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| This'thesis'presents a Study on the!influence of different'.~ ,jg'ev;f*f}-

V‘welding parameters on theﬁmagnltude and dlstrlbutlon of re51dua1 B

— T 'stresses~%n flame—cut}plates 24“»x-2" made-of A38~steel.'

The residual'u"“*7o-
stress diagrams9obtainedjafter?completetsectioning*and*after“élicing _' R

'are;relatedstothe original_conditions of fabrication and manufacturing;'

S ' These welded flame-cut plates have been used as parent piates of a
~ built-up section 24 H 428, and the strength of this-heaVy section is
analeed.' The differences observedcin-column*strenéth of this simulated

'@

fﬁcsectlon QQ—H 428 bullt-up W1th flanges.of 24" m.2" flame cut centere v
‘-welded plates and a web of 20" x 1 1/2" flame-cut edge-welded plate, is
wcorrelated to the dlfferent heat 1nputs caused by the dlfferent'weldlng
__parameters, Conclusions are drawn - w1th respect to the effect of the

different welding parameters on the strength of the column.

A special investigation has been made on the different plates in

order to find the variation of the mechanical properties through the

e _;_‘,thickness and at different locations across the 24" x 2" plates. e

mechanical properties were determined by means of tension tests/on the

small size specimens. The results are dlscussed and compared w1th the

- pattern of residual stress,obtained previously.
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| Thermal stresses due to dlfferent sources of heat have been
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'gators. _

| the formatlon of re31dual stresses durang~the process-efﬁweidang—er

'1nvest1gated both analytlcally and experlmentally durlng the past

plates durlng weldlng and cutting held the attentlon of several lnvestl-

(1,2)

egfter haV1ng assumed erroneously an elastlc behavior of

(flfty years. Flrst the derivatlon of the.temperature-dlstrlbutlon in |

during cooling after'rolllng,'lt was'recognlzedﬁ 3) that the residual

stresses resulting after cooling were due to plastic deformations.

- Physical and analytical explanation of the formation of residual

L TP

stresses due to different thermal effects have been developed more

recently.(u’s’s) Much attention was paid to the existence and to the.

L.

: possible'effect of residual stresses on the strength ef'structural

members. An important analytical and experimental contribution to the

solution of this problem'and in particular of the effect on column

strength(7) was made at Lehigh'University through various research S

projects over the past two decades. | i T -

e e e o

‘i']ﬁbutlon of residualstresses. The experiments were carried out on 6

" The scope of the study;described‘in this thesis was'to investigate

. )

4, N Nan 'nmammmm -I“‘ SR B AR LG T ALY 6L AT LS .

the effect of dlfferent weldlng parameters on the magnltude and dlStPl—w”

flame-cut plates 24" x 2" and one flame-cut plate 20" X 1 1/2" made of
A36 steel. The welding parameters were chosen to meet certain require-

ments. The welding parameters were based on the AWS recommendatlons,( ).
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' and the variations of the parame

ers were adopted snch fhatfthéy'st§yed

ﬁithiﬂ'the limits of variation inherent to any fabrication process, and - o

for which the influenCe of'weiding cbnditions*wbuld'be of conéidéfabie,ﬁ

¢

‘interéSf;meowéVef;wone_plgte was kept'“aéémanﬁféétured""fof théyﬁﬁfbééé;’iifihﬁ

i“df'comparison, and another was annealed. The main réason for fhis T
procedufé“Was t9-investigate if the.héaf-tneating‘prbcess.would:léad )
 to aéignificant reduction pf the mégnitudé of theireSidﬁalistresses.
A'stréss'réliéving process by thermal treatment may bg‘of\particular

k]

“interest in certain cases.
s f ’ ' ’ ’ | | : .
- The second aspect was to investigate the influence of the welding
‘conditions on the strength of a;simulated welded section built-up from

| the‘investigafed plafes. It has'already been shown(g) that the residuél
stress distribution obtained for a welded section is more or less the
'same as if woﬁld be fdr individual parent plates composing the section.
The strength of structural members can be predicted, knowing the magni- -
tude and the distribution df residual stress in individual welded plates.
fhis aspect of the‘inveSfigation isibf_considerable’interest. ‘Nowadgys

heavy welded columns of different éhapes are being used to an increasing

extent in steel structures, and for technical and economical reasons

»

