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The Influence of Varying Reinforcement Methods and Amounts on the Punching
Shear Behavior of RC Slabs Reinforced with AFRPs

MANABU FUJITA  NORIMICHI NAKAJIMA HIROO SHINOZAKI

and TOMIO TAMURA

Key Words : AFRP Sheet, RC Slab, Punching Shear Capacity, Sheet Debonding
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Quality Evaluation of Fresh Concrete using the Wet Screening Method
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Experimental Study on the Occurrence of Initial Cracking in Concrete Slabs caused
by the Restraint Action of Reinforcing Bars
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Experimental Study on the Shear Strength of Butterfly Shaped Steel Welbs Stiffened with Concrete
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Experimental Study on Friction Characteristics of Cross Linear Bearings (CLB)
- Variation in Coefficient of Friction under Inclination or Torsion Conditions -
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Experimental Study on Strength Development and Microstructure of High-Strength
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Dust Reduction through Utilization of the Centrifugal Spraying System (Dustless Shotcrete)
- Evaluation on a Full Size Test Tunnel -
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In tunnel construction, the development of dust control measures designed to meet public environmental
guidelines is an urgent issue.

In line with this, the low dust ‘Dustless Shotcrete’ spraying system which uses centrifugal force was
developed, and the efficacy of the system was verified through the practical application at a number of
tunnel construction sites.

In this paper, a summary of the Dustless Shotcrete system and the inspection results of dust reduction

carried out in a full size test tunnel are included.

Key Words: Centrifugal Force, Low Dust Discharging, Shotcrete,Lining, Tunnel
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The Influence of Varying Reinforcement Methods and Amounts on the Punching Shear Behavior of RC Slabs

Reinforced with AFRPs
=1Lk #  HIROSHI MIKAMI
M %  MANABU FUJITA
& #iE NORIMICHI NAKAJIMA
&I #4  HIROO SHINOZAKI
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To investigate the effect on strengthening the punching shear capacity of AFRP reinforced RC slabs a
series of nine static loading tests were conducted with varying application methods of reinforcement and
AFRP tensile stiffness. The following two reinforcing methods were applied; bonding of cross-directional
AFRPs and bonding of unidirectional orthogonal AFRPs. The following results were obtained; 1) When
the magnitude of AFRP tensile stiffness is large, the reinforcing effects of using a cross-directional sheet
are superior to those of using a unidirectional one, 2) The greater the tensile stiffness of the AFRPs, the
larger is the punching shear capacity, 3) however, the capacity tends to have an ultimate value and can be
decreased by increasing the tensile stiffness from a certain point; and 4) The capacity estimated with the
proposed formula corresponds very closely to the experimental results.

Key Words: AFRP Sheet, RC Slab, Punching Shear Capacity, Sheet Debonding
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Quality Evaluation of Fresh Concrete using the Wet Screening Method
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Mortar processed by the wet screening method is generally used to measure the unit water content or

the setting time of fresh concrete. In this study, changes in the mix proportion and quality of mortar

caused by the screening process were experimentally verified.

In addition, it was confirmed that the microwave heat dry method provides a highly accurate

measurement of the unit water content by considering the proportional changes.

Key Words: Wet Screening, Unit Water Content, Setting Time, Microwave Heat Dry Method
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Experimental Study on the Occurrence of Initial Cracking in Concrete Slabs caused by the Restraint
Action of Reinforcing Bars
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BEH F MANABU FUJITA
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The method of evaluating initial cracking caused by contraction of early-aged concrete members and

comparative restraint has not been clarified.

This paper describes the results of exposure experiments conducted over a one year period to

investigate changes in the tensile stress of full-scale floor slab specimens with varied reinforcement

content. Initial cracks were observed by accumulating the tensile stress of 2.5N/mm?’ in specimens with

7% of the reinforcement ratio, which was a little greater than the PRC members, though a tensile stress of

0.5N/mm’ was generated in specimens with 1% of the reinforcement ratio corresponding to PC members.

Key Words: Initial Crack, Contraction, Restraint of Steel Bar, Early aged Concrete, Reinforcement Ratio
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Experimental Study on the Shear Strength of Butterfly Shaped Steel Webs Stiffened with Concrete
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The authors are promoting the development of a new type of PC-Steel composite bridge with the steel plate
webs in a butterfly shape. In order to confirm the effect on the stiffness of the web reinforced with concrete, a
number of shear experiments on large-scale web models were carried out. These experiments confirmed that the
concrete cast in the compression zone of the steel web shared the compression stress, there was a reduction in
the tendency of the plate to buckle, and the shear strength of the web was improved. Furthermore, it was
confirmed that the shear properties of the webs could be evaluated with a nonlinear FEM analysis.

Key Words : PC-Steel Composite Bridge, Butterfly Shaped Steel Web, Stiffening Concrete, Shear Strength,
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Study on the Hydrodynamic Dispersion and Absorption Characteristics of Soil
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To evaluate the hydrodynamic dispersion and adsorption characteristics of pollutants in groundwater, a
series of column tests were conducted using salt water and hexavalent chromium as pollutants. Each
characteristic by difference of the soil density was clarified based on the test results using sandy soil and
silty soil.

Key Words: Column Test, Hydrodynamic Dispersion, Adsorption, Heavy Metal, Ground Water Pollution

1. [IL®IZ

DOREICERT D 1 - ITFKIBYIE, H FI U AJ5%
Kk - THEHINE, Wbwd, R EEEEYC5E
ZHRLTWD, Z0%, Httho LG RE O e T
& LT 1975 4RICBRTEAL L 7= BURCHB Sl 27 1 A SRt
Mo a 36 L, mETIE, LM E oI,
BEEBOHBEARER LG R EOREWEICL DT
T H D HOs S B8 1F B g - MR KVE Y S EEAE (L LT
%, e, BEEEEAMLOKRENE - REFEENS L
b Zh BRSO BN T L A EABIFYL G S
Lo TS, ZNOHRERROESRELE LTI, ),
s, KB, Z FITVLABIONMI v 2ARZETF 5,
HEREAIERLAEYICE, M) ZopzF LT b
ZgraunxFLrRFETFLND,

ORI EE - HTKRBELRIE, KERBLTAD
fREFECAHRRE~NEYEBERIETLOTHY, Bkl
DICRERIENEEN TS, £72, E Lok b
E T, HRENETEmEAESRAT 5201 h,
HLRTEOEHRRLETHDL L EZ D,

R OEE, MR Z#C 5 LT, BN
BT OHEEWEOEB A HET HZ ENEEE D, £
DI=DDFIED— DI IR 8 D, AT T 15
X, B4R, B WlEBRMEER, MR X OUKICER

L7 EIERERLAGWR Y, RELBIZEDONIZIFE
o E O EYE O KEMIGRZEBNI ISR ATRETH 5,
B i o0 B AT I 38 0T D K IRMETG Ye o Bl R UL, K
WA T LD ICBFE (0% 2 T # P KEFREIC
L BBAT), PEEOYEE (FA% 1 H  RERER S
AR IR ORR) B L ONBIEIE (£ : WBiaE 8
BOERET L AWEBITORILE) Okx< 3HEND
RN TWD, Zof, JRFHREC L0 72 0 fR I K
LMEOHERERTIHEH, BLOBTHEICBIT 5P
BOBEHLOWNH LARTHRELZEET 28
AEETHh D, 72d, mHHEZ R TIEEOBEIT, Y
TR PLE & RIS RI B e DR D, BERRES CRIE
LR B REWEDOEG AL, WERERBIIEH X 51
EUNEL, IR BIEITIR IR R D LB Z
TRWEEN5E Y,

oc dc
) oy, ——— Rpic—, (1)
x; ox;

Rgp%:%(HpD..

