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Study on Evaluation for Strength of Concrete in Structure and Mechanical
Properties of Ultra-High-Strength Concrete up to 200N/mm?2
KOICHI HASUO TAKU MATSUDA HIROSHI KAWAKAMI
Key Words: Ultra-High-Strength Concrete, 200N/mm?2, High-Temperature Histories at Early Age, Concrete in Structure
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Full Scale Measurement of External and Internal Pressures
on Cladding of Existing Tall Building
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Assessment of the Applicability of AWJ Technique for Dismantling the Reactor of
Fugen - Development and Applicability Testing of Sound/Vibration-Based Submerged

Cutting Process Monitoring Technology -
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Development of Quality Assessment System of Ready-Mixed Concrete
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This report describes the quality of the ready-mixed concrete based on the result of the realities
investigation and the examination in order to establish the quality assessment system of the ready-mixed
concrete.

As a result of the investigation, it was confirmed that the unit volume of water occasionally exceeds
175kg/m® and the water cement ratio might be less than the required amount in standard mix proportion
made by the ready-mixed concrete plant. As a result of the experiment of the concrete, followings were
obtained; 1) The quality of aggregate exerts the influence on the compressive strength even for low
strength concrete. 2) The experimental value of Young’s modulus has the range of + 30% for a standard
value. 3) There exists a relationship between the quality of the aggregate and the shrinkage of concrete.
4) The dry shrinkage of a long-term age can be estimated by using the dry shrinkage of a short-term age.
Key Words: Ready-Mixed Concrete, Mix Proportion, Aggregate, Compressive Strength, Young’s Modulus,

Shrinkage

1. [FLC&HIC

EH LI, BRomMELEREL, B-1 1SR T k&
SRMEE (7 U — 1) ICBET AEAAEIT-> TV D
DD ZnETI, mRE, miEE (2R TAM),
R, RIGH, AN, @AM YOS E S ER

B PEREER MDY s ) — [ EBITEL TR A

DR T X 2 MM EO—H ORI ERITIE, =
V7 U — MESEWIZIE, BT EMo BN T il s
vy —372bavrz - RIS, L
BoT, arys)—rofEEHICELT, 227U —F0D
g - ETICRBOYTRE, LT =3I A a2 Y—F

T8 (LT, A£a 1) OFRE EMICHEEL, FHal
W) e R LD ENEETH D,

T, VT I7Abzarz7U—F (IS #4)
DOREA L WS JERE (B & T y¥(k) AT T,
M LEFEOa 7 ) — MIRT 20T ERL>OH 5,
LoL, AarTgciliEshsarz U — M, 2F
MIZRANE, koL, THIT LT Bies b
DTH D, HIgHECEIRZEE + 3 T LI5S 2170
&Hﬂ@,UPWEU?4%@ﬁT,ﬁ§Eﬁ%W%E

LIS OOVEINS, SESERAREEDY R BEE

,m% i T35 N T HE R EFREORIGICEET S

LT 3R,

21



SHEAEBR BN s BT 5

F72, HETIE, AarTENLERENDIEER
— AR T — X FE OO A TITHER T X I WHLG
HLRLND, ZO—20, RAREMOMWERTICERT
a7 V— FOPFEEOHEMTHY, T L it
i SHENOOEN « BIWENRRE LI-HH] Ob1F
35, ZORMEREX, EAREa 7Y — MEYE
RIFED 2007 FEKET IR IZ B2 A A KIFIC
B IAFENTZIED, FHEECUHEREIC BT 21BN 3
ERILLTWB, LnL, a7 U —hoiEEDIERE
TEFEHOLNIR > TORVORBIRTH D, BBLE
Thi, MEEORENERETERTL, #HxROL
B R E A AR T I E N TE 20,

Zokohars ) — MBI L#MEIX, TED
72 R OBRE (CEIITEREEER) L’?@ﬁf%ﬁ:ﬁﬂﬁb
WY 7 e e E A 3)’4”8)’9)’25% Urzgkat - METZ1T 2
ﬁf%ﬂ&,ﬁﬁé®%iﬁ%%ﬁﬁb,:/7)%%
WBEYOREFEMLEREBTELLDOLEE LN,

EZ LI, MEOFICB T 2EMENLORFAE L
<, V7 IJAbarI Y —RNMIERL, AL
B OREERVIANTET — 2 XN—ADOHEEEZED TV D
it,%ﬂ@éﬂ/I%fﬁmLTW5Mﬂ(%uﬁ
M) 2ED, cnEHWar s — NoREERERL
TWb, Aiwx, vooa—I7ArarzU—k (L
T, XHTEHHEICar 7 U — b EMESR) OEEHREL
BRERARBROBRO—HERBNTHHOTH D,

2. HOVERERE - T—4R—X[2E DL
LT4— be&:ybu—bwﬁﬁﬂﬁ

Ear THORERELZITY, £arF—F_X—2
EET IR THLNI -T2 (F—FD—H)
ERNT B,

-2, -3 %, A= THOEEESE L LI, B
PKE, Bk AL NE, KEAV N, BMOREEE
FORTUFIZERL, ZNOOBEBREFARTLHDOTH
b, ZIZT, EHEREE LIX, £ TN JIS AS308 LT
4 =7 Abars V=M LT IHIEEGE LTHE
L7cb DT, M LENBERMICHMKEEOEE 27
L, BEELEZREGE2EDRY, 22T, YLARLRA
fz 2z U—hK (BATF, PC LHET) _LibtkE 0BT
LTIECTE A SN2 FHEERE 40N/mm> D=2 7 Y
—hExGL L, ZHICHETDHEOBEE 40, FiRA
NETREACDN, AE BKAIEFERA L7 U —
FOBELEERL TN D,

-2 T8, AT77 8m TH-TH, HNL
AKEIL 155~186kg/m®, Hifiit A v b &L 405~543

22

[ #reticre s zmyEa

@27 —- RS ORE(E
@27 — DWW - W ERE(L
omaNEtEHEOME
OHEOFL—HEUF—  FOLTHRELTVET

' | pEEaLF—AN—-R |
0L LT

1| F— N —A

»

- . HHESE 75

H BHTHEL-ERE T e
= AT AMiEE 5700 [
- RTHORNER MIMREICHODERR:
- T

-

Y RNERICMOT RS-
----- ™ WEL AT LS

— -T2

)
A EE

B-1 RSB T 72 EHC B2 Buf 2 2

W/C(%)

@ /7 47 (20mm) A :JI| £ FI| (25mm) =30 3

600 o « (11 % i (25mm)

BAARL T KAV B

AEJ 7k #l

FEOVR £ 40, A T > 7 8em

300 A Il A Il A Il A J
150 160 170 180 190

WATE AV MR | C (kg/m)

BT AL, W (kg/m')
-2 IEOEREE 40, R 77 8em O AE BRI %

fEHL7=av 7V — hoBEMKE, Btk
AV NEBIUOKE AL FEORFR O

kg/m®, K& A2 bEHIE 30.0~40.7%0 i\ P A A9
Do AT VTN 8em THHTH, T 7 U — MERR
FEE DRED D HAL A RO EIRME 175kg/m® 2 2 5
AEEREL LA ar TENFET D, £O—FT, H
PEAREIE 160kg/m® Bitg & LI 22 < TH, BESH
ToKkE A RN/ ENZ LICRKL, Bt A v M &
2 500kg/m’ BREEICET HECEDNFET D, IBEIG %

IZEB L CHAME A bEDEEZR 2548121, HAL
KEEKE A NEORFOFREMITHT LTS o xt
REBLDODMEND D,

MEA 1T, BEC B OB IZ B, 257 8em L ¥
HbREARMEICLEFT L ENMAZ TS P, E-3 TR
TRV, HAKEITIAT T lom O LT
2kg/m® BT HEANHEDOT, AT TEKE
T BHATIE, LB U TEMEEE AE BukAl o6



