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ABSTRACT

This paper describes the structural characterizations of veinforced concrete
flat panel using ultrehigh sirength materials such as concrete of 98.1MPa
compressive sirengih and rebars of 785MPa yield strength under eyclic pure
snzar leoad.

1. OBJECTIVE

The okjective of research is to seek the possibilitiy of effectively applying
ultrahigh strength materials to nuclear reactor buildings. The study in this
part is to comprehend the fundamental dynamic characterisiics of reinforced
concrete (abbr. RC) panels using ulira high strengih materiale by applying
cyclic pure shear stress Lo flat panel model specimens that have no
restraining members such as flange walls.

2. TEST SPECIMEN

The configuration of ihe itesi specimen is shown in Fig.1. In order to
determine the level of combination of the test model, the compressive
sirength Fc ©f concrete, and the guantity PsX sdv of reinforcing sieel hars
(abbr. rebars) (product of rebar ratioc Ps and yvield strength s@y) were taken
into consideration, and five specimens as shown in Table 1 were selected.
Three grades of concrete strength Fe=39.2, 68.6 and 98.1MPa and three lewvels
of rebars quaniity PsX sdy of 4.71, 7.06 and 9.41MPa were applied. Two rebar
types of SD60 and SDBO were used.

The test specimens are flat panels which are 12¢m thicknass, and D10 rebars
of equal quantity in two directions were arranged in double layers with the
concrete cover of 15mm. The mechanical properties of rebars and concrete
strength used for the specimens are shown in Table 1.

3. TEST PROCEDURE

The cyclic in-plane pure shear load test was conducted by usihq the ' Combinsd
Load Test System of Large Panel Element’ Ref.-1 device. To apply a uniform
in-plane shear load steel shear keys were used for the contact jig, and the
specimen and the loading device were connected to make an intagrated body.
The loading hysteresis is controlled by shear sirain ¥ as control
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parameter, which is shown in Fig. 2.

The average strain of the specimens was obtained from the shear strain ¥
by a Rosette analysis of data measured from 20 transducers installed on the
top and bottom surfaces of the specimen as shown in Fig. 1. Also, the
average shear stress 7 that influences the specimen was calculated From the
load cell data of the loading device.

Table 1 Specimens and test results list

tems Specimen name | ... 181.6|42048M6 | #3P72M8 | #4p7 218 | #5D96xs
Fe 43.5 | 82.4 | 82.2 |i01.9 |i01.®
(MPa) [39.2] | 168.6] | [68.6) |[98.11 | [98.1] |
E (A0 MPa) 3.14 | 3.94 | 3.94 | 3.81 | 3.81
Es 0.79 | 0.79 | 0.92 ] 0.92 | 1.18
Specimen's (%) [0.80] |(0.80] |(0.901 |[0.901 | (1.20]
values Fs - 50y £.42 | 4.42 | 7.2 | 7.28 | 9.3%
(MPa) i2.711 |14.711 |17.06) |(7.06] | (9.41]
<Gy 560 560 792 792 792
(rPa) [sD601 | [Sp601 | [sD80] | (50801 | [SD80]
E s{ 105 MPa) 1.95 [ 1.95 | 1.93 | 1.93 [ 1.93 |
Ter +Cyele | 2.12 2.88 2.80 2.69 2.65 |
(vPa) -Cycle [-2.23 [-2.89 | 2.01 [-2.48 |-2.81 |
Ter +Cycle | 0.30 | 0.32 | 0.31 | 0.27 | 0.25
/Fc —Cycle [-0.32 |-0.32 | -0.32 [-0.25 |-0.28
Ty By |-3.84 | 4.92 | 7.55 |-7.73 | 9.10
(tPa) RX 4.67 | 4.92 | 7.75 |-7.89 | 8.94 |
Ty RY |-3.68 | 4.59 | 6.97 |=7.12 | 7.54
Test. (x103) R 5.06 | 4.59. | 7.70 [-7.41 | 7.45 |
results Ty RY [-0.87 | 1.11 | 1.04 [-1.06 | 0.7 |
Ps = 80y RX 1.06 1.11 1.06 -1.08 0.96
I’sdf;e“n“gmth“ e Gpay | 510 | 5.7 | 7.83 | 8.2 | 9.65
Tu
YT 1.15 1.17 1.07 1.13 1.03
Strain at maximum
ohenr sirain 7o (x10%y| 5+58 | 5.50 | 9.13 | 9.30 | 9.80

[ 1: Planning value or grade of rebar
Fc : Concrete compressive strength
Ec¢ , Es : Young's modulus of concrete and rebar

50y : Rebar yield strength Tcr : Shear cracking stress
Ty : Shear stress at rebar yield 7y : Shear strain at rebar yield
Tu : Maximum shear strength 7u : Shear strain at maximum strength
RY : Y¥-directicnal rebar RX : X-directional rebar
T Shear key
14
7.5- 134
é 4.5-4 12
X 3.0+ o 910 f\
» 2.25- s eS80 1]
5 0.75—71 2 \/\\/\ o \ ,’ i/ !HH
- i .
g 0.751_5_ V\/ \/\ \ \; \ Loading
o 2.2 cycle
5 3.0 I
2 i
& -4.5-
P48L6 and P48VE were i
ﬁ7A5__‘ loaded until 13 cycle
t: Transducer
3
Fig. 1 Specimen shape and measuring Fig. 2 Loading schedule

polnts

— 372 —



4. TEST RESULTS

4.1 Outline

The resulis of the various specimens are shown in Table 1. The rebar yield
shown in Table 1 is defined as the rebar yield straim in any one of the gage
of rebars when it reached the vield strain obtained by material test.

