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STRESS ANALYSIS OF PORTABLE SAFETY PLATFORM
(CORE SAMPLER TRUCK)

1.0 INTRODUCTION

This supporting document presents the stress analysis and evaluation of
the portable platform of the rotary mode sampler truck. The portable platform
comprises railing, railing posts, deck, Tegs, and a portable ladder. The
portable platform is secured and restrained from lateral motion by means of
two brackets added to the drill-head service platform.

Analysis results led to design nudifications to some components. The
results and conclusions appear in Section 2.0. The configuration and loading
are presented in Section 3.0. The stress analysis is described in Section
4.0. The detailed stress analysis calculations are documented in the
appendix. : . :

2.0 CONCLUSIONS AND RECOMMENDATIONS

The 'results of the evaluation indicate that all components of the
modified portable platform assembly are adequate (WHC 1994a). The stresses in
the components are within the stress limits specified in the Aluminum
Construction Manual (ACM 1986) and satisfy the requirements of the Code of
Federal Regulations (CFR 1990), Title 29, Occupational Safety and Health
Administration (OSHA).

A11 posts, legs, and ladder railings should be fitted tightly into the
correspending sockets to reduce local stresses. A1l legs and ladder railings
should be in contact with the truck floor and should touch the floor before
the collars on the two 1-in.-diameter round tubes touch the supporting
brackets on the truck platform. This installation requirement is necessary to
prevent unsafe rocking motion of the platform and to eliminate high bending
stresses in the support brackets.

3.0 CONFIGURATION AND LOADING

3.1 CONFIGURATION

The configuration and dimensions of the portable platform and the
supporting brackets are documented in the following drawings:

e Drawing H-2-85358, Rev. 1 (WHC 1994a)
» ECN #610426 to drawing H-2-690067, Rev. 0 (WHC 1994b).

Figure 1 shows the general layout of the portable platform.
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The portable platform consists of railing, deck, ladder, and legs. The
vailing consists of 1li-in. (outside diameter) by %-in.-thick aluminum tubes
and, five posts of 1%-in. diameter solid bars. The Tadder consists of two
square tube railings and four square tube rungs. The deck is made of
fiberglass material laid on a platform constructed of square tubes. The
platform stands on four square tube legs and the two ladder railings. The
posts, legs, and ladder railings, assembled to the platform in sockets that
are wg}ded to the platform frame, are attached to the sockets by pin
assemblies

The portable platform is secured on the truck by twe 1-in.-diameter round
tubes inserted into two steel brackets welded to the truck platform. The
brackets restrain the portable platform from lateral movement. The brackets
do not carry any vertical or bending loads as long as the legs and the ladder
railings touch the truck floor before the collars on the two round tubes (on
the portable platform) touch the brackets in the vertical direction.

3.2 LOADING

The Code of Federal Regulations (CFR 1990) provides the load requirements
for the railing and the portable ladder. For the railing, the requirement is
that "the anchoring of posts and framing of members for railings of all types
shall be of such construction that the completed structure shall be capable of
withstanding 200 pounds applied in any direction at any point on the top
rail." For portable metal ladders, CFR 1990 states that "portable ladders are
designed as a one-man working ladder based on a 200 pound load." Accordingly,
the 200 1bf is applied on the top railing in the direction that produces the
largest stress in the railing structure and is applied on the lower rung of
the portable Tadder where a working person will step on first or step off
last.

4.0 MATERIAL PROPERTIES AND ALLOWABLES

4.1 MATERIAL PROPERTIES
4.1.1 Aluminum Alloy 6061-T6

The materials used for round solid bars and round tubes are aluminum
alloys 6061-T6 and T6511 (B211, B211, and B241). The minimum ultimate and
yield strengths for these a]]oys are obtained from ASTM 1992 and ACM 1986:

38,000 1bf/1n
35,000 lbf/1n
20,000 1bf/in?.

Ultimate tensile strength (F,)
Yield strength (F,)
Shear y1e1d strength (Fgy)

The strength properties of the aluminum alloys decrease when they are
welded. The material within 1.0-in. of a weld should be evaluated for the
reduced properties.
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The reduced as-welded properties in the vicinity of a weld are obtained
from ACM 1986:

As welded ultimate tens11e strength (Fu)
As welded yield strength (
As welded shear yield strend%h (F

24,000 1bf/1n
20,000 1bf/1n
12,000 1bf/in?.

o

SYN

4.1.2 Aluminum Alloy 6063-T52

The square tubes are made of aluminum alloy 6063-T52 (ASTM B241).

