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STRESSANALYSISOF PORTABLESAFETYPLATFORM
(CORESAMPLERTRUCK)

1.0 INTRODUCTION

This supportingdocumentpresentsthe stressanalysisand evaluationof
the portableplatformof the rotarymode samplertruck. The portableplatform
comprisesrailing,railingposts,deck, legs,and a portabl('ladder. The
portableplatformis securedand restrainedfrom lateralmotionby means of _
two bracketsadded to the drill-headserviceplatform.

Analysisresultsled to designrb_dificationsto somecomponents. The
resultsand conclusionsappearin Section2.0. The configurationand loading
are presentedin Section3.0. The stressanalysisis describedin Section
4,0. The detailedstressanalysiscalculationsare documentedin the
appendix.

!
- 2.0 CONCLUSIONSAND RECOMMENDATIONS
|

| The.resultsof the evaluationindicatethatall componentsof the
modifiedportableplatformassemblyare adequate(WHC1994a). The stressesin
the componentsare withinthe stresslimitsspecifiedin the Aluminum
ConstructionManual (ACM1986)and satisfythe requirementsof the Codeof
FederalRegulations(CFR1990),Title 29, OccupationalSafetyand Health
Administration(OSHA).

All posts,legs, and ladderrailingsshouldbe fittedtightlyintothe
correspondingsocketsto reducelocal stresses. All legsand ladderrailings
shouldbe in contactwith the truck floorand shouldtouch the floorbefore
the collarson the two 1-in.-diameterround tubestouch the supporting
bracketson the truck platform. This installationrequirementis necessaryto
preventunsaferockingmotionof the platformand to eliminatehigh bending
stressesin the supportbrackets.

3.0 CONFIGURATIONAND LOADING

3.1 CONFIGURATION

"[heconfigurationand dimensionsof the portableplatformand the
supportingbracketsare documentedin the followingdrawings:

• DrawingH-2-85358,Rev. I (WHC1994a)
• ECN #610426to drawingH-2-690067,Rev.0 (WHC1994b).

FigureI showsthe generallayoutof the portableplatform.
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The portableplatformconsistsof railing,deck, ladder,and legs. The
'_ailingconsistsof 1_-in.(outsidediameter)by 1_-in.-thickaluminumtubes
and five posts of 1½-in.diametersolidbars. The ladderconsistsof two
squaretube railingsand foursquaretube rungs. The deck is made of
fiberglassmateriallaid on a platformconstructedof squaretubes. The
platformstandson four squaretubelegs and the two ladderrailings. The
posts, legs, and ladderrailings,assembledto the platformin socketsthat
are weldedto the platformframe,are attachedto the socketsby pin
assemblies.

The portableplatformis securedon the truck by two ]-in.-diameterround
tubes insertedintotwo steelbracketsweldedto the truckplatform. The
bracketsrestrainthe portableplatformfrom lateralmovement. The brackets
do notcarry any verticaloY'bendingloads as long as the legs and the ladder
railingstouch the truck floorbeforethe collarson the two round tubes (on
the portableplatform)touchthe bracketsin the verticaldirection.

3.2 LOADING

The Code of FederalRegulations(CFR 1990)providesthe load requiremerlts
for the railingand the portableladder. For the railing,the requirementis
that "the anchoringof posts and framingof membersfor railingsof all types
shallbe of such constructionthatthe completedstructureshallbe capableof
withstanding200pounds appliedin any directionat any point on the top

;. rail." For portablemetal ladders,CFR 1990 statesthat "portableladdersare

i designedas a one-manworkingladderbasedon a 200 pound load." Accordingly,the 200 Ibf is appliedon the top railingin the directionthatproducesthe
largeststressin the railingstructureand is appliedon the lower rung of
the portableladderwhere a workingpersonwill step on firstor step off
last.