T ZIT, RGBIELREL, 0 EREEKE, o dREEE

[ML?], Doyt v Y VLT, il (EMULIREE,

LR EE), viRIBRNRIRILTY, A = EE([T"], Q.IE

SR (fRATEEIN TOBmEH L, WWHL) [MLT],
BLO [T TH D,

65



SRR AR E  F 3

BB MBITIc L 0 IERmEOEE L TT 256,

KD bBEREIND LI, TOMTRKELZED D
TeITlE, OSBRI A Rt O F N &2 R EE B < AT
IZENEETH D,

I TCTARIETIE, MBIV NE O 2 EEOR
Braxtg b L, bL—cEKBIONMZ 2 22 AN
72T 2R A M L, HOREEC®E N SR &

O ERMEC G 2 2 BIZOWTHRE LTz, 7ok, ot
e & LTI D BICE R T 5700, RSt
F, WHIBEILHBRORENE U OIS KM
DODEWHEZX SR & LT,

2. ASLHBROME

(1) HREE

K-1 1ok 7 ABEEO#ER, BE-1 IC2z02k%
R, AREEEIX, BE - TES R L— W, RED - TR
KA, R, WMAE, KEBLION T L0 DR S
NTRY, ORI EKMEKRBHE S FETH
2, TbbH, TE L —Y - AW ORIKE I213Kk %
R ARV RAEEZBC RO AZH Lz B N1 —
o WKLY, BTN DRI E Ik BT S

IR BN L—Y « IR DKL & — B IR FFT
DL o TN D, 2Rk, B L7 E 713K
PEKEZBCCRE b L— - KR D, 7T AT
BE-2 ORTEICT77IAMTHY, ZOTEEIN
££30mm, & & 300mm ThH D,

(2) #HBLVL—Y

AROBH I, MR (o =2.692g/em’, e,=0.881,
emin=0.570) &NV NELTH D, v NELOYEREE
PEER-1 1289, bL—Waik, FEWEENL—V &
LT (REE : 500mg/l), WM FL—H9 & LTSl
7ok (BE :05mgl) AW, b Lr—VEKIX
IHDEBEKICHTEDREIZ /5 & 5 RS R L
Too BT DEGAK B L2 R OB, Ak

WFERGEEICL Y, Ay v S35 EETIT- 7,

(3) ABRAEZLAREROEEAZE

7T AR, F TR BE O BB & T AE o WA
BELRDEON T LNICHRE L, RIZ, BZERST
ERWTH T ANEZHZREEIC LT, BEERKE D
T LT SiEk SRR & MRk Lz, BRI
ifi%%m@ﬂam%w?AL%mgT%ﬁﬁ"m

, EFEREEL 72D K5 oo E L, £ D,
%v—#gwém~ﬁm; THAL, {EEOKRHEMERET

66

~— "ﬂ‘ KK

HKE HKE
|
#ij@ E' j RoT
T ;1
— il KK

H-1 T LS E O R

BHE-2 75,



T Do RS & OGS Rt O R I B 9~ 2 JEAERIMTSE

T LN EDEEAKEY T T LT, =£-1 2L NE oW BB
2T, BR L7z, RO)DOBEERP IR IE A R L,
BE—E, KEEKREZH—NO>—ELL, —KITTHE BKE (%) 85.13
[F—— 3
FERQBBOEND, b, EMlo8 R E % — j;;;ff (fjj:” 122-;46
& EGUET L, RIS 2 EBARETH — o 1246
v, XV ESND, 38 1 B 19
BEA ki (%) 92.58
s RAEGIGEE (glem?®) 0.79
R%:D (aa ¢\ vl% ) M5 (2~75mm) 3.31
‘ 4 (0.075~2mm) 12.42
A5 (0.075 ki) 82.27
i:lerfc _Rx*vt +lex » erfc R+ v 3)
¢ 2 Wore 2P D 24 DRt =2 #HBr—=x
TS, cRFE, BRI (=0 KB D) BLO CASE | FL—% | BkaE jﬁﬁﬁ
xBE RN D OIEEECH D, 1 1.619(D:=70%)
N N 5 B 2 0.5 1.650(D,=80%)
IHRER D B L ONEIERE R OFE B L TIX, 3 ok 1.699(D,=95%)
T LT BRI L 72 IR DR EE o/cp & b L—FiEA 2 ERE 1.45 1:2;8ED 88"2;
BEAROREISH c OBRE YT 7IC ey R L, Zh 2 reTotor0v
%TB)&H:&?‘é_& CEVWAT A= ERET S, g Al AL 1.45 1-23350 ngf;
7J<0>;,m, WA E BT D 2 L HIRERE R=1 & I SR 1k 145 0.703
THEBRE D #FE L, 72k, W& L —FL '
Lfﬁfﬂfﬁﬁ o ARRE WS AE, L —YcHiKkE
R LTHELNESERE D Z W TEEFRE R 2F
1.0
E Lz, 72, 7 AHORMBENIRE v X, EE ool
(c/cg)=0.5 I\ Z3E L 7= & i m B S b FH L=, #it o8}
SR o TR @)2 Bk T, orr
06
g 05F
— | R (D=80%) ||
D=ay (4) 0.4 —O— Measured
o3y 4 | meme—- Calculated|
02| 2.03
(4) Ry —R o1l R=1.0
R — 2%, £&-2 TR T L ICEMAIZE L TiX 0.0 JO=Om OO ———
FSH B D, % 70%, 80%F LT 95%D 3 r—A L L, Time t (min)
%ﬂ%ﬂﬁ:iﬁ7}<?§io/\fﬁ7 =) j)\lﬂﬁ }\ I/'_"UL%);HI/\VC;% _2 ﬁ&@gﬂ;@i (CASES)
BE L7z, 7ok, EKkAfE, b U—WicEkE RV
HEOHI=05BLC145L L, Sz aszRnizsr—
. . 1.0 ‘ ‘
ANZHOWNWTH =145 L Lz, —F, VI RMEHIZHOW oolonret
TIX, HREE o4 % 0.703g/em’, 0.758g/em® & L, b 0.8 || (©e=0.758g/cm?)
—O— Measured
L—W K E AW, 2B, o0& & o#ikaAldix RELA | E—— Calculated
0.6 | D=0.
i=1.45 & L7=, g’ os |
04F
3. HRBERPLUEE :;
01
X-2, -3 2, fRFEMRTr—AL LTCASESBLW 0.0 O000E0000000E e
CASE1l 2B 2RO LBEORFZE (LT, Akl ih Time t (min)

B ERT, 72k, ik, XQ)EFAWTHE Lk
RLENZENRLTND, R-3ITHHARE DB X UWE

X-3 #fiEdh#k (CASEI1l)

67



SIMEACREB AR B3

LS R DRIERER 27T,

K-4 1%, bv—H% &L THEHAKEZMHVWE CASEL,
CASE6 35 X 1" CASE10, CASEIl (281 5 BB HEE v
EBRE D L OBBRERLIELOTH D, HHURE
DL, FIBRANFEE v OB ENKRE L2, KPR
TRTR@GOBEBEBE YLD EBNbnd, £/, X
@DOREZENLROON DM HE o ICERT S &, &
L0 bR E S Ee L NE ORI HE oL
DIFBREN, MRG0 % L el &0 T ANREORIR
ROEDEHC R Y, 7T ANORBBRE 22>,
WALy &I DENKE 725 2 &SR
ToHrbOEEZLNDY,

B-5 (ZHE[ERMIZBE L CHEXTEEE D, EMETHE o &
DR ERT, MR o 3B EOHEKITHEVRED T
L2 ENbinD, ZOBFRIE, CASEI0 & CASEll Off
ENBI L MELIZOWTHRBROBEM BRSO 5 d,
7E, MOHEITRBRA 7r—VIKT L, BRURBIT
HEED 1/10 BEDMEICZR S Z EAREATNS Y, K
REBRFERLDE DN IRMI OME S E o L Ol 0.2
~0.7cm THY, SEFHNED T L EIFEE LD T A
2= ERG, BEREE LEBEEOMZEREE 9 0.1
~2em LHEATHEDTH D,

B-6 (LI ICBE U CHIXEE D, L BIEFRE R DY
RERLIZBEDTHD, WITNOMHXIEE D 12BN T
HIBEREIT 1RRETH Y, AMiiz o LOEME~DW
EMHITROONRNFER o7, LovLans, ik
W EHY, N—%, BT AV A X, RRANER S
DAL IZIFELL, NMiZ 2 A0RE Y 10mg/l &
WD KT TTIT O BEE ORFFERE R VT, B
R=3~5 LWIHORRMNELNTWD, ZOZ b, K
WFICBNTIFE A EWREDNRBD SNRNP-TZ01E, K
iz o LOREOHBILIEDEEZ S,

4. FEO

WEIO IV NELro 2/@EOHICERL, bL—H
ICHIAKB L ORI 7 v 2% HWie T 25k % 520 L C
T OFEIESE LN 0 R R X OB FEIC 5 2 B 28
IZDWTIREF LTz,
AFFRIZEVEONTZERERIUTOLEY TH
2o
O ;WX NELIZoWT, SHRE D
IEF BRI EE v OBEINZ LN R T 5,

