CHAPTER 7

TEST RESULTS

7.1 »General Remarks

'J}es‘bs described in this sec‘cion were carri ed
out to predict ultimate load and moment factors with a
purpose to provide validity check to theory.

~ Total of twenty four tests were perfo:cmed. )
Specimens nunbered as 1 to 12 formed the flrst set
., of testing programme, whe:ce 2 ratio was kept as
unity._ mp values were 0,05, 0,07 and 9-.2 for three
groups, - Bach gmt_lb ﬁc‘entai{lec} four sp eeimens.' B‘our‘
different eccentri c;;i_:y'ra’sios were uged in each group.
The second set consisted of twelve specimens where 2
Tatios were kept as 1, 2 and .3 for three groups of
specimgné. Each g_xm?.p”a‘g_ain cog‘éain_ed fogr specimens.
Four different eccentricity ratios were used in each

gXoup.

7.8 Presentation of Test Data and Resul‘ks

-

~ The test data. of specimens used in experimenta:!.
wo 1k are smnmar;_zed in ‘.Eable §. 3. The load-lateral

deflection curvesg for twelve specimens are presented in
Figs. 7.1, 7.2 and 7,3, Test results are produced in
Table 8. 1.
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Gmgl}ing gtrength of concrete wag taken ag av"e-
rage 032 prism strength of each group,s Tangent modulusg
of elastic:;{:y fo‘: concrete was determined sgparatel.y
for each prism with the help of its stress strain
c;u:cve;; The modular and the streeé "-ratiogs were evalu-
a‘cedwi‘or the groups t0 prepare test data, .The
maehiﬁ.n?load was“calibmte’d on stgndard proving ring
certifi ed by Na_,tional P?}ysi.qal Regearch Laboratozfy,
New Delhi. ’ Tegt loads indicated were the collapge

loads for gpecimeng,

Plates No.1 'Bhicough 24 show crack patterns at
Xfarigus gtages of loading and at failure loads foxr the
speciniens tested. The photographs indicate clearly the
width and breadth o:‘c“crac}c.s along with the trend of

propogation of cracks and its history,

7.3 Behaviour Under Load and Mode of Failure

Load Deflection Curves

The load-deflection -curves of beam coluumn
specimeng repregent an overall property ugeful for

illugtrating the behaviour under effect of variables.

The load-latersl deflections indicate two major
stages of behaviour, PFirgst, the pred_.ominant e‘l.asfiic —

behaviour of specimens upto certain stage of loading
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and second, the total inelastic behaviour thereafter..
The lateral defl ections beecmg very large at the )
collapse, _ The first stage deflections can be approxi- -
mated to straight lines. Magnitude of lateral defl o-

ction is governed by eceentricity ratio.

} The gradual transition :Emm elas‘bic to non-

‘ elastio gtage of behavmur ‘was due to prognessive
yielding of 'Ehe'tens;ion‘ reinforcement along the corner
of ’qe{lsi,on si'de.} . As 'l}he} y’ield'ing‘progresse@, the
cmshing of concrete started leading to ultimate

fatliure oi‘ specimens.

Cracking Pattern and Mode of Failure

’ A stuc’iy"of_fomgtiog and the deve}.opmer;t of
cracks in a reinforced concrete member under load is
egsentlal and signii‘ica:nt to predict 5ehaviour and mode

of failure,

Glose look reveals that the cracks start ab the

extreme tension corner and propagate deep thereafter.

An observation through the ecrack pattern poim;s
out the pprgble'loea'gion of r;gau'bragl. efgis. A ghift
in its position is dlso demonstrated ag the load
pPIOEresses.

Increase in tengion gteel content, brings heavy
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crack pattems. Large eccentricity ratios exhibit

thin net of eracks, wlth wide and deep crack patterns.

v

More compregsion reinfercement reduces cracks
on compTession concrets, Yielding of tension gteel
in ‘such cages 1s, -however, accelerated, resulting

into rapid crack. propagatz.on on tension faces.

Tension failure exhibits accurate predictions.

St

Gompression failure is also predicted well but the
testh_loads ‘hend@o ‘be on lower side of oal,:culaj;ed A
loads., For large eﬁcentx‘ioities, the specimens have
exhibiteﬁ strengths more than that predicted, The
eccentricity ratios affect streng‘cn sensitively. .