O : f 41 20mm
W=2.12SLP+155

[ 02l - e F25mm
200 I w=233SLP+149
19 F
180 f
170 }
160 F

220
210

A o JIES R 25mm
150 F W=2.15SLP+141
140 }

L | RV T KAV B
130 | AW K 1, /P OV £ 40
120 I I I

BT K& 7 (kg/m®)

4 6 8 10 12 14 16 18

257, SLP (cm)

700 ¢
LN I 2 NV NP SV
[ [AEJK A, B OF 34 B 40
"E 600 F
5
=)
< 500 f
i
3
2 400 F
E O : #+420mm
B 300 F A o IS F) 25mm
O - BRI 25mm
200 R R R R R R )

A7, SLP (cm)
-3 FEOREE 40 O AE BUKFIZER LIz
V= DRZ 7 EBAKERE L OHEAE
Ay NEORR O

F-1 FEEdE AE BUKAIZ A L TH B KED
175kg/m’ % #8 2 5 A= HERDL &

co | TIE® Bif e o | e | wae
| FiE | e [mAe | | e | md
FE LT 1R [E3s g | 24| 18 172
FEER | B0 BW | BE |24 18 | 10
BEER | B0 BY | BE |5 | 18 | 1m
ERE |J# BW | BE &0 15 | 17
N[ LR [ me | BB | @] 18 | 10
EER [1igi BE | 40| 12 172
FoFule | L% |LEsdl| @ | 13 | 1m0
EIIE EW | BE | 0| 18 | 134
ERE |18 B | BE | o 18 | 15
BEE |- B | BE | 0| 12 | 18
BEE |Neh -3 | #F || 13 127
BLE |50 B | BE | & 18 | 17
H ERR 1iEi e | o 1= 178
FFLE | LR |L#sdl| 40 | 18 | 180
B8 & | mE | ® ] 138 | 18
EmE |J# BW | BE | & 18 | 195

oAb, HERF AN AL S, HEER AL S,
SLIFURER, SLF 2 O W RN E

EOXNKREMH DML ENH DL, LL, A7 7 15cm
BEO 18cm Tid, HALKED 200kg/m®, it A2 k
B2 600kg/m® 22 DA EIEREL T 54 T
FEL, &3 Lo Etkie AR BUKSOMH A T+ T
HDEFRLR, F-1 1%, @EHERE AE BUKHA & 6 A

VT 4 =37 Abarr U— hOWEM S AT L ORR%

=-2 JIS A 5308 OEEARERERLSOX L Zh
Zor L= T3 (4RI%E4k 63)

P 5 B X T
a S, + 30 4
b S + 250 17
c S + 20 21
d 09S. + 3¢ 3
e S, + 1o 1
LR, 3 THITISHD LL 1t
HEHEMHL TND.
L8 r S1t30
17 b \\
ter SL42.56 Pro

09SL+3 ¢

FIHERE o
o =
\.‘. \
A /
A\

SL+2 0

JIS A 5308z,

1 I I I I I

5 6 7 8 9 10 11 12 13 14 15
ZEREL V(%)

K-4 JIS A 5308 OFEAEREDOHEX Ltz X 5
RS L B LAR %k BIR O bhig:

LB ATh->Th, HAKEDR 175kg/m® 2B %2 512
WG o—flTchd, BRTIK, 2707 % 18m & L
AUE, ETERE AE BUKAI R TS 2 LIz L HAL
KEZE 175kg/m’* LLTFICT D2 ERTEHHANIEE A
ETHDHN, TNEBZDAGED S D HIENFET S
L, WEHLNDITIARK T £ TORMZET HE
RUTHEERABRRENGEIZE, EOVKEORT T
ERELSLARTIIERORWI L5525 2L, Faflc
T - R L TR LERD D,

AR & B0, Ke A2 M, FFOEE 40 TH 5D
WZh 030 B9, 30%RED S OBNIFEMET 5, i,
FH O OB - IR T ERERD O HIrI UL, fREHE
YERRE 60N/mm® D @ERE = 7 U — b DkE AL R
WICHYS4 5, JISAS308 (LS 4 —I 7 A bharyrl—
N T, 3K 1T AOMERIER O EE Z 1 [F ORI R
LT, 1 EOFRBRES RIZMEOBRE OREfED 85%LL E
ThInE e 502 &, 3 BORBRRE RO L
UBREOREML LTz binwz s L, £h
OMHBEXHINTHEREZ D LICEARENED LI
5, LnL, AarTHTiE, R-2, B4 IrTEB
v, JIS OREXNEZRH#E L THIIeRo 3 Ei0aEd,
WP OSSR DFREMEIC 2 5 £ 7213 2.5 5 LR R 4 2
LAabEEEFOHEXD, cZHALTWBTERZ N,
EEEa 7Y — NILEEGLKOTA KT v DT,

23



SRR BN v 2 — s BT

&-3 IR L7 B M OREMER K OE

Mo | 53 il B . — HHEH

fies] =0 fies] EElh e EElh k] = k] EElh
o | B s i BEEY iy #2005 il
| gy | BE R FEEY: iR #2005 RS | EeE2005 | iHAIE
2 BEE: BRI LY FTEE 52005 SE0E
_3 | RS PRl R [ HEAE Hh2005 i
_4 | BEEY i) HBH2505 ag
_5 | i TEE 52005 WOE  [#Fro0s | FERAR
_6 | g FEE BEE: FEmE 52005 HERE
_7 | [y FRE [ 0t L& TEE HH2005 HoER | HeE2005 | S
_B | PEEY e L&Y TES BH2005 EFE |#Ee005 | wEIE
5| BEEY ITEA:S L TEE #2005 eSS
10| JIE: BN LY TEE WE | E=)IE | BRroos | HEIE
1 LY TERRT BEES R AT HH2M5 FBERT | EE1505 | ARRAT
12 | L&Y ki Ui Hh205 FBERT | #51505 | ABRAT
13| BEE: EFE LY BikE BH2505 EFE
14 | il FHmE |25dF| FaE Hh2005 =8 |#pso0s| =F8
15 | el LBE 52015 EBE  |#Eis0s| ESE
A6y | BE Woe AR oe HH205 TREE | Hpis0s| TS
17 [ ZREE SEEY el BH2005 ZEE
18 | BEEY ERE HH2005 ERE
19 | Bl 1EEE B EIFE 52015 WOoE  [#&F1sos| (LOB
_20 | ADTE: BiFE 52015 SR8 |FHis0s | BiEE
21| Beal Eee B ) Hh205 ES8E  |#Hhi505| EBE
22 | FEEY EASE FERS BikE BE2505 | EEBE
23 | R EBE BEEY ity #2005 FulE
24 | AR iEEE HBEL fEfER 52005 sl
25 | JIEY: BEE JIESF] EE
26 | BEEY AR LR BEIE FERLFH) BEe
27 | PR Z0E FERLF =Z0LE
28 | JIEY: ITEAES JIESF] ITEES
29 | fEE: EHRE fEE: FHE 2005 EHRE
30 BEE EEE HH205 EEE  |HEi50s| R8RS

HONOREERXNDHEI SN, T2 oK ¢ 2HELT
W%, L»L, IS UAOEEXTRO LN EIE L%
¥i1x, IS 0FEXL Y b RERMEIC/RD, ZDEIHL

IRBDOBRED, HEEWIT L > THEL FOFEMFIRE & 7
LR TH LD, ZHFFERKO—2>TH->T, ZoOfMic

LEESERHANDS D Z BNl EEHE - T —H
NR=Z 2L > THLNTR->TWD, M THFIL, fEE
PMMER L7277V — hORAFHEESELHE LTS 2
T, a7 V= EHEHTLHIENEETH D,

3. MEFHERERICEILTA—ZUX b
ary ) — +bomEFHlE

Lo OEERE - 7 —F X=X TEABABERZE I
SWT, BHMOBME YOI —ICED,
EIERI—F&MHECcoa 7 V) — hVERlRER % Fhi L T
Wb, ZIZTHE, av7 U — NERERBRO 220 TH
ORI L O—BERNT 5,

