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THE BEHAVIOR OF A COMPOSITE MIMBER CONSISTING PARTLY

OF AN FLASTIC AND PARTLY OF A SEMI-PLASTIC MATFERIAL.

by Inge Lyse*

T O A A G G W B T B AN T

Ai : In dealing with structural prcblems the engineer oftan
finds that the generally accepted thecries of mechanics do not
- apply for the materials used. . This is.particularly true for .
mgterisls ﬁhich'are lacking 1nahomogeneity or elastic behavior.
Typical samples of such materials are found in‘m&senry and con-’
orete. When these materials are used in combinatioﬁ with more
perfect materials, such a&s steel, attenticn should be given to
the fact that the stresses in the composlite member do not follow
any glven mechanical law. Whan the load 1s Tirst applised the
'meﬁber will not behave ﬁﬁch éifferently from a homogeneous ma-
‘terial. The deformétion curve fo: the member is made up of the
‘summation of the curves for the two individual,materlals. An
i1llustration of a reinforced concrete column.subjected to direct
compression is shown in'Fig. 1. The total load on the column
.‘for'ény éeformaiion is ¢qual to the sum of:the loads carried by
the steel and the concrete at that defo“matien. Fig. 2 shows
'that the same 1is true for reinforced bricm masonry. If, however,
the column has to sustain a given load for a long time, the semi-
plastic mauerial will deform, or flow. ‘Because of the bond be-
‘tween the two materials,,both of the:&ateriéls~must deform iha
same amount. The elastic material cannot deform without taking

more stress and it will carry more and more of the total load
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tithAthe ihcreaserin flow of the member. Consequently thé

stress in the sémi-plastiq4material_wi;1 decrease with thé-
flow, because the total external load remains constant. The
stress distribution will therefore ehange witn time, tne elas—
tie material carrylng more ‘and more of the uetal laad and the
semi-plastic material earrying'lass.‘ An 1;lus;rgt;9n,0f the

change of stress distrivution in a reinforced concrete column

~ subjected to a given load for a long time 18 éhcxﬁiidvﬁig._a.

The stress in the steel reinforcement is seen to incresse quite

regularly with the length of time under load and the stress in
the concrete do decrease éorrespondingly; The change of stress

is greatest for the first‘few'saﬁks under load, gfadually'def

~ creasing so that after about one~half year, a nearly'stable*éon~

dition has been reached. It is worth noting that the stress in |

| the stesl may well reach the yield-point stress and the stress =

in the concrate becone zero due to this effect cf plastic flow.
#ith our gensral aecepied theory of working stressés, we would
consider a stras;}equal fc the yiald-poiﬁt'stresé of the steel
dangérous for building consiru¢tion. However,ttesté have shown

that this change in stress dlstribution has no appasrent effect

' upon the safety of the structure. Tha alabbrate 1nvestigation

'of reinforeed concrete columns which was earried out by the

Ameriean Concrete Institute, partly.at Lehigh University and
partly at the University of Illinois, has shown that the amount

of plastic flow and the aegompaﬁying stress varistions have no



g
effect on the strength'of the caiumns. The strength 1s made
- up of the sum-cf the strength cf the eoﬁeréte’in‘the column
- and the yield~point strength of the stéél reinfercement; and
if spiral reinrércement-is.uséé; an additlional strength term, B
- due %o the spiral. This strength lav'halds»regé:dless'ef'
L amountjaf plastic flqt. Eig.yé.ahows the effect of the strength
- .of ééncrete on the streﬂgﬁﬁ of the column; Fig. § shows the ef-
fect of the longitudinal réinforcemént; and Fig. 8 the effect
" of the lateral reinforcement. The strangth law for reinforced
brick columns had been,fguﬁd to:be identical with that for re-
inrorce& conerete. columns. In dealing with reinfofced‘masenry
 we must therefore realize that the stress distribution does not -
signify the safety of the structure. The streﬁgth’of the mem~
ber becomes the eritéribn:of,design,iand since the stfength re-
mains‘the same regardless of plaatic flow, the analysis of 8
stresses has no practidal value, neither férﬁreinfercaﬁAconerete
nor for reinfordéd nasonry subjectédlﬁov&irect compresasion. The
" reason for this is readily seen from a study of the behavior of
ordinary reinforcing”bars»under>long-ﬁime~ic&ding.h'In Fig; 7 is
shownAthe deformation diagram of a reinforelng bar subjected to
long-ﬁime.loading. ”?he,bar will Sustain'its }ield—point load d
for an indefinite length dr,timea The ?lagtie flow_wili tnsre-
fore produce nb change:in the‘aéouht'of load carfieﬁfbyfthé, |
steel when the deformation exceeds the yield-point strain, and
- since the plastic flow has no effect gpon;thé strength of p;ain
coﬁérete, the sﬁrength of the eolamn ié not affected by the

amount or’plastic'riéw.
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An 1llustration of how thé relnfercement in & rein-
farced concrete column may be strained fer beyond its yield-
Spaint strain without any apparent effect upan‘the column. is
givén in Fig.8. The column which sustained a'load of ‘70 per
cent of its ultimate strength was removed frcm 1ts: 1oading rigJ!
‘after 115 days of sustained loading and tested to failure. The
~ultimate strength was l? per cent greater than thac of tha c@m-:
panion eolumnvwhich was loaded tq‘tailure at the tigngr apply:‘z
ing the sustaiﬁeé‘ioad. Other columns showed $imilar-behavior;
Ir high strength steel with no dafinite yield,point is used for
reinforeement, 1ts total load contribution may be more’ than its
| apparent yiel&%gnint strength and the strength of the column in-
crease with.the-amount of plastic rlew.« Fig.g shows tnat even |
"fo:'first loading the contribution by the_high strength steel is
es much as 20_pe: cent in excess of its total yleld-point strength.

Thére géems therefore to be ne.objeét in analyzing com-
éésita'meﬁbers'subjecteﬁ taléireet compressign for<atresses 1n'
the two materials. These stressasjdovﬁot mean anything anyway.
'The'oniy 1m§oftant item is the‘safe‘lbad which can be_appliediénd
this load should be‘stﬁdieé in terms of the &léimate strength of
the'memher; Comsequéntly a'given factor of safety should be used |
as the. gasis af design. Phis leads %o thé eoﬁclusicn that‘rein-
rorced concrete and masonry eolumns should be designed on the basis_
of a wcrking load equal to a cortain gereentage of the ultimate |
strength of the column. This is the chly type of design accept-

able on the basls of our most recent experimental results.



If, however, theftotél deformat ion éf the columns be-
comes impoftant for the_design, this can be»taken.eara of by
studying the relationship.between.stress énd plastic flow of
the concrete when subjected ﬁo‘weather conditions similar to
= @hosa ﬁhi@h wﬁli pfé#ail at_the'stfucture.f The améunt of
plaétic fidy as weil'as thai df shrinkage, is very.closély
~fel§£e&'to’€hé humidi£§ of the air in which the concrete is
ste:ed. Uhforgunateiy, the time allotted will not permit
any further &1sgﬁssibn of the inﬁereéting problem of plastic
‘dercrmationa'aﬁd the'factors'which influence them. I will
Just point out that the lower tha humidity of the alr, the
greater is the plastic flow and the. shrinkage.
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