'.Ehree modes of failure observed are 3

(a) Yie}.ding of tens:.on s‘ceel followed by crushing

~ concrete

(b) Oompression failure Wl'bh no yielding of tension
. sted o
(e) Shear failure of brackets and subsequent miscell-

aneoug 1oca1 i‘a:.luree‘

_ Sgecmens havmg 1argest eccentricity ratios
are examples of fcension fa:.lu:g:es.’ As the eccex;trz01ty
reducés,‘a shift towards compression failure is -

obgerved., Further reduction in eccentricity ratio

i



should have resulted into ideal compression failure

but owing to the fact that ul timate loads were large .

enough to caugse the ghear fa.ilu:ce of brackets, the

specimens have fatled in braekets.

4 hoeal fa.ilures are a‘btribu'bed to omshing of
cenoreﬁ,e unéfer the hinge devices and have not distur-
bed the measurement of ultimate loads as they havé

oceured at the later sta.ge in some specimens.

) Although the da‘ba are ‘too few o ;}ustn.fy '!;he
cause, it is realigsed that it has been @elpi‘t&l_ to

_obgexve the trend and behaviour along with the modes

of fallure. Further tests é,re undoubtably necegsary

to enrich the effo:cts. : - N

'?.4 Obsexvatione Regarding Crack Pa.tterns and dee
- of Faﬂure '

’ Details regarding erack patterns and modes of
failure of indiv1dua1 gpecimen are deseribed in the
followling.

Specimen 1, (MUP 1/5, e_'= 10.16 cm, e

120

= 3¢81 Gm) ‘

v > X

s oeme e - -

is shown in plate 1. _Graéking started from ﬁensi;on

corner and progressed dlong the gpecimen on adjacent

Thg erack pattern of the gpecimen after :ﬁg.ilure
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sides. Oracks are few in number. The maximum width
of cfack is at the tension corner. The exact mode of

£ailure could not be gudged. .

Specimen 2, (uUP 1/5, e, = 15.24 cm, e, = 3.81 cm)

See plate 2. Crack pattem is spread on surtﬁ'ace
, with:.n the gauge 1eng1;h. Oracks ?ave reac;;koxed' the

" adjacent cornerg. Vertical cracks were cbgerved at

_ bottom and top junction of column and bracket. The \

specimen failed due to lccal shear: ng of the bracket.

= 20.52 cm, e‘ = 3._81)cgn)

Specimen 3, (uop 28/4, ey

Gracks are el early shown m P’-l- f 3. All cracks
were observed fizst at tension comer. They progressed
j;ow?.:vcdsv;fqomp:'r:'easion*co;'mer_. ) T}}e widening of cracks
indicated that the steel was ylelding, Concrete
crughed at the final sﬁage_oi“ioading. The mode of

failure was a tension faiiure, -

Specimen 4, (MUP 28/4, ey = 20, 32 cm, e# = 0 cm)

Plate 4 shows the crack pattern for this

gpecimen,

Oracks vyeré ‘obgerved within the gauge length

and were symzﬁetzzically proceeding on opposite faces,



It was a case of uniaxial loading. The tension fail-
ure, resul ting ;ni;o wide cracks on tension fuacye
) followed by cmshing of concrete on compression face,

was observed.

Specimen 5, (MUP 2/5, 93; = 10,16 omy ey = 3.81 cm)

The specimen after failure with erack history
is shown in plate 5.

Gracks were observed at tension/eomezr. Some
ez:aqks havc_e pmg;’essed up'tp -middl e;of opposaite :Eacés.
Local failure occured due to crushing of qbncrete‘.

gy

Specimen 6, (MUE P/S, e, = 15,24 onm; € = 3.81 cm)

J

” Refer to pla,te 6 foxr photograph of thig
specimen. 'AlJ‘.“q?aeks were ppgeng gitpin gauge
length, progregeing f‘mgktensit_)n_c;orner: Cracks
" have piopagated to opposite faces. Local fallare |

occured, Bracket failed in ghear,

Specimen 7, (MUP 4/5, ey = 20,32 om, ‘;ex = 3,81 cm)

Crack patte:cn on 'hension face is seen clearly ,

111 plateg ’?.‘ Loca.tion and orientation oi‘~ cracks are

photographed, Crushing of concrete on compression face

is obgerved.

