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EXPERIMENTAL DETAILS

A schematic view of the test setup and the loading
arrangement used in the expertmental study are illusirated i
Figure .1, The top and bottom ends of the columns were loc

in spherical seating supports, designed to reduce eccentricity of
icading to a minimum,

Loading of specimens Loadis

Figure 1. Test set up snd Loading of spechinens

T

he columns were of sguare cross-section with sides, D,
L 50 mm, 160 mm and 200 mm. The maximum length of
column which could be used in the study was determined by
the available idaylight in the testing machine used for the
longest test specimens. Based on this Usuitation, the effeciive
lengths corresponding to the largest cross section were 580,
1080 and 2080 mm, the effective lengths corresponding ic the
middle section size were 290, 540 and 1040 mm and the
effective lengths corresponding to the smallest cross section

were 145, 27¢ and 520 mm as detailed in Fig.Z. The above




SIZE EFFECT IN AXIALLY LOADED REINF 'ORCED...

combinations resulted in three slendemess rafi os, [l of 9.
and 34.7 (wherel =L/r=L/0.3D). The columns in each group of
the same slenderness ratio were geometrically @m@mmm

Geometric similarity was maintsined with the reinforcing
bars, their locations and cover, as well as the dismeter and
spacing of the links. All these dimensions were scaled in
proportion to the column dimension D. The diamsiers of the
longitudinal reinfor cing bars (dy) were 6, 12 and Mm mm for the
coluomns with D=50, 100 and 200 mm respectively. The
corresponding link dimensions and spacing are detailed in
Fig.2. The distance from the centre of the reinforcement to the
edge of the column was D/4 in all cases.

The mix proportions {by weight) were 1:3.6:1.8::0.67
ﬁow,m@%@m&um to cement. The maximum fine aggregate size
was 5 rm and the maxirmum coarse aggregate size was 10 mm.
The columns were cast in forms made of plywood with a
smooth hard varnish-painted surface. The forms were stripped
atter one day. A total of 27 columns together with three
companion 100 mm cubes (to evaluate 28 day compressive
strength), cylinders of diameter 100 mm and len gth 200 mm (1o
evaluate sphitting tensile sirength were cast from the same
batch, the testing programme extended over ihree days i.e
28-230 days after casting. Care was taken thron ghout to ensure
that all columns were comrectl: y aligned between the platens of
the testing machine.
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e taken out of the water imimediately o

Q\mmﬁ@m was then completed and specime
wore prepared for testing. Oune tvpe of failure mode w
snoountered, 2 brittle failure was observed, as the roaxing:
?mm was reached, a fine network of vertical crack was visua
obacrved, as loading procceded, o wide vertical oz
propagated and led to & sudden sphtting of the specimen Ji

M-

by

£
o

atter the peak load. A number of the columns broke
approximately mid-length, ag might be expected from buckl
smalvsis. However, the small slender columns had a me
variable location for fzilure with about half of them failing n
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SIZE EFFECT IN AXEALLY LOADED REINFORCED,

the querter-length and the other half at one end adjacent to
either the upper or lower support

TEST RESULTS AND DISCUSSION
%?,\ compiessive strength and  the %mﬁmm memmmm
,wmmmﬁ .\_mw s were oblained from the confrol specimens cas
from the san 1 of concrete are reported in Table | w?m@w
identical sp w nens wers tested in all cases also the column test
results are sunmarisad in Table 2

Tabie Nm @

oacrete sirength v

((N/mim®) ((N/m’)
) Ve ]
E 3443 3.52

(4.59) (5.98

Y% = Coefficient of variation

-

el

abie 2. Column test results,

[

) short Coolum

Columnn No RSI RS2 RS3  kKS4 RS5 RS RS7 RS8 RS9
D{mm} 50 50 50 50 50 56 50 50 50
A 347 347 347 13 18 18 9.7 2.7 9.7

Pu(kN) 98 104 107 110 104 06 85 76 88
oN (N/mm2} 392 416 428 44 464 424 34 304 3572

b) Medium Column
Column Mo RMI RM2 RM3 R4 R RME END RM8  RMY

_Plmm) 100 100 100 100 60 160 10G 100 100
A 347 347 347 18 18 18 9.7 9.7 9.7
_P N 400 383 398 386 371 405 322 379 354

—on(Nmo’y 400 383 398 366 370 405 325 375 5354

¢) Long Column
ColumNo _RLI Rl RL3  Ria RL5S RL6 RL7 RLS RLO

Doy 200 200 200 200 200 200 200 200 200
A 347 347 347 18 18 18 57 97 9.7
By kN 1248 1308 1315 1306 1296 1411 1290  1%¢ 1263 1288

onNmm®) 310 327 3285 327 324 353 323 3le 22
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wmmmm on the size effect law proposed by Bazant’ i
which the nominal stress at maximum load, on=P/D7, is give

~ o —1/2 ] ]
by anmm (1+HB) " where $=D/Dy with D=50, 100, and 20
inm in this study. £ is the tensile strength of concrete and |
and I3, are two empirical constunis determined by |

T H

i
TEEression  ar E%mz of the test results. The exprossio

he above equation is of the form Y= C + AX where ¥
£ e N Y W e @ 2 e oiven by O=1/%
{f, \@zV . ¥=I» and the constants C and A are given by U=1/i
and A=C/D,. Since oy and 7 are known for va wwious vahies ¢
2 MQ of (£ /oy mmmmﬁmw D resulis in C and A ben
determined from a regression analysis of the test resulis.

L,J
=
e

The expression for oy may also be rearvanged as follows

o/ BE =18 P =(14D/ By )

oF ?Q srnall {ost specimens, ; \COA and hence oy
Bf in which case strength theory of failure is dominant. Fe
very large test mmwnmﬂ@ ng, D/De>>1 and hence on=BL (0D,
i ﬁ@.w .memr. sgarithms of both sides gives, log{oy/ BL =1/
¢ ig dominant. Th

-,_... et

logR) in which case LEFM theory of fiac mg
intersection of mﬁssmwm %mcﬁ and LEFM occurs whe
BE(D/Dy) 7= BE ie. when D/Dg=1 or D=D. The line:

regression plofs are pres wﬁw& in Figure 3 . whereas Figure
shows such a relationship for the fest resulte in log scale whic
resulfs a curve showing size @mwﬁmu since the relationship s m
along the horizontal strength curve. Comparing the size cffe
olots of different column slenderness shows that i the case «
the larger slenderness ratios, the behaviour




~3

SEZE EFFECT IN AXTALLY LOADED REINFORCED....

[ 2
0.0t S 501
P ki
© 3=0.7 13
60125 - 00155
- "
€ 5011 % puoe
i .
¢ v
0.0055
0.635 , . : . .04
] 50 1018 20 280 o = 1 9 W0 150
O (mm) D {mm)
0.014
AEIAT
s
0.0115 -
"
& osus
e ¢ X A=, 00003
& C ¥ 0.0454
1 r=0,953
0.6 . . .
o 500 100 i 20 253
D {mm)
Figure 3. Lincar Regression Plo
.08
O :
o 003
£
g o
-0,15
[=]
-1.75 -1.25 -0.75 -0.25 0.25

Leg g

Figure 4 - Size effect plot for variens slenderness raiio
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