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Purchase Order (25370

Mr. Joe Robinson

Heil Tradler International
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Athems, TN 37303

Subject

Failure Anslyis of Tank Trailer Frame Components
Maleris!

Carbon Stes]

Objective and Backgroand

The purpoae of this evaluation was to dotermine the cause for failure of the tank trailer frame box beams
submittd to our laboratory,

Test Procedure end Rasuity

The as-received failed trailer fraunes are shown In Figures 1 and 2. The fracturs surfaces were clesnad
with datergent solufion and inhibited hydroohloric acid (HCI). No macroseopic plagtic deformation and a
flat fracture surface with no wall thinning were observed.

The fracture surfuces of Frame A were observed at low magnification (3X o 50X) osing a
atereomicroacope, Multiple crack imitiation sites wers obgerved on the fracture surface (Figure 3).
Corrosiom and mechanical damage destroysd much of the fiacture surface detail allowing limited aves for
failure analysis. Beach marks, typical of fatigue, were cbssrved on the fracture surface (Figures 4 and 5).
Box Beam B exhibited frwcture features similar to Frame A.

Scanning eleciron microgeope {(SEM) examination {SOX te 5,000X) revealed striations (Figure 6) on the
fracture surface indicative of fatigue.

Transverse sections through the fracture sarfice, as shown in Figures 3 and 4, were cut, and prepared in
accordance with ASTM B3-01, Standard Practias for Prapavation of Metallographie Specimens.
Excesaive fit-up gap and multiple cracks were observed in the box/gusset weld section (Figure 7). The
section through the fatigee fracture origin revealed features guch 29 poroslty, lack of fugion during
welding and cracks at the weld fusion Line (Figures § and 9). The Box beam base metal exhibited smail
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volumea of pearlite in & ferritic matrlx (Figure 10), consiatent with & low carbon stecl, and the weld metal
exhibitad a feritic/bainitic structure (Figuee 11).

Tomails semploa wers prepared in sccordunce with ASTM A370-03a, Standard Tert Mathods and
Definitlons for Mechanical Testing of Sieel Products. The tengile test results are shown in Table [, which
wors normal for a low carbon stesl,

Diacwssion and Conclusions

The box beams fiiled duc to fatigue (i.e., cyclic loading). Cracks initiated &t the box/gusset weld and
propogated along the rest of box beam wall lsading to complete aeparation of the beam. The extont of
fatigne zone indicated Jow overall stress.

Poor weld quality which reanited in defects mech as porosity, iack of fission and/or cracks et the fusion
line, Iikely contribated to the futigue initiation. Excessive fit-up gap between the box beam and the gusset
increaged flexural streezes in the joint. ;

The weld procedures and process control during manufacuring should be investigated in order to reduce
the weld defoctz. Non-destructive testing of the components of the as-manufactured components may be
helpfial in detecting the dsfects and dacreasing the likelihood of fracture.
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Tablel:  Tensile Properties of the Box Beam Base Metul

Specimen Identification | Tensile Strength, psi Yield Strength, psi Elongstion % in 2 in.
A 56,000 60,000 23
B 65,500 59,500 25
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Figure 1: As-recelved Trailer Frame A components indicating the
Tractured surfaces (bleck armowa) and the box beam (red arrow)
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Figmrel: As-recelved Trailer Frame B components indicating the i

fractured surfaces (Hack arrows) and the box beam (red amow)
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Figure 3: Failed trailer frame indicating multiple eracke on the fracture
surface (black arrows) (algo see Figures 4 - 8) (white Line shows
region seationad for metalicgraphic examination Figure T)
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375X

Figure 4: Frame fracture surface indicating crack iitiation site (black
arrow) and beach marks indicating fatigne failure (white
armwa) {white doited lines show region scctioned for
metallogtaphic examination Figurez 8 - 1)
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Magnification; 3.75X

Figure 8: Frame fracture mrface showing beach marks, typical of fatigue
failure (white errows) and mechanical damage (black amows)
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Magnification: 1500X

Fipure §: SEM picture of the frachme surface from the region shown in
Figwre 5 indicating stristions (artoves)
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Figars Tt

: 7.5X

Croaz-saction of the hoxAmme weld indicating multiple cracks
(arrows) from the scction shown it Figure 3
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Ktchant
Figure 8:

1

Magnification: 253

Croas-section near the fracture origin showing lack of fusion
{white arrows) and pores (black zrrow)
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Etchant: Nital Magpification: 25X

Figure 9: Croas-section through the weld indieating eracks or lack of
fogion (white arrows) and poces (black arrow)
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Etchant: Nital ~ Magnification: S00X
Flgure 1{: Microetructure of the Box beam base metal, exhibiting amall
volumes of pearlite in & farritic matrix
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Etohant: Nital ~ ) ﬁﬂﬁm 50
Figure 11: Microstructure of Box/AGusset weld metel exhibiting a
ferritic/bainitic stracturs
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Figure 10.e.1.
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SAFETY MESSAGES
. = TESE %A ALERT SYMBOLS
DAMNOER
A\ - INDICATE  IMPORTANT  SAFETY
MESSAGES IN THIS MANUAL. WHEN
n ) p OU SEE THESE SYMBOLS, CAREFULLY
AA WARNIMN READ THE MESSAGES THAT FOLLOW
AND BE ALERT TO THE POSSIBILITY
. . m JURY OR DEATH TO
A\ CAUTION BOURSEL J%E;IERS.
e

R L R
Py CAUTIDN

nlpunlmn of equipment, safely davighs’ Fht-Narking
ach trip to ensure pnrunnpl*nnd op-rlﬂunnl datety -lnd .
! ﬂlﬂrﬂl ..rf n gl \l".'L - "F" . "'.

-'. i

-
iy the £ink must be free of product and
' -;;31: free of hazardows and/or

[Do not smter the tank traller untill each of the foliowing conditions has been satisfled:

The pressurs in the vessel has been completely relleved.

The tank has baen thraughly purged and ventilated.

The tank has been degassed and clsaned by an authorized claaning facifity.
The M3SDS for the last product(s) haled has been reviewad.

The OSHA 1910.126 Confined Space Entrance Requirsmems are strictly
complied to.

+ o+

Fallure to follow any one of thess lnstrudtions may result in serious personal injury,
necluding death.

©Copyright 2001, HEIL TRAILER INTERNATIONAL® PRINTED M THE LLG.A.
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From: Bemie Riggin

Sent:  Friday, October 07, 2305 7.08 AM

To: Devid Momow

Subjeot: FW: one piece tower plate-air bag plate

fyi

——-0riginal Message——-

From: Paul Katko

Sent: Friday, October 07, 2005 6:48 AM

To: Hunber Griffith; Tracy Harmon

Cc: Bemie Riggin; Don Witson; Ben Ubamaxdu; Joe Calonge
Subject: RE: one piece tower plabe-air bag plabe

Hurtar,
[ like the concept; | think | would extend it past the end of the frama tubs Lo there caukin't be @ wald
across the battom of the tube Lo the rear of the bag plate.

From: Hunter Griffith

Semttz Thursday, Ociober 06, 2005 8:59 AM

Ta: Tracy Harmon

Cc= Paul Katko; Bernle Riggin; Don Wilson; Ben Ubamadu; Joe Calonge
Subject: one plece tower plate-air bag plate

Tracy,

Did you have any thoughbe/concerns an using a ohe piecs ioweralr bag plate? Please sea the attached image.

12/13/2005
[ .,



Best Regards,

Hunter Griffith

Deslgn Enginsar-Patroleum
Hell Traller Intermnational
(423) 745-5830 x180

12/13/2005