(1) avyU—toEH

FEffict o a7 Y — ME, BEHEAERE 40N/mm’
BED PC & LMMEICHERT 52270 — 1 (PC B
&, PCarvzV—hEMSR) &, REHEHEMRE 24~
27N/mm®* FL B D —fRE9 72 RCHEEMICHER T 220271
— bk (RC A, RC a7V —hEMS) @ 2 fEEL
L7z, EHLEZEA M, Z0Fh, BMALVET

24

R Ay b (B 3.13gem®), @RV T REAy
N (B 3.15gem’) THDH, ZORBRTIEEAL &
BMOEGEROLELZPRT D720, BAL MITN
THR—O8N - vy hobD L Lz,

-3 1%, WELEFMOMELEMTH D, BER%
DEARTHITH T NE N0, MDA T THEF
HHLTHWAEMETLICNELE (EhoXsy T+
K)o THHE) LITHMHEREE L ¥ —CHRER - BHEAIC
BEH L TWDEM, T CIXE 4R O /RE T H %%t
BIZFHBEa 7 ) — NOREERENH 5 2 THOEH
ThD, BMOBRBICH = > TIE, BMOITERmE 5
EHRER L, KBOMRY N AL 2 iIchE
BLl, ok, HBMOREKTIEX 20mm & L <X
25mm TH 5,

HALKERS LA T 7 OFEIE, EARMIZ PC =
Y7 U — MTITEMERE AR BUKAl (EYENRE, AU BLR
VB —T LVROMEY, NaZ A7) &, RC a7
U — MZIX AE JBkA (EHER, U 7= 2k b
BHERY BIVR VB —T VOBEEEIAS A7) &
TSI L E Lz, ZEREOTEICIT AE Al (EEo
UL ARG A A REIRERD) A L,

KE A2 MIE, PC BLAA 40%, RC BLAD 55%T
bD, BAARIE, =7 ) — MEREREE DTREN
% EEAER 155~175kg/m* 2 5% & L, &VEEE AE ik
Fld 5T AE BUKAIOMBAERNB®E & 5 TEA 1272
LRWEIPH & Uiz, MEMRITAE = THOREG 255



R-4  JEAEREABRORIR

BE&oEd PCERE RCER&
[z =, 3 7 a8 7 28
2 Mo | 5002 | 574 | 677 || 28.6 | 407

EEsmEAgEay | Mol | 539 | 59.5 | 699 | 314 | 40.2
DU—PZF | Moz 506 | 586 | 679 | 295 | 386
g | 475 | 550 | 637 | 277 | 383
S8 | G| 397 | 466 | 542 | 211 | 0.3
B | 537 | 621 | 725 | 318 | 445

ig | 447 | 544 | 617 | 259 | 366
T

DE
(Wo.3 WFD | R 420 | 528 | 606 || 295 | 40.3
~ 30} B | 477 | 572 | 639 | 240 | 343

| 480 | 552 | 64.1 | 28.0 | 386
MR | & | 397 | 466 | s42 || 211 ] 303
B 537 | 621 | 725 | 318 | 445

L Lz, ZNbHofEE, 7y aar s )— oMk
EHERLCHEEIT -2, 2L, HADHEM G AE
(HACHEM &) BRIBICEL DL, ZOoEWHI Y
U — MO EICK X < BE RIET NN H 50T,
AU M e 51T 0.375+0.15mY/m’® B o i %
H&ZL Uiz, &Y TOSRNE, A7 7ORKE
EICEY, HEYVDORXT O HEMEITRR DN, AU
JETIX 12~15em BRE TR 7 Ly ¥ 2 HRBHF S 1
LHNAKEEMEMEORBLEMERTH &b Lz, &
KEOHIHIL, 45205%E Lz, A7 7BIOZER
BORBRIL, ThEh, JIS A 1101, JIS A 1128 IZ#T
TSt L7,

(2) HEBAE

R SCTIE, SRR & U CIEME R & e LR
i, AL E L CE A CUUE O 7 & S RIUHE O 2
ORBFER AN T D, JEMEIRE 5 L OH MR DR
BRix, =T, JIS A 1108, JIS A 1149 [ZHELL,
FEAEEAR (¢ 100X200mm) ZEMH LT, #AEZEHEK
h&AE, Mk PC 22 V—RTIL 3, 7, 28 H, RC
a7 Y—RrTiX 7, 28 A& L, BHOUHRRIL,
(#) AKR= 7 U — b TR DAL OT HE &
AVERE ik PDIcHEr, FS—Fa b —I2 L9 M 56
A (BB OIARE N £ ClERIICIIEZTT - 72, WL
BRI RBR 1T, JIS A 1129-2 ICHS%, av X7 hF—
CETEL, ST TIIIARR S =TS T T
M U7z, BEERIKIE, M7 BREOKPEEEZIT- 72
%, WERAZBAM L7, SRR RENT, ERERE (&
£ 20°C, MBIE 60%IZRRE) WTITo Tz, HLBEBHIATE O
BEMER (BLF, MimErEs) 1%, 7 H, 28 H, 56 H,
9l HBLWI82 H & LTz,

VT 4 =37 Abarr U— hOWEM S AT L ORR%

50 r[@LEmo.0) e X13
AT H(No.1) /’b//.'-—-"‘/ x12
40 || MEETFENo) PR R e ey X 11
~ O+t ATHN03I~30) [ 1. & o g,
g A (No - .?— .- ég ’QO?.(”
5 o B a0+ x09
> 30 F s > ® e ~— 08
M /i - OC?O—O——"_XO7
s gRe B’ ,,,,,
@ 20 '/{:// -
% - e AR e Ol E= 791K
g
Hm
10 b BABUTT ) —MEMER S EOME IS
FEAEAE (@ E) 255 ATSH0, MR 40,7~
0.9, LI~13fE LA ATZLD
0 A A A : ) A A A )

0 10 20 30 40 50 60 70 8 90
JEMFIREE, F (N/mm)
-5 PC =27 U— b OJEMERE & F et 0Btk

O3H
@7H
~ 10 F — m28H
&
ok
B
= s |

i ]ﬂ .

0.7~0.8 0.8~09 09~10 1.0~11 LI1~12 12~13

HRPEAR L ORI LG O LE

K-6 PC =2 7 U— b OFHMERE D
B & FHEM O D /A

(3) N=EMIHE

JERERERBR O R Z, K4 17T, T4 ITRTE
BY, HEHALESHMNoO)EERE= 27 Y — NHE
B (No.1,No.2) & i L 72356 O JE MR B IX XX FEE C o
%, LinL, HAEZHLET D —EOEa L THOEM
No3~30)EEA L7HAIIE, AV FBLUOUKE X
Y MERFE—THoThH, JEMMEITHS IR D,
PC =7 U — b OMin 28 H OEMEIEE L, A&
WERTORB TH DD, BMBENa Y ) — ik
R BERIETZENBLLND, LL, MK
Wig ko> PC =27 U— NOMER 3 H, RC =227V
— b O 7 H OJERETRE Th > THEEFM ORERIC
AT VRN OBEET D, WRNTTIRA I T
W, —RICINEEA L2 7 Y — - OEMEREE 3
AILHNT/hSLS D EELNTEY, ZOMEMITAE
DORBRFERICBONTHFEHENOHAEND, 2721,
FOETOLTNTHY, FEOFRIZEWFIEID b2
U— FRENMEL 2D L ONFEET D, ok, 2. Tk
R7=EBY, Aar T PC ar s ) — FOEYERE

25



SRR AN 2 —WE BT

TiAKE AL MR 40%E 0 LR DI WIEENE
WA, SEIOENREBOMEECIX, REFEERE
40N/mm? % jii 895 FEHE TR E A > b H 40% T4y
ZHEHhTna,

X-5 K-6 (%, PC =227 U — FORBRERTHY,
FREN, Ml 3, 7, 28 HOEMERE & iRk o
BfR, FORMEGRE O BB & 3RO LD s3 i &2 £ T
TIT, MR O REMEE X, B’-5 TR SR