1+—~1 the paét with lighter sections. Little information has been available

~-:‘column tests cannot be performed on such heavy sections as was done in -

i e e . A B <3 =

on residual stress and the strength of heavy columns and in spite of the
intensive utilization of these heavy shapes in construction, the design

‘recommendations developed for light and medium shapes are nevertheless

applied when designing heavy sections. .
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o ngh tens:.le res1dua1 stresses are created in the V1c:|.n1ty of A
_~ heat sources. ) S:ane llttle 1nformatlon has been avallable on the !
e *"mechanlcal propertles of the heat-affected parent materlal and the weld — —
o materlal thls has lead to a great uncertalnty as “to how residual T
4 ) ) - . el L o T T T -
B , stresses can exceed the yleld p01nt of the non heat-affected parent .
“material, The “third part of the thesis descrlbes the 1nvest1gatlon |
\ R
on the varlatlon of mechanlcal propertles through the thlckness and
across the 1dth of several flame cut center-welded plates . e =
\ < ~ —
-~
- . : _
. f‘l . —., N s .

\
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R ~ 2. RESIDUAL STRESS S?ECIMENS PREPARATION J L
%,' | "*lff%w;;m - The tests.were eenducted as a part of an 1ntens1ve 1nvest1gatlon 1‘~‘
é; ."~;' concerned W1th the study of the magnltude and dlstrlbutlon of | ;'~"-»'
égw T re31dual stresses in thick welded plates and W1th the purpose of ‘
5\ ffe relatlng this phaselof thelnvestlgatlon towards the strength of the |
compression membérs.,g ' o - '» o «fsg-' .' 'A wm_gw_lll_lmwnMMQ
- _ “;_@w_;__wmm_ﬂhe manufacture and-fabrieatxon~of ‘the thick flame%cut and - unlversal-* -
| mlll'plates made of A36 steel were observed Informatlon collected
during the manufacture and fabrlcatlon of_these test specxmens, startlng |
: ‘é“i. - - from the rolllng of the component plates and up. to the flnal weldlng or
i - o flame-cuttlng, was recorded. (10{ ) ? o - -
This phase of  the investigation'is concerned mainlylwith 24" x 2"
and 20" x 1.1/2" A36 flame-cut plates. The six speclmens of 24" x 2"¢- B
- flame-cut Plates, see Pig; 1, were reduced to the required sizes by
.simultaneously flame-cutting both'longitudinal edges of a 26" x é" .
universal—mill plate. The 20" x 1 1/2" flame-cut plate was obtalned by«
- flame-cuttlng the edges of a 22" X1 l/2" unlversal—mlll plate. The F
‘,;ﬂ machlne used was a standard burnlng machine equlpped with twg torches to
- . burn both edges at the same time. A1r burnlng tips (#3, style 263) were B
S used with pr0pane fuel at 316 psi and oxygen at 55 psi. The flame- | T
. - cutting speed 1 was set on this burnlng machine at 10 ipm. Temperature
”f v | measurements were taken hy drawlng lines on the plate surface'with
| Tempelstick temperatureicrayons. -Results obtained‘for the temperature
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%?distributionwacross'the uidth;can be"fOund/ln Ref. 10. Flve 24" X 2"

7

;Flg. 1, and the sixth specimen was taken from another flame cut plate. B

*Wtest spec1mens were set apart from the/same parent plate as. shown in-

- Identical manufacturlng conditions were used for all parent plateS'ln

/

order to reduce the number of parameters to a mlnlmum. For this reason

the parent plates were - Mampled from the same heat and sub]ected to the T

"same rolllng condltlons and the same rolllng procedures 1n order to

minimize the effect of dlfferent lots upon the mechanlcal propertles.
C :

This ob]ectlve was essentlally fulfllled and only'very small dlfferences

can be found. for the mechanlcal and chemlcal pr0pert1es of the two plate

‘31zes. Thls 1s 1llustrated in the mill test report shown in the table 1.