ASTM 1992 gives a range of ultimate strengths from 22,000 to 30,000 1bf/in?,
: and a range of yield strengths from 16,000 to 25,000 1bf/1n ASTM 1992 also
! shows that the minimum material propertwes of 6063- T52 are the same as those
of 6063-T5. The manufacturers (See Kilsby 1994 and Ryerson 1994) provide
material properties for 6063-T5 even though they specify 6063-T52 material for
square tubing. This practice suggests that the manufacturers provide both .
materials with the same properties.

The tensile material properties for 6063-T5 as provided by Kilsby 1994
and Ryerson 1994 are listed below:

27,000 1bf/1n
21,000 1bf/in
0. 577 F, = 12,000 1bf/ind.

Ultimate tensile strength (F))

Yield strength (F,)

Shear yield strength (F )
(Calculated)

d
-
]
i
u

These material properties are judged to be appropriate for the portable
platform evaluation.

To obtain the as-welded material properties, the minimum as-welded

properties in ACM 1986 are ratioed up by the ratio of the properties in
Ryerson 1994 to the minimum properties in ASTM 1992 and ACM 1986:

Ryefson

As-welded adjusted property =, min, ACM x F
| F min. ACM

As-welded ultimate tensile strength (F,) = 17,000 x 27,000 = 21,000 1bf/in?
22,000

As-welded yield strength (F,,) 11,000 x 21,000 = 14,500 1bf/in®

16,000

il

6,500 x 12,000 = 8,500 1bf/in®.

9,000

]
i

As-welded shear yield strength (F,)

4,.1.3 Weld Material

The welding wire used to weld these aluminum alloys is aluminum 4043
(WHC 1990 and ACM 1986). The ACM (1986) prov1des one value for the allowable
shear stress of fillet welds (F,, = 5,000 1bf/in ).
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4.1.4 Structural Steel (ASTM A36)

. The two steel brackets that secure the portable platform to the truck
| platform are made of structural steel ASTM A36:

Ultimate tensile strength

58,000 1bf/1n
Yield strength

36,000 1bf/in?,

nou

The criteria provided by AISC 1989 are applicable for the brackets.
However, these brackets are stronger than the aluminum round tube supports
fitted into the brackets. Accordingly, the brackets are acceptable as long as
the aluminum tubes are acceptab1e

4.2 ALLOWABLES

: The CFR 1990 (see Section 3.2) does not provide specific design
requirements or stress allowables for portable ladders. The word "withstand"
in the reference to the 200-1b load can be interpreted as allowing the
resulting stresses to be as h1gh as the yield value for the material.
However, to be on the conservative side, the ACM (i986) guidelines and stress
Timits are judged to be applicable.

The stress limits from ACM 1986 are listed below:

Allowable bending stress for solid bars (F,)) = 1.3 F /1.65

Allowable bending stréss for rectangular tubes (Fy) = F /1.65

Allowable shear stress (Fg) = Fg /1.65

sw)

A]]owab]e shear stress for fillet weld (4043 material) (F
= 5,000 Tbf/in“.

Table 1 includes the‘a11owab1e stress values of concern.
5.0 STRESS ANALYSIS

The stress analysis appears in the appendix to this report. The appendix
also includes the evaluation of the calculated stresses against the ACM (1986)
stress limits. Table 2 summarizes the stress results at the locations of
interest. The evaluation of the stresses at the critical lTocations indicates
a positive design margin. The steel brackets are not critical components.

The design margin (DM) used throughout the analysis is defined v low:

DM = “allowable - 1.0,
Pcalculated
Where
“allowable = maximum allowable stress value
%calculated = maximum calculated stress value.

4
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Figure 1. Layout of Portable Platform.
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Table 1. Summary of Allowable Stress Values.

