeterminate eccentricity in loading. Does
not provide for any known eccentricity,

3. In each cell a block ia placed flush with each end of the colwmn, Two bolts
are placed through each block on & 1% inches from each end,



-50-

DRAWING C-9 sLrowaBLE COLUMN LOAD
OOUBLE EXTRUSION '&° MAGNESIUM COLUMN
o |
N | = J
Wiy e ¥
1\

/ ' a
M W A

$xa"Bour. 2024 - T4 AL, dLoy L 1s%e9%e” mucowooo aLocks
3z 2200 /6 £e0 0
TYPICAL CROSS SECT/ON
PEOPERTIES

AREA -4 = 9.52 IN¢
MOMENT OF INERTIA - I3 = 12.08 IN®
RADIUS OF GYRATION - f; = /.12 IN

LOADING ano END CONOITIONS

U e
[}
[}
Pce Pce PalLowssca { iPALLOWABLE
CONDITION I CONDITION IO CONDITION IT COMNDITION ¥
CONCENTRIC LOADING  CONCENTRIC (OADING &cc IC  LOADING ECCENTRIC LOADING
PIN) BNDS - kuy PARTIAL ROSTLAINT ec/r! n. 28 ec/rt; 25
K .75 PIN BNOS =K w/ AUETIAL PESTPAINT- k.78
TABLE C-9
USuPmoRTRO | DImMENSIONS |NUMBEE |SPACING N ALLOWASLE LOAD
CAM LOMOTH S miocks | Bioece (Do €48 . lcodoimon 1[couamon T Kool I [coan
e lwewes | mcnes L Cal- NCHES 8| KIPS KPS KIPS KIRS
12 | 144 |/9x2.9x6 4 46 30.4 54.2 es 42
o132 |19x2.946 4 42 3é.2 €4.7 30 50
10 | 120 | /19x2.9x6 4 38 45.7 76.71 37 58
9 108|/.9x2.9x6 4 34 57/ 94.2 45 69
a S6 [19429x6 4 30 695.5 110.3 53 79

1. Partial restraint of k : ,75 can nermally be assumed in structural design for
bolt,d or riveted cemnections,

2, 06/T%,25 wheret e = eccentricity, ¢ rdistance to extreme fiber, rr radius eof
@ration, This value of ec/r? is normally assumed to exiamt to take inte account
any lack of straightness and any indeterninate eccentricity in loading. Does
net provide for any known eccentricity,

3. In each cell a block is placed flush with each end of the coluwmn, Twe bolts
are placed threugh eash bleak en ¢ 1} inches frem each end,
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DRAWING C-10 gt t OWRBLE COLUMN LOAD - DOUBLE
EXTRUSION “B” MAGNESIUM COLUMN FOR L > 12 FEET

£+ | | i

- N — ¥
. ! | 3.69
EXTRUSION "AZ J 1
|

EXTRUSION ‘8

—— A

<F % 4" BOLT 2024-T% AL. ALLOY
48 REQD

THE CROSS SECTION SHOWN RBOVE /S AT THE JOINT. TWO
EXTRUSIONS "B FORN THE COLUMN. THE OVERLRALPPING
JOINT IS FORNMED BY THO0 I FOOT SECT/IONS OF EXTRUS/ION
YR THE LOCRTION OF THE JOINT AS 70O ROSITION /Y
LENSTH IS NOT SREC/IFIED FOR S7IE OF FREBR/ICAT/ON.

PROPERTIES OF COLUMN CROSS SECTION (EXTRUSION 8% ONLY).
RAREA - = 5.52 IN.€
MOMENT OF INERTIA-IX = 15.40 IN.*
RADIUS OF GYRSATION-Frx =1.273 I/N.