A preV1ous study has shown that ‘the variation of the'magnltude and the

dlstrlbutlon of residual stresses within the material from one lot is

" relatively small, but somewhat larger variation may exist between

- effects,

residual stress patterns from different lots.(7)

Figure 1 indicates that the‘residual‘stress~specimens were located

at the center of each plate specimen. For technlcal reasons the plate

Spec1mens were cut from the parent plate by flame - ~cutting. Except at

both ends, the varlatlon of residual stress‘along a member free of any

:wstralghtenlng effects is small. (7) Therefore the residual stress specimen v

was taken from the center part of the plate in order to eliminate the end -

"

~ Some of the plate specimens were center—welded, and when the elec-

trode reached the,center part of the plate specimen the thermal state

- was quasi-stationary; consequently, no sensible variation of longitudinal -

3 »

B L e
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o txif;  _7 ' -fﬂre31dual stresses due to the weldlng was expected in thls part.w T°1s ///‘

e s - _ - : e . — | / o e
= l_;f_[':f~.',.assumptlon has been always satlsfactorlly observed by dlfferent | o

'exper:rmenters.(l 4,7). R ~;/// S S

l;lgiwiijwegd;iw?rcenter—welded and AM for as~manufactured) were prepared to contaln theﬂhwmlx"'””

-welds. Por all these spe01mens two V—shaped grooves 1dent1cal to those 5

shown in the detall A of Flg. 1 were made. The welds were dep031ted by

S~ a seml-automatlc weldlng machine Llncoln ML-2 1/2. The type of electrode B

"'i,confOrmed to the AWS class E 7018. Table 2 shows the mechanlcal

ﬂpropertles of the as—welded electrode as requlred by the AWS spec1f1-
catlons AW 5, l—64T The shleldlng was accompllshed by enveloplng the

arc created between the plate and the electrode’ of 5/32" diameter wire

with a granular 780 fluk type. The details concerning the welding

parameters are discussed further in Section 3.1. In order to delete

- the effect of the cold bendlngagn the dlstrlbutlon and magnitude of then

res1dual stress, no straighteni g of the plates at any stage of the

fabrlcatlon was allowed.,

~
,
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_ 3. EFFECT OF WELDING PARAMETERS '(ﬁ%"I‘HEHMAGNITﬁDE T e

- oo . .

‘; Five plate spécimens_df 24" x 2", welded witp.different weldiﬁg‘7?

| parameters as described in table 3 were used in this investigation. =

Onelblate U x 2? wasAleft unwelded, in order to giVe the initial

condition of distribution'and;magnitude'bf“reSidual‘étress. A flame-cut

plate 20" x 1 1/2" was inC1uded in this study. The_results of the
residual streSs'measuréments are needed for the investigation of the

column behaviér of a simulated built-up éectiOn.< -
Thg‘diffefent‘welaing parameters'iﬁvolved are the folldwing:
\ | |
- Number of passes.and speed of welding,

. = Temperature of pre-heating,

- Effect of a local and uniform pre—heating,.

3

- Effect of a post-heating,'

The above listed welding pérameters were prepared .in cooperation

with the fabriéator. In order to study only the effect of these - T

»

R T, T

. plate specimens, by the observation of the same manufacturing and fabri--

welding Param.efei‘s on the magnitude and distribution of the residual _

stress, it was endeavored to keep the material properties similar for all

cation conditions; in particular, the welds in each plate specimen were

deposited according to the same welding sequence.

AT NSRRI I RN AR TR NI L L T L




CW-3'was proposed to study the effect of a hlgher pre-heatlng temper—

. ature on the magnltude of res1dual stress. The 1nfluence of a local

i N TS e . Ll . S

. B o o ~ =8
N _' —_— . v . . . -

i “ N _ S . L

i T The speclmen CW-1 was selected to conform to the requlrements of |
T T T the AWs speclflcatlons.m CW-2 was adopted to show the dlfference whlch |

i - 'may have appeared in the case of a different number of passes whereas

pre~heat1ng at a temperature of 400°F in the V1c1n1ty of the grooves,7“*“*“‘“

is given by the sﬁe01men CH-4 . The spec1men CW-5 was stres?,relleved

by heat treatlng.‘ The sPecimen CW-5 was brought to a°témpé%ature of

——— ___._...n___A e e

© 7 71200°F and 'malntalned at that temperature for 2 Txours . then ‘the specimen:
was cooled down 1n the furnace at a temperature of 600°F. Finally the

specimen reached room temperature by air coollng. : ?. o

The criteria which guided the choice were to stay as close as
possible to practical.weldiné conditions; inparticular, the temperature
of'pre-heating was selected in terms of an economical criterion. The
- specimen CH-5 wasincluded'inthis investigation to study whether the

'stress-relieVing by heat—treatment reduces subsequently the magnitude
. of the re31dual stress, and to 1nvest1gate if an appreciable change of

the yleld p01nt “of the weld and the parent material occur.

