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A Study on the Split Strength Characteristics of High Strength
Concrete Sphere for Seismic Isolation
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ABSTRACT KEYWORDS
Purpose: Nowadays, it is the trend that seismic isolation method and combined method Seismic isolation,
are used for seismic retrofitting, if concrete sphere foundation(CSF) system is applied to Seismic

mid and low rise RC structure for the seismic isolation, the characteristics of concrete
sphere, etc split tensile strength will be need.
Method: The various experiments are carried out to know the split strength of high

performance,

Mid and low rise

strength concrete sphere(601/pa) and the ratio of split strength of concrete sphere to -RC structure
standard cylinder specimen, the size effect of concrete sphere with diameter. Concrete sphere -
Results: It was purposed that the split strength of concrete sphere with diameter 150mm foundation (CSF)

will be lower than that of cylinder specimen but, the average value is 4.39 Mpa and the
ratio is higher than that of cylinder specimens, each 3.8% and 13.7%, the reason of this
result is thought that the internal stress action of spot load and line load are different. Spot load,
Conclusion: There is a standard method for split tensile strength of cylinder type Line load
specimen, but there are few studies for the tensile split of concrete sphere. And therefore,

in this study, theoretical and experimental details of concrete sphere will be served for

the concrete sphere foundation or other sequent studies.

Split strength,

AFEA; Ho= Ado] TF ARALS 98] B T W AL Bese A @4,
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A7k 150mm 7 FAA9) SR 150mm150mm, 150mme300mme] DFY FAA L
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7 ZAAL WakE 958 FAA AkEel tja gRgo] th2y] frolet Bk, HOrE
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1. M 2

H oA BAT A7 AR B o 5 6.0359] A& AAEA AT F A= AS & 5 3
ol §lE 719 F - A5 RC FEEU AZ 25T T2 WS FEA7e AL dFdolgt &
20150l A 2017 Atololl G A, &4k 23] I3 s F2 YT fle T AS
olo we} 2018 dFE] AFEE 25 oo BE FREA= WAEAE gFgsta It AF7HA dFE F2RE
A TP T2EY A5 AL 719 WHo] 5 o|F2 J ok (Wu. B, Zhang et al,, 2005), &=
o Zh-g&dte XY (8 E) & AH AaA7lE B9 2 AR AdE Edske AT AFo] Aok B AFdAe AF
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Fig. 1. Basic Concept of CSF

2. 232|E 7 JI1=(CSF)9 7|24

ZIYE vg 7|2 $o S E F7) Tola AR FREL] 3R 7|x £YHyF ExEdy & o, E23YE T ¢
FE EYE 7129 dolg 1, 7129 FEECE d, 7Y 4T AYE o FH, 7Y FAL A ov S T
42238 E Hol AR ZH(Shear Span) ol &3t} (Fig. 1) (Gu Mi Seo Gwan, Hyeong Seol Book Company, 2015).
ZIYE F 9 AR &8 727 3392 wE 28 B (Deep Beam) @FEjQ A vty £ Aoy s E do Aok
SRS A &0ty BE AR g F28 20La/d <15 F, a < 15d9] 208 WS o 5e, 720

ZAYE T VN SEREE £, T 119 @4 9@ S 4,7 5 2AYE 7 UPF AAD 5 e 65 (p) S te
2ol At 5 Ao

Py =4,Xf, 1)
N7e] 23YE 771 AAT & Y& 35 (p,) S
P, =NxA <, @)

OeA P < P, 7t HES ZAYE T AFE 2 HAR 1R FABE T 72 (CSF) & o84 ¢d9h
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3. AFLIE H UH

2 A7 e B2 T - A RC 7E2Ee AT 0, 7|28 7259 s Aboldll 24ZE 78 ¥ FH9
712(CSF) & ©EolA F8Y < 24714, FxE9] gatol H3E dAste] 38 = A0g e A2 2440)7)=
Az='lle P, oju 7|z AHES ZAYE o 953 AN 2EAEE AP o Fetua Folnt. s 24
ZlE 7o EAEE &7] Hst EE AdY sAA A4 e 7 FAAY 2EAE 3 55 SR v
gl 7o Agwste wE Arad 5 APHos Fetaa v 24y 7& = 1745 60Mpa & AABIHOH,

