CHAPTER 4

TEST RESULTS AND ANALYSIS OF TEST RESULTS

Load-Deflection Relationship

As shown in Fig. 4.1, ] nses at mid-span deflections
under load of Bl and fj;"' “abolf ‘- v At first stagenof ioading,
the deflections were pro F.: " Lhe ‘¢-ding, the deflections were
proportional to the d6ads : \ '
at bottom fiber in : , J !\\ . were formed at the loads

y until the tensile cracks

of about 830 kg. he neutral axes were

suddenly shifted t ° as shown in Fig. 4.7 and

4,8. At further st cracks were formed and the
previous ones were pr e eetral axes. The first visible
crack  in shear span wai : the load of 1390 kg. for Bl and
2150 kg. for B - Al axes 'stabilize and other

portion of elast ‘s‘stage ended at the loads

of about 7100 kg. for Bl and 6000 kg. for B2, It should be noted that

the deflectﬁmuﬁq%ﬁﬂﬁdw‘ﬁf] ﬂ?ads were nearly

constant andithe neutral axeg shifted very slightly before failure.
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with more deflections at the same load levels. The first major loss
of stiffness occured at the load at 830 kg. when the vertical flexural
cracks occured in the region of maximum moment. The neutral axis
suddeniy shifted toward the compression face as shown in Fig. 4.9. At

further stages of loading, more cracks were formed but they were less
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than those at Bl and B2. The cracks in shear spans and the neutral

axis moved further than those ones at Bl and B2,  Its elastic behavior
was ended at the load of 4840 kg. This point was the start at a tension
failure behavior. It was initiated by inelastic deformation of the

tensile reinforcement. The additional increase in load carrying capacity

as noticed in Fig. 4.1 was large additional steel strains

which caused large ang

hardening and the l;e—-(—-—'t
Load-defl/

different from th

ctions due to onset of strain

arm.

wn in Fig. 4.1 are rather
er their first losses of
flexural rigidity and 590 kg. for B5, the
neutral axes moved gan to stabilize until
4.11 for B5. "It is is not

behavior. The amounts of cracks

of B4 and B5 were much Iﬂi’!’w"‘ Se'of.B1, B2 and B3 but the crack

an B5 were 2880 and 2000
kg. respectively, mor al %nforcements were pulled

apart. Strain hardesing in both beams could not be observed.

CAUBINENINEINT

g. @.2 to Fig. 4.6 respresent load-deflection responses of Bl
AT A8 7 1 o oo
viated #s Obs., was obtained from the test results. The second one,
abbreviated as I shke its mid-span deflections were obtained by using
obsgrved strain distributions to find instantaneous moment of inertia of
the sections and then substituting them with corresponding applied loads,
span length and modulus of elasticity into equation (2.27). The third

one, abbreviated as I , its mid-span deflections were obtained by
4 eff
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substituting effective moment of inertia, in equation (2.16), with

- corresponding applied loads and other values into equation (2.25).

'The fourth one, abbreviated as Para, its mid-span deflections were

obtained by assuming parabolic shape in concrete compressive stress
distribution conforming to internal force equilibrium and strain

"
Y

compatibility to find inr.erw *# ing moment and instantaneous
o |

moment of inertia then

applied loads, afte:yﬁlbst tu

resisting moment to equivalent

Wh other values into equation
\Ns mid-span deflections were

pt that concrete compressive

(2.27). The fifth

obtained in the sa

abbreviated as Stra x;l. -8pan de lg,\ﬁione were obt:ained by sub-

shape. The last one,

As shown indFig. 4.2 to Figy 4.6, it should be noted that test

N S ﬂwu.&l’uﬂlﬁ,mﬁ T

forcement 1ndex varied ffom 0.041 4for BS to 0.061 for B4, indicated
s LA LU INETIR L o e
crack predicted by working stress method. The beams with larger rein-
f‘orcements of which the value of reinforcement index, w, varied from
0.092 for B3 to 0.121 for Bl indicated good agreement of those ones

by suing parabolic or triangular shape in compressive stress distribu-
tion with strain compatibility to find equivalent external forces and

instantaneous moment of inertia then substituting them into equation
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(2.27), or by substituting effective moment of inertia, in equation
(2.16) into equation (2.25) and effective moment of inertia were
conformed to ins}:antaneous moment of inertia obtained from strain

measurements during the tests only for test beams of which the value

of reinforcement index varied from 0.041 to 0,092.

It should be noted f ron .1l shown the ratios between
applied load correspending t -span deflection 2,/180(1)

e maximum load of the beam

could be sas high thel me ad as the maximum mid-span

deflection cont

Fig. 4.12 | selationship between reinforcement index, w,

and maximum observedf refdnfec : e nt’ t ‘failure. This assures that

s was 0,008. The relationship may

oool.o..l(l.c.l)

Hoﬂqutﬁ tTwﬂmmms between 0.041 and
’&1 mmmmmm '1ﬁﬂlomd

the corresponding concrete strengths of all test beams compared with

(13) and Nedderman( 10). It can be seen that

.12

the result of Pochanart
maximum compressive strain in this study varies from 0.0022 to 0.0037
and the average is 0.0027., It is slightly less than that indicated in

1977 ACI Code.



38

Ductility

As stated before that the ductility index may be defined as
the ratio of ultimate to yield curvature and it should be 455 to 5.7
(16)

for ordinary reinforced concrete members as suggested by Furlong

In this study the ratio between span length to depth was 11.7 then

substituting it into equa elded that the ductility index

in that the ultimate curvatures
.4. TT———

can not be obtainy meas: ethod as stated in Chapter
3. However, the : : pximately obtained from

should be 3.7, It ca

the ratio of ult rresponding position.