122 .
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Specimen 8, (MUP 4/5, ey = 20.32 cm, e, = 0 cm)

Crack pat'qem, location a.;xd. ori en*l:g,tion qf
crack lines are shown in plate 8, This is a cage qf
uniaxial loading and it is clearly"exhibited‘in its
behgv&our. , Nmtralugxis is symmetrically located,
It is a case of tension failure,

Specimen 9, (MUP 3/5, e_= 5,08 cn, ©

v = 1,30 Gm)

X

Upto 20 tonnes, no crack was obgerved, It is
a case of compression failyxe, No specific crack

pattern is obgerved, See plate 9,

Specimen 10, (MUP 3/5, e;Y = 10,16 om, e, = 2,60 cn)

Photograph is presented in plate 10. Crack

pattern, location and orientation of c:ce_zck patterns
are observed. TFew cracks are obgerved progressing -
from tengion suxrface towards the ad jac ent corners.

Crushing of concrete wag maried clearly,

Specimen 11, (MUP 3/5, ey = 20,32 cm, e, = 3.81 cm)

See plate 1l. _Cra,cks have developed within the

gaunge length., Splitting of concrete is obgerved..
Compression failure is not clearly indicated.
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Specimen 12,(MUP, 3/5, ey = 20,32 om, e_= 0 om)

: §ee gla.tg 12. ‘.E;argg xmmbgg:* of cracks is qbser-
vea, Yielding of tension steel is cl ggriy exhibited.
Spalling o£ co:}c;’e‘he

e ocoured at compression face
aue_tg exushing of concrele at middle of gauge length,

This is & case of tension failure,

The first twelve specimens were teated under
pilot testing progranme. :Based on that performance,
sone modifications were done in suhsequent 'besting
programme to ‘avoid 10(}61_ failure cases. The twelve
specimens which follow had 2 ratio as a variable,

J

Specimen 13, (81 7/5, 8y = 20 om, e‘x = 4 om)

~ Plate 13 ghows details of orack pattems of
thismspgcimen. The‘obsewationg were $ '.;‘.'a.i.‘g.ure@ )
~wi'!;l':tvin gaw.}gé length, crack started at 4.5 T, Spalling ‘
of cqncrg’bé on 9ompressidn facg." EYme_and deep crack \

at 7.0 T, Tension fajilure of speeimen.:

Specimen 14, (S1 4/5, ey = zoscm, eg‘?: 0 cm)

Crack started at 5,0 7. It is en uniaxial.

—a—

loading, It could be obgerved tﬁat the il,\eu"(’;ral‘é.xts
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was progressing symmétrie‘ally;‘ Tengion failure was
obgerved, Most of the_cracks pmg’;cessed upto half
the width of long faces. Plate 14.

e, = 44 cm)

| Specimen 15, (S1 4/5, ﬁ:—é 15 cn,

Ijkvgfaq.led%in qompress‘io_il, : Crushing oi_‘ concrete

wasg qbse:.cved,l 'Yie}.ding started at later stage.
1’1&‘&'@ 15.

Specimen 16, (51 7/5y<e, = 10 om, e, = & cu)

Failure of bracket was observed. In oxder to
g,vo{@ ‘such fgiiure; it was decided to bgréue; the
subs,qu'enjt; wxk at larger eccentricity in ¥y
diréction. See plate 16. -

J

=

- I, . ‘\‘y . .‘J‘
Specimen 17, (%@5/5, e, = 20 cm, e, = 4 em)

Gmsb.il?g" reached at ultimate load, Inclination
of neut:}‘el_giis was cl ea:fl;sr obgeryed at various stages
.of loading. Speciumen failed within gauge length,
Lateral’ éefom\a_.tions were iarge. Few cracks are

obgerved. Plate 17.



Specimen 18, (82 5/5, e_. = 20 cm, ex = 0 cm)

4

had —— -

3p11tt3}ng qf cqncr‘gte is geen, Kaztral‘axis is
parallel to width, Wide? g.nd 1a.;r;ge cracks are observed,

b}zt the numbexr of oracks is less; Plate 18, .

L .

Specimen 19, (82 §/5, e = EOFGr'ﬂ, e, = 4 cm)

Firet crack observed at 5,5 T. near middl e of
gauge length., Widening of crack is evident. ,?ension
failure is warked, ylelding of reinforcement is '
clearly seen. Spalling of concrete subsequently at
#oot of bracket, Plate 19, | '

Specimen 20, (52 5/5, e, = 15 omy e, = 4 cn)

———

~ P -

i

 Very few cracks are nazked. Compression failure
is observed. Orushing of concrete is seen, - Failure

within the gauge length. Plate 20,

Specimen 21, (S3 6/5, ey, = 25 cm, e# = 4 om)

Few cxacks are observed, ' Tension failure case

is marked. Spalling of concrete at extreme compress-
ion corner is seen at later stage of loading, Cracke

at 4.5, 5, 6.0 T, are matked. Plate 21.