Eo

28%Y A% 9 AT 4L 150mm X 300mm 2] EF FAIA 1071, 2

A= 248 150mm X 150mm 3A1A 10705 A2y, 3 FAA= 274 S 50mm, 75mm, 90mm, 100mm, 125mm,
150mmZ 3t 2 FAAY e 10718 F 607E AZSTE 150mm X 300mm FAIAY 454 E @ SEAE,
150mm X< 150mm %/‘]iﬂﬂ UEAE 2 SEAE, FIAAY AAE GEAEE SHE 1 AHE HAES D F 3N
Aol Aads Aot F 1 AHRE FAYE T 712(CSF) 8 A& Al A&tz o

Jl

4. E232|E 9| AU SJYYH

)= wDQ/4§ 74]*“*
o2 ks o] 4 (3) 4), 5%
A

gL A2 o] mA(4,)

A9 A FAFE AL YT A2 A7k (Fig, 2, AA| HFS e T FAAL B W (4) S
o3 ol AMAE Agte & gtk

At:Ac—Ad:wDZ—(DZ—WTD?) :DZ(%T—D 4)

J2BE 7Y FAAY FERE(f) T e Zo] AL & Tt

fy= (5)
DZ(Zﬂfl)

y[4o)
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Fig. 2. Split Tensile Strength of Sphere Specimen

— 468 —



D.B. Kim et al. - Journal of Korea Society of Disaster Information Vol.14, No.4, pp.466 - 473, 2018

5. AlgAIel Hx

5.1 HiEHa

ARES 1% LF BEAS AWE, 235 2UE 2689 A4S ASSA0H, FE BAE ArhAF 20mme] 44
& AHESATE ABAE GRAAE U3 1d o1 b4 A A AF SHov, FE BAEL e Bo) EAstE
EES AAS A3 AHE Sk BEA L FE A AL F FRA% TS SAFES AZT F HuSg
oh AHEE ESARE T AE 4AE ETEA A9 Non-AEE}S, ABAE S0l ARIAA, Setol o4t

st ol A AH T S AESAT S BE ZEAS AME (OPC) & A3ty 14 = 4545 60Mpas 715
o7 AAsIen, W/BZF 35%°12= AL e FRE {3 drAles 2ZANHE 5)9f 1%E EFAT (Table 1.).

ok

Table 1 Mix. Table for 60Mpa of {28

design Strength| Slump Flow w/C S/a Ingredients (kg ) Water rAecclirLIz?I:ure(g )
(Mpa) (mm) (%) (%) w C s G peent & | fly ash
60 600 35 46.2 165 470 809 942 470 4,700

5.2 AlEe| Mzt

ZA 42 ZAYES w4< Bk fste 371%, <HZ 5 SHE
1.5+0.5%2 MAsty EAE A8t & 1 Fe Aofston, 371%
7] T /\l ol ofste] 274 oF‘Hﬁ} E SHI EE2FE W/ICE 35%= 0}04 600*80mm= *4763}%{

=
A NS & 3’3]'01 Jé‘?%l’oi OPOiU]'(KS F 2423, 2015). & £74E I+ ] ﬂ«] Xﬂ’i}o ‘3]' T 2o 235t 28Y
ZEE 2A43%7] 9% 150mm X 300mm, 150mm X 150mme EFZAIAE 72 10748 & 20, & JdAHE =4S
Q3 ZAAE 150mm X 300mm, 150mm X 150mmE ZF 10708 & 20715 A Zbsld £33 ES A=A T8 ZA A

]
FAHA KS F24039 whet 20T FxA4 F3dAS A9, T+ FAAE A7 50mm, 75mm, 90mm,
100mm, 125mm, 150mm&] 6ZFFl tistd 2zt 10708 6070E A Zste 20C Y XA 5 FBE AAH =),
Az 2+ AEAE TFEE ZFelstH (Table 2.) ¢ 2t

Table 2. Types of Specimen

Kinds of Specimen Cylinder Specimen Sphere Specimen
Strength Dimension(mm) Numbers Dimension(mm) Numbers

150%300 10
Strength of 28 days(f28) 150%150 10
150%300 10
150x150 10

50 10

. 75 10

Tensile Strength % 10

100 10

125 10

150 10

Total Numbers 40 60
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6. ZE5Y Al

BEE IANAE 20£3T F2oA 2F FFEEE MG, $54E 3 TIBES KS Fo| A@UHA wt
FetAom (KS F 2405, 2010), olHe] A=& 2447 the @(6) (7), (8)3F o] Attt (Fig. 3.).
fc - Ai: ﬂ_gg (6)
4
2P 2P
= (8)
4 DQ(ZTF_].)