WCHW D EAEEIC R LC, RN CEIFL, EHERE
ORBREEZMRALTRDELO (RFOKEOHTR) <
BHY, SEOREB ORI CIIRAEM 2 /A 72 & B
DORITIFE T 2, BEBMNo.O) L mE= 7Y
— MABEMNo.1,No.2) & ] L7236 O FEMGETREE & #i
PERB O BRI, MEFHFICA W 2 IEHEE & s tria—
545, Lirl, —ROA=a L THOFHNo.3~30)%
@%Lﬁﬁﬁuﬁ,%@%@ﬁiﬁbfi%%ﬁgﬁ
ROEROGFET D ENDroTz, Yay MLicT—
HITEBETH D DT, FFHMERESE TN S OB
LCiE, B L2MT O 2B A S Tl Icir< 7
L0, FEEMELD SRIBIENSDH D 0IEE WS DI
DWTEEIMEIC A S HEHENLETH D, FHHM:
R ORBREEZHER LT TYH, i, B Lownd i
DEMEICBNTYH, BT EMELOLE 2 THOFER
FEETHLZ RIS,

(4) KRBEZIE

B XHE (M 28 BH) X ORI (Mim 182
) ORBREEREZ, K- (AT, HRIGEOT X
AR EF0, JIS A 1129 DRBRIC L 2R SB{LRTH
D, M7 BLBEOREBIRE TR 5 B O OT A
ETe, 70k, XHTIE, NHEEIEE LTR/NEFREE
BT 5,

RLIIRTEBY, EEFHMNo.0) L HED &RE =
v 7 U — MABEM®No.1,No2)ZHEH L7 PC a7 ) —
OB SUHEOT B IE, BRROIERETRE, eI &

FERICIZE A EEREPREO LR, L, —RDOAE
:yI%@%H(Mﬁ~man%mwtﬁamaaﬂ

O 2T, BPICET —& LE# LIz E kTR
3MERRERALD, WRlEHE & OBV, EREE i
THEIFEAERD LN, BEWMMOT A%, —i%
WCHALE A v MR EEETH L, S EOREB TIXHEA
KEERNEFICR T DT, WAt AL FEOET/N
&<, ARBROFH TIIEME A > ML H OO

FHOBMRMBRNL L 72N Z & bR LTV D, L7zhi> T,

H CIUE O3 2 OFEIL, BH OfE - mEICERT 2
Lo LEETE D, %E®ﬁnﬁ¢ %, ANTEEEF

26

R-5  UHERBR O R

BB i
PO AOES [Fod %ﬁgﬁ
H
BR & o FEXE PCER®  |RCER&
fHER(E) 28 132 132
Hif MoO| 176 | 577 | 625

ssmmimga | Mol 178 | 486 | 530
PU-PIE | ypa| 175 | 442 | 465

| 163 551 629
2T | & M 392 388
g 4 798 921

el wig | 145 | 606 | 679
T

(Ni BHO| &N M 477 502
~ 30 B 191 | 74 | s

EH| 164 | 571 | 613

wE || 97 2 | 339

BH| oz | 798 | am
(x10%, RHFEETRLEE)

RFAEFTMO X O R EM E AW 5GE 0 B SO
FTHAOEBIZONTTREZINTWDED, — L=
VTHTHAIN TV RINEMICER LT, HCOIHE
OTRERE L L OIZA LR, A EORBRRIC
T, BREPEMERE 4ON/mm> BRED= 27—+ T
HoTh, FHTIEMICE > TEHCIEHEO T AN K
Xz, FRNCHRL, IREZETLIHGLHLLEHE
bbb, 2. TR EBY, £arTHOERERES
2, ARORBRIY bk A MEN/NS L, HBAiLE
AV NENRZNSDONEAFET D720, TDO LD 7Y
BIE—BA MO T A EBINSE D /HEER S 5,

WIS, RO TRICERTHE, RC a7 Y —
F ORI O, PC 227 Y — MCHRTRE
BN H D, 2120, pido sy, PC a2 ”
V— MIHME A FEBRZ WD, BRIEOT A
BETDOIVNERD D,

EHEFM No. )t BREDFmME =27 ) — N AEM
(No.I,No2)&f A L=z 7 U — s ORI O 203
HOMEOTHO5E L3RR, WHICIEETOME
DRBOLIND, Lonl, —fKoALa TIHOEFEHM Nos
~No.30 AT 5 &, MBEMHOT L, Zh b kb
HBRIEIZRKENLDHDWVITNEWNEOBREFEET D, 2
DESZ, F—kA R EHEHL, KEAY MLE—E
LB L, ME - BEABIUORBRLENMZEFRLTH
S>Th, BMOEEICL > Ta 7 U — b ORIGHEO
PTRIIKRELS BB,

®-7 1%, F—BE#MZHEHALEZ PC2> 27V —F& RC
a7 ) — N OWBIEOT A ERR L2 D ThH D,



PC1 27— R OBEIBIHE O 2 (X 10°)
-1000 -800 -600 -400 -200 0

Fin (A)
07 A28 O56
©91 X182

RG22V — ORI O 2 (X 10%)

-1000

E-7 pPCa>27Y—RFERCarZ7U—FD
HE IR IR OV A D B

M oEHE, WRBREICS L TRk TRIGEIT- -
LD ThHDH, M7V —RE, AV MOREELLD
KAV REEREL R D, LA L, WH OHEHEO
FTHIRIBICE 2D LD TERL, RC 27 J—hD
HARAE O F B2 PC 22227 U — b ORI O3 24 &
DHETRELL RDIBETHD, o, EHELOINE
TOME VTix, BMBIUOKkEAY FHER—E L
A, BALKEMN 150kg/m® & 200kg/m® OULHE O 2
(BB T A2 ET) [IXAMZENRH LN, F
ORI O % FHEE U 72 R TR O 5 0 K/ N BER AS
IR AR BRI TS, LER-T, BH oM
HENRRDZ LT, BAY FOESCEHAEDENLID b,
HLRNAE O T R E S EZ RIETHeEr H %,
UEDXHic, vy U —bOHEAKEITRD L
DR B EXHOWETDZ EERAHRFORARL T
THDHN, ETIE, HEAKENRKIE L TWORWEE
HI72Bl & CTdh - TH BRI OT HARE SN TWDH D
ThiE, ZOMEIZE > TEMOREICEK T 5 I
MOTHOHKOFEEIERE L, %3 - L EoxRD
ERERAT O ENEETHD, £2, TO XD
ik, EHORERL CWHAEaryF—F_XR=2B LY
mE MR L > TEMA TN D THY, b
OEBNPEFEICEETHDHZ EERELTVD,

(5) Hh=EpEHE EARBETIICET 2R HBREMOBEZR
IR OMERD 6 4 H OWBIIGEOT A1%, BBV
N ATIARBIA E TOMM BB W GE % TITFRTIC R
TEXRVWZERDD, ZDD, [MLNOMOEED S
WITEIIM I OIFEO T L o THEE T % LR T
bbH, B-81%, FHHMEREORBRME L HEEO L Z TR

LF 4 =37 A har s Y — hOSWEREY AT DB

TR LR ORI L3 L DL (B i3 F)

0 05 1 15
0 Ll Ll

~ o ©
=
x é%o
53 o ®©
o @ o
5 5o
¥ 100 f Q
=
o o ©
m (@)
S
jung
[ap]
)

200

PR OB E S BB O (B1i28 8 )
0 05 1 15
0 L) L)
200 b
400 |

162 (@]
o3
K L O
600 - %go
O (e}

-800 F

RBRAA 182 H ORRIE O 2 (X 10°)

-1000

X-8 MRS L B QIO T Ak LU
HLARIE O A 0 B £R

200
® PCE A&
Q ARCE &
kS -400 F
oo~ A
o
B =
® X
X = 600 F AN p®
B® -
2 & o o 8°
Q 4
Dbl Rilr-3 ‘ . A
Q -800 |
(o0
® M A
_1000 Il Il Il
-1000 -800 -600 -400 -200