LORDING AND END CONDITIONS

- e - - &
|
IPcr I Pcr RrccownrsLe PALLowRBLE
conNoirion I convol/rioNn I CONOITION T CONDITION I
CONCENTRIC LORDING CONCENTRIC LORDING ECCENTRIC LOROING ECCENTRIC LOROING
PIN ENDS-K =/ PARTIAL RESTRAINT ec/ri= .25 ec/r2z.z26
K=.75 PIN ENDS- Ks/ PARTIAL RESTRAINT-N=.78
CONTINUED
N

(2]
NEXT SHEET



TABLE C-10

oo P T L —.
FEET |INCHES ~ yncHES | AER C&LL INCHES AIPS KIPS KIPS KIRS
24 | 288 |/19x3.35x€& & 75 9.4 17/ 8.5 /4.9
23 | 276 |/9xT.3E5x 6 4 72 /0.0 /8.¢ 9.0 /.0
22 | 264 |.9x3.35%e ¢ 68 /7.7 20.0 8.9 /7.2
2/ | 252 |/9x3.385xé & 66 /2.4 22.0 /1/.0 /8.9
20 | 240 |/ 9x3.35X6 & (733 /3.6 24.2 /20 20.6
19 | 228|L9x3.35x¢ & 60 /5.4 27.0 /3.4 22.6
/18 | 2/6 |lo9x3.35%x¢6 ¢ 57 /6.9 28.8 /9.7 24.8
17 | 204|/9x3.35x¢ ¢ 53 /8./ 33.9 /é6.¢ | 2.8
/6 /92 |19x3.35xe <4 Y4 2/.7 378 /8.5 30.é
/15 | /80 |.9X3.35%¢ 4 8 24.6 43.0 2.0 8.2
¢ (168 [(9x3.35x& & 45 28./ 49.5 236 | 38/
/13 | /56 |.9x3.35%¢6 4 +2 32.8 | §7¢ 27.2 | 44.9

1, Partial restraint of k =.75 can normally be assumed in structural design for
bolted or riveted connections.

2, ec/r?=,25 where e= eccentricity, c=dis*ance to extreme fiber, r=radius of
gyration, This value of ec/r2? is normally assumed to exist to take into account
any lack of straightness and any indeterminate eccentricity in loading. Does
not provide for any known eccentricity.

3. In each cell a block is placed flush with each end of the column. Two bolts
are placed through each block on its ¢ 1% inches firom the ends. Since the
location of the joint is not specified, exact spacing of the wood blocks is
not specified,



DRAWING G-ll ALLOWRBLE COLUMN LOADS - EXPANDED ~53-
EXTRUSION ‘RA* MAGNESIUIAN COLUNINY (EXPANDED BY
BLOCKS CUT FROM STANDARD & X & AND é xé LUNMBER).

%-’%lTlwa\iw——fL
~YNTVNTNTVNE.

/[ | 1 | 4]
5894 ———

Z—eozqt-m ALUMINUM ALLOY BOLTS
CASE A-4 X 4 BOLTS -32 REQD
CASE B-4 XG BOLTS -40 REQD

PRORPERTIES OF THE SECTIONS

CASE A - EXPANDED BY BLOCKS CUT FROM 4 X4 LUMBER
WIOTH OF COLUMMN -W = 3.97 INCHES
AREA-A = 1278 INCHES 2
MOMENT OF |NERTIR ~ I3 = 23,38 INCHES ¢
RADIUS OF GYRATION-rx = .39 INCHES

CASE B-£EXRANDED BY BLOCKS CUT FROM & X 6 LUMBER
WIDTH OF CHUMN - W = 5.8% /NCHES
ARER -[A = 12,72 INCHES 2
MOMENT OF INERTIA-Ig = 62.38 /INCHES *
RRADINS OF GRYATION - ty = 2,265 INCHES

I
[
!
I

LOROING ANO END CONDITIONS

= e — e
|
|
Pcr | Per PaccowaBLE P RLLOWRBLE
COND/ITION I CONOITION T CONOI7T/ON IT CONDIT1OY T
CONCENTRIC LORDING CONMCENTRIC LORDING ECCENTRIC LORDINEG ECCENTRIC LORDINYG
PIN ENDS-Kn/ PRRTIRL RESTRAINT ec/rie.as ec/ri=. s
Ke.78 PIN ENOS-K=a) PARTIAL RESTRAINT KA 7S

