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Fig.1 Experimental loading setup and system
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Table 1 Experimental variables of test cases

. Concrete . .

) Cross Section Strength Reinforcement Soil . Specimen

No. [ Material fo Rel Dens Loading Type Name

Shape | B*H (mm) (Nimm?) Long. | Stimups | Condition (%)

1 419 None P— . RCR-N-M
2 142 Loose L5553 Monotonic 2R M
3 Rect. | 100100 453 4-D6 $32 55.53 Reversed RCR-L-R
4 RC 42.3 Dense 67.27 RCR-D-R
5 513 ) 10(% m 78.66 Dynamic RCR-D-D
6 43.0 4-D10 Loose 55.53 Reversed RCX-L-R
7 . 44.3 71.28 RCC-D-R
8 Cic. | @100 =5y 408 Dense 701 Dynamic | RCC-OD
9 10060 ' Loose 55.53 Reversed STR-L-R
10 Steel Rect. (1=0.0) 73.49 STR-D-R
11 € ' Dense 79.18 Dynamic | STR-D-D
12 Circ. ¢1016 67.27 Rev. Cyclic STC-D-R

% Shape ... Rect.: Rectangular, Circ.: Circular

Table 2 Mechanical properties of pile specimens and soil

¥ ex) RCR-L-R: RC Rectangular - Loose — Reversed Cyclic Loading

Yield Yield Yield Ultimate Ultimate Relative
No Specimen Stiffness Moment Curvature Moment Curvature Stiffness
' Name El My oy Mu du Kr
- | {10'N*mm?) {105N*mm) {micro/mm) (108N*mm) {micro/mm) (109)
1 RCR-N-M 5.461 2141 392 2170 235.9
2 RCR-L-M 5.596 2172 38.8 2.201 241.0 0.403
3 RCR-L-R 5.553 2185 39.3 2215 2439 0.400
4 RCR-D-R 5.445 2.146 394 2176 236.7 0.341
5 RCR-D-D 5.811 2.261 389 2292 2572 0.339
6 RCX-LR 8.840 3.949 47 3971 176.8 0.636
7 RCC-D-R 3.368 1.731 514 1.801 151.3 0.203
8 RCC-D-D 3.509 1.775 50.6 1.853 155.4 0.212
Initial Yield Yield Moment Relative
No Case Name Stiffness Moment Curvature of Inertia Stiffness
‘ El My oy I Kr
(10"°N*mm?) | (105N"mm) | (micro/mm) (10°mm?*) (109)
9 STR-L-R 1.497
10 STR-D-R 1.212
w STRDD 20813 17.297 83.1 1.297 1230
12 STC-D-R 1.303
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Fig.2 Cross sections of specimens



Table 3 Mechanical properties of reinforcement

. Yield Strain | Yield Stress | Young's Modulus
Diameter
ey(u) fy (Ni/mm?) Es (N/mm2)
D6 2213 3789 171270.4
D10 2300 363.1 157886.0
Table 4 Properties of Gifu sand >
Specific Gravity 2.643
Maximum Diameter (mm} 0.84
60% Diameter D60 (mm) 0.35
30% Diameter D30 (mm) 0.3
10% Diameter D10 (mm) 0.22
Uniformity Coefficient Uc 1.59
Maximum Void Ratio 1.126
Minimum Void Ratio 0.717
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Fig.3 Input displacement patterns
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Fig.4 Restoring force vs. displacement hysteresis curves
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Fig.5 Restoring force vs. displacement skeleton curves

3. BRBERRER

CITCRAIBEBTETE2ERI—-XD53 5, I
BN EAXBRA#1T>7~7—R (No.3, 4,6, 7,9,
10,12) IZDWTEEZITS.

(1) MEAEH —F bk

MEAET - K EENMEROBREHBROH %
Figd IZmd. Mo abhrd Lo, BRehiidEs
D RC MO LS R M)V ZFROEIKRERL, B
HEBRICIBREERTE2ELDDODKERL—T%
<. TORBHHEIX RC HiZHWE2TDOr—2X
ICHBLTWAS., 7=, FICHBEBELRr—RIZE
WTHHARBRREICEAIENTRBREELM (Bxhd
0 &RBEN) BEELTWVWS., ZORKIIO>VT
&, HICSERAWE K D REZRIIHE O %D
RESEELTWRHDEHEILN, JDLD ki
BOENMBEET NV EZRETI2RABITDOATY
B Fi, BEOMBOT —XTCIRBEEL—TH
ETNSEERBDIIK L, EEOHEOr—X T
33 S FRI~2) w 7RIOERERT I & DRSS
W=, Zhid, OB s 325 —XTE, M
R L his & DRICEEBIASE U 23U\ = IC IR
MRy TRIZELSRBBDEEZI N3,

B —-20EH - ENBEROBKIEE Figs
IZ7"9 . Fig.S@)EHBME AW 37 —X, Fig.5(b)
i RC MzAWEA4T—2DOERETLTED,
FigS(D)IC DWW TIEMBEEM EZBRREM TR LA
HRICHLTTOY ML, ZOBAL RC O
47— BT HBRENM L BEIKFTES Table 5 (2
Y. BREMICDWTI, Nkl AmksHo 74
DEDBROTHICEL &8 (FIHHRR) L LTE
HL7. Fig5@k b, WBIEED»OTr -2
(STR-L-R) TRIFIFEHROERBMEEZRTOIC

Table 5 Yield displacement and load in RC pile cases

Specimen Name (nfrr);) (m)
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Table 6 Calculated results of yielding load

Specimen “g:;‘n"a"g‘gz Yield Load | Yield Load | Cal/

Name | ot oom | [CAIKN) | EXI(KN) | Exp

RCX-LR 650 578 548 1.05

RCRLR 500 375 346 1.08

RCR-D-R 295 480 446 1.08

RCC-D-R 250 415 351 1.18
6
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S
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Fig.10 Restoring force vs. displacement hysteresis curve
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RESTORING FORCE AND DEFORMATION OF
REINFORCED CONCRETE PILES

Takeshi MAKI and Hiroshi MUTSUYOSHI

In order to clarify nonlinear interaction between pile and its surrounding soil under seismic load, static and

dynamic loading tests of RC piles in sand soil are conducted. As a result, the maximum damaged depth of pile, which

controls the horizontal restoring force at the pile head, is governed by the relative stiffness between pile and soil.

Moreover, it is clarified that the restoring force characteristic of RC pile — soil system is dependent on a repetition of

cycles rather than loading velocity within the condition of these tests. Additionally, according to the results of

3—dimensional finite element analysis, the applicability of the analytical method for simulating the behavior of RC

pile — soil system is verified.
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