4.0 MATERIALPROPERTIESAND ALLOWABLES

4.1 MATERIALPROPERTIES

4.1.1 AluminumAlloy 6061-T6

The materialsused for roundsolidbars and roundtubes are aluminum
alloys6061-T6and T6511 (B211,B211,and B241). The minimumultimatearid
yield strengthsfor these alloysare obtainedfrom ASTM 1992and ACM 1986:

Ultimatetensilestrength(Fu)= 38,000Ibf/in2
Yield strength(FV) 35,000Ibf/in2
Shearyield strength(Fsy) = 20,000Ibf/in2.

The strengthpropertiesof the aluminumalloysdecreasewhen they are
welded. The materialwithin1.0-in.of a weld shouldbe evaluatedfor the
reducedproperties.
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The reducedas-weldedpropertiesin the vicinityof a weldare obtained
from ACM 1986'

As weldedultimatetensilestrength(Fuw) : 24,000Ibf/in2
As weldedyield strength(Fy,) = 20,000Ibf/in2
As weldedshearyield strength(Fsyw) 12,000Ibf/in2.

4.1.2 Aluminum Alloy 6063-T52

The squaretubes are made of aluminuma11oy6063-T52(ASTMB241).
ASTM 1992 gives a range of ultimatestrengthsfrom 22,000to 30,000Ibr/in_,
and a range of yield strengthsfrom 16,000to 25,000Ibf/in2 ASTM 1992also
shows,thatthe minimummaterialpropertiesof 6063-T52are the same as those
of 6063-T5. The manufacturers(SeeKilsby1994and Ryerson1994)provide
materialpropertiesfor 6063-T5even thoughthey specify6063-T52materialfor

e squaretubing. This practicesuggeststhatthe manufacturersprovideboth

I materialswith the sameproperties.

•_ The tensilematerialpropertiesfor 6063-T5as providedby Kilsby1994

I and Ryerson1994are listedbelow:
' Ultimatetensilestrength(Fu) = 27,000Ibr/in2

Yield strength(Fy) 21,000Ibf/inz
Shear yield strength(Fay) : 0.577x Fy= 12,000Ibf/in_.

(Calculated)

These materialpropertiesare judgedto be appropriatefor the portable
platformevaluation.

To obtainthe as-weldedmaterialproperties,the minimumas-welded
propertiesin ACM 1986are ratioedup by the ratioof the propertiesin
Ryerson1994to the minimumpropertiesinASTM 1992 and ACM 1986:

As-weldedadjustedproperty : IW rain.ACM x FRyerson

F min. ACM

As'weldedultimatetensilestrength(Fu,) = 17,000x 27,000= 21,000Ibf/in2
22,000

As-welded yield strength (Fyw)= 11,000 x 21,Q0,0._= 14,500 Ibf/in 2
16,000

2
As-welded shear yield strength (Fsy.) : 6,500 x _ = 8,500 Ibf/in .

9,000

4.1.3 Weld Material

The weldingwire used to weld these aluminumalloysis aluminum4043
(WHC 1990 and ACM 1986) The ACM (1986)providesone value for the allowable
shear stressof filletwelds (Fsw= 5,000Ibf/in2).

3
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i

: 4.1.4 StructuralSteel (ASTMA36)

' The two steel bracketsthat securethe portableplatformto the truck
; platformare made of structuralsteel ASTM A36"
|

i Ultimatetensilestrength : 58,000Ibf/in_
i Yield strength 36,000 Ibf/in2,
i
: The criteriaprovidedby AISC 1989 are applicablefor the brackets.

However,these bracketsare strongerthan the aluminumround tube supports
fittedinto the brackets. Accordingly,the bracketsare acceptableas long as
the aluminumtubes are acceptable.

! 4.2 ALLOWABLES
|

The CFR1990 (see Section 3.2) does not provide specific designrequirements or stress allowables for portable ladders. The word "withstand"
| in the referenceto the 200-1bload can be interpretedas allowingthe

I resultingstressesto be as high as the yield valuefor the material,
However,to be on the conservativeside,the ACM (i9:96)guidelinesand stress
limitsare judgedto be applicable.

The stresslimitsfromACM 1986 are listedbelow'

• Allowablebendingstressfor solidbars (Fb)= 1.3 Fy/1.65

• Allowablebendingstressfor rectangulartubes (Fb)= Fy/1.65

• Allowableshear stress(Fs)= Fsy/1.65

• :All°wable5,000IbfS/hin_r.stress for fillet weld (4043 material) (Fsw)

Table I includesthe allowablestressvaluesof concern.