The data recorded from the condition of fabrication at the plant are-

contained in data sheets No. 1 to No. 5. The temperature of pre-heating

| ;,/ - as shown in Fig. 2. Sllght modlflcatlons appear between the selection
of welding conditions as ‘expressed in Table 1 and_the technical working

conditions. It has been noticed, that the V-shaped grooves were at a

..and weldlng at the surface of the plate were taken with a thermo- -couple

. PN PN S NS T
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~poss1ble to realize in practlce. The edges of the plate speclmen were

hlgher temperature than any other part of the plate durlng the m'

pr ~heat1ng Figure 3 1llustrates the typical set-up for pre-heating.

“The maximum temperature observed was 50°F The drastic condition imposed.

1n.the theoretical'choice in the case of a-local-pre-heating was not’,

T
AT T P AT A

“at a temperature ©of -150°F and the gradlent of'temperature between the:m*Twfofff”ﬁ

edges and the center part of the plate was not as severe as expected

due to the thermal transmission propertles of the steel. In case of the

plate speclmen CW-2'the speed of welding was ‘set up hlgher than proposed

to satisfy the technlcal restraint of the automatlc welding machlne.

. B - . ’ P
J . . : .

3.2 Nature of Residual Stresses

The welded specimens were not freelof residual'Stresses“prior to | .
welding. The studp is intended to show alsofthe Variation‘of the
strength under different-welding conditions, and thus consideration\
must be given to residual stresses existing‘in the parent:plates before
welding. Residual stresses are‘initiated in the material during the.
different stages of manufacture and fabrication conditions. ?Prior\to

welding, the pattern of residual stresses is the result of a'complex o

state of superimp081tlon of dlfferent _distributions and magnltudes of“

X EERTITEE Yo

‘residual stress. ST - -

First the plates were rolled to the required sizes of 26" x 2", and
the resulting reSidnal‘stresses were due to the cooling after the hot

rolling. No measurements were made on this plate 26" x 2", but to give

an idea of the magnitude and the distributlon of residual stresses after

N




- - ' this first operation, results of measurement made on a 24" x 2" plate
L . o - - e - - e |
o . of A36 steel, which belong to the same series of plates ordered for the

,-\\-‘ )

- project for‘use in a different phaSg,.is sﬁaﬁhwin Figl 4. The edges{

show compressive residual stresses with a maximum of -20 ksi, which are

balanced in the center part of the plate by tensile residual stresses, =

o ,;whose'maximum is +10 ksi.

Next, the flame-cutting operatioh reduces the sizes of the universal-

‘~MV¢' j~ ~mill plate to a 24" x 2" flaﬁe7CUt plate, the resulting pattern of

residual‘éffééséé\iéindicatedin?ig;5.'Itcan'be seen that the =~
previous distributionof;résidual S£resses has been complétel&chapged
';by the flame cutting'pfbcedure. ‘The edges.are now in tension due to fhe”
- heat input, (as a géneralrule the pért of the plate cooling most slowly

will be left in residual tension), whereas the center part of the plate

-

is now in compression.

iny?these{two types qf residual stresses‘existed in thé\ﬁfate prior
I o toiweldihg; Special care_was brought to the fabfication'bperations in

» B | .;rder_not to iﬁclude-any ofher.sfresses due to cold-bending or any
. i proéesses_of cold-strgigﬁtening. The distribution and the magnitude of

residual stresses as reported in Fig. 5 can be assumed identical for all

TSI WR TV FIORTY. YA

- flame-cut specimens concerned in this study. The assumption made earlier

- '”that»thediStributionwofacooling'streSSes.aﬁd flame~cutting stresses is. - .
uniform for all residual stresses’Specimens prior to welding, seems to
be reasonable because of the care in observing the same manufacture.énd
P f e . (11)
fabrication procedures for all specimens.