28 A OB O B ORBREIZ LS
182 F ORI O A OHERE A (X 10°)

-9 FEIIA i O RLBRIGHE OF 2002 & D R s
D RLAGILHE O 2 D F R FER O — 15

e L, HOMHOT AR L BN T A & OBF%
ERLIEZOBOTH D, FFHMEREIT, WTIHolHEO T
BEBLHBERHY, A NOBEBLIUOKEA LV M
ZlAl—& L& T, FMRE/ NSV L, IHE

27



SRR AN 2 —WE BT

OTHBREL RDMEAND D, Lo T, FrdEiR
Bk, WHEOT 2% Tl T 2HRIED—2\272 5 ARtk
B D,

-9 i, HMin 28 HORBIGHEOT %2 Hv, M
182 A ORBEINAEOT B TR LR O—BITH 5,
FHME & FZREE, WTFRoRESICBW T LB —
FHLTBY, EELORRILY, HYMRICEL2EH
Ml ORBINHE O T H O TN ETH D Z & 2Rl L
T2, WTFNOBBRIZHIESL2E03H 0, HEERH
ETD7DDOTIRIINETH DA, FEH EITE K72 HE
OTHEELDLON, BBLEOHENTEXHETT
H, PTHILARWAREGERRICHSZ ENTEL EE X
biLd, 2L, ZTCHELNTAERIT, $ SO F
HBIZESSBDOTH Y, toFEZHODIEEICIE, £

DHEELFFIIEBETINEND D, 357’:, B A OFE
B EICE > THEOT AN R E K B7p DRt R 2874
L, ZOFHRZFRNHEL TBSLERHY, £2
T —H IR T — ¥ B A DT RET —
HR—ZHESL VT 4 —I 7 A har 7 ) — b OWE
Pl AT AORBEFEEIEANS R ETETEE LD D
DEEBEZLND,

4. FEDH

LS4 —I7AbarsV— bOEEHFE LSO
BMEER L2 7 U — b SEE R E £ L 7=
MR, LTFOZ LWL,

O Ao v THOEERAITIT, HAKEDN 175kg/m’

EBZDOLD, KAV MEMIHBITNEL, B
A A P EOHEMOJRERIZ /R > TWD S DOEN
Db, Flzo, AT T O, BALKER
FOHEE A FE&BRERTLHEMICH LD

EERE AE EOKAIOME S, FRTOPA L
KRN EETH D,

QEaIHOEMEMH LIS EI12I, (KRR
ThHhoTh, F—DKE AL B X OMEOH
OBMEMALZLO LB L, JEMEIRE N 27
DINEL 72D b OBFET D,

@A THOBEMEHEALIZPC a7 U — Dk
BEMEEREE, SR IV SRR LT+
30%FEE DHEPAN B 5,

@BMORER, =7 Y —FoHCIER X O
@W%U#ﬁ@n#ﬂ LEBLEKITL, ThE

ﬂﬁ

MO R KRIE & f/IMEITERE R 22 b OBFET D,

® B CUUHE O T 7036 & OHZIRIHE O 2013
b FFRIEGREL & DA B D,

, TR

28

© I i O FIRIGHE O T 2 VT, RO

HIEINAE O T 42 TRITE 2 AHEEN H 5,
SE Rk
1) Bz, Bk TEHH . ZHEAERH, 100 FiFE

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

DOXISHER, SR EZESLS B, 2008.1.29
I EREER : CSR LAR— bk 2008, pp.7-8,2008.9
BOFHH, ErE, fMoEd, = ki EEs K
W=7 U — b ORISR & EEED~OWM, =3
T ACER BT T, 5 6 5, pp.65-72,2008.11
BHAFW, =R, B, MOESR, FHY S
CAttar 7 ) — hOBRE— = UfiEmmm=
7V — b OIEBEWIE—, = AR BRI 22 T R
%, 6%, pp.73-82,2008.11
HAFWH, =R, ERIFE, MOIE#S, BHT A
TW®EFH=ar 7 ) — bomER RICBET 5879 —
AR L O E A CAM —, ZIFEAR S H
WA, % 65, pp.83-90,2008.11
TARFS - ISR R R & B & R W
£, 2005.9
RS 2007 FERIED L 7 U — MMERERFE,
2008.3
AHFHH, BHIBE, EBHRSE, WNHBRS - Em
HIUZ BT DUEREH = v 7 U — b ORZREESE, 1
a7 U — MK 2EED O &b/ &AL
B35 U ARY T AFRCEE, pp.13-20, 2003.9
AAFH, MOIER, BEHY g7 U —h
OFREE B EBEOHIEICET BF, 22
— b LS4 K m C4E, Vol.28, pp.1355-1360,
2006.7
AKAFW, O EMs, FFEHY PCHELELE LT
FIREa 7 Y — FoOfE, TER L OWHECE T
H—EZ8 HISESLARLA R 27— kO
FHRICEAT 2 RY 7 5w, pp.193-198,
2006.10
SEA 7Y — N LEEAS A THME
A RT 7 (FAREETR), 1999.12.
ARz 7 —FL¥HE 27V —roHED
ISHE RS SRR 5 15:(22), JCI-SAS2



EULAMEa 7 ) — OB

mLAatary ) — DR
—mLlAatar s )—tDEohbEMEREICARITT —

Development of Ductile Fiber Reinforced Concrete

— Examination of Performance Improvement of Ductile Fiber Reinforced Concrete —
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ROEHMAMHER LTz, O EYLELZRML L, PEOE =0 VA EMA L, BCRTAMEZETD
a7 U — FORENRAETH D, O LAY 2 Y — M EEREO —MICER LGS, HEilk
fMERARZzEONE, BOLAMZRL Z LN TE D, O B=w fflf & Sz EaHThiE, Thzh
D FLHME DRI ZVED LT N PRI D ®m CAMEa v 7 U — IR 6N 5,
F—O—F:mUCAMEa 7 U — b, E=wm i, SHE, AN TEEEHM, BCRE AN, iy 722
This paper describes the examination results of performance improvement of ductile fiber reinforced
concrete (DFRC). As a result, followings were obtained; 1) Self-Compacting Concrete which includes a
small amount of PVA fiber for prevention of concrete splinter from coming off can be manufactured. 2)
Partially using of a large amount of fiber to DFRC gives high toughness to the specimens. 3) Mixed use
of PVA fiber and steel fiber shows the best performance of DFRC utilizing the characteristics of both
fibers.
Key Words: Fiber Reinforced Concrete, PVA Fiber, Steel Fiber, Artificial Lightweight Aggregate, Self-

Compactability, Flexural Toughness
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Development of Various Ductile Fiber Reinforced Mortar
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This paper describes the characteristics of various ductile fiber reinforced mortar which the authors
have developed. First of all, the difference of the crack which occurred in various cementitious materials
having high toughness was shown. In this report, the characteristic of the mortar with high strength or
low elasticity is shown as performances other than the high toughness. Light-weight mortars can be
produced using light-weight aggregate, and minute crack occurs in the mortars by appropriate design of
mix proportion.