@ HESEE aL X, MRS OZNEOHTBRE RE
Eb, ThiE, LoREEEoOREEICLY, L
FORBNARE 2D EICL2b0EE2D

68

#-3  tRE D B L ONEIESR S R ORI ERE R
D
CASE (cm?/min) R
1 1.1 1
2 0.45 1
3 0.25 1
4 3.02 1
5 2.03 1
6 1.06 1
7 3.02 1.01
8 2.03 1.03
9 1.06 1.03
10 2.95 1
11 0.49 1
5
A GER (D=70%) w:VIAFEL (pe=0.703g/cm?)
—_ O SE[E® (D=80%) O :VILhEL (ps=0.758g/cm?)
£ 4T|@ :EE® (D=95%) 1
£
E 3F /1/ //" k
/ ///
D // //// -
ﬁ 2 // - //J:‘// 1
IS /// - 7
£ / - -
& 'S o 1
s/ T a= —
S E oI
N7=E . . .
0 1 2 4 5 6
FIE AR v (cm/min)
E-4 B EE & 2 AR B oo B R
1.0
~ 08F _
1S
2
5 0.6 | 1
4
W 04r E
R
® 02 E
0.0 . . . .
50 60 70 80 90 100
HEREE D (%)
B-5 AHxHE EE & iy R O Btk
2.0
1.5F 1
x J
ﬁ 10} ° L4 E
e i
]
05F k
0.0 . . . .
50 60 70 80 90 100

X EE D (%)

-6 FHH L & S PR B D BALR



no,

@ HETHE a1, BEOHMIAEWEDT S,

@ AEORBRICEBNTIE, BA~DAZ o 50U
IZIFE A LERD N T272%, TR DE
WIZ KD EBIIMERR SN o T2,

® KWFFEDOH T DA — )V TOMDEE o 25, B
HEOWFOMEEEEST D &R LI,

ST, ERRML—VORE, BIONL—TFRED
VDY ORISR LT 5 2 5 BT SV THRATT
BFETHD, &bIT, WAULHSHHETHER Ziit L %
Y50 7 DB Sl L, 5 BRI AL 5 2
HHHEDOEBI SN TOHRLED D TETH D,

i AMEON T L2RBUT, FTHROE KT & OILFATSE
ELTHEMLIZLDOTY, THRERONCTEHE RS, 5
RERBERZIE LA L EFES,

S E Xk

1) N7 a2 X5 EEE YR E B « ANl
71 APRIEZ LD HEEG Y R, BEAUERAE
%, pp.1~376, 1977

2) FEE W, EAEE, BA ¥, WMHF
- REgFnsEIkIZ 1 2 W EBE % 1 5 B E KT
TR OBAESEAT FIEICB T 50798, ARSI
#, No.511/I1-30, pp.135-144, 1995.

3) /MEFHE  MEBIEYOTERESTE & OXR O Fn T

TRICBES 2 SLEROMTZE, TORRFZERT Y, 55 202 %5,

pp.51-111

4) HA-H, HEHZ, bAEh, BEFE: 07 A
R I T 2 A 2B O BIBR N R SR FEE I D
T, % 6 BIREEHUE T5 0 R U AFEERGRIE,
pp.143-148

5) Gelhar, L.W.:Stochastic subsurface hydrology from
theory to application, Water Resources Research,
Vol.22, No.9, pp.135-145,1986.

6) MNATBUEN LARDIZERT @ HRx L98 Tl J 2 ol
G~ =271, 2004.

T Do RS & OGS Rt O R I B 9~ 2 JEAERIMTSE

69






BB B b A MEA L0 BRI S

BRELABIZETBERY b4 MEE T OSBRI
(2R3 S 83T

el S AT

Quality Assurance Techniques for Bentonite Mixture Soil Liner at Final Disposal Sites
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High quality control work at the final disposal site is essential to prevent reclaimed waste and seepage water from
leaking outside of the boundary. In recognition of this there has been a recent trend in the use of composite structures
combining bentonite mixture soil liners and geo-membrane sheets as seepage control works. Good quality of the
bentonite mixture soil demands minimal permeability and uniformity throughout, and therefore it is essential to
establish methods of evaluating uniformity and in-situ permeability of the soil liner immediately after construction. In

this paper, new evaluation techniques are proposed, and the verification results of the site execution are described.
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ICHIRO KUROSHIMA

Key Words: Final Disposal Site, Bentonite, In-situ Test, Permeability Test
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On Line Pseudo-Dynamic Response Test concerning the Behavior
of Pile Foundations in Liquefied Ground
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An on-line pseudo-dynamic response test combined with a lumped mass model analysis which represented the
coupling behavior of ground, piles and overlying structures was conducted to study the behavior of piled
foundations in liquefied ground. An overview of this simulation system and also the relationship between the
results of the simulation and the results obtained from tests utilizing a shaking table test of a piled foundation are

described. The applicability of the system is subsequently discussed based on a comparison of the pile responses.
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Key Words: Pseudo-Dynamic Test, Liquefaction, Pile Foundation, Spring-Mass Model
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The Development of a Simple Foundation System using Steel Bars

HJI| FEZ YUKIHIKO KUROKAWA
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The authors have developed a simple foundation system for temporary or minor structures on soft ground.
This system consists of a concrete base and steel bars driven into the ground, and can be constructed or
demolished simply with a backhoe after utilization. Load tests conducted on large-scale model footings

constructed on soft ground confirmed that this system works sufficiently to act as the foundations for

temporary or minor structures.

Key Words: Soft Ground, Temporary Structure, Foundation, Load Test
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Experimental Study on the Bypass Method of Axial Column Force

in Base Isolation Retrofitting Work

LPH & HIROSHI EGASHIRA

K ¥ TORU SUZUKI

/R #Z HIDEYUKI KOSAKA

(g A3 HISAYUKI YAMANAKA
TSR RE % SHIGERU OTSUKA

e K 16,000kN Ol /1kE 2 F 9% #i b 10 BEEE CERY ORBELIE THM Tz, YR o6 )2 8z

FIZBWTEEWEREMENRD b, BEAFFEOETE
FHL, BB EOM®BEMEY Y v XORIEE L TORM %K 21 3%
WZFEHE L 7o R ORE R, K

LML RFES D720
DML A HERE LT,

WHRR LB a7 U — Nl % 2 O PC #i#E ¢

BALEREH SN, AL
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F—T— K R, i, A, PC

Base isolation retrofitting work was undertaken on a 10-story building with a high axial force
of 16,000kN in its columns. It was necessary to ensure a high degree of safety for the period that
the columns were cut for substitution of the axial force. The clad concrete used for the
reinforcement of the upper structure was cast at the capital of the columns and press-jointed with
orthogonal PC tendons. These were used concurrently as the reaction blocks for hydraulic
jacking. As a result of performance experiments to prove the effectiveness of this approach, it was

confirmed that reaction blocks are capable of supporting approximately twice their design load.

Key Words: Base Isolation Retrofit, Column, Axial Force, Press Joint, Tendon
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Loading Tests of RC Frames arranged Mechanical Splices within Beam-Column Joint
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The structural performance of RC frames in which beam reinforcing bars were connected by mechanical

splices within the beam-column joint, was compared by a series of loading tests to conventional frames

which use continuous re-bars in the joint. Through these tests it was confirmed that the performance of

mechanical splices was almost equal to the conventional method in the designed range of the deformation,

and depended on the shape of the mechanical splice in the range of large deformation.

Key Words: Beam-Column Joint, Precast, Mechanical Splice, Bond
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Experimental Study of Hybrid Structures Composed of CFT-Column and RC Beams
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(i /A3 HISAYUKI YAMANAKA
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This report describes the new Hybrid Structures that are composed of CFT (Concrete Filled steel Tube)
columns to reduce the section area and the R/C beams to improve rigidity. To verify the feasibility of this
new structure, a series of loading tests were executed on the frames. The results confirmed that damage in
the column connection part of the beams was minor, and hysteresis properties were improved by
installing nuts to the main reinforcing bars within the beam-column joint.

Key Words: Concrete Filled Steel Tube Column, RC Beam, Hybrid Structure, Nut, Hysteresis Properties
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Axial Compression Behavior of RC Columns with Built-in Steel Tubes
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A series of uniaxial compression tests were conducted on composite columns which comprise a steel tube

being built into an RC Column. These composite columns have been applied to the lower floors in high-rise

buildings, and an effect of confining the core concrete and an increase in the shear strength of the column

under high axial forces are expected. From the experimental results, it was confirmed that both the

maximum load and the level of decreasing load after the peak were influenced by the depth-thickness ratio

of the steel tube and the hoop reinforcement ratio of integument concrete.