The shear strain value at maximum strength is the value when it was

initially attained regardless of its continuation.
in Fig.

relation of shear stress-shear strain,
cracking, and in Fig. 5 is typical example of sirain distribution of the

rebars. From these figures the following was learned:
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(1) All of the sp=zcimens showed that when the iniiial shear crack was
induced, the shear strain increased suddenly} The distincition at this time
was that there was no stress increase. 3Also, as the specimens had been
selectied so that the maximum sirength could be determined with the
yield, 21l of them followed the course of attaining mazimum strengih after
the rebar yield. The maximum shear stvess Tuis 1.1 times rebar yield Ty.
Meanwhile, shear strain Ju at the time of 7Tu sheowed 5.5 to 9.8X1038 which is
a large strain value when compared with the conventional normal walls.

(2) For all test specimens the number of cracks increased with the increzse
of shear strain ¥. At ithe time of finzl demclition the cracks expanded while
converging in the approximate diagonal direciion of ihe spzcimen, and the
rebars at that porticn ruptured that led to uliimate failure.

(3} Regarding the distribution of rebar sirain, in case of 5D80 with
concrete of class 98.1MPa, ceven when the shear strain is quite large such as
T=3.0x10%, not much difference was noticed dus to the rebar guaniitv (PsX
s@y) .

{4} Also shown in Fig. 3 is the 7-7 of experimental result as compared wiih
analysis value by Collins model Ref.-2. The analysis value 7t is evaluaited
somewhat smaller than the experimental result, however, it can be said that
the general analysis value is in good compliance with the test resultis.

4.2 Relation of 7-7

The envelopzd graphic lines of 7-% relation is shown in Fig. 5. 1In this
figure the difference by conorete compression strength Fo only is shown. In
other words, a diffevence in 7-7 between the test specimen #1 (Lo be czliled
#1 through #5) of Fe¢=48.5MPa (unil cmitied hereafter), and #2 of Fg=52.4 is
noticed. It is found that at the 2nd gradient (7-7 relation from start of

cracks to yiesld) the larger Fc has larger shear siress at the same
deformation. Alsoc, at the larger level of Pc, between #3 cof Fo=382.4 and 34
of Fc=101.9, when the 7-% was compared, no difference was found between the
two. Next, regarding the compariscn of 7-7 bstween #4 of PsX sy =7.06MPa
(unit omitted hereafter) and #5 of PsxX sdy =9.41, it can be said that Lhe
specimens with the larger PsX sy had the larger shear stress at the 2nd

gradient and at maximum sirength.
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4.3 Conditicn of cracks

The relation of cracks outbreak shear stiress 7c¢r and the concreia
compression strengih F¢ is shown in Fig. 7. Also, shown together in the
figure are the test results of Ref.-3. From this figure, it is noied that as
Fg=48.5 #1 increases to Fe=82.4 #2 , Tcor increases in relation wiih 0.313/Fc.,
Moreover, when Fc increased to Fc=101.9 #4 and #5, Tcr shows no increase
indicating that the relation of Fc and Tcr has marked the ceiling. In case
that Ref.-3 is included, 0.313/Fc indicates aboui the upper limit of Tecr.

4.4 Maximum strengtih

The relation of the tests of maximum shear strength 7u and the calculated
value PsX s0y is shown in Fig. 8. Alsc, shown together is the test results
of Ref.-3. From this figure it is noted that when 7U is determined by
rebars then 7u value can be evaluated by PsX sOV as the same as RC panels
with normal material strength. BAlso, il can be seen that by comparison of
Fc=48.5 #1 with Pc=82.4 #2 , and Fc=82.4 #3 with Fc=101.8 #4 , if PsX g0y
are the same, then when Fc increases 7u slighly increases.
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4.5 Restoring force characteristics

(1) Residual sitrain devided by peak strain is defined as B, and the relation
of £ and peak strain 7 is shown in Fig. 9. R2lso, in this figure, B at time
of initial loading is connected by a line and 8 at the time of repeated
loading is shown by dott. This figure shows that for all of the specimens
when ¥ increases S becomes smaller, or in other words, the restoration is
excellent. At ¥=4.0X10% and beyond it, with no relation to Fc and PgX sdy, B
is concentrated at approximately 0.2. Also, 8 at time of repeated loading
(dott in the figure) is small when compared with £ of initial loading time
(line in the figure).

(2) The relation of eguivalent viscous damping factor hg and 7 is shown in
Fig. 10. From this figure it can be seen ihat with ali of the specimens
with the increase of ¥, wiih no relation to Fo and PsX sJy, the valus of he
becomes small and at more than J=4.0x10% it converges to approximately 0.05.
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The value of he at time of repeated loading under same deformation becomes
small when compared with the time of initial loading but its value is 0.045
at minimum which is aboui equivalent with the average wvalue 0.046 of

repeated locop relevant with the research of shear wall described in Ref.-5.
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5. CONCLUSION

In the outline of this repori the characteristics of RC panels subjected to
pure shear when ultirahigh strength materials (e.g. concrete strength 98.1MPa
and rebar SD80) were used were learned. And in the latter part of this
report it was learned that ; i) When Fe and PsX sJy becomes large, the
maximum strength and stress of 2nd gradient of 7-7 relation envelope line
increases ; ii) In case that Fc is smaller than 82.4MPa, shear crack
outbreak stress can be evaluated approximately by 0.313/Fec ; iii) When Tu
is determined by rebars, the maximum strength can be evaluated generally by
PsX sy ; iv) Residual strain devided by peak strazin converges to about 0.2
at 7=4.0x103 and beyond it; v) Eguivalent viscous damping factor was 0.045
at least at repeated lcops.
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