CONTINUE D

on
NEXT SHEET
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TABLE C-//
(crse A)
BRI | OTHERGIRS | ROSEY | SRR | AULGWABLE LOAD
WOOD BLOCKS |[WOOD BLOCKS {WOOD BLOCKS|CONDITIONIICONDITIONII\CONDITION I |CONDITIONIX
FEET |INCMHES| INCHES PER CELL INCHES KIPS KPS KIPS HIRS
12 | /94 |/9x3gx/2 ¢ aq¢ 6z | /04 49 77
1t | 132 [19x3gxs2 * 40 7¢ | res 57 88
10 | 120 |.9x3fx 9 ¢ 37 87 | /4/ 66 100
9 |/08 |.9x35x S ¢ 33 /0¢ | 162 77 12
8 |96 |iox3§x9 4 29 /26 | /189 | 9/ /127
(chse 8)
12 | 144 |ioxsdxs2 5 33 143 | 196 | 107 | 137
11 | 132 |L9x54x12] & 30 /65 | 208 | /4 /37
/10 | 120 |1.9xS4x/2| 5 27 /182 | 223 | /124 144
o | /08 [19xs4x/0| 5 245 | 200 | 236 | /3¢ | /57
8 | 96 |toxshxi0 5 2.5 22/ | 2¢7 | /144 /158

1, Partial restraint of k=,7, can normally be assumed in structural design for
bolted or riveted connect.ons,

2,

gration.

any lack of straightness and any indeterminate eccentricity in loading.

ec/r? = ,25 where s=eccaitricity, c= distance to extreme fiber, r=radius of

This valie of ec/rZ2 is normally assumed to exist to take into s:count

not provide for any known eccentricity.

3.

In each cell a block is placed flush with each end of the column,
are placed through each block on its ¢ 13 inches from the ends.

Does

Two bolts

Since the location

of the joint is not specified, exact spacing of the wood blocks is not specified.



-55-
DRAWIMG C-12 RLLOWARBLE COLUMN LOADS - EXPANDED
EXTRUSION *B* MAGNESIUM COLUMN (EXPANDED 8BY

BLOCKS CUT FROM STANDARD 4x¢ AND & x 6 LUMBER)
' |
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i A W

TVNTVNT,

/2094 T RULIMINUY RLLOY BOLTS
CRSE A-4 x 44 BOLTS - 32 REQD
CASE B-§ x6 BOLTS-#0 RECD
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i

PROPERT/ES OF THE SECT/IONS

CASE R -EXPRANDED By BLOCKS CUT FROM x4 LUMBER
WIOTH OF COLUNIN -W =3.87 INCHES
ARERA-A = 8.52 INCHES 2
MOMENT OF INERTIA — Ix =/8.87 IVCHES *
RADIUS OF GRYBTION - ¥x =/.397 INCHES
CRSE B-EXPANDED By BLOCKS CUT FROM & X6 LUVIBER
WIDTH OF COLUAMN - W = 5.89 INCHES
AREA -A = 8.52 INCHES 2
MOMENT OF INER7/AR ~Ig = 49. 20 /IVCHES ¥+
RROIUS OF GYrRATION -ty =2.26 8 //NCHES

LORDING AND £ND CONDITIONS

B @ R e
I |
PR 'Pcr P ALLowrBLE Paccowasee
CONDITION I CONODIT/ONIT CONO/TION T CONOITION IZ
CONCENTR/IC LORLDING CONCENTR/IC LORDING ECCENTRIC LORALING ECCENTRIC LORD/NVNG
PIN ENOS-I2/ PRRTIAC RESTRRINT ec/réz=.zs ec/riz. 28
K =75 PIN ENDS-KS]  RRRTIAL RESTREINT =M=, 76
CONTINUED
on