Key Words: Composite Structure, Concrete Filled Steel Tube, Column, Compression Test
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Vibration Propagation within Ground and Structures adjacent to Subways

(LF  #B% KUNIAKI YAMAGISHI
A4E  1E¥R MASAHARU TANIGAKI
AR % TAKESHI IWAMOTO
B {2 HIROYUKI HARADA

BT D BRGSO THIRSEE R 14 BRY L LT, # FEE 5 (220 3RO M DIRENIE 217 - 72,
HERRN S, HTEEEE T OMBIFEL T A Y — A LB/MED 2 L, &)L T EHLE OF BN E I K
0RO AR OMMN R D 2 &, BMNIRBIOBERII DN 2 LR ENyroT, £, ZEARIGER
HHC & 0 BYN ORISR 2 BB CE D RRMEDOH 2 Z LB nh o T,
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In order to improve the prediction capability of structure born sound in buildings, vibration measurements on

three buildings located near to subway tracks were carried out. The results showed that an operating subway

was considered to be a line source for vibration. The input loss in the building foundations was affected by the

relative position of the building to the subway tracks. The vibration reduction within buildings was generally

small. The results also demonstrated that numerical analyses of the MDOF system could explain the vibration

propagation characteristics within a building.

Key Words: Vibration Propagation, Structure Born Sound, Subway, Input Loss, MDOF System Analysis
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Development of Nondestructive Inspection Method for Estimating Concrete Strength

—Study of the Application to Concrete in Structures —
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In a case to apply the proposed nondestructive inspection method to concrete in structures, it is essential to
evaluate the elastic wave velocity appropriately by existence of some influence factors to the measurement
velocity. This paper described experiments conducted on two kinds of specimen modeling concrete structures
and clarified the influence of internal velocity distribution and existence of reinforcements, on the elastic
wave velocity measured at the surface of concrete.

Key Words: Concrete in Structures, Nondestructive Inspection, Impact-Elastic Wave, Elastic Wave Velocity,

Compressive Strength, Reinforcement
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Experimental Study on Friction Characteristics of Cross Linear Bearings (CLB)
- Variation in Coefficient of Friction under Inclination or Torsion Conditions -

JiH #2 HIROYUKI HARADA
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The friction ability of the CLB has already been clarified under the usual conditions, but has not yet been
verified under conditions in which the flange plates are inclined or twisted. A series of compression-shear tests
were executed to clarify the performance of the CLB under inclined or twisted conditions. By undertaking
these tests, variations in the coefficient of friction relating to inclination and twist were evaluated quantitatively.

Key Words: Base Isolation, Rolling Isolator, Linear Motion Guide, Coefficient of Friction, Variation Rate
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Shaking Table Tests of a Reinforced Concrete Viaduct with Viscous Dampers
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In order to demonstrate the effectiveness of ‘Rotary Damping Tube’ viscous dampers on seismic retrofit for a reinforced
concrete viaduct, a series of shaking table tests were conducted on a model structure with a single story and single span. The results
indicated that where dampers were not used the structure yielded under an input motion of 8nvs2 in maximum acceleration and
demonstrated a decrease in natural period of the structure up to 40% of the initial value. Where dampers were used the maximum
displacement of the structure was about 1/8 of that without dampers and the displacement was maintained within the elastic region.
The effectiveness of dampers for mitigation of damage during strong earthquake motion was therefore confirmed.

Key Words: Viscous Damper, Viaduct, Shaking Table Test, Seismic Retrofit, Seismic Response Control
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Development of Viscous Damping Device with Inertia Mass Element
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Studies on the response control system of structures by giving inertia mass elements have become attractive although

practical applications have not yet been undertaken. The Authors point out that the ‘RDT’ amplification mechanism
damping device has a secondary effect of inertia mass. The authors have also been studying the practical application of a
response control system that positively uses this effect. In this paper, the proposed equations evaluating this system and the
response performances of the structures are shown. In addition, from the dynamic excitation tests of an actual device, it

was confirmed that this device could be evaluated by the proposed equation, and is able to work effectively as an inertia

mass element.

Key Words: Response Control, Inertia Mass, Viscous Damping Devices, Amplification Mechanism, Ball Screw
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Development of a Tin Rubber Bearing Isolator (SnRB)

A = TORU SUZUKI
JiH #2 HIROYUKI HARADA
Al ERAE PR BEIE  YUJI MITSUSAKA

(KR SHlET 34 2 WP A HISAYA TANAKA

e XX =R ELE LCRE Le T87°2 77 A0 FiJE = 2 5078 57Kk (SnRB) | 2 BHIE L7, #FEMIT,
SEVE - R0 IR LMERE - FIREMARIECENR, SEFSHIWIEENAU EORMEE R, ERRBRR LY, £
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F—T—F: RESTK, BT T, =X RIS R, EHONR, ook

A “Tin Rubber Bearing Isolator” (SnRB) which uses tin as an energy absorption material has been
developed. Tin has excellent ductility, repetition and re-crystallization performance under normal
temperatures and shows equal or higher performance compared to lead. Loading tests on the actual
isolator confirmed that the SnRB has the same basic performance as an LRB “Lead Rubber Bearing
Isolator”. In addition, the SnRB demonstrated excellent performance in high-speed and long-term cyclic
loading tests on half-model isolators. Moreover, it was clarified that hysteresis characteristic of the SnRB
could be evaluated by the Bi-Linear model.

Key Words: Base Isolation, Tin Plug, Energy Absorption Material, Continuous Test, Hysteresis
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A Study on the Decrease of Self-Shrinkage in Super-High-Strength Concrete
- The Influence of Expansive Additive on Concrete Properties -

PEA 3 YOSHIKATSU NISHIMOTO

AHE TAKU MATSUDA
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In super high-strength concrete exceeding 100N/mm?, large self-shrinkage is generated. In this study,
the influence of expansive additive added as counter measures for self-shrinkage on the fresh properties
and strength development of concrete were measured. The results confirmed the following; the addition of
expansive additive significantly decreased levels of shrinkage with little loss of strength. The influence of
the expansive additive was greater under high temperature curing than curing at 20°C. In addition, when

the level of e expansive additive exceeded 30kg/m® or more, it was observed that delayed expansion could

be generated.

Key Words: Super-High-Strength, Self-Shrinkage, Low-Heat Portland Cement, Silica Fume
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Evaluation Methods of Concrete Strength Cured under High Temperature in Early Age

wH TAKU MATSUDA
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In modern building works undertaken with systematic construction methods, the evaluation of the initial
strength development of concrete is important for securing the construction cycle.
The influence of curing temperature on the initial strength development of concrete was studied in laboratory
tests. Following on from these tests, methods for evaluating the initial strength development of concrete cured
under several heat conditions have been proposed in this paper. In addition, the influence of the cement

composition on strength development is also discussed.

Key Words:Quality Control, Strength Development, Compressive Strength in Early Age, Maturity
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Experimental Study on Strength Development and Microstructure of High-Strength Cement Matrix

" F #% HIROSHI KAWAKAMI
WA #f3% YOSHIKATSU NISHIMOTO
WHE TAKU MATSUDA

WAL ET U REA U, BEARLVETZ U REAY FPBIMERRLV T REA Y M+ U BT a—
DEREEME LIZEAZ V2 HIRYE, 200C—E & @R Z 60°C £ THMEA L 723 H A BEER K o i FE R R
LF T AT o Te, ZORER, MEGEAETIIEMEIRE L 20C— 84 LD @V, MERMEIT/ NS 2o
Too ALFEGHIORER, A NEEREMH Lz & S ITRERMEOCIILES D Lz, —F, YU 72—
LERBANT DL, HEOCHIMIELOAIALEDORD & sLEHIILE O/ MEN 4 5Tz,

F—T—F: EIRETAZ L, EMERE, MRS, B, I AT a—L

A series of tests and chemical analysis were conducted to evaluate the strength development and

microstructure of high-strength cement matrix. These tests utilized specimens made with three different

kinds of binder, which were cured by sealed curing of 20°C constant and 60°C in the highest temperature.

The results indicated that the strength at an early age of the specimen heated to 60°C was higher than one

heated to a constant 20°C, however the strength increase in the heated specimen was smaller. Additional

observations were that while in the specimen that used cement alone, the amount of pore decreased in

line with increasing strength, in the specimen mixed with silica-fume, the decrease in the amount of pore

and also the minimization of excellence pore size were observed in line with increases in strength.