(a) Cylinder Specimen (b) Crack Propagation (c) Sphere Specimens (d) Crack Propagatlon
Fig. 3. Split Test and Crack Propagation of Specimens

Z=E =439 23 150mm X 150mm FAAL] Z=E 150mm X 300mm
A =7} 40 Mpa o135k 7392 oF 6.8% (1/13) 9l BIsf tha A Ve

7.7% 4.20 Mpazta FEEH S SU(Y. G. Jin, 2002, D. B. Kim, Kim
Al vebse. o83 AP A s FAEY A a3 7|1
3 (Table 3.) 9 2t}

TR 47 FAAY 28Y A=, L%
FAA R oF 15.6% A UEhgon o=
o dEAEE 2849 A=7) 60 Mpa A=Y
et al, 2017) T 6.3%2! 3.86 MpaZ -FZ_
QE](Yang Seo Gak, 2014) o=

Table 3. Strength of Two Type Cylinder Specimens

class | Max. Axial Load (N) 28 Mpa Max. Tensile Load (N) | Split Area, At (mm2) | Split Stegth, ft (Mpa)
specimen_| 150x150 150x300 |150x150{150=300| 150x150 150x300 | 150x150 | 150x300 | 150x150 | 150x300

1 1,301,726 | 1,001,463 73.7 56.6 149,778 274,122 70,650 141,300 4.24 3.88

2 1,198,342 | 1,311,382 67.8 74.2 171,045 243,119 70,650 141,300 4.84 3.44

3 1,232,842 956,893 69.8 541 149,018 298,849 70,650 141,300 421 4.22

4 1,211,169 | 1,132,465 68.5 644 121,426 250,361 70,650 141,300 343 3.54

5 1,308,791 | 1,029,723 74.0 58.2 161,213 278,361 70,650 141,300 4.56 3.94

6 1,224,974 | 1,007,916 69.3 57.0 110,371 265,776 70,650 141,300 312 3.76

7 1,008,673 | 1,016,243 571 575 183,886 283,306 70,650 141,300 521 4.01

8 1,007,172 933,334 57.0 52.8 122,308 280,334 70,650 141,300 3.46 3.96

9 1,255,803 | 1,063,282 71.0 60.1 161,975 286,132 70,650 141,300 4.58 4.04

10 1,200,677 887,392 67.9 50.2 164,916 270,412 70,650 141,300 4.66 3.82

Average | 1,195,017 | 1,034,009 | 67.61 | 5851 149,594 273,077 70,650 141,300 4.23 3.86
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AFE FAAE AdatFolal FIANAE Hots olm, 7+ FAIA S & G (4,) & AFE FAAY oF 46.6%°1 22
Hojstzol 78 FAA | vl v wroglet ddg o A% 150mm 7+ FAIA S HojstE2 150mm X 150mm ¥
g FAAY ¢ 96.5%°], 150mm X 300mm FAIA ] 52.9%2 YEtSth =3 ZIZE F FAA Y T dHH(4,)
2 FIZ=(r) e 21(5), A @) o) Ao 274 HE Altste] B Ax A% 150mm T FAAC] 4%7&5‘;
150mm X 150mm, 150mm X 300mm Y58 FAIA 2 I =o vt 23 ]iﬂ oF7t 713 B 4.39 Mpa 2 FEFS
), 271 &3 (Size Effect) = At 9.6% 2 KS 715 g3 A3 gto g 33ket 391t 24 Yelytth (Table 3, Table

4). ol¥d ++ FAA L A EdatE, FEAES Ar1aHE At (Table 4.)F 2ol yerd & gtk

ol

(e
e}
o

Table 4. Split Strength and Size effect of Sphere Specimens

imes Max. Load(N) average
Dia Max.Load| At ft size
(mm)\ | 1 2 3 4 > 6 7 8 o | 10 (N) | (mm2) | (Mpa) | effect

50 17577 | 14498 | 18249 | 15161 | 17322 | 19305 | 18582 | 18034 | 18381 | 18761 | 17,587 7,313 | 481 | 1.09%

75 40958 | 41025 | 33163 | 40815 | 37989 | 43116 | 40343 | 38747 | 30814 | 44612 | 39,158 | 16,453 | 4.76 | 1.084

90 54258 | 50615 | 60341 | 55289 | 49737 | 45988 | 61514 | 55338 | 56128 | 53356 | 54,256 | 23,693 | 4.58 | 1.043