NEXT SHEET



TABLE C-/2
(case R)
COLUMN unfre/ “"‘ oF " ”‘Q} R CELLS gfo ”Zn ALLOWABLE LOAD
T i R M 7 W W
12 | 144 |1ox3gx/12] 4 44 5o |83 | 39 | e/
/| 132 19x38x8]| ¢ 4/ 59 | 96 | ¢85 | 70
10 | /20|, 9x38x9]| <« 37 70 | /0 53 | 78
9o |8 |/lox3kx9 | < 33 83 | /28 | e/ 88
8 |96 |/9x3§x9 e 29 10/ /50 73 | /0]
(case B)
12 | 144|19x55x12] & 33 /72 | 154 80 | /03
1/ | /32 |19x55x/2 3 30 129 | 16¢ | 89 | 108
/0 | /120\iox85 x10 5 225 /143 | 175 | 97 | 1/4
9 | /108|/9x55x8 5 25 /157 | 186 | 105 | 119
5 | 96 |/.9x55x8 5 22 /73 | /94 | 112 | /24

1. Partial restraint of k=,75 can normally be assumed in structural design for
bolted or riveted connections,

2. ec/r?=,25 where e=eccentricity, c=distance to extreme fiber, r= radius of
gration. This value of ec/r2 is normally assumed to exist to take into account
any lack of straightness and any indeterminate eccentricity in loading, Does
not provide for any known eccentricity.

3. In each cell a block is placed flush with each end of the column. Two bolts
are placed through each block on its¢ 13 inches from *he ends. Since the location
of the joint 1s not specified, exact spacing of the wood blocks is not specified,
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LOADING anvo END COMNOITION

|
'
4

| Pce | PaLLowaBLE
COMNDITION ! coNoiTioNn O /
CONCEBNTRIC LOADI/ING ECCENTRIC LOMADING
PIN 8NDS - ku | ec/ri =.25
PIN 8MDS - Kt/
TABLE C-13
[RiomeosmD BOLT REQUIBEMENTS ALLOWABLE LOADS
CORNER &BOLTS JOINT 8BOLTS
REQUIRFD | 8MCING “Fraviess|COOITION licowemion T
FEET (WCHES |aizp | wmBoe |Q To & |wvze |Mmssk ~ec | gips LIPS
IIE CORNER| /NCHES oF Cocyrt

12 144 |3x14| 28 5 - — 433 268
/4 /68 |3x14] 29 S |zx2¢ 4z 415 262
/6 |192 |$x1f| 2o 7 |$x24| 42 390 246
18 216 |31 | 26 8 |#«24] 42 366 234
20 |240 3114 | 23 0 l42d| 36 339 220
2z (264 [tup | 23 "o 3«24 3e 3/2 206
2¢ |288 |$xif| 2/ 13 |5x24| 30 293 /96
26 |22 %ﬂ 27 0 |xe4|  3e 266 /81
28 |336 |3x/4| 25 /13 x24 3o 238 /67
30 |3eo |kt | a2 6 |dx24| 30 217 154
35 |dz20 |31} | 18 23 |§«2f| 30 169 25
40 (480 |8x/4| 20 | 234 |8x24| 48 137 104
45 |s5q0 | i13| 22 24 s24 /8 /08 a3
50 leco [dnig] 24 | 244 x24 2 86 )

l.ec/ri=. 26 wHeRE €z ECCENTRICITY, C =DISTANCE TO EXTELME FI18SE.,
s BADIUS OF OYRATION. THIS VALUE OF E€C/r* /S MOEMALLY ASSUMED
TO EXIST TO TAKE INTO ACCOUNT AMY LACK OF STEAIGHTNESS AND ANY
INDETERIMINATE ECCOMTIRICITY. DOBS NOT PROVING FOE ANY KNOWN ECCENTRICITY.
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1I.

III.

Iv.

V.

SPECIFIC APPLICATION
(Columns)

ITEM

BUILDINGS

BRIDGE BENTS (Trestle and Pier)

STIFF LEG

(Cableway, Tramway, A-Frames
Tripods, Gin Poles, etc.)