Key Words: High-Strength Mortar, Compressive Strength, Pore Size Distribution, Curing, Silica-Fume
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Study on Impact Source of Floor Impact Sound

BAR TAKESHI IWAMOTO
WEE R YASUSHI SHIMADA
B fii— SHIN-ICHI AKAO

FEAEETE MO DB EARLIROREEERBREICOWT, HREOBNNLEREBRET12,
A T ER OB BRI T IIH R ) LR RS LV CH S BREMEES R 6N D b0, BRI T

EERIHOE B, TR OREE SR X 5 28

MREL, FRETHD Z PR E NIz, FoEEIRE
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Soundproofed wooden floors are widely applied to multiple dwelling houses. The authors carried out a series of

experiments and studies to evaluate reductions in floor impact sound with regard to the characteristics of impact
source and floor type, and the following points were clarified. Against direct pasted flooring, reductions of the sound
from a light weight impact source greatly depended on the shape and mass of the impact source, whilst that against a

double floor system showed linearity. To analyze a standard heavy impact source applied to a double floor system, it

is acknowledged that the use of a time-varying model to express behavior of a double floor is required.

Key words: Floor Impact Sound, Soundproofing Wooden Floor, Impact Source,Single Mass System
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Uncertainty in Wind Environment Assessment
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In order to verify the reliabilities of wind environment assessment, an investigation on how far the
influences of various uncertainty factors upon the assessment results were conducted. One of
clarifications from the investigations is that the influence extent to the assessment results of each
uncertainty factor in the wind tunnel experiments and the meteorology observations are almost the same.

Key Words: Wind Environment Assessment, Uncertainty, Upper Wind Meteorology Observations, Wind

Tunnel Experiment
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Attitude Survey Towards Electromagnetically Shielded Offices
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To investigate the specific reasons why market awareness of “Electromagnetically Shielded Offices” is still
limited, an attitude survey was undertaken. The survey results indicated that there is currently a general
awareness rate of only 18% towards the existence of shielded offices however the rate of people who recognize

the importance of shielded offices, once they are informed, reaches 58%. It is therefore necessary to raise the

awareness of “Electromagnetically Shielded Offices” in order to increase the market for it.”

Key Words: Electromagnetic Shielding, Office, Attitude Survey, Text Mining, Leakage Analysis

1. [FC®HIC

B —/v RL— L& BeE < L, MR LAN @5 Ol
TR RS0 THE B DB BT E 5 BT 7B R Ic L v, i
VB ERPIREN QO LnL, BB —V REM (BEHM,
AT A7 E) OHGE, ®E 4EEZRYIES THRE W OMER
THY, ER 00 HEHEETHLY

HEWNZERES — IV RS IVTORITIUE, XY ar bR
AT HERIIC L BEERSE IR, BRBERORE
WXV EFABENTZ VT 572 L, FREBENIRIRT D THEME
BH 5,

REICHEH AT ELIL, 2005 4 4 ALZHEAT S A7l AT iRk
728 CSR (BEDHZEM) OBEMNS, [TER—V A
T4 R EREL, FHRBRICHZ D SNEERSD L EZD,

ARFTIE, [EBW—N L7 4 2] OHHEAMEO7R WK
BYED T, EVRAN—Y U EMBIZER LT, BR—
ROBHEGWEEEICET 5 ERAEORKREWET 5,

2. A&
(1) #i&
REOE 2 RITRT,
© AT A UHE—F Y MZEBA WebT v — |k

CHERSRE  EEE G - MR - TEE - B E) ICTERE
D FLU O RASR—Y v (Bi)
- BREEHE T4

- PR SEhEIAR - 20054E2 H 25 H~2 A 28 H
THAERI AT L LT [ERB], KOS LRI0EE] 2 K-

- 3 ESIPN -2 1T
o, MEERIORE) ZB-2107T. gme.sp
W (EX,
FELTLE) .
2% BEE
1%

SHEA%
B-H#RR
91%

-1 R3], ROBZRIoEE -2 JEROEIE
(2) BEERNAE
A DERNE & RITRT,
Q1. H7p/ix BBy — NV RAT 4 A (BRI —L R—
L) | BITIERTLEN? <FREERA >
. HoTWiz 2. FbRholz

205



SIMERE BB R 553

Q2. BRIZOFT 4 A (DFEEEZEFL) 1K1, B —LFK
N—ANHOET? NEBMR T REET
. 2% 2. 720 3. bRy
Q3. BRIZOFT7 4 A (DZHEELEL) ITEM —/L F—
ERETDHZ LI EOREERILZLBNET N <&E
SLEETAY >
1. FEFICEETHD 2. EETHD
3. RRXEETHD 4 HEVEETITIARD
5. HEITII AW 6. FolBHETITWN
SQ3. Q3TREZI - HEHHIZBEZTIW
Q4. ¥ 1Q3) T l~3] 2RAFFOHEIE
HRIEIZEST, Yo EEOBEESR] & (&5
OEFEXHR ) L TIE, EHLOPEELEEHENETN?
L Y 2 VEROEREAER 2. SEhO B
ks, HEXNREIL, B —N RICETAIROEAEZSH
NULOF LA/f_L'CIEI/i“%:ﬁo’Cb\%)

WHHISC : XY a U R EOEHRRT, EREERR L TOET,
%@tb,MA#%G%Mﬁ%&%LﬁﬁTé_tfﬁﬁég
FRLZENTEET, T2, 7 4 AOZFHEEL CIT TS
DLNT o, SENEHINSGZ bV ET, LIRITLY
EMEIIINBIZIR T 5 Z L £9, 2nzbilk+25F
HEO—o\Z TERY—I NLv—A] BHYFET, [ER—I

RA—2A) 1%, BNEZEBCCHRAETH Y 2 8T, BENOERE
P S anEI 2R LT, BRI ZRR S SR VWEORE
HARETY,
3. R

(1) TQ1<BHERZE>) OHER
EHFERER-3~BR-5 12" T, RIETIE Mo Tz A
18%IZxt L, [bZRdolz) 8% ThD,

BLANCRD & BMEOREEEDS LM~ E Y,
BLBNSENRBNCEBIMEE RA &, BT 40 UL EAE
<, I S0 fREL B R,

(2) TQ2) DR
EFHHERER-6 (T, EHEY—IL F— A
1% @) ZxiL, 720 X 82%ThH,

I SRS N

(3) TQI<KEEERAE>] ORRE
EEHEREZR-TIORT, 3. SREETHDLIE T4 HEY
HIECIIRV) RIS ET 2L, [EETHDL) MR
58%, [HEZETIERW] AR 2% TH D,

T, FRNHOCEBEELAHE L EDLOT AT v T EUFS
Wr&AT - 72, SRR EZE-8 (TRT, FEipE< 22 51206,
HE LU 2EEMNE L R DA BEE BN,

(4) TSQ3] DR

206

[O%oTLV=  BHSHH T

2 &
(N=417)

B2k
(N=249)

T2k
(N=168)

0% 20% 40% 60% 80% 100%

-3 Q1DOFEE : 2K - Bich

B Mok ot |

| OfoTL

BHELIRN=249)

#2048 (N=60)

B304 (N=61)

B 144018 (N=62)

S 14501% L _E(N=66)

0% 20% 40% 60% 80%  100%
B-4 Q1 DR« BRG]

[ OfoTULVE CE Al

KL A(N=168)

L 204%(N=53)

ZE301R(N=44) 2§

% H404X(N=54)

Z 50X LLE(N=17)

0% 20% 40% 60% 80% 100%

H-5 Q1 OfR « IR

Hb
1% (444)

b2 =Y { A

®-6 Q20DfH%



(SQ3) OHBAAY ID, FRILORKBERZ DT
W, TERAMIA =0T Efiole, THRARIA =0T

X, 7o — R EOBEBHIAA L FDOTHRR T —F 25 L,

BRSO AT i ch b, 7FA hwA =07
DXZIT Q3 BT IFEFICHEHETHD] , [EHETH
5], RREHETHD) ExFELE,

ARIZBITDTHA M~ =270, FHEHI A FEOD
HEI QI EATV, HEFE O &R & O TG 8T
BiTolz, WREREOHBMEEZR-9 (2, HUSOHTORER
ZE-10 1R,

B DENC iofﬁm/wwkj%ﬁgk U 2 R
BB, 204 12 TS ) e EoRERER, 130
ﬁj@%%ﬁ%ihéfﬁﬁj,Fmﬁjm%$%®%®ﬁﬁ
W5 TR , 150 ARBIE) ik T, [ ICHH
DT oND T ENGhoT,