Type of

Yield
Strengt

Allowable

A11owab]
Stress

e

&¥]

Material Component Stress 1bf/in°) | Stress Equ. | (1bf 1n22

6061-T6 or Solid round bar bending 35,000 1.3 F, 28,000
[ -T6511 (posts)
. 1.65 )
Round tubes bending 35,000 F, 21,000
(railing) ‘ —
1.65
6061-T6 Round tubes bending | 20,000 Fyu 12,000
within 1-in. | (support tubes) ‘ -
of a weld , 1.65
6063-T52 Square tubes | bending | 21,000 |F 12,500
(legs, platform,
and ladder) 1.65
shear 12,000 | F, 7,000
1.65
6063-T52 square tubes bending | 14,500¢% Fru 9,000
within 1-in., [ (sockets) -
of a weld 1.65
shear 8,500 | F,, 5,000
1.65
4043 weld fillet weld shear ——— ——-- 5,000
wire

MThe allowable stresses are rcunded off according to the method of ACM 1386.

(®5ae Section 4.1.2.
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Table 2. Stress Results at Locations of Interest.

Tube or Calculated A110wag]e Desigq
Weld Type | Stress Stress, stress‘’) | Margin'® Page .
Component |  Location Material) | Category | 1bf/in 1bf/in® Number®
Railing 29.26 in. side 1.5 in. 0.D. "bending 8,525
‘ tube (6061-16)
Weld H-in. fitlet shear | 4,925 5,000 0.02 23
weld :
Posts "Single Post 1.5 in. solid bending 26,008 28,000 0.08 12
(solid bar) bar (6061-T6)
Critical socket | 1 3/4 x bending 8,454 9,000 0.06 19
1374 x %-in. . :
square tube
(6063-152
welcded)
Welds at socket Wein.~fillet shear 4,177 ] 5,000 0.20 ‘ 30
(worst case) weld (4043) .
platform long sides 1% x 1% x bending 9,633 12,500 0.30 113
: 1 %-in. square :
tube (6063-
752)
Legs Top of the leg % x 1% x bending 8,680 12,500 0.44 15
%-in. square
tube (6063-
152) ;
Welds at socket -in. fillet shear 2,773 5,000 0.80 34
weld (4043)
Ladder Side railing “1% % 1% X bending 10,417 12,500 0.20 16
%-in. sguare
tube (6063-
152)
Weld at sockets #-in. fillet shear 3,328 5,000 0.50 37
(2 railings weld (4043)
+ 2 legs)
Support Welds at 1.0 in. | %-in. fillet shear 4,685 5,000 0.07 38
tubes 0.D. tube weld (4043)

™ The allowable stresses are listed in Table 1.

(2> pM = Allowable Stress - 1.
Calculated Stress

) page number in the Appendix.
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APPENDIX

STRESS ANALYSIS AND EVALUATION OF PORTABLL
PLATFORM OF CORE SAMPLER TRUCK
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Table 2. Stress Results at Locations of Interest.

Tube or Calculated | Allowable | Design )
Weld Type | Stress | Stress | Stress' | Margin® Page .
Component | Location (Material) | Category | 1bf/in 1bf/in (DM) Number
Rafling 29.26 in. side 1.5 in. 0.0, bending 8,525 21,000 1.46 1
tube (6061-16) .
Weald W-in. fillet shear 4,925 5,000 0.02 23
weld ) .
Posts Single Post 1.5 in. eolid bending 26,008 28,000 0,08 12
(sol id bar) bar (6061-16)
critical socket 1 376 x bending 8,454 9,000 0.06 19
1 3/4 x %-in. .
squere tube
(8063-152
welded)
Welds at socket W-in.-fillet shear L AT? 5,000 0.20 30
(worst case) wold (4043)
Platform tong sides % x 1% o bending 9,633 12,500 0.30 13
%-in. square .
tube (8063-
152)
Legs Top of the leg % x 1% bending 8,480 12,500 0.66 15
%-in. square
tube (8063-
152)
Welds st socket W-in, fillet shear 2,mm 5,000 0.80 34
weld (4043)
Ladder side railing 1% x th x bending 10,417 12,500 0,20 16
%-in, square
tube (6063
152)
Weld at sockets #-in, $itlet shear 3,322 5,000 0.50 k14
(2 reflings weld (4043)
+ 2 legs)
Support Welds at 1.0 in. | %-in, fillnt sheoar 4,685 5,000 0.07 38
tubes 0.0, u&o weid (4043)

) The allowable stresses are listed in Table 1.

@ pY = Allowable Stress - 1.
Calculated Stress

3 page number in the Appendix.
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