CHAPTER 8

'SUMMARY AND CONCLUSIONS

8. 1 Summarg

~ -

The purpose of this stud.v was bo deve10p a
'kheory for behaviour of reinforced concrete beam cg%;
umns for biaxial lqaﬂing. Functlonal .*’.foman ~ss'l;:r:ees.:s&
strain curve was used for cdnq:pete.“ Equations_i’_gr
Load and Ultiz_x}ate Load vfactors, Homent __a_.nd Ultir{xate
Moment factors end Ultimate Neutral axis factors were
developed for three modes of fatlure and two cases of
location of neutrdl axis, These equations were '
summarised in chapter & as equations 1 through 39
Equa‘éions for critical values of mp foxr demarcation
between tension failure and co}mp’rgssiqn failure case
were summarised in chapter 4 as equations 31 and 32,
Critical v@.u‘esno‘f ~mp for the demarcation between
the balanced design é.nd teneion failure cage were also

formulated and given in eguations 33 and 34.

‘ Ourves for ultima.te load momen‘a interac'aion and
inclination :‘:’aetor of neutral axig were evolved for
specific parameters. Oritical values of reinforcement
130 demarqa.te typee_s.of failure were cleafcly shown on

interaction curves,
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Tegts onhtwenizy foux g;otpj;ype gpecimens were
pez:formeii. Variablesg on specimens were the amount of
tension s‘teel, ‘bhe z‘atio of compression to tension
stecl, the ratio of compression to tension stedl and
the eccentricity ratios. ALl ﬁle test specimans were
loaded to failure. Failure modes were (&) tension
failure with yielding of 'bension reinforeement s
followed by crushing of concre’se anﬁ (b) compression
faﬂ.ure initia’ced by c:r:ushing of concrete. Test
Tesul te ia.gxd obgervation details we;'g Tecorded in

chapter 7.

Computer programme was prepared and used on | !

- 8P eeific parameters. interaction curves were plotted

Jfrom the compute:c ou“put.' S Lo

- Tableé 8,1 is prepared ‘o presextb comparlscn of
test and theoxy regul ts. Spggial compute:c n was
commigsioned to obtain results on experimental

gpecimen da’sa. ' o . . ,‘

_ Nine column test results o.f.‘ biaxial moment
1oaéing reported '@y Mmeek.*(EE) ’ were comgared by the
theory Qeveloped in this study and are tabulated in
Table 8,2, |
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comparison of results with design charts of
Bow and Paulay (34), Fleming and Werner (47) and Tung
Au (16, 66), are reported in Table 8.3.

Deaign calculations to compare Pannel's
appmaeh detailed by sexkar (54) y and the present
- «theory are ahown in Appendix 3D,

&‘he*equations deVél.Oped are ugsed to check the
'hest date of this gtudy, those of Meek (25), and the
«thgpries 9:(‘ oth_er ;nvesyigators. Good agreement is

obgerved in the resultg.

I
!

8,2 Conclugions

_ The theory developed in this .study sppears to f
provide sai‘;i‘sfactrory‘ and reliable appzﬁaqh to estimate
qltim’ate‘iqe}dgq@ moment factors for beam columns |
loaded blaxially. fTables 8,1, 8.2 and 8,5 indicate
that computed resul ts agre_eﬂfaﬂ:i:;ly{ wel;l; with the
observed values and test data as well as theoretical
results of other resea:cch WO Ik ers, The computer
) pmgramme hag mede selection of neutral axig very

. by obminualion
simple as trials can be done of the output.