(5) TQ4) DR

IR EZR-11~F-13 1077,

BRTIE XY 2 CHEE OB 25 67%IIkt L, (45
DOUSHEXR ) 1X33% Th D,

BLHNCRD L, XY a B OEEsR) 2 EBEHT 25
BIANE, LPEDNBEICHARE D,
BLEANPOFERINCEEEZ D L, 30 ROBHET (458
OWHEXHR ] #HEHETIEENE . £, 40 Kotk
[y o B OWHER R 2 BEEET 2EE 3 Em,

4. EE
(1) TE3BHME) HEICEHTIER

FERG —N A7 4 A (BRE—V KL—2A) | OFE
13 18% Th 5,

EIMERE DDA D [ERGS —L RA 7 ¢ A 2L T,

TNBANLNTRINS N, S HICEORMCHEENEF S, L
PG B ORI T AUSERRIZIZRE O o h 22,

[EHES — IV R T 4 A > TWBAEE - RO
MBS — NV RAT 4 2] ZRET DR TH D,

LinL, TERY— RE7 40 A OfiGEMIET =0l
BAFIIARABHCELZ e A L2 M ERH D, EDT=
W, TELHIY | 24707, fEREZR-14 1TRd, fllide
L (REER) oFat2%5Rd,

[ LT OFEARNRE 2 71T, %Lfﬁw/—wbw—
AMARZIZTIES LB DO THIUE, T X CTOFGEINHE
nr%aw®fi&w#?J&w@_%zéo%bfwﬁﬁﬂ
EOTaw ATMEELTLEINRE, ~—FrT 47k
RV T HZRDOTHOTHS,

B-14 07 atv 22 L 0ELOEEN, BIEDTEOMEN %
HTERETIIE, LD %% 5D E#Y—N K47
S A OBHEDRESN, RhALRy I THDLI EIFHLNT

WG —V A7 4 ZITBY % Ela A

HFEYEE
TR
26%

16 5> =< BETIEL
15

BETRAEN
4

40
i
e |
b BEOEBTREN
o,
ey 3
X
0.25 | ovsscns
2
L smcws
——t" —— —— FRCERTHS
20 30 40 50 60
£ i

-8 4FEnd [WHEE] ORI RT v 7 BRI

30
25
20
1
215
H
10
5
0
B DA & k4 & " = = poi B 23] R P
P = A = ® i # E R = % Y H
1% 1% &
# wHER # 2

-9 MR MO HBUHE (HBUHE 6 LLL)

25 KY oA Y=
it
et
o4 A S
50HME " 206
6243 e e
; poe S
’é@{l& i
AE A
38 M
Y5
o A
®
304 L
e i
P 4 wEND

B-10 st %Eﬁ&ﬁﬁ?é%%%f@ﬂﬁﬁ%l

207



et

SIMERE BB R 553

HD, WHEOELOHIEE 18% LT GRAE 2/5H) = &
T, BUEOTEN 25 OD AR & 5,

Lonl, TEETIEHZRW (EBR - gokzl) | RELT
WL ERA LW | OFELOEISICLERTHNEND D,

Lo a%bfwﬁw(&mbﬁw)J®%V®ﬂ 1%, 89%
Thrn, B —NVFEFT T4 A ZHRBELIEWVWEESTHER
BT DEEENE WO TH D,

PREESY BT L EETHDLN
Bx7pn) 0 TEEEEIPEHTE RV 1
EITLHEHMETHD, FAEZITH>Z LT,
i) OFENPREIZ TE 5B 2 5,

M- CTWBHPNEE L
ol RS R
[ — R

(2) TEEE) RAEICATHERE

(B — IV KA T ¢ A ICEEMEZRK T TV S FAERSE
D 67%I% [/3Y 2 VHEHE O XK ] #EEIZE L THWDHD
WXL, 33% DA GE 1T [RFEOEBER] ZEEL KL

T35,

[y o EEOERERSEE) LT, A RS0y
NEfE SN TNDD,  TREEOEREHR ) ORI L 3T
HOILTNRU,

DEEOWIEE B & LT-BIERREHROFEMIKTEEIE, 20 J7{E
PULEELEDRTND, [EMY—V L7 4 2] OfiGE
72048 %I, %W@ BRI A R B2 Y720 NEh
DOYRERIR ) ZHRTT2 2 b0 ELEZD,

5. F¥&&H

MRS — N KA 7 4 R OTGEPMHE R TR WREZ D
o8, EVRAN=Y UESGIZER L —V RORBIE LGN
BT 5 iR A S L7,

[REE ] OFETIE, 2FD 2% IEMY —1 R4~
42J%fﬂ%ﬁ#othK2tofﬁw/—wbjwmﬁ
EEIET2DI2iE, TRREE] 2RO ENEETHD, £
t,%V®7mtXﬁ BT LA - REFTHMLETH D,

[EEE|] ORETIE, 2FED 58%0 TEHE] L& 27,
() LEZT-HENSRED 33%1%, 1Y 3 VHEiEO%
%ﬂﬁjkﬁ& [SEEOEHEXS R ) #EELEE TN D,

EREOWIERH] 1%, HA RTADEEHS N TR o

O, FieBRfb e EEZ D,

SE 3k

) MEARTZa ) I v BV H—:
Bk & BE, 2004

2)PREBIR, KA : WordMiner :
k7 = 7 OBEE & B INLERERE,
AiSCHE, Vol.17,pp41-44, 2003.5

3)/INIEE -
2003.9

EMC - /A XxbEdso

7% A MIT— ST 7
FRE R 2 A

KEMF—D7 o v L —B e, &=,

208

)

[ Onvay
£
(N=242) 87%
BEetk
(N=149) e
TiEetk
(N=03) 11s
0% 20% 40% 60% 80% 100%
B-11 Q4 OfER « &k - Bjl
[ onva BsE |
[ [
BHELIRN=149) 65%
B 12048(N=47) 64%
B #E30R(N=34) 56%
B 1E401R(N=31) 65%
B 504 L E(N=37) 76%
[
0% 20% 40% 60% 80% 100%

H-12 Q4 OFER « BIEFAG

[ onvw BRE ]

KELRRN=93)

Z142018(N=39)

K E30fR(N=24)

Z 401X (N=25)

Z 504K L E(N=5)

0%

20%

B-13 Q4 DOfEHR « LHEFERH]

40% 60% 80%

450
[ TL (FBEA) B IO ®X >
400
350
%300 |
3
EL:
H250 | 343
417 (82%)
200 | (100%)
150
100
50 - EL :39(53%)
74(18%)
35(47%) EL:31(89%)
0
L T sETaay 4019 peicosy
(ROBHLH (BAEhTLELY) (BBk - KREL) @ALKLN

®-14 F L5










b RBHHEIE T8 LW Z ¥ A AAEHEEL T

— — — — ) Y —
P RILBANEBRIOFHLOINTY 1 LZEZBELT
Aiming to a New Paradigm of the Observational Tunneling Method
BOoH F O s<on Leadd) W A B — s JaAvy)
(HEERE TpFseiT FER EM CERF B
fl B B B sro Lol W # ZFE E exEs osL)
TRL—T 1 v 7 REAHR SRR MPIRTT EEER

. FL&IC

FEANS0EA AR AIC 351 A5 NATM OEA A 4] & L T,

B L O PEE a0 LSBT OF &AWL
VROV TICEA I NI,

L, BAEDEZABEHE I HILZEE) Y]
7 b AV E TR - GHE LB A FEIRSI N Th R
Vo Eio, EARKEGEY M SHER - EE, BIUERY
FiHRE Lo A 7Y A7)0 - aAFORGELZRDON
L55HICH-T, FRIVOBIHEBE TOH D i Ch
ICH# L 7oA OBATAE OGN TV 5,

X OO AL, BRI A DR R TRAM L ,

HILANDT 4 —F /Ny 7 %ER T 5H7-OIC3IMILOLE
AR OTATIHMT A EHRLERNTHSHEEZ,
FOREWFHMELE L L TRAOTAEREL Y, &
BIZ, FURIVEENC & » TRAET ZUT AT, F
i 7 AT LN 3o B RIS ) & M IZE S BRI D ke %5
M4 5 C & CREFICRDBAL L ARLIY, O
OOE 2L, BHPEO PV FVBTICIAS RSN, %
NH VARV LOFRBICH 2 D 5D TH5H I ENE
AEEhTw5,

IHICEE LI, RAMERBRAAFIH L - Eikx
WBLT, By 7RV OITEPRINCRET 50T A%
W5 & &I, MLDOHFEOTAERKIE 506
W@ &, B LUHILZEB A k7 & D2 HREN
e DONEB I AR SESWC EAR LY, R
RE L 7ot L OBBIC L - C, Rlxay 7RV b
THREEZREETAFELRELLY, LrLEAD,
TR OB RFEIR I HILOMBE LKL, Th
HEONICT AT ENEL WD, HEDEZIAZDF
FIFERICEE > TWiel,