Key Words: Fiber Reinforced Mortar, High Strength, Light-weight, Flexural Toughness, High
Performance Fiber Reinforced Cement Composite (HPERCC)

1. [FLE®HIC

LV BEWKEED CAESLCOVEN T HEEZS L D
LT, BHERARE RE L, S DI 7 B
MEWZERSTDHE, a7 ) —bOU—hE YT 40—
BEOIKRTE2BL 20, 37— hoBEMEE2E L
AVBENHD, KEOE =0 U2 BA L5 U AN
a7 Y —MIBEALTL, FROOMEICHEEL RITS
RN O, EHEHERASRITIER U EADHLE A 2 g
PHELTWS Y, EFLoMR LM VA8, &
WHER AR Z S HICKRE S LTWIHE, BAHE M
REZETETNELLTEHERD Y, FEROICITEN
SV OFEIRIZET D,

BEUAMEELZ LD —D L LT, ek
180N/mm’® D= \W\BRE 2 £ 5, SlilHE 2 L &ICIRAT D
ZETEWOUEINFE AL & SR Z M5 Ll
SR MERR 2> 2 U — | (UFC) ?23H 5, Zhix

(27 J—hk] EFRLTOWDA, EEIZIE, HEMZ
HLRW LX) ThHhD, -, FHINDMEH
DERHEZOWTS, @FEoar 7Y — MIUEHIN
LHMEMOfE (5mm) LV b/ LTWD, KIET
i, B CTEEEOODWEINERAET HIMERRERE SN
BHTWD, 20T, BARZRET MEEBMO
VE N B MR E 2 NEAME (K
HPERCC) ] &L, &t - i LS () BERIN
T3 Y, WM BIT D RIFEOMELE L TREMR LD
7% ECC (Engineered Cementitious Composite) T 5,
INiE, VA UKREOD Victor CLLICE Y <A 7 1 A
=g AR PR BEFRELE LM Th s, 2h
LOMEL (BFEAZ V) IZBWTIE, UFC XV b &5
MBS TRBY, TOELDRY, 20
Lo, mUAMOE A Bt OEIBRZ X, T4
NEHILE LTI CHi R A R O b,

EEDIL, INETRIETIERZATOECAE

39



SR BN 2 — s BT

a7 V—hk « BALZNAORFEERE DV 5TE I,
AT, BA Y MELEEEALZ L E LIS E ZX5
L, BWEMEEENER INTHE ARV MR
SNTHAED 2EHEORE AT X VAR B, &
SIZEE R LS D VITOOEIN S 2 1 5 Uz @ kag 72
ECAMELZ VOBRFEO—F 2RI 5,

2. ELAMELZIIZERET 50 U0E DY
()@= 27U —h b)Y E LA 7 U — ]
BE-1 1%, a7V —h- - 2ALFLVTRIELE

R AR L, #F9mE (¥ 7% %) B (JSCE- BENE Eiﬁf“ HEME
G552) =iT-o7=tk, TOMHMBAKRO THICEALZOW 50mm 50mm
BREEE R LTS, BRI, —ME972 100X 100 f—j—|

X400mm OHFRO LD TH Y, 3 Z45 mEATIT L -
TR A £ LT 5, BE-1(d) OfRIEICHA L7
DOFNIFHHTH D720, EREOFRREFE LKL T
Wb, 72720, ODUOENIHEYICEETH L0, BE
THHERTERVWOVENREHAEL TV D,

i B ERVEE D3 7 ) — FOSAITIE, #h
FIRERBRAIT S &, HEERIR O R RAHTIZ O OEIL & 5

100m

L, RMEICELZFLCHREIZEY, 2 Elan ) OVEINSBEEm D@ CAEELZ L
60 E=nu Vﬁ‘*ﬁiﬁﬁ@ﬂﬁ@iﬁﬁ%ﬁ)ﬂ l/fl_lﬁ:]. EA/T&ZJ )| ) Eé 400mm
— b CEHERERD 2 U — 1) OBAIE, R RHUE L o

OMBICENIH L0 Y, mEOar s U — k&
RIS RAE OO EINPER L, bhbHhone &
BIZEDOVDVEINENRRELS RoTWLS, 2720, Filk
HERAEN ® DBEREWIEAIZE, i CA%REo
FHEICHWA =2 2.0mm £ TICHRAED 2 HBEISHh
5T ElEin,

BEE-1Q)ICRTEHCAMELZAE, a2 —k
fsmAORREY =0 VAL E&ICHERA LD TH D,
Zo%E, OENAITE A= 27 V—RED

%L 720 OOEINONEMENEE 55, OOERERIX _ [ iz - ., T—i
Boom BEL 720, BMOOEN L IESERICITE S 2 & 100mm 0> 32 SR
Vo BEFHCBO TOTEINAIIEE & 2% TR0 B 20T U TR S R
LB2, OUENRAENEE ED B I, MEROE= E“ XN R A, By
oS S RICHAT A RER DD, TOM, SF (d) AR O OEINE O 5 L AMEE L 5 1

SERME - BAOTRETHIZLICEY, BE-1()
WRT & 912, K 50mm O#FE (fEEAEOE S Fm
400mm @ WY B E F TOFP) IS S OO
CHEINEFRAEL, 2 1KY OOVEIFUR S /NI W,

BEE-1 iR THEIZEA L O UEIROEND

HPERCC (253 J8 S 2 EHEBI O OFI N o & U A 3. BRENERINIELAMEILZILOFERE
ENFNER/DZENTED, ZOLIIT, ROV

i sEs Z ick v, \BewA 4+ SRR PC (FLV ALV A a2z U—L) EME~0EA
FORAZIEIL, HHORYHMHEZATRRICTE 2, ERELEZGAICE, &LAEEAZVIZRHLTYH, B

LRERWVIEMBENRD S5, B-1 1%, —&i72

40



120

2

fois
(=}

JEAEHREE (N/mm )
3

40 F —o— TlAlE M, B = ARHEA
” _ - = EEME, Eon kB
[ | om ATEEMEH, ©om @B
0 Il A Il A J
0 1 2 3
SEHEHETR AR (%)
(a) JEAERE
40 r
______ A——
<2 30 T © N e — —t
g
Z O R [ -
e
8 20
£
N
Q —o— WlMEA, B o AkHEA
10 F - A = WIEEE M, o B
- N THEREMEH, ©=n 4B
0 L L !
0 1 2 3
SERHEIR A (%)
(b) Yo IEK
8 -
7
- 6
g
E 5
Z
® o4
qmﬁé L
w3 F
w L[| —e—wmimEH, = igA
— < = EEMEAM, Bon B
Ir ~I~-AI§%%HM‘EwU/@$B
0 . !
0 1 2 3
SEHEHETR A ZR(%)
(c) BloEsEE
B-1(1)  @5RE R U AMEE L 2 VD )R

MEOMAETICE Y, BEOLEa L THEEDORME AW
THIETE 5, MmO RER A x5 e Lo At
FEVEND IR ERLTWS, 22 TRMT55
CAMEELZ LT, KA M (W/IC) % 34.8%, /K
Bkt (W/P) % 309%& L72bDThD, HkICiTR
AL NI KA MEARAMB R (i

HfliE U AMEELZ L DR

20

15
“g
B
& 10
&
e
= - : \
5 —o— MBI, b =m A
0 = WA, E=r R
- m CTEERAIE M, ©=r iR
0 i ' i ' i J
0 1 2 3
FEAEIR A (%)
(d)  #hUT s
15 p| - - wmAEE, ©=n D
| —o— wimHA, =r A
- W N THERHTH, = iR
z 10
&
&4
H
Eul -A
< o
ﬁ ‘—,.‘.~
0 ' ' J
0 1 2 3
SR A (%)

(e) WhiF U AMERE

E-1(2) EBRER U AT Z L0 T FR T

4,000cm*/g #%) ZGEH L7z, MEAIE, —ARA 72 % @
B OIS & ORAR) & N TREMEMZERL,
ENZENOREM Z M Lz 2 L0 R % R
L7z, EAZVOWEINEL, ARIZERTITITIAL R ATREZR
HMETHLZLE L, FICEEEEZEO TWRY, JiE)
PEOFPREIILFMERE AE BUKA] (RY DVRCBBR) &
WA Lz, Sk, o7 U — Missi & LTk
e = U A (B8 0.66mm, £ & 30mm) &, Zh
L0 EFELS, e = i B (B 0.20mm, &
X 18mm) ZFEHL, v=n U0 BEVREALZ LD
M RIET B LR Lz, EAXLVOMEE, T
nbar 7 —hER—ORBRFETEMLEZLOTH
0, EAEIEEE, Y IR IO (B SIIERE L IS,
i PR 3 OV U A MR ERIE JSCE-GS552 1248 0T
REBEIToTRDEZHLDOTH D,

B-1 1”3 LBY, JEMBEDR, EEERAELS
HHLEZELICLVAETORTHROONDD, ZFOEKTE
W E <, EHEIREAEEZ 30%FE THSLTYH

41



SRR AN 2 —WE BT

9ON/mm’ B NG SN TS, F72, BEENLZ LI
BALTH, HBRTHER LI ERHERAZED 2.0%0 i
TEH DD, JEMBRE~ORBEMIEALERL, Tiog
& [R5 OIEMETRE 235 DT D,