~ The proposed method to estimate ul‘bima‘he loaﬁ
g.gd mqmenfc factors ngide more rgliabl_e .resul,'ts as it

is based on realistic gstress~-strain curve of concreie
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; rathe‘ar‘ﬁhg.n Ae:@pi;'i‘cal compression lg;qclf usged ‘pyxprevious
investigators. '.?h_e 'ﬁregtment on dimengionless ‘Iga?a;
meters has \ren,ldered thig ‘method a uniéue :El exibility,
Wide Tange of parame’cers are covered 1n this theory
facil itati ng unl imit ed scoP e

Study on. interaction curves ahows that the
effect of direct load is 't;o reduce ‘the ultimate moment
of over-rein.forced concrete seetions a.nd %o increase
the game for undezurelnforced sectj.ons. Also, the .
eritieal pmpomo‘gsﬁ‘ of ,:r:elnf_o:;'canentgat the degza:rca-;
~ tion are reduced by the 'Eﬁmat. Phe curvature is also

reduced by thm.s‘!:.

- -

Eccentricity reduces 'bhe ultimate eapacities

leading sections towards the tensile failure.

Eccentrle ity ratio also affetcs the mcl ma.’smn
of neutral a.xis. Increase 1n one eccentricity ratio
follows wit’n decrease m the other at same mclinatlon X

factor of neutral a.xis and at same ultimate 1oad facto:c.

) Experimental programme achieved encouraging -
results but accurate measurement of concrete atrams
could not be obtained, The hinge device develoyed (
specially for the presen’a experimental woxk was useful
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Exp erimental regul ts comﬁiared with the theory

are within + 13 % for ultimate load and moment factors.

8.5 Recommenda‘blons i‘or Biaxial Beam Column Design.

The present theory can be used for medium to

large eccentricities conveniently, For small eccentri- |
cities £u:pi:her test evidence is necessary as small
eccentricity loading was not tried in the present
experimental programmne. The ;’es}u;ts obtained are
reliable for eccentricity ratios upto 16 on both the
axes. Very large eecentrici'by ratios exceelding 1.6

both ways need’) to be su.pported by further ‘besti ng.

Beam column demgns falling in ‘bhese lzmts
can We executed by the present theoxry to achieve

economy and safety.

The charts and &esign procedure developed here

may be fmitfully 1nc1uded in Godes of Practice for

reinforcel concrete. . .

Gomprehensive regearch programme, %o substan-
tiate the defieiency of %est data, is recommended to

be evolved,

8.4 Recommendations for Future B.esearch

Though some wo Tk is done f,{or beam columns

loaded biaxially, a comprehensive approach is lacking.
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Tegt data are ingufficient, Codes of Practice are
lacking in woxkable coverage of degign approach, Hence

the subject has wide scope for further reséarch,

A curvature meter o measure moment-curvature
relationships in biaxiel bending needs to be developed,
~:a'.ss no sucljz‘devi‘_ce e:icists_a"h present; Such measu:;'ements'
. shall enrxich the test da‘ba. It is also reoommended
that a comprehensive research be carri ed out for
flexural rigi&:{ty in bilaxial bending. :

oo

_ The present literature does not’ report any wo ¥k
done on comparison oi‘ 1oad and moment capacities of
biaxial bgam qo;uqms fo r_dif: e:r:'ent shapes of Reinforced
concrete gections. Sections like L, T hollow recta.n-; ’t
gular and circular may be investigated to widen the |

gcope of the sub;;ec't;. : : C

Al go limited work is done for disposl'tion of
reinforcement of all varied types in beam colunn
seqtlong,_ "Such woxk needs to be supported by further
tegt data.

The sub;;eet of biaxial Toending should be inves—-
’tigated by the lersatile Finite Element Metho& A
mode.f!.,”tow regpond to such sox)i}i;sﬁi:cated.‘appmgch can
be developed to widen the horizons of knovwl edges,;

\



TABLE 8,

1

ULTIMATE LOAD AND MOMENT PACTORS
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Calculated Values;

Spl\?cimen Tegt Values P,., test
Oe % , $ —
P,, i M, § B P, u,, Py, cale
. 1 (2) 2 :
1 0,2812 0,1283 13,2 0.2112 0.0963 *

T2 0.1668  0,1066 0.1  0,1616 0,1032 0.96
3 0.1288 0, 1057 6,3 .0,1000 0,1143 0,77
4 0.1405 0.1134 8.7 0.1393 0.1125 0.99