BALR TO L 5> — 20K TH % UIHEZ I LDt
BE&MEEWHONMIT AT ERBMET DM, TOHM
BREOEE L EHICKFE T 5700, BRI 7%
INTWALIFEVWEEL, ChEe X DEER, FHARE
MIZTED T LD EF5RABFE TN TW5Y, Ly
L, T 5D0%  (IIERERCEBQUBEREM A FIH T 5
L THEIMREBILOH TR ELAENLADND LD
D, HILEHEZ D D1z RMR (Rock Mass Rating) %
DIARFEOHRBIZE EE->TWAH EDICEDN S,

MR EZH, BN EURBE > E L LABED
BEULE THA—>2D/NRS XA A, $ixbbd s —RD
AN2DLODRS - 2 HHRAMCHE L T 58
MR CTH 57 BiE, BIED/RF X A LOFR; TIHE F
VIV TICRR AR S N/l R Rk 45 Z L3 #L
WO LI, HLWBBHLE T/ X A LR
WROOBN 5,

EEENL, CONRTIALMMERECHI->T, CNET
xS N T &7z b v oV TR EBS R B IR UL % 2 5
BANCIER 5 ENEETHH EE2I, o, Th
AVAG I (VND R D RYAS BN A F € £ 37 DA = § S pviE /N
RSN S LS, ZHICES 5 ARAR L AEERR D
KRS NDZ EDBLETHD ELE T,

A3, POV THRICHACEV B 2 MERNE
BEOBRENIR L > & HI L O B % #EE 3 5 Bl LB T
B A OBIFLEBICHEM 4 5 C & THRAIML B TICE A
L7cHBI=BN L, ZORLEZRI]D LD TH %,

2. bR BRHERET & L TOHIFLRE"

SHOBEAMFERAY 7 4 —F Ny 795 LT, 1o
LA L R B00, FHCERINLETIIVEEICH
N, HATHAACYIHBEL S5 2 b S EFAARE 2
FBLLHHIETHD, £, bV RIVOREN: & i
L, fEFs - B8, FHedEUcr—Y AV FT5ET
PEANC & - TR S N A8 AHEB A 4 5
CENREETHAIC 02O T, ChErfELd5sF
BiIRShTuwinw, EELO— AR, RO
FEE WS & THIILGHENL ) G AR A HEE T
HFEARELYN, TOFEEF TS EFH
BB EERZRTONE L, BIURBOME—H
DMREE LB e K OREENE T 5, REEDIL, %=
TR OREABAKEE T 5 Z LD TE SHEEETARE
ZBAFEL 2290, BB NILICRAR B, Fi
BISEIC & LR 2 224 5,

COfBIZ D, FRIVERRETS, BXU v RIVER
FOOMEREFEL, Bx, BEINTWDD, £O
13 & A EBIE O 7o DICRIFRIC 7 5 YIRS 1k 32
T, B MERSEYEL, A& - oWmcCHEMRANE
I BBELE W, TORD, b /RO TEBICE
DIZEATESLLDOTIE eV, L2LERL, IhbHD

A

1%, &RVl 52 (2004456 H) XvilE#LZboOTH D,

209



I AR B AT FE R

B35

FHEOHRT, YPHFIHERE I HN 5 EIfUEE T
BB TICHLBEA LD XDV AT LARHRT A L
T, bNbNOHEGHERBEYFEBL 5> 2L H 5 D
DEEZ T,

PRIV TYINC BT ABENr b2 5 5010, %
FEHIFLBEROEBRIRIL, #I21E/ I FRDP v+ 7 L,
S HITIE AT A LIRIUE S BRI HIFLALE OB &
BItRd %, L7~ T, ThaEEIC, »oEEMIC
BES 57261, b vroVEIILOME IR % 5 5 1
BEDFEE CHUE T & 5 aliEME DA &,

EFXOLDO—AE, TOXD%EZFHITESCTHEILBT
BEIZBITHE Y 7RV FEIFLO V7 F—2 B
Ui OB % CG _EICHH T 2B e EfiL /27,
DI, EEERD OB ON/CEROBEK, ks LUR
R & HIFLICES 5 R L7 OB ERI— 1 IR RO
DINZ—ITHEL, BFLRRICEIE SN BV BT O
DHLDOYDNNZ— YT ESrEZ2—TF) 1y
D=7l 8-> THEBESHHLDTH S,

K—212, gLlyLEDO D AEmAICHIFLE - 450
(FHIFLE 1.9m) IS V70 fiE =2 —F %
v BT — 7 TEHN S NI ASHREE LS AR, KO
LOBRIA, HESN/oAREREHOMEZEL T 5D,
BREOERIIAEEE TH 5720, AEFEHAE RO
BV RS 5 S LIC LD BREBOE AR LT
Who COBBOEHOBIE R IR FETH 55,
FXOFER T L HEWIEERE (F V7 O &
XOPVEBPTHLIZENTWE I Ebhb, b
B, N EROBKA 2D ORBETER SN
DEEZ D, TOFHHFERE L & ICHuE KMo E K
WA CC ETHELALZLOPR—3ThHb, DL,
BB 7 T — 2 BFU» HATIR 7 BB OBR O 54, %
B WEAHESE T AT OIEA R BE & 70 V), BRI 72 P AR
T H7200 Tle <, UL FOZEE % L DIEEICY
MBI ENTE, FFHHT A LDOTEL %S
WaRREELEB S,

CAUSHIFLAPBIRED A CTIT o4 % LRl 8 ffi 7 1l F LB
BOI=DICHRE I NICFIETH LD, ROV AT A%
bV OV TGRS 50 B FTE R 0 i FE 1 s
IR L TREETE 5061, PRV TICHE> £/
BIFLIEZE, Bz 0y 7 RIL F LR FBHILDOBILAF D
FEMEREGR L L (BRI ENTELDTH S,
CD & D757 20 GEAFE L 7 ULHBIFLIC R % Bl LR
VAT LD, EB~OBREG A LTICRY,

3. HIBBFZEDO M RILEIADT 4 — K
ACR/AL

BIfLEEF A b v OV OBEHEE TICE A4 58—
DOHBE, VROV OB IR A BRI HEE
HIEICHDH, TNETOYRFIHHEER EICHCBHR
ToHIFLARIE Tid, bl % M9 2488 & L CITBE L )
LEEOHD BRD LN ABIE T L ILF— TS %
CENE oI, L LEhD, PRV TIC g S

aEmR TR 5 R AE
=D i = i =>|
A A A
o o o
= T = Y
-~ o+ L L L.
MAK® MiA= MAAM®
=L = = |
A
S [iiing et N %y
n I & z
MAH® MAzEE MAH®E

) IR (I ] |€a ]1.9 m
e : !
BN RFEINS
< e i
il 2| 3 |
- 3 =i | kR I®
] . | DA §-
& ] 1 1 é' q
L P 0 i
[ 2 [ l ';';. ] ;".z 1
.-"-'i‘__ o | T — 0
No. 4 N:f No. 2 S No. 1 )
LB [ (LS JED)
[Nm/kPa]

(FLSER) IN&L\\HH

(RILDIER) DR 7
WLxS

M—3 YOEKEEO 3 kot EEHEERD

N BT ORISR, RN TRE L 28517
CEHRAE LA EOHEBE IR N TS, &
NOOHEEHENMEEN T 256, BEILF—DAIC
K BHILGHII IS - 72 B A A S RREME A D S & & LI,
FIERE A BE S 5 2 LTk - TRV EM BRSO
M 5252 EHRHELMERDDOH 5D,

L2 L7 s, $IEHO B mESN S B ORI K
L, HERPIC &> Td e R AF# %7086 L H
Do ZD7ch, e HILOFHME HE I E 72 B
TV, P VRIVORERSCTRETEE 2D LT
BRIV ERA WL OB EN TS,

B HEOMILTIE, FREAEALD, IR
WA EBREAE T & LHILGHE 2 TR &0 D 5, ORE
E 13320l mdLDTHY, vV KmHO
2y 7 R0+ HIFLEE O B FLEE 3 m/min LA E O %
MHL, ChE 3RICHICHIBEL 72K THh 5, Yk
DB FAUE BB K S T4k & L CHERSE i
INTH - 7otcddp, BIFLERO IR FE+ 5 C &