TOWERS
{Water, Controli Drying, Miscellaneous
Expedient Towers -- Temporary Air-
fields)

MISCELLANEOUS

Grease Racks
Storage Racks
Tent Framing

Covered Walkways

REFERENCE FOR LOAD
DATA

C-1 to C-6 and
C-8 to C-12

C-1 to C-6 and
C-8 to C-12

C-7 and C-13

C-1l to C-6,
C-8 to C-12,
C-7 and C-13

C-1 to C-6
C-1 to C-6
C-1 to C-6

C-1 to C-6
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JOINTS
The question of Jjoints arose early in attempting to determine the fea-
sibility of auxiliary uses for the extruded sections of the T-8 and T-1l land-
ing mats. Certainly the load carrying ability of the various fabricated forms
of the mat as presented here would be of little value unless these sections
could be combined to form complete and useful structures. Joint details are
quite simple and are similar to routine structural practice. Joint descrip-

tions and details follow.
Typical Joint Number 1 - Shear Connection - Beam to Column or Beam to Girder

Drawing J-1, Sheet 63 , shows a built-up beam consisting of two extrusions
of the T-11 Aluminum Mat connected Tee to Tee with no spacer. The load is trans-
ferred from beam to column by the shear connection shown. If angles are avail-
able in the field, the 4 x 4 wood connection may be replaced by steel ar “les
with no reduction in load carrying capacity. Table J-1, Sheet 63 , shows the
total shear load transferred by the joint when 2024-T4 aluminum alloy bolts are

used.

Typical Joint Number 2 - Shear Connection - Beam to Column or Beam to Girder

Drawing J-2, Sheet 63 , shows & built-up beam of two extrusions connected
back to back and expanded by a 4 x 4 wood spacer. Use Table J-1 to find the

allowable shear.

Typical Joint Number 3 - Bearing Connection - Beam to Support

Drawing J-3, Sheet 64 , shows a built-up beam consisting of two extrusions
connected Tee to Tee with no spacer. The beam is shown resting on a support with
the load transferred in bearing. Bolts transfer the reaction by shear from the
metal beam to the wood 2 x 6 members. The load is then transferred to the sup-
port by bearing parallel to the grain. The 2 x 6 wood sections act also as web

stiffeners. The same effect may be obtained by using a wood spacer as a bearing

member.
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Typical Joint Number 4 - Moment Splice-Lap Joint

- Drawing J-4, Sheet 64 , shows the details of the moment joint required to
develop the total bending strength of the beam section. Six 3/8 inch diameter
2024-Th aluminum alloy bolts on an extrusion "B" beam, and eight 1/2 inch
2024-T4 aluminum alloy bolts on an extrusion "A" beam are required to develop
the strength of the section. (Note that by changing the moment couple from
longitudinal to transverse, any required lever arm can be used.)

Typical Joint Number 5 - Moment Splice - Butt Joint with Splice Plates

Drawing J-5, Sheet 65 , shows the details of a moment transferring butt
Joint designed for use on beams of spans greater than twelve feet. The ex-
trusions used to form the splice plates (see Section A-A, Drawing J-5) are the
same as the extrusions used to form the beam. The required number of bolts
each side of the butt joint is six 3/8 inch diameter 2024-T4 aluminum alloy
bolts if Extrusicn"B" is used and eight 1/2 inch diameter 2024-T4 aluminum al-
loy bolts if extrusion"A" is used. The required longitudinal spacing of the
bolt rows - the lever arm of the transverse couple - is shown on Drawing J-5.

Typical Joint Number §' - Slab Attachment to Beams for Flooring, Decking, etc.

Drawing J-6, Sheet 65 , shows the use of nails to attach slabs to beams.
In applications where shear must be transferred from the slab to the beam type
"A" connection should be used. The slab must be drilled previous to nailing.
Typical Joint Number 7 - Moment Splice - Butt Joint Using Comnector Bar "A"

of the Landing Mat.

Drawing J-7, Sheet 66 , shows joint details using end connector bar "A" as
a splice for transferring momernt. The method is identical to its uc2 in the
landing mat.