The ductility ind yjulated in Table 4.1.

The index ranges f 2rage is about 2.26. One

should be noted tha ement index, the lower the

ductility index.

Fig. 4.19%sh curvature under loaded,

)¢ ‘ :; 3

in term of momen,

rom observed strain

distributions show in Fig. 4.14 to Fig. 4, lﬂor Bl to B5 respectively,

The curves mrﬁ mjm Ernrﬁ ented in Fig. 4.1,
The curves arg linear in the in tia stages. ith an 1ncrease in moment,
YT T KT YRR e

was’ greater for the lightly reinforced beams, B4 and B5, than for the

more heavily reinforced ones, Bl, B2 and B3.

Flexural Strength

All test beams were failed in flexure mode of tension failure

in the maximum moment region thus represented the maximum
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loads the beams could resist. The maximum load capacity of each beam
obtained by different approaches was compared to the observed test

results as shown in Table 4.2.

By using compressive stress distribution as proposed by

Nedderman yielded the strength ratio of calculated moment to observed

one was ranged from 0.919 average was 1,045 with a

standard deviation of

For triangula

varied from 0.916to | §'and e da ‘-;_v a8l ,042 with a standard

deviation of11.406 %

By using A 7 quivaler fangular stress distribution

the strength ratio vafig ; _""“_ 024'and the average was0.944 with

Crack Pattern a ﬁ,gf :

'V =

Since veryf&ig

and strong in compregsion cracks will form the first in regions of temsile

stress whicrﬁxuﬂ ’J mn;m& aﬂ ‘iitudinal reinforcement

does not prevent cracking evefi though itemay tend to @istribute cracks

along Qqew;] arﬁ nc‘im uzm Qaﬂ Ef.l gaasﬂuld indicate the

zone of maximum tensile stress.

e is E}latively weak in tension

Two types of cracks were encountered in the tests: flexural and
diagonal tension cracks. Flexural cracks result from tensile stresses
caused by bending moment while diagonal tension cracks results from the

inclined tensile stresses in a region of combined bending moment and shear.
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In all test beams, the fir cracks were flexural cracks in
the constant moment region. They started at the bottom of the beam
and propagated vertically. Further loading would cause flexural cracks
in the shear spans. Such cracks were inititated by tensile étress at
the bottom fiber as vertical cracks and tended to bend toward the loaded

point in the regions of combi r and bending moment.

Crack patter

4.24, For Bl, B2 ay it | ' e aforcement indexes varied

from 0.092 to 0,124, L ch"w x ed first in the portion
of maximum momen \ \ he ultimate loads for
Bl, B2 and B3 res \ ated higher as the loads
were increased. A / - @180 appeared in the shear span

regions and crack spaci ﬁ bout, /-14 cms apart. At further stages

: of the ultimate loads. At

failure the beams wer % hpsd 5 eily and exp

occured in the maﬁ:

could be as far as r‘a location of ut:ral axise.

Qu Eﬂl ’A\ Efleﬂce?neﬂ ﬂ d;]ef]w‘ejre 0 061 and 0,04l. |
o TR T I YT BTR Y o e

loads for B4 and B5 respectively in the portion of constant bending

apart. It generally

thﬁ the spalled concrete

moment. Flexural-shear cracks in shear span regions of B4 and B5 were
less than those of Bl, B2 and B3 in the same regions due to the lower
load capacity. The failure of B4 was sudden and explosive but the one

of B5 was gentle because its reinforcements were pulled apart.

losively and some portions
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Load (ks. )

Mid-Span Deflection (cm.)

Fig, 4.1 Load-Deflection Responses of Test Beams
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Fig. 4.2 Observed and Calculated Load-Deflection Curve of Bl
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Fig.

Mid-Span Deflection (cm)

4.3 Observed and Calculated Load-Deflection Curve of B2
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g Fig. 4.4 Observed and Calculated Load-Deflection Curve of B3
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Fig. 4.5 Observed and Calculated Load-Deflection Curveof B4
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Fig. 4.7 Relationship Between Load and Observed Neutral Axis of Bl
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Fig. 4.8 Relationship Between Load and Observed Neutral Axis of B2
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Fig. 4.9 Relacionship Between Load and Observed Neutral Axis of B3
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Reinforcement Index, w

Fig. 4.12 Relationship of Strain in Longitudinal Reinforcement and

Reinforcement Index
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Fig. 4.13 Maximum Compressive Strain and Stress in Test Beams
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Fig. 4?17 ‘Strain Distribution of B4
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Fig. 4.18 Strain Distribution of B5
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9 Fig. 4.20 Crack Patterns of Bl, B2 and B3

(at 90 percent of ultimate load)
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B2

Failure of Bl and B2
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Fig. 4.23

B4

Failure of B3 and B4

63



64




65

N Table 4.1 Ratio of Load at Controlled Deflection to Ultimate

Load of Test Beams

Beam Reinforcement Loaded at Ultimate Ratio
Index, w Controlled Deflection Load, I’u of I’c/Pu
r4
Bl 7590 38
g B2 6750 46
_33 5300 45
B4 2890 42
B5 2000 50
av.,’ 44 7

| AULINENINYINg
ARIANTUNMINGAY
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Bl 290 304 2520 0.833

B2 336 302 2100 0.868

B3 290 285 1680 0,895

B4 210 273 840 1.101

B5 206 233 590 1.024

= 0,944

Tslo. = 10.154

-

. J
ﬂpruun stress distribution p opc
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M~ is computed by %bing 1977 ACE equivalnt rectlnguhr stress diltribution
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