126
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Specimen 22, (83 6/5, ey

o

=20 cn, e, =0 cm)

e

First crack atA6.5 T, _l_f:eld;ng of tension rein-
forcement ig obgerved. Excessive yielding fs clearly

seen. Plate 22.

Specimen 23, (53 6/5, e, = 20 om, ey = 4 em)

Tension failure case is observed. Spalling of it

concrete after-surface cracking is seen at later stage.

Number of cracks is less. Plate 23,

Specimen 24, (S3 6/5, ey = 15 cm, e, = 4 om)

_ First crack was obgexved at 7,0 T. TYielding
of tension steel and crushing of concrete are visible.
Pew cracks are observed. Plate 24, ‘

7.5 Test Results ¢ Influence of Variables

The effect of variables on strength and beha-
viouxr of the beam column specimens tested are digcuassed

in this gection,

The variables congidered were the amoqx_at 'qf‘

tension sieel (gpecimens 1 to 12), Z ratio (spec‘iézer}s_

13 to 24), the strength of concrete and the eccentricity

\

ratiog,
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Ratio of ggmpression to Tension Reinfo :ccement s
(&= . . . -

I‘t is obgerved fmma the perfo:cmance of specimens

that the ratio of compression to tension reinforcement
having values in the range of 1 to 3 do es not contri-:
bute much to the strengt;? of beam column speclmens 13 to
24 can be studied in this réspect. The besm columns 14,
18 and 22 have exhibited the uliimate loads of 7.0 T,,
7. 2.':_T,.an:d 6,8 T, rgsl;eétively. Kﬁ:fl,"le corresponding Araj.tios
of Z' wére 1, 2 and 3. The results for gpecimens

15, 20 and 24 are 9.25 T., 11,0 T. and 10:2 T.

resp ectively:.k The ,}gmxg.ps;”qf specimenglfisted above had
equel eccentricity ratios, Beam columig 13, 19 and 23
exl}ibitf) similar characteristics. It is, however,
obgexved that _specimens with 2= 8, demohgtrated higher
value of ultimate load, -

Amount of ’I‘ension Steel

The‘tes'ping_t?géulfgs of specimens with different
amount of tension steel in the range of 1.45 to 3.0
percent, reveal that therg is no effect of the rgini‘orqe;
ment percentage on mode of failure, The study for this
variable was deduced from specimens 1 to 12, Change
in reinforcement content in these specimens have not
changed the mode of J?a.i;’,ux‘e, e g the specimens 3, 7 and
11 having different steel contents, have failed by

i
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- tension mode of failure. Specimens 4, 8 and 12 have
also failed by same mode of fajlure,

Strength of Concrete

Il

Ultimate load and 'mqment capacities of‘speci:—
mens are obseiﬂ{gd to hg.vs improved ih proportion towcon-
crete gtrengths. ‘Specimens 22, 14 and 18 having tegted
forx equaluge?e{ltrici“ty ratios have exhibited ultimate

load capacities of 6,8 T,, 7.0 T. and 7.2 for con-

orete strengths of 219,0, 227.0 and 289, 2 ke/on®
r”esgectivdy:., hmggfg spg—zcimena 24 and 20 exhibit

gimilar characteristic,

. -

Eccentricity Ratios

The ultimate loaq. and moment capacities are
af:?ected by the eccentriel ty ratio. ‘I:a:—r:ge.r thé't_ace.en-
trieity ratios, snaller are the capacities. This
phenomena is exhibited by specimens 16, 15 and 14 where |
'tl{le ulfbimate :!.oad. capg.cj:i»‘gigs were obag;ved as 13.45 !B%,
9.26 T, and 7,0 T, respectively .n‘."br eccentriocity ratio
of 10 cm, 15 cm g.nd 20 cm in y-;diregtiqnt{}%;. Sitr_nilar

performance was obsexrved in other specimens also.:
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7.6 Clogure

- ‘ -

The obse;:va’sions x}oted_in the abovg;pa:pagrq.phs
are baéed on test z'e‘aslfl‘hs;gf twenty four specimens
on]:yg‘ Much more testing is required to make generalised
' obgervations. Hence, generality cannot f}g claimed
through these gbseryatiqns. An effort, however, is
zimadg to add tég'l;_wremzlts and observations: to existing

experimental data, §
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