100 | 59834 | 58761 | 71323 | 67151 | 69690 | 70817 | 64048 | 68993 | 67275 | 69022 | 66,691 | 29,250 | 456 | 1.039

125 | 99731 | 92874 | 89920 | 121225 | 80236 | 98125 | 103989 | 122735 | 113522 | 96812 | 101,917 | 45,703 | 446 | 1.016

150 | 154691 | 151338 | 100914 | 98923 | 162335 | 154226 | 161347 | 152393 | 164027 | 144392 | 144,459 | 65,813 | 4.39 | 1.000

8. F=E0fl Xst sHA] oflx|

(Fig. 4)¢F #Ze°] o] 30m, % 15m®| 7I&9d F3 1 3m9 3% TF2ES dAZ MPsty, 7159 Ade
50cm X 50cm, Girderd AY-& 30cmX45cm, 2 & €Y B9 FA= 35cm, AR 7% €9B9 FA= 45cmE 3o},
2] &9 FH(W) L MFFEERE ALSE oF 2,400kg/m3elH &35 AF2) 80% 7M. A (1), (5
o|-gste] o] 27 ¥ ZAYE 4£Q FAYE T JFE ANt 1 ARE ZAYE T 7|2 (CSF) ol A-8star AHelst
A (Table 5.)¢ &2tk 7] A7t Ao F9] Ji7t AUAA @ol sy, 79 ZAo] A HH L85HE 79
MNee Aoy WA (shear span)©] 7S WE3HA] ol A= 79 871 EoubAl Holl met A7 |t
ANE FHHoE AHE o), dA F2EY A= Aol 90~100mm FEe U} AFEitia daEAN, 23 E

T AAMY tigt ARe| & FRE| R wet vk = o

SN =~
LS =
oeColumn =
X 35cm T
TT T
NS 3m
G
’/‘%; = = 35cm T
1\\ 3m Girder
F]\\\\?\
™ = - Sem ¢
2% 3m
~
Li\
O’\ Upper Basement Slab
S OO LT LI DX Teoleole >f>
a
\\ Lower Basement Slab Lirn
15m \Jr J}

30m

Fig. 4. Dimensions of Exercise Structure
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Table 5. Applied Results of CSF to Structure

Load of Max. Supporting Shear Span(mm) Numbers of Sphere
Structure Load of Sphere
Calculated Value| Amended Value |Calculated Value| Amended Value
(kN) (kN)
2,728 2,731 114 114 264 264
2,728 2,747 244 244 124 124
2,728 2,755 345 345 88 88
100 2,728 2,741 422 422 72 72
125 2,728 2,763 653 650 47 47
150 2,728 3,918 910 650 33 47
9. ZE
B AToA F - AFe) RC FEEY AR EE WS A% 145 23E T /2(CSP o §F ZagE 7o
FEFE B4t A7 F AS Fx2E0 A3 dE FE A A v FS AES AUTh
(1) 7 FAAY 8D GAHL 5T 5 A& o|8F £4L AN} o|F 2AZ FAFEE ALSGL,
(2) 150mm 7 FAIA Y 44 5EE 150mm X 150mm, 150mm X 300mme] 973 FAA B} 2 202 oo
W Addds 47 3.8%, 13.7% 2 4.39 Mpa 2 HERS=H ol= 7 FAA9 Hsteat A SAIA L] Akl
Y@ Weatgol ther] wzole Bekw,
(2) 150mmx150mm 4% FAA A tig 7+ SAA S| &d GHZ S 93.1%°]1, A & gAsts2 o 12.1%
ol®, 150mmx 300mm YF& A A th 7+ FAIAS] T GHHL 46.6%0]2, Hh TL 5T oF
14%0]th. E3, B9 BRzo] Ao YAZET F7hshs Aol Unh

(3) 7= ZIYES F FAAY ddA == KS7|&E Bk & size effect7} &3}
(4) A Aol sl A HHE A& RC F+2E CSFI A83 175 £23HE F9 AL 90mm~100mm7}
AFe Aoz YERT)
(B) TEIF & F2E2 CSFol 14 = ZIYE F5 F83h7] YaiAE A7) 150mmoldel 23 E Fo| &9
EA 9 Bo| g, A A Foll U F71E A7 esitty Als")
ZAR| 2
o] E=EL& 2018d% AR (REH)9 AYoer IIZAFAT AP wol FPFH AzxATAY (No.
2018R1D1A1B07047803) )™ o]d] ZrAl=H Yt}
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