5.0 STRESSANALYSIS

The stressanalysisappearsin the appendixto this report. 'Theappendix
also includesthe evaluationof the calculatedstressesagainstthe ACM (1986)
stresslimits. Table 2 summarizesthe stressresultsat the locationsof
interest. The evaluationof the stressesat the criticallocationsindicat,e.s
a positivedesignmargin. The steelbracketsare not criticalcomponents.

The designmargin (DM)used throughoutthe analysisis definedJ_;Iow:

DM: %ll_o_owable_- 1.0,
acalculated

Where

aallowable= maximumallowablestressvalue
acalculated= maximumcalculatedstressvalue.

4
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Figure 1. Layout of Portable Platform.

Ladder

Legs
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Table I. Summaryof AllowableStressValues.

, i , , ,-- tr i.. , , _ ,, ,, ,

J

o Yield A11owable
Type of Streng'l;J_ A1lowable Stress (1)

Material Component Stress (Ibf/in_) StressEqu. (Ibf/!n2)
i i i" i ii

6061-T6or Solid round bar bending 35,000 1.3 Fy 2B,O00
-T6511 (posts) 1.65

Roundtubes bending 35,000 __ 21,000
(railing) 1.65

, ....... , , -- _ ,, , ,

6061-T6 Roundtubes bending 20,000 Fwy.L- 12,000
| within l-in. (supporttubes)
I ..ofa weld ............ , 1.65

| 6063-T52 Squaretubes bending 21,000(2) Fy 12,500
(legs,platform,
and ladder) .... I. 65 _ .

shear 12,000(2) _ 7,000
i.65

, . .... _

6063-T52 squaretubes bending 14,500(2) __ 9,000
within l-in. (sockets)
of a weld ... 1.65 ......L

shear 8,500(2) Fs_L_y__. 5,000
I,65

4043weld filletwe:ld shear .... 5,000
wire ,.., .... ,m

(1)Theallowablestressesare roundedoff accordingto the methodof ACM Ig86.

(2)SeeSection4.1.2.
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Table 2. Stress Results at Locations of Interest.
I ' I., .

Tube or Calculated Allowable Des1
Weld Type Stress Stress Stress(I, ) Margi__) Page,,

component Locatton (Material) Categpry lbf/tn 2 lbf/ln _ (DH) Number'"'i ii I i Igr II i,II

Railing 29.26 in. side 1.5 in. O.D. bending 8,525 21,000 1.46 11
,, tube (6061-T6) ....... , ,

Weld U-in. fltlet shear 4,925 5,000 0.02 23
weld

,.,, i .., ,., , . ,,,

Posts Single Post 1.5 in. solid bending 26,008 28,000 0.08 12
(solid bar) bar !6061-T6) ......... _

Critlcal socket 1 3/4 x bending 8,454 9,000 0.06 19
1 3/4 x _-in.
square tube
(6063-T52

welded) .......

= Welds at socket U-in.-fillet shear 4,177 5,000 0.20 30

.... (worst Ease) weld (4043) ....... , , _ _

I PLatform long sides I_ x I_ x bending 9,633 12,500 0.30 13

½-1n. square
tube (6063-

T52) ....

Legs Top of the leg I_ x I_ x bending 8,680 12,500 0.44 15
U-ln. square
tube (6063-
T52) ,,.-

Welds at socket U-in. fillet shear 2,773 5,000 0.80 34
weld (4043),

Ladder Side railing I_ x I_ x bending I0,417 12,500 0.20 16
U-in. square
tube (6063-
T52), ,,,, ,,,, ., _.

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. U-in. fillet shear 4,685 5,000 0.07 38
tubes O.D. tube weld (4043)
-- ..... _.. ,', ,, ......

(I) The allowablestressesare listedin Table I.

(2)DM = AllowableStress - I.
Calculated Stress

(3)Pagenumber in the Appendix.
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