Most of the joints presented in this section of the report and aleo the
majority veed in other sections have been designed using 2024-T4 aluminum al-
loy bolts. The allowable bolt loads were calculated using an ultimate shear

strength of 37,000 psi for the 2024-T4 aluminum alloy and bearing stresses of
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56,000 psi for 6061-T6 aluminum alloy and 45,000 psi for ZK6OAT-5 magnesium
alloy. Table J-2, Sheet 65, gives the maximum bolt loads as calculated for
various diameter bolts. The minimum plate thickness of the T-8 Magnesium Land-
ing Mat and the T-11 Aluminum Landing Mat were use in calculating the bearing
values.
WELDING

If the equipment (and skills) are available, joining con be greatly
simplified by welding. Certainly when elements are prefébricated, welding
should receive first consideration. Welding would not only simplify details
and increase the strength of the 3uint, but would most likely result in saving

manpower and in decreasing costs.
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EXAMPLES OF ASSEMBLED STRUCTURES

BUILDINGS

The T-8 landing Mat i usable as building components. Drawings are at-
tached which show the mat used as side walls, floors, roof, and the struc-
tural frame -- beams, girders, and columns. In this study a typical bay size
24* by 24' was selected as being a practical bay size well suited to the di-
mensions of the mat. Other bay sizes in multiplee of mat dimensions are pos-
sible. Where alternate long .nd short spans fit use requirements, alternate
suspended slabs and cantilever slabs can be used.

The mat is used without modification except for one condition shown on
Draving BL-5. In this detaill the flange is cut in order for the beam to fit
f'nush against the web of the column section. All connections can be done on
the Jjob by bolting. Field drilling for bolts will be necessary.

A structure any number of bays wide may be constructed of any desired
length. Openings for doors and windows may be made by omitting the side wall
panels. Maximum door or window opening would be 22' wide by 11' O" high. Con-
ventional doors and windows could be installed in the side walls to a wood rough
buck bolted to side wall panels.

The results of this study as shown in Drawings BL-1 through BL-8 verifies
the utility of the sections in question not cnly that it is feasible to be used
in functions other than landing mats, but it lends itself extremely well to use
as a building comronent.

List of components

1. Size 48' x 72'
2. Roof Deck - T-11 or T-8 Landing Mat (Span 12' O")
. Girder - 2 sections of Extrusion A (Span 24' 0")

. Beam - 1 section of Extrusion A (Span 24' O")

. Siding - T-11 or T-8

3

L

5. Column - 2 sections of Extrusion A (24' 0" o.c.e.w.)

6

7. Floor - Either concrete, T-11 or T-8 mat, earth, wood, etc.
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DRAWING BL-3

A
N
_ LANDING VAT USED | LANDING MAT USED AS FL7D
AS SIDDING Z— y/ A y 4 y 4 y 4 Z
177 Z J17T =777 = 777
=

\%

20d NAIL @ 6" O .C

LANDING ™MAT -
USED AS Foo1-mc:’|

ALTERNATIVE TO GRADE BEAM
AS SHOWN ON DR BL-Z

]



DRAWING BL-4 GIRDER

-7/

r— ——

D,

\ .
5 Z —ZoL
0
= |
o
o
O
<
o
&
wl
"Ll
o
0
2
o
l )
: I,
_4, 7/

GIRDER TO COL CONNECTION

SCALE &= (~o"




-72- DRAWING BL-S

1@ E’C:’LT -~

¢ %
CUT FLANGE %] . 5{:‘:“

“";// 7 7
' S —

BEAM

BEAM TO COL CONNECTION

SCALE. 24" = (-




DEAWING BL-6

4 x4 WOOD CONNECTING
BLOCK —

CD R 1.
22x22 x4 ANGLE g

SYMETRICAL ABT. €

BEAM GIRDER CONNECTION

SCALE &' =z |1~ o



o

-74-

I6d NAIL @ &' O-€: ~

LANDING MAT DECK R

DRAWING BL-7

5

Z

L /4

IYPICAL BEAM SECTION

SCALE

&': 1= ¢




DRAWING 8L-8

-75 -

e

—EATRUSION = B

TYPICAL KNEE BRACE DETAIL

SCALE

1"z 2~Q"

e e i



-76-

BRIDGES

The slab and beam v nits given in the first sections of this report
can readily be adapted fo. short span bridging for any vehicle classification.
Drawing BR-1 illustrates one possible bridge unit having an overall length of
twelve feet. This unit can be used for short crossings or as bays for multi-
span bridges.