L
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;é = i;3;3mResuits\of ResiduaiﬁStresses‘Measurement. ;c,klhhf_;t‘ "h"i,.f*"'
’ T ;The long1tud1nal.res1dual stressesfwere deteru;hed by'the sectlon-‘v
:1ng method described elsewhere.( 2) _Only longltudlnal stresses have:
~ been measured’ because of thelr pretalllng effect on the load carrylng -
§ _ capaclty of steel columns._ First, the res1dual stress specimen was cut: |
w;wlnto elements of dlfferent thlckness dependlng upon the stress gradfentﬂf.ﬂm;:;iw“
| expected From thls procedure referred as the complete-sectlonlng, the
magnltude and distribution of residual stresses‘on the large surface of -
" - "~ the plates was determlned Flgures 5 through 1l present, for each plate
| speclmen the results of the'measurements, and also the sectlonlng detall.
_ Then, the isostress dlagrams as presented in Flgs. 12 through 16 have
> been obtained from the superrmpos1tlon of&Jhe residual stresses after )
} sectioning, and the residual stresses variation across an element |
; 5 determined by sllc1ng‘the element into small strlps.(;s) In the“part of
the plate affected by a local heat 1nput such as produced by a flame- |
cutting or a weldlng operation, the variation of longitudinal residual
- Stresses across the thickness of.the'plate.was experimentally found very
important. During the investigation the stresses released by the sl.icing~
K procedure have'been observed to vary between +6 ksi at the.edges and -5 ksi
% | ~at the centerlpart of the thicknessofﬁthe plate'for‘auelement1ocated‘;wmumm;www
{,M, .

at the flame-cut edges and between +9 ksi at the edge and -7 ksi at the

- mid-thickness of the plate for a strip contalnlng the weld. 1In the part

-

of the plate not drastically influenced by the external heat input, the

dlfference is between -2 ksi and 2 ksi at the mid sectlon.
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%eefwae#;5n--p-f;, Results are shown in Pig. ll for the re31dual stress measurements

. c-on the 24" x 2" unlversal-mlll plate referred to as UM 2 whlch was"gw”

fcenter-welded with approx1mately the same welding parameters -as the

\,‘_spec1men CW—l.(lO) These results have been 1ncorporated 1nto this

study to see the effect of the weldlng upon the magnitude and the

S SOOI S . )

dlstrlbution of re31dual stresses of'two plates of same- dimen31on but

with different manufacturing procedure, that 1s, unlversal—mill or

flame cut-plates. As p01nted out preV1ously, the pattern of re31dual

tresses in a universal-mlll plate Fig. 4 and in a flame-cut plate

' Fig. 5,-differs considerably. The purpose of this oomparison is to find

d e ey

_whether the preliminary state of residual stresses at the weld location
as any influence on the magnitude of the maximum tensile residual stress
dueimo the welding.

. Table 4 summarizes the magpitude of residual stresses for the

N’ _ | » . .
“different plate specimens investigated. Specimens UM-1 and UM-2

referring to Figs. U and 11 are included. The data which are summarized

in this table give information about the level of residual stresses at

the edges and at the weld location of the plates, where the highest

magnitudes of residual stresses are expected. A

Y ot 22 25 S O A
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A3;4 Discussion of the Results I -

Different patterns of residual stress have already egisted in the

,plate specxmens prlor to welding, and these are knoywn. - First, there are

. the residual stresses whlch remain after coollng from the rolling, on

-~ which are superimposed the resxdual stresses due to the flame cuttlng.

-,
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L " As seen prev1ously all plates were,rolled and.flame cut to the Speleled f-"

lgw,wg,;;;;;;;;;_-51zes, -and” the pattern and magnitude of re31dual stresses given in ’Tfﬁitfffrff
_! s R | o . 4 _ |
Fig. S-can be assumed for all plate spe01mens.before'welding.

E

During the weldlng operation there are two heat 1nputs whlch

! ‘ : :
explain the modlficatlon 1n.magn1tude and,pattern of re51dual stresse3°

- ettt 1 B Pokmire Wif foy naek oo o
- ¢
i

E" R " that'ik, the heat 1nput due to the pre-heating or post-heating, and the -

"\ T heat 1nput created by the welding procedure itself. |

flame-cut plate, Fig. 5, is explained by'thepfact»that_the flame-cut

e

e — f%e-symmetry‘»“ebserved in the—-~-~di~strib~ution~~of-—‘resid~ual ‘stresses in thei—ew—-%-—wj?
|

edges have been burnt simultaneously. Furthermore, both surfaces of the

'flame-cut plate have an almost 1dent1cal magnitude and dlstribution of ;6-' :

residual stresses, which seems to indicate that the 2 inch thickness-of

the plate is not important enough to show quantitative discrepancies

} | " between hoth patterns_of(residual'stresses. In other words, with this

| experimental result in mind and for a first approximation, the
analytical.problem of temperature.distribution‘in a flame-cut plate can
| | " . Dbe also considered as a two—dimensional.problem, in which the heat input
| per'unit‘thickness is constant. The non-symmetrical patternvof,residual