Yo REE, B ORIEIC Lo TR D OISR
THDHN, MEMORENFE—ChHIVUE, b= i
DR & AR AR O HIIRD bhve v, ELF L
1%, EMERENF—D a7 ) — MIETY o 7%
BINELIRBDT, 4. TS X5 ITEHMEN TR S
NOGEITENRTETHDN, a7 V— kA%
DX v RIS BRI A EEAE D O 13 DR R
MEMOTNVI N ERETINERND D, 22 THRML
7o @A E M A Lizm CAMEE L X VDY v T1REk
1%, EREMEMESRIE AON/mm? DV Y — F OREEEE
THWAEIZHEY T 2,

SIRIRE L, Y =n Uik A OLEITIE, ERHER
AER 1.0%~3.0%DHFATRKELL 2o TNEN, E=
o AHE B 2 L2 A II3ME M O FEIZ 0 b
5, EEERAEOEEIIR SN,

HTBREE 1T, DR AIC L Y K& RN H
D08, BHBMERASREZHENSETHLSLTLHEREL 2D
BRWEALRLND, 21E L, B=u U flifE A % 3.0%
BT E, te=a A ER LRWIEAICE, i
WFIRED 2.3 /512725,

T CAMEREIE, W oMEM 268 LEEEI
b ARMERA RO, RELSRDMEMDRD &
o, B=m il A 2R LGS, ElERASE
DI L0 T CAMRBRRIBIZHER T2, B=n
HEHE B A LI3RA 0T U AMERRENIT, E ki
RAEN 1.0%E 2.0%TiX, MEMOBEIZLDE NN
Aoz,

X-2 1%, E=u i A LWEMEM A S LS
A OE CANEELZ VO RIS D RiE— 7=
DAHMBE TR L TWD, ElHEREAE (VD) 23 0%D%
B0 VEHNOFEAL & HICEIZEY, KPP Tz

AR TE R, EHHERAEDN 1.0%TH-ThH,

RARWE (OUOFINIAERE) UBEORMRBEZE T
T, BWLAMEZET DI Enbns, kMR AEN
1.0% & 2.0%Dfif FE — 7= b AT NI TRB Y, O
OFINEAMEICE L%, —BIIWEMET I 223,
FED%, TbAHOHEME & BICWMENFOEMT 5, &
AR AR Z 3.0%FE THMSE D &, OOEINIEAER
ENLOMEOETIZOLTNTHY, TOEENLZD
HOHEME EHIZMENEM LD D, b &N
2.0mm FRED L Z AL THEIEML, TO®HELH
WK T3 %, 8 CAMEREIT 20428 0~2.0mm £ T

42

80
| b= o A =30mm)

17 EE (KN)

727 (mm)

-2 EWEMERENRER IS @ CAEELZ L
O HF IR EEBR I F5 1T B W — 7 b A bR D
— 145l

DOHIPAT, ffE— 7B F P N 2 IR O w5
RKOTLLOTHDN, -2 IZR-TEEBY, boAN
6.0mm (2L TH, MWHEI 20kNFFE 25 RETH Y,

HF CAMERR SIS, ZoEW CAMEEZB/NHEL TV 5,
BTV A L0 BT OBEL 1.95g/cm’ BETHY,
EAZVEAKIEZI S Y — kL ERTKRIERREE X
No2LOTIERY, UL, ElE, & UAMEOREE
&0 LT 8 DT RHEZ Rt auX, 2 b OHEED)
RICLY, BHOBEEZRDZ L BARRICRDI DL
Bbnd,

4. BEEMENERSINIGELARELZILORE

aryy ) — MEEMOREHRFHCBN T, a7
U — MEAEIR T ERLE G R T BN SNk et R
BTN 27 o TR OIEEE EZ VT D, FESIT,
BEMORBEDIETICE a7 U — DY Z4REH8)
SWVWFER, NTLREFH a7 —h0XHcv
fRENEE= 7 U — b & RIBICE S G ICITERNMEZ
MR L, BREHIMT A2 L H DD, —RiZITY 7
FRENZ DWW TR EO BHE L2V, LAL, fiEY
DEMIZ L > TE, FFEOHNLAERAREL, HEHRT
Har g U—rHBWEE AL NRMEOY S SR E
IMEL LIEWESE b H D, R FHEEELETE, o
TR NS WG T RY v—F A FEALZIL
DFEHESNTWD, KETIE, TOX 5 2RFHOEBE
ERmODLTD, Y TREPNNEZOE CAEELZ LD
BHFE & il 72,



60
IRBPE « @ CAM: - REE L &L
s0 F
40 }

30 F

ME (KN)

20 F

10

0 1 2 3 4 5
727 (mm)

B-3 AN TL#EEMEH 26 L7t s CATEE
S B VO T R RBRIC I T D E — bR
HEGS

(1) BEMEMEZERAL-EEESCAKEELEIL

FEENAOY Y TREN, F—@EDO=a 27 Y —h
WZHEART/NEL 2D Z EFRIRD EBY TH D, £-,
BEAMEFERA L2 27 ) — b 748503, F—
EDEREMAFER L3 7 U — Mol T/h&EL
DD gk o @R A R & LiE CAMEEL Z L DR
BiERCHEIHEESNTND, £Z T, NLREEMEHMZ
FHLT, ECAEELZALDY . TG E 8 ORRER
T & B0 R EIT 12,

B ToO%8I%, FEEHIEMESREEA 30N/mm’ AifE > RC
WE AR E L, eFRERE 30N/mm> 0= 7 )
— FOMEFFEICH WD Y RO FE HEE N
28kN/mm? LA FCH D728, Yo 7%Eke LTix, #ilm
28 HORBRE L LT 20kN/mm? LT T, 25~ /NE
e 2 FEERG LTz,

AT & RERIC, MEKITREBAL T REA Y M E
EALL, FIRAWHREMA G DY, Z0k5%T
BT T Y — MTHARTUHEN K& < 22 B EA A
B DI, NEIRM & BRI 2 Uiz, Wbk &
PED T IT S MERE AE WAKHK & R AR LT, =
NHIFWTR L HROMEICH D, A TEREMEHICH
LTHMRGEEFER LR, 7Ly 2B Z LI
57 7 AN—R—IVOIAEEZIH L, @LELZ OO
Vot 2R D7, N TEEHE MRSk
JEREE DWW AT o 7o, R LICEHEE, v=r
WHE B ThHhd, 7Ly aELZLEBIURLENLSZ
VD EE ERARNCEE L, AEEAM I 52%, K
I 46%, HHEMEIRARIL 3.0%& Lz, 7ok, Eli
L 7LV 2 L OB & e 2B, AiE &
[Ffl—TdH %,

EAEE U ANEEILZ L DB%E

#HEmE &S 400mm
DR

HEME

BEE-2 WEMEMEHH L& U AL
2 VD 38 R R % O HEERIR N RN AR
T 500ENOEN

EROFR, Bon-EAZ N, BE LR
YRR L 0 B T-E OO 40N/mm? T B 0O £ #5854 fifg
BLAERDL, Yo /73 8E 14IN/mm’ BT £ TTFIF5 2
EMARETH D 2 ERERINT, Fiz, i EEITN
10N/mm? & &<, #FmERBRICH T 2 E —7-b&i
AR, B-3 2RI EEYD, 72bHN smmilr< IZ#EL
THABIZE ST, 30kN BEO S WAEAREFL TV
5, RHFICR LTIZHROZ < oMb, OOEIhoRE
EEWT S, BE-2 1%, #PRERREOMEATH
WZRERALEZOVENRETHD, BE-1AIRT LD
RO OB FUTITE L TOARWLA, OUEINS B
HHEWELZ LV TH D, £, WLEALZ VO RET
DEEIT 1.76g/em® TH Y, MM OEEALHN D,