The stringers of this bridge are fabricated from two A Extrusions of the
T-11 Aluminum Landing Mat. The maximum concentrated load and the maximum uni-
form load for this section are given in Table B-2, Sheet 20 . For an eleven
foot span the concentrated load is 27.2 kips and the uniform load is 4.94 kips
per foot. The maximum bridge loads using these values, (based on guaranteed
minimum yield strength) are; for wheel load, Si.4 kips and for track loading,
9.88 kips per foot of track. The loads for & similar bridge utilizing the T-8
Magnesium landing Mat can be determined froia Table B-9, Sheet 27

The bridge deck consists of landing mats layed transverse to the direction
of traffic, nailed directly to the stringer. Treadways consisting of two land-
ing mat sections are placed next to the curb over the length of the span. These
sections bolted or nailed to the decking will provide longitudinal distribution
of the wheel loads to the decking and lateral strength to the bridge.

Bridges of any desired capacity may be constructed by varying the number of
stringers used and the arrangement of the decking. For light loads, such as foot
bridges or infantry support bridges, spans of greater length can be constructed
similar to the bridge described here. In the longer spans, transverse diaphrams
consisting of single extrusions will be necessary for lateral stability.

The bridge described can be constructed entirely at the bridge site or par-
tially prefabricated and assembled at the site. Lighter bridges can be entirely
prefabricated and assembled in a rear area and transported to the site.

The approximate weight of the bridge shown in Drawings BR-1 and BR-2 is

2,100 pounds.
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CULVERTS
The extruded sections of the T-8 Magnesium landing Mat and the ‘f-11 Al-
umpinum Landing Met may be adapted easily into forms quite satisfactory for
culverts. In the pages that follow are presented four such types. These cul-
verts are not presented as the ultimate in design using these mat sections, but
rather are presented ar four quite satisfactory sections tc .uuv that the mat
components are practical for this application.

Culvert Loads
Any typical culvert loading can be obtained from the Slab loading diagrams.

Conditions will exist where a combination of these diagrams apply.
Triangular Culvert

Drawing CU-1, Sheet 81 , ghows the cross section of a triangular culvert
of small cross section area. The minimum open cross section area is 1.1 square
feet if the culvert iz made from the T-11 Aluminum Mat components and 1.3 square
feet if made from the T-8 Magnesium Mat components. Design of this culvert type
and all other calls for the flange sections to be outside to provide a smooth
watervay. Drawing CU-1 shows the apex of the triangular culvert at the top. The
apex may be placed down equally as well. Construction with the apex up is slight-
ly easier auld results in fewer backfill problems. The culvert with apex down
provides better hydraulic properties.
Box Culvert-landing Mat Longitudinal

Drawing CU-2, Sheet 81 , shows one form of a box culvert. The minimum open
cross section area is 3.3 square feet if the T-11 Alumicum Mat sections are used
and 3.8 equare feet if the T-8 Magnesium Mat sections are used. Flange sections
of the mat are placed outside.

Box Culvert-landing Mat Transverse

Drawing CU-3, Sheet 83 , shows a form of a box culvert that can be construc-
ted of any desired size up to six feet on a side. It is necessary that the ex-

trusions be cut into lengths equal to the desired dimensions of the sides of the




culvert.

No supports are needed other than at the cornmer joints. The corner
Joints can be made using the wood section or the angle as shown on Drawing CU-3.
Transverse joints require no modification of the landing mats.

Construction of the culvert can be made on the site, partially prefabri-
cated in a shop and erected on the site, or completely fabricated in the shop
and transported to the site.

Multiple Box Culverts

Drawing CU-U4 shows the cross section of a form of a box culvert that can
be built hurriedly to span drainage systems of widely varying sizes. In many
instances this culvert could be used for temporary culverts where the total
construction would consist of stacking sand bags for supports and laying lend-
ing mat sections for decking for the road bed. Depending upon the size of the
drainage ditch to be spanned and on the duration of use, one of the other more

permanent forms of support illustrated :ould be used.
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FABRICATION AND ERECTION

The connections required for joining landing mat sections, both single
pieces and built-up sections, are the same type as used in normal construc-
tion of rolled sections. Where square sections of wood are used to transmit
shear the bolts are arranged just as if a connection angle were used. The wood
end pieces on bullt-up beams perform the same functions as end stiffener angles
on plate girders. Hold-down nails or bolts, when the landing mat section is
used as a slab for flooring or decking, duplicate wood deck nailing.

