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1 INTRODUCTION

A concrete-filied steel bearing wall, called a SC structure, which is a composite
structure of concrete and steel plate, has a larger load carrying capacity and a
higher ductility compared to a conventional RC structure ‘', and its construction
meihod enables vationalization of construction srocedures at site and shortening
of the construction period. So, 8C structures have begun to be applied to inner
concreie struciures of PWR nuclear power plants, and subsequently are planned to
be applied widely to nuclear power plani auxiliary buildings.

The purpose of this study is to establish a rational design method for 5C
struetures which can be applied to nuclear power plant auxiliary buildings

In this study, we evaluaie ihe buckling sirength of surface plates and the
ultimate strength of the SC struciure from the resulis of compression and shear
tests which have been conducted

2 CONTENTS
2.1 Qutline of the study

Since the rational design meihod of the SC siructure is not vet established, 2
conservative design method has heen adopted for application o the nuclear povier
plant buildings. Due to the fact that the superior characteristics of composiie
structures of concrete and steel are not fully taken into account in the
conservative design method, the proposed surface plate of SC structures hecomes
relatively thick, so that & rational design method for SC structures is required
for an extensive and effective application

In order to establish a rational design method for $C structures, the following
points should be taken into consideration
13 In case of compression loading due to dead load, carrying load, and seismic
overturning force. establishment of an evaluation method for compressive ultimate
strength.
2) In case of shear loading due to seismic horizontal load, establishment of an
evaluation method for shear ultimate strengih.
3) In case of combined loading, establishment of an evaluation method for
ultimate stirengin.
4) Bstablishment of a desizn method for joints.
5) BEstablishment of a reinforcing method for details such as openings.

In this study, to investigate subject 1) and 2) which are rather hasic, we
conducted a compression test and shear tsst.
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2.2 Outline of tests

Table 1 shows the dimensions of test specimens. Each {est specimen has stud bolis
welded to the surface plate to prevent buckling of the surface plate and slipping
between surface plaie and concrefe. Test specimens have a parameter of widih~to~
thickness ratio (B/t) where width (B) is spacing of siud bolts and thickness (i)
is that of the surface plate.

Material properties of the test specimens are, concrete : Fc = 240kgf/cm?,
surface plate : §841, thickness 3.2mm, and stud bolts : diameter bmm. lengih 35mm.

Fig. 2 shows the method of testing. For the compression itest, repeatad
compression loads are applied using 1000ton capacity apparatus, and for the shear
test, the repetitive posiiive and negaiive loads are applied using four (4)-100ton
hvdraulic jacks.

3  COMPRESSIVE STRENGTH CHARACTERISTICS
3,1 Compression test resulis

Table 2 shows the resultis of the compression test. Fig. 3 shows the relationship
hetween load and compressive displacement obtained in the tesi. Fig. 4 shows the
relationship between measured buckling strain of the surface plate just bvefore the
occurrence of huckling and the width-to-thickness ratio (B/t). Fig. 5 shows a
typical test specimen after compression tests

The progress of the test is described as follows :
(@ Buckling of surface plates
Buckling of the surface plate occurs at a location between two adjacent lines of
stud bolts in the upper pari of the test specimen firsi, and then at the location
in the lower part of the specimen. Load dropping and increasing of displacement
after buckling is scarcely observed.
@ VYielding of the side plate
Increasing of displacement and decreasing of stiffness are observed in the load-
displacemeni relationship after vielding of the side plaie,
@ Ultimate strength
The test specimen lost its load carrving capacity rapidly due to compressive
collapse of the concrete after the maximum load was reached, because these test
specimens have no shear bars to connect the surface plates.