.5 0.3591 0, 1697 14,2 0.2797 0.1321 *

6 0.2905 0,1887 9.5 0,1871 0.1215 o

7 0.2200 0, 2007 . 8.8 0.1733  0,1580 0.78
8 0.2700 0,2348 1442 0.2797 0,2432 1.03
9 0.4500 0. 2800 20,0 0.4020 0.2501 0. 89

10 0.5100 0.3117 17,7 0.3557  0.2172 *

11 0.3000 0, 3030 8.8 0.1768 0.1785 *

12 0.2708 0.3661 11.4 0.2281 0,3083 0.84

13 0.0994  0,0835 7.0 0.1169  0.0982 1,17

14 0.1010 0,0837 7.1 0,1185 0,0982 1417

15 0.1448 0,0917 9.3  0.,1544 0,0977 1,06

16 0.2229 0.1130 13.5 0.2254 0.1144 1,01

17 0,0738  0,0799 5,5 0,0874 0.0946 1,18

18 0.1000  0.08g27 7.2 0.1144 0.0946 1.14

19 0,1070  0,0844 8.0  0.1272  0.1003 1,18

20 0.1473  0.,0903 11.0  0.3749  0.1072 1,18

21 0.1702  0,2020 8.3  0.1435 0,1703 0.84

22 0.1003 0,0819 6.8 0.1176 0.0960 1.17

23 0.1279 0,0829 8.1  0,1401 0.0908 1.09

o4 0.1489  0.0890 10.2 0.1764  0.1054 1.18

+ 13 %

#* Bracket Pailure



141
TABLE 8,2

COMPARISON WITH EXPERIMENTAL DATA OF JOHN MENK (25)

Column | Concrete | = Myo ; : N .
To. %St;.:?‘gth f ) i{% : (2‘;) : (z%)’ fPreselrt% study
: ; i iin. kipsi
1 5600 0.95 93.9  0,2614 ogéeoo
2 4860 0,57 87.3  0,2806 0, 3000
R 5430 0,47 99.6.  0,2866 0, 2850
4 5350 0461 97.6  0.2850 - 0,2800
5 5430 0 95,6  0.2750 0. 2800
6 4800 0, 34 87.9  0.2860 . 0,2886
7 4800 0.48 '94.7  0,3082 0, 3100
8 5400 . 0.36 87.6  0,2530 0, 2800
9 4630 0,96 1012 0.3415  0.3300
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TABLE 8,3

ULTIMATE LOAD AND

MOMENT PACTORS

“$Calculated veluestValues obtained

Inﬁea‘higator ' Parameters . " o o
¢ tfrom invegtige~. -ILrTom . pregent -
3 S¥orls.siudy - study. .
: s Py, v Moy 3 Fu, L
. A . . . - S— 2 : * : Y
1. Thattey ap = 0,02, 2= 0,5 . 0,3979 0.3356 0,3979 -0,3356
(14) ¥ = 1. 0, D;f = 0-2 ‘
2. Tung MDY= 0.19, 4= 1.0 ' 0.1724 0,1206 0.1700  0.1000
(60) '¥ = 0,90 ‘ ’ |
3, Row and  Beanm 13 ' 0,1050 0,0837 0.1010  0:0849
Paulay ~° Column 14 - 0,0941° 0,083%4 0.0994 0,0835
Specimen 15 . 0.1482 0,0891 0,1448 0,0919
(34) Nos. 16 . 0,2312 0.1238 0.2227 0.1130
4, Eﬂ.eging ‘mp = 0.06, .
an : -
Werner °x/ oy = 0:60 s
(47) = ey/ L Of 50 - 0,1440 0,1500 0,1413 0.1563
, fy = 60090 psi
Ly /fc},: = 0,10
5. Tung Au ‘g/ay = 0.30 .
(16) gy / 4y = 0.15 , , : .
01 and '02 0. 2500 00,0400 00,2579 00,0418

g/ 6, = 0.2336

g,/ 4y = 0.0463

and C
G; ’2

0,095 0.0620  0.1000 0.0827