Erection will follow normal procedures. The principal difference between
erecting a WF section and a beam built up of Extrusion A or B is the difference
in veight; and the mat section will in many cases have the advantage that it
can be erected by menpower, where mechanical power would be required for the
heavier stcel.

Mat flooring or decking can be placed with less manpower than any other
type because it interlocks and stays put and because of the large area covered
by each operation.

In general it can be said that no case has been conside: xd where mat material
will be more costly to eract than accepted sections. Saving from this advantage
will be only a small per cent of the total cost.

Shear connections on the Tee side, which were not found necessary in this
study, may cost slightly more than, say, for a WF s ction because of bending in
the bolts.

Erection problems, either introduced or eliminated by the mat, will not de-
termine its use. They are not significant.

fhe most useful beams built-up from the mat section are made by combining
two or more Extrusions A. We are pot aware of any plan to ship a certain pro-
portion of the extrusions as separates, even though we recognize the advantages

of such a procedure. Hence, it is assumed here that if an extrusion 1is needed it
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must be obtained by punching, drilling or cutting the rivets comnecting ex-

trusions A and B. Experience with airplane frames of aluminum indicate that
these rivets can elther be chisled out by one blow of a hammer or drilled or
punched out with little difficulty. This is the most frequently desired mod-

ification -- practically the only one -- required.
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COSTS

TR R

The landing mat is a costly section, and when used for any of the nany

purposes for which it can be adapted, will generally be costlier than normal
3 { construction, using standard sections. There is possibly one exception;

£ | that is the case where the mat is at hand and any other material would involve
extra time, labor, or transportation costs. The value of time will be de-

[ I termined by the responsible parties on the work site. It is presumed that on

occasion time is an exceptionally valuable commodity.

- v

The cost comparisons tabulated below are based on civilian conditions.

T

When a heavy material like steel must compete with a piece of magnesium after

being transported halfway around the world, these comparisons will be altered.

RELATIVE COSTS

SLABS BEAMS COLUMNS AVERAGE
f WOOD 1.0 1.0 1.0 1.0

i STEEL 1.0 1.0 1.2 1.1

ALUMINUM (T11) 4.4 2.3 2.4 3.0

i MAGNESIL (T8) 8.0 6.5 L.8 6.5




CONCLUSIONS

1. It is likely that the mat section under consideration is the most ver-
satile structural section that has ever been shaped. One can do anything with
it that he can do with a plate and do almost everything better because of its
larger moment of inertia.

2. Built-up sections are easily and simply assembled. The strength of
thesv sections can be varied over a wide range.

3. Because of the large strength/stiffness ratio, deflections must re-
ceive more consideration than for any other material. For example, if vehicles
move over a mat deck at critical speeds, the deflections, if synchronized with
spring deflections, could be disagreeable and possibly dangerous. Since de-
flection considerations will limit loads, the yield point stress will seldom
be reached in slabs except for extremely short spans.

4. Tne evidence of versatility of the section accumulated fairly rapidly
in this study and it has been difficult to decide how many trees it should take
to make a forest. It would have been easy, and was at first tempting, to add
detail on detail of adaptability. Instead we have concentrated on investigating
the structural properties of the section under stress conditions which exist
under all rredictable uses, and on delineating a fairly comprehensive series of
examples to show how the perfectly general load tables are used for any specific
application.

The examples of elements assembled to form structures were selected to show
how an asscmbly can be made. The choice of structures shown as examples does
not imply that they are the most important uses.

5. Fabrication and erection problems will seldom be a handicap. They are
pormal procedure.

6. Economic comparisons show that the mat as a atructural member costs con-
siderably more than wood or steel. Whether it is worth the extra cos* will de-

pend on the value of time under any existing condition.
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