210

Ak, dEEMEVol. 52 (2004 4E6 H) LXViGEHL-bDTH D,



37 <, fTBE, 7+ — FEZEHLPRIE—EICIFE
L7ce LLERG, FMUVZIKIEETOEHNR OGN
ZOREACIEEILEE,AEL < KEL, LOFEETIE
0.5~1.0 m/min R O FIFLEE L 24 a0 OiCx L
3m/min LA EOHIFLEE 24 U 7o, Z OB A Fifk ¢
% EOBRFE—BICRONS & DI —EDHFH: % 22k
ISR L TWB T EMhgh b, Thbb, il /ot
BN FLET HEENRES VO THL, CDDH, T
VRV K30 cm BB OB BN 5 5580 S ENC A D
ok, 2~3mBEOFIBICHEN S 5IMILEERN LR
Al &M A C LA THEMITITZEXTHA D,

I e, ISR S5 C LIS K- Tl
FRARESINDLHELD D, 7o& 21, fEmEHILIC
BB YPHEHHEE Cld@F O 1~2 m BEOXMH T,
2R, FIBEMET T AHELB AL, JOFRKIIHE
BoBET 54 THAL, ity s hr,
O L ERAVHIFUSROTIEEE T L AEERL,
T4 —FEZETFTIHTH PVZMETLARWES, fL
FNBBL VLD EHIMT L TITREZ SR T S & 288
THoleo COTEND, YRGS 1~2m BE
OWiE, L BB LFLET S L0 L FRINA,
B L CFREEFNC Z T E AL DOMEA TOZR K
Borinic, £0 L& OBERRIBSTREFES M4 O
BE—14IC577, CORFLZEREEA?30m, KO E
WHRBREZBA L /Ui 4720, BEALE v xovd
OEBICEALS m BT SAERL, 2L T, FE
10 m T ERICHERE S N7-WTB SRR S /s,

¥/, OBRBFE5TEHROITE T 3 LF —DZE{LE
LIV ROVEAAOMBE LA HE L /K TH 5,
RICERINIXKBEOZ RN —vidvwdFhnd D-1 T
BV, BEXHEO F VFOVERIIHNS0Om TH S, 20D
X THERE S N/HESTIE T hd b v OV EEENIC £
DRAFIRTH S LTS nion, R—H/ S x—VK
MITHBABORETVEN Rl > T DH L5 THD, T
CTi, RICRTEDICA B, CO=20OREHEEICK
SL7em, ATKEHREZILTHY, HBEICKS
LEZDONARBABL/NE L, EABENLHETL RS
Nz, THhICHL T, CHIE F v RIVEERD1.8~2.4
m#E@HBPEDEBATHSE LD LHETIN, [KKAD &
L CRERBMDIZT D 3T 2 DOEBEABIE N, Zhid 4%
BT OO (D-1 /3% — v O OEAT) &
HE L CRESS 2728, HREIO B FHIIA W EEFIC &
ATEEHMIT 5 ENRRYTHAD, £/, BT IO
BRBRER LML CTL2ADY, P URILVZROBEK
EBABDO ATl S N5 LD TIE WA, T OFHEA
ELWETH20IE, KDMSILL /B2 — %
ETEHAREMZREL TV 5,

£/, WEAEEOFEIRI A ZEL ¢ 2 EERA, #
ZALEBOWRR, BN E oMK, Rdktmorik (FLix
NLTWBED, Hitibl Thsxd) %2, FvRILo
UINBIZIEE & AT A LICER TS L, U
Al L EEROD HZRGENRETIE R Wr EE 2

b RBHHEIE T8 LW Z ¥ A AAEHEEL T

50 O & DICTHIFLBIERE RO 0 Hridvm#s 1S 7o
MO THBHN, HLOFLWEEE oV T
ICH72HL22H 5,

4 &HVYIC

AT, P UROVBEUERE T.O/RS5 X 4 LTSI
7= D OB AD—BRE /BN LIz, KRBICH-
T, EEHEDLORLICFERLT CDONRT XA Lk TS
L2925 EWDDTIEEL, BEHLR TARD B )% FiE
AL, TOMBEDH D S (Problem Configuration) %
kL, EOXDICHITLHh%E P/ RVETICEDS
EANDPBRT 5 L HBENEE TOBROFEZFTH L
BOARROHETHLEEHLEZIC,

¥/, AV 7Y FEEMEERGBRENSS AT
YA 7 EHEFE - BEAZBE L /GTHEALEINDOH
L0, BoO—RAEERTHAS VIV TIE, TDLD
BBV EAYHEL C L IIRETHH, EELIT, HDHT
e TRFICHULSHBO B 0 F & LB 5 2 LT, Lok
B-EE, BIUEFOHBEEZNETLDIEST &N
TEAHDTREVWLEE 2T, CNHKBEI NS
HIKEEHEEADO—DOTH 5,

R%IC, AT EE A EmE AT v X — DR
12, 13 FEB R OB R DO —FE HEIZ L /2 DT
o E72, HIFLREY 27 AOREFEIC Y7 > TTBEIRIE
BRR IR & 3 5 B AEK AR IR B THREBAT
OEROTIRE - CHHE IR Ex L, JIICER
DRBHRL, ANXOKETE WL ET,

2 £ X B

D BIEEE by RoL THIC B0 BRI O
+AR¥SHCHEE, $3175, pp. 93~100, 1982.

2) BIEERE - RN b RVIREIRHC 80 S EGLEHRI
FEROMMITE:, LR¥EHRCMESE, H3375, pp.
137~145, 1983.

3) A - RGEEE - IR - PEEER  BUBIHENC
#0730 + OfEBEROFHM, +ARFEEHRIE,
No. 529/1-33, pp. 1~9, 1995.

4) UBhEE - BHHEE  OFTAEEICE S P RIVHRT
ORI, LAR¥LHE, No.448/M-19, pp. 83~89,
1992.

5) HHAERE - == AK 5L - P8 BKER - BRI -
P BELEODHITE S K F L WIIHEFHE Y A
T LADRE, +AR¥LHICE, No. 623/V1-43, pp. 131
~141, 1999.

6) FiEELEL - FAREE - BHMT -  ARE— FIE=L
HERR AL fi) A YIHEG 2 FIH L7 3 RouHeE 57,
341l T4 R R E S, pp. 1749~1750, 1999.

7) BRI - REE— - MR - LMES - LT
ICBT5 IV TER JOZRITOREICET S
WHoe, FR12, 134 Mk A RmEsfit v 2 —o
FeBhRLE S, 2001,

8) MIHFHE - BHAKA— - BREEN  BAEHNCE ST
ZE AR LN R 3 B MBI O HEE T, AR¥EST
%, No. 394/11-9, pp. 89~96, 1988.

9) Nakayama, A., F. Yamada and S. Sakurai: Air Permea-
bility as Measure of Rock Mass Behavior, Journal of Geo-
technical Engineering and Geo—-environmental Engineer-
ing, ASCE, Vol. 124, No. 3, pp. 223~230, 1980.

(FRZH  2004.1.13)

A

1%, &RVl 52 (2004456 H) XvilE#LZboOTH D,

211






TRV KD = 7 U — N OJEREIREEHEE S5 B3 2 FERERIRIFZE

(A7) —11]

ARG R Rl 5877, 15-21, 200541 /]
J. Struct. Constr. Eng., AlJ, No. 587, 15-21, Jan., 2005

MR L 5 2> 7)) — b DIEMEEEREE )7 E:C B Y 5 FEERIAT IR
—a> 7)) — F OFHEME S & OREOE R ROREEIC TR —
STUDY ON METHOD FOR ESTIMATING COMPRESSIVE STRENGTH OF CONCRETE
BY IMPACT-ELASTIC WAVE

—Influence of variations of concrete materials and mix proportions on elastic wave velocity—

RVAN 2 S A

I e 4 e

Eiji TATSUMI, Yoshihisa NAKATA and Shiro KAWATANI

This paper describes a nondestructive inspection method for estimating compressive strength of concrete using velocity of
impact-elastic wave, and explains influence of variations of concrete materials and mix proportions on relation between the
velocity and the strength for improving the accuracy of estimation. First, we survey the recent studies about methods to measure
velocity of impact-elastic wave and relations between the velocity and compressive strength. Next, experiments to clear influential
factors on the velocity, such as W/C, slump, bulk volume of coarse aggregate and cement type, were carried out using cylinder
specimens. The results to describe influence of the four factors on relation between elastic wave velocity and compressive strength
were presented. Finally, an appropriate estimating formula was given by fitting to the experimental relation.

Keywords: Concrete, Nondestructive inspection, Impact-elastic wave, Elastic wave velocity, Compressive

strength, Mix proportion
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