(2) BEEEMEHERL-EEMHEV VRN OEE 4
SLAMELZIL

Al N THREMEM Z#H Lom CAEELZ L
DA, NLBEEMEM ORERELZIT- 22, B=n
UAEAE R e b DIZER L TH, OUEIN S EES K
ML IEIa L Lo, £ 2T, MHIO OSSN R HE
Wt AL MEAHE (HPERCC) DB ->T-m LA
e W WY (S (N il

EA L7, (1) CEED, HIRO FBisA L b
T REAC D, ARAWIHAE, IZEM, IR,
mPERE AE BUKAl, WA TH D, T, HIEHM
Wik, fIRENTOTEZSICAFETE D, RO bL O
ELTHEHW 6 54RE L, E=nu e L2 L
OB THENEO (E40pm, £ 12mm) ZHEMH L,

43



SIMEREER BN v Z — Wi

i
N
ao

50 F

40

30 F

fFE (kN)

20

10

T2 (mm)

X-4 EHEH 2R LIRS CAET L Z
LD T IRERBR BT AR — b dhi

KAEEH LT 45% 1%, KMIRIZ40% R 14, LAk AME
BAZE 2.0%H1%IZED D &, WM EGFREROET
AEENLVZ ARG LIND Z &R S L,

B-4 1%, ZOEUCAMETLZLVEHERL, dhiFiaE
RREATSIBAOME - TwbABREEL VD, X

D HIR O NN EAO CEIR DR AR T HOTH Y,

HEEOOVENERELTCNDZ Enbrsd, Rbo
2 ROM#IE, HTREIEGORBRETHD, #FL
A LT EBOMERIADIE 5 MER TV D2, B
OQVENOFAEZ RTINS WOT, kb
DY RTNRADOBRTRLUEBR LML L, ZO&FEL
TN Z IV DT iR O O OB S AR DU,
BE-1dDEBYTHS,

ELZ LD EMREL 45N/mm® BEE, ¥ R
17.5kN/mm?* T&H > 7z, Bk A TEEMEH 24 H L
EHAEXV LY IR RE VR, BHIEEE L
20kN/mm* LA F &+ it 4%, £72, dhif e
14kN/mm* TH Y, NTEEMEMZERA LD LY
LbIHILEWETH DL, B, R# T oKEX
1.95g/cm® TH - 7=,

B, HITREZ2ED A 20T, YU 7 1R¥%
15kN/mm”* F2 £ & CHll 2 72 B HMI O OFI U R & © A
ENAZVHEEAFETH D I ERERIN TN D,

5. F&oH

RKHRTE, MLAMEaZ U= b0 EEWTCAM
RENTZOVEINGEERN GO D CAEELZ LD
BRI O WTHRA 21T o 72, T E TOHEIMBRFE D722
T, MLADOARR LT, &imE, [{EE, BEl o
TothDERE & DR RF o U AMEE L X L ORIEN FRIRET

44

bbb ENER SN,

SESERFATOHB LAY —F - EBAH
NOBEENFRETH D120, 5%, RN tEEn %
KFGUCERMERE R BAMEIC L, BIG~D R ZX - T <
FETH D,

SE 30

D AAFW, =R, B, MoESs, BHY S
CAtbk=r 7 U — OB — v =n UM = v
7V — b OFEBEWIE—, = AR R AIE 2E T R
%, 6%, pp.73-82,2008.11

2) ARG, WEAT—IE, R, —ERlE e
JEMHEsR 2 v 7 U — N OEBE~ OB EG, B
157 VARLVA a7 ) — FORRBIZET SV
YRTYT LG, pp.13-16, 2006.10

3) EARZES  EEBMOOFIN AR T 2 2 M
AR RE - i RS (%), 2007.3

4) ROFW, WMOTH, ExKE, ZEE: SCAM
a7V —rOBBE B LA 7V —FDED
AR LIS T —, SHER RN R
UE =W, 75, 2009 (BEREH)

5) WHRER, EHE, ANHH, PRHEZ  PC Bo
UEHC BT 23— 2 D 3 : PCEM DIZ2 0 D
WEMEICET A —, LA ML R bar s —
~, Vol.50, No.l, pp.54-60, 2008. 1

6) ROFW, ELEE, THHE, =5 PCHEO®
EHMICET 2 -2 D 4 KEBZRBEREEO
MBS L OE LICT 2/Et—, LA ML R L=
> 27 U—1, Vol.50, No.2, pp.92-100,2008.3

7 RAFW, =R EIRE, MOIEM, FHEY A
TRBEEMa 27 U — FOSER EICEET 89—
EREMERS L O H B R TAME—, S EREREN
WHERTEE, % 65, pp.83-90,2008.11



TAPER BN K% b 2 VB A T 229 O f= R ok FE I TIE O B

ABEMEICLXD FUORIILETIESEZERD
RIEREEEFTIE T EZDRFE

Development of Long Pumping Plastic Material Filling Method
into Cavities in the Rear of Tunnel Lining
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The author have developed plastic material filling method into cavities in the rear of tunnel lining
pumping through a long pipe line in order to maintain and/or rehabilitate a small dimensioning tunnel.
This filling method is characterized by the two following material properties: (1) Plastic material can be
pumped almost 3km without material separation. (2)Even under spring water condition solidification of
plastic material maintains. In this paper, the outline of this filling method is described , and the special

construction case of pumping material though the steep gradient pipe line having no space for mixers and

pumps that is usually settled near the tunnel portal is also shown.

Key Words: Plastic Material Filling Method, Long Distance Pumping, Tunnel Rehabilitation
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Dust Reduction through Utilization of the Centrifugal Spraying System (Part2)
— Application of the Centrifugal Spraying System to a Small Cross Section Tunnel —
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With the centrifugal spraying system, concrete is sprayed mechanically on a tunnel by centrifugal force.
One of its great advantages is its ability to create lesser amounts of dust than the conventional
pneumatically applied concrete lining method does.

An evacuation tunnel for the construction project of western part of the Shimukappu tunnel on the
Cross-Hokkaido Expressway is a small cross section tunnel with a drilling cross section of 19m* In
order to improve the in-tunnel working environment, the centrifugal spraying system was employed for
this evacuation tunnel. For approximately three years from March 2005 to April 2008, this System was

applied to achieve an execution length of approximately 3,000m and the total designed shotcrete amount

of 7,000m>, demonstrating the effectiveness on dust reduction.

Key Words: Tunnel, Centrifugal Force, Dust Reduction, Shotcrete
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Shaking Table Tests of Liquefiable ground Improved by Deep Mixing Method of Soil Stabilization

&G EMst NAOKI TAKAHASHI
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HJI| FEEZ YUKIHIKO KUROKAWA
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In order to estimate the effect of deep mixing method of soil stabilization against liquefaction, model

shaking table tests were conducted while varying the improvement ratio and the improvement form of the

columns. Two types of improvement form were considered. One is the one axis mixing method, and the

other is the four axes mixing method. As a result of shaking table tests on sheet pile quay model, it was

found that the four axes mixing method was the most effective in decreasing the ground lateral flow by

liquefaction by decreasing the lateral displacement of the quay against level 2 earthquake.

Key Words: Liquefaction, Lateral Flow, Shaking Table Test, Deep Mixing Method of Soil Stabilization
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Long-Term Loading Performance of Externally Bonded PC Beams
with Pre-Tensioned Aramid Fiber Sheet
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Prestressing of externally bonded aramid fiber sheet for strengthening of existing concrete structure is
effective method to utilize the material properties of aramid fiber. In this paper, the long-term
performances of prestressed concrete (PC) beams with externally bonded prestressed aramid fiber sheet
are discussed. Fatigue loading tests and sustained loading tests on the PC beams were conducted. It was
demonstrated that the effect of controlling displacement of beams and strain of reinforcement and aramid
fiber sheet due to prestressing kept working beyond two million cycles loading and one year loading.

Key Words: Aramid Fiber Sheet, Pre-tensioned Adhesion, Fatigue Loading Test, Sustained Loading
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