3.2 Bvaluation of the compression fest resultis

lnitial stiffoness, buckling of surface plates, and ultimate strength are
evaluated, which are important items for designing SC structure.
(1) Initial stiffness
The values of initial stiffness shown in Table 2 are calculated by a simplified
cumylative formula for concrete and steel plate as follows :

cK = (EA)eq/H = (Ec“Ac + Es wAs)/H

(BA) oa : Bauivalenti compressive stiffness
EcAc, BsAs : Comprgssive stiffness of concrete and steel plate
Ec . Es : Young' s modulus of concrete and steel plate

Ac ., As . Section area of concrete and steel plate

H : Height of test specimen
As shown in Table 2, the ratios of tesi results to calculated values are about

0.8, almost the same as values obtained in past tests %',

(2} Buckling of surface plates

Buckling of surface plates occurs as follows :

O 0On the vertical line of welded stud bolts, buckling length almost corresponds

to the spacing of stud bolts. On lines between the vertical line of stud bolts,

buckling length is longer than the spacing of stud bolts.

(@ The calculation values are given by applving Euler’s equaiion and a buckling
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length equal to the spacing of stud bolts. So it is concluded that a column pin-
supported at one end and fixed at the other end (n=0.7) would be adopted for
estimation.
The range of the ratios of test results to calculated values based on n=0.7
becomes 1. 02~ 1,44
(8) Ultimate strength
The ultimaie strengths shown in Table 2 are calculated by a simplified cumulative
formula of concrete, side plate, and surface plate strength as follows :
Nozx = Ne + Nw + Ne = Ac e F. tAwe 0wy + Ar° Orcr
Ne, Nw, Ne : Strength of concrete, side plate and surface plate
Ac ., Aw . Ar : Section area of concrete, side plate and surface plate

Fe : Compressive strengih of concrete
T wy : Vield strengih of side plate
T reRr : Buckling strength of surface plate

As shown in Table 2, the ratios of test results to calculaied values are 0.99
~1.06. So it is found that the calculated value corresponds very well fo the test
resulis.

4 SHEAR STRENGTH CHARACTERISTICS
4.1 Shear test resuits

Table 3 shows the resulis of the shear test. Fig. 8 shows the load-displacement
relationship in the test. Fig. 7 shows the relationship beiween measured buckling
stress and the width-to-thickness ratio (B/t). Fig. 8 shows a typical test
specimen after shear tests.

The progress of the test is described as follows :
(© Shear cracking
Noise indicating the occurrence of shear cracking is heard at almosi the same load
for each test specimen
@ Buckling
Buckling occurs at the location of the stud bolt lines, on 2 line which has a 45°
direction to the welded stud bolts line, in test specimen in SS150 and 55100, In
test specimen 5550, following the vielding of the surface plate. no buckling
occurs until the ultimate sirength is reached.
@ Load-displacement relationship
Comparing load-displacement relationships of 55150 and $5100 test specimens in
which buckling of the surface plate occurs, wiih that of the SS50 test specimen,
in which no buckling of the surface plate occurs, it is realized that there is no
toad dropping and increasing of displacement due to buckling. A&bout 70% of
ultimate strengih is kept after the maximum load is reached. and ihere is no
breakage until the rotation angle of 1/50 rad. is reached.

4,2 HBvaluation of shear test results

initial shear stiffness, buckling of surface plate, and ultimate strength are
evaluated, in the same manner as given in item 3.2
(1) Initial shear stiffness
The initial shear stiffness values shown in Table 3 are calculaied by a simplified
cumulative formula for concrete and steel plate as follows,

DKS = (GA) ea /h o = (GC“AC + GF°AF)/hu

(GA) 24 : Bguivalent initial shear stiffness

GeAc . GsAs : Shear stiffness of concrete and surface plate
Ge , (s : Shear modulus of concrete and surface plate
Ac , As : Section area of concrete and surface plate

o : Heighi of wall
As shown in Table 3, the ratios of test resulis to calculated values are 0.94~
1.25, so it is concluded that the calculated value almost corresponds to Lhe test
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result, takimg into account the scattering of concrete material propertias.
(2) Buckling of surface plates
Buckling characteristics of surface plates are as follows :

Buckling mode on the diagonal line of welded stud holts shows that stud bolts
are effective to prevent buckling of surface plaies. Beiween the diagonal line of
stud bolts, the buckling length is [onger than the spacing between stud bolts,
@ Buckling stress values are nearly equal to the theoretical values of a pin-
supported plate of which the aspect ratio is infinitely large.