{ . - . _ stresses after welding, see Figs. 6 up to 9, is due to the sequence of

}ﬁﬁweld.passes.adopted1~~In~additionuto-the-weldvregion ‘where a majorp - i

mOdlflCathD in magnitude and dlstributlon of’re31dual stresses occurs,

'changes take place also at the edges of the plate under the double

influence of the pre-heating and of the heat transmission effect during

welding. Becduse of the welds deposited on one side of the plate,




-a local heat 1nput

 Stresses 1n the parent materlal resultlng from a heat source,

| polnted out that whatever the pre-heatlng and weldlng condltlon,

- stress. 1n~the»weidtmater1al

6 7 8, 9 together 1t can be

When comparlng Flg. ll W1th Plgs.

and

whatever the pattern -of residual stresses prior to weldlng, he tensile . .

the,ten31le

reaches the yield point of‘this material

nf

The preV1ous observatlon is also- clearly shown by comparlng the minimum

requlrement of the yleld stress of the as-welded electrode materlal

E7018 1ndlcated in Table 2 with the max1mum tensile stresses glven in

llﬁes 5 and 6 of Table u,

Due to the hlgh gradlent of coollng temperature in the vicinity of

s Such as flame-cutting or ﬁelding the mechanical

properties of the parent material will change.

The'tensile residual“
exhibit
a hlgher yleld stress than that of the non-heat—affected parent material.

Thls fact ‘appears more clearly in'Figs. 12 through 16 than in Table 4

which diqd not include the resxdual stress variation through the thlckness

of the plate Wthh 1s obtalned by the.sllclng procedure as explalned

above,

. ) e, (I NI Dk B m
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| ;weldlng is found to be nearly 10 k51,

‘than those found in thlnner plates.(l“)

The varlatlon of re31dual stresses through the thlckness after -
| . -

Wthh 1s substantlally greater
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It can be notlced 1n the case of the spec1men CW~2 Flg. 14 that a

The 1sostress dlagrams show the 1nfluence of’the weldlng effect.

greater penetratlon of the weld 1s due to the lower speed of'weldlng.

o~

"-astresses compared to the specimen CW-1, (Fig. 15 and P18° 13) The

,residual‘stresses 1s concerned.

_of the column.

- -&%:Wm. .i._“
The spe01men CW-3, pre-heated at uoooP does not show a Slgnlfl- . |

cant modlflcatlon of the magnltude and dlstrlbutlon of resldual

ralslng of the pre—heatlng temperature from 200°F to- 400°F does not

‘pI'OV1de d real beneflt as far as the magnltude and distribution of T
| — S | .

' The heat-treated specimen CW-5, Fig. 10, which has been amnealed, .
has residual stresses of such small magnitude, that the sectioning
method used is not sufficiently accurate to be sure that the pattern

shown in Fig. 10 is valid since the magnitudes are of the same value as

the possible errors of measurement.

The differences observed in'the'residual stresses diagrams for

specimens CW-1, CW—2 CW-3, CW-U4 are small, see Figs. 6, 7, 8, S

respectlvely, but the 1nfluence of the weldlng condition Wlll be

\

emphasized in Section 4 by con81der1ng their effect on the strength
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.‘f\.l',-';’;=.' u; EFFECT or WELDING PARAMETERS ON THE STRENGTH PR IRATEY S
L OF A SIMULATED BUILT- UP_SECTION 24HL28 ~-~;~L~»t~§jf:;;3::9'“?;ff;;jf

© 4.1 Introduction v

e A“m_'?rr_ e —
Since the-recognition'oflthe~imp0rtance of'the effectVQf residual

rrstresses on compres31on members a great deal of research has been

speﬂt on. the strength of structural members “both experlmentally and |

analytlcally.- Based upon the concept of the tangent modulus load and _

L ;;e_«;mthe ..... theoretlcal.ultlmatemstrength_analys1s, a_31gn1£1cantrcontrxbutlon

for predlct;ng the load carrylng capac1t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>