@ No buckling occurs in the test specimen $S50 for which B/t is BO.
The range of the ratio of test results fo calculated values of 2 pin-supportied
plate are 0.99~1.10
(3) Ultimate strength
The ultimate strengths as shown in Table 3 are calculated by ihe following
equations.
chax = UFY/Z ° AF F 405 ‘/_Fc"Ac
Ag . Ac : Section area of surface plate and concreie
Oy : Vield strength of surface plate
feo : Compressive strength of concrate
in the eguation above, 4.5 v F¢ = Ac®® shows the average of the limit of shear
strength for a genesral RC bearing wall.
As shown in Table 3, the ratios of tesi results to calculated values ara 1.00
*vl,?z, so it is found that calculated value corresponds very well to the test
results.

5 CONCLUSION

s a result of the tests. the following characteristics of a SC siructure were
obtained. :

(1) Stud bolts are effective to preveni buckling of the surface plate

(2) Occurrence of buckling can be predicted hy appling Euler’s equation for z
column pin-supported at one end and fixed at the other end for compression loads,
and by the theoretical equation of a pin-supported plaie of which the aspzci ratio
is infinitely large for shear loads

(3) Occurrence of buckling has little effect upon the load-dispiacement behavior
of the siructure.

(4) Ultiimate sirengih of the whole siructure can be evaluated by the sum of the
ultimate strength of concrete and steel plate,
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(a) Compression Test

Table 1

List of Specimen

(b) Shear Test (c) Materials

Concrele

Specimen Slgd(rflpn?fmg Bt Specimen Sl[\lld(“s]:;[z]:)cing Bt F, = 240kaf/cm’
N Surface Plate
NS50 160 s 8850 160 50 e a0t/ o’
B = 4.2mm
NS75 240 75 S§100 320 100 S
NS100 320 100 85150 480 150 f; z ‘Z%TF‘::
(d) Arrangement of Stud Bolts
{Compression Test} {Shear Test) {Section)
(SS50) Sec. A— A
| s w— |
Ejace Flate Surface Plate |
) — Surface Plate
-|L-Stud Bolt Stud Bolt @y
[ Stud Bolt
(NST5) [ v e |
Sec. C—~C
Concrete
/ Surface Plate
Side Plate
(NS100) eSS
" \Stud_Bolt
Table 2 Compression Test Results
Measured Calculated
Specimen initial mininn ultimate initial stiffness minipun buckling Strain ultimate strength
stiffmess buckling Strain  strength
ek (tf/nm) cEalx10% e, (tf)  ok(tf/mm) el /cK c€ul(X109) 6o/ £ cNmax(if)  eN,/ol,
NS850 515.0 723 740 669.7 0.77 &71 1.08 748.4 Q.99
NS§75 515.0 303 715 664.9 0.77 298 1.02 G687.2 1.04
NS100 412.4 240 Bl 505.9 0.82 167 1.44 707.4 1.06
Table 3  Shear Test Results
Measured Calculated
Specimen  iMitial shear  winimun ultimate initial shesr stiffness minimm buckling Stress ultimate sirength
stiffness  buckling stress strength
eks(tf/mm) o CTawlkgl/em) eQ.(tf) cHs(tf/mm)  eKs/eKs  cOalial/o®) ,04/i0w  cQultf) eQ./c
8850 238 — 325.0 191 1.25 — — 324.1 1.00
55100 202 1005 3224 150 1.06 1014 0.99 314.8 1.02
88150 171 495 3245 182 0.894 480 110 322.7 101
Fig. 5 Test Specimen (NS50) Fig. 8 Test Specimen (SS150)

after Compression Test

after Shear Test
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(a) Compression Test (b) Shear Test
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Fig. 7 Buckling Stress of

Surface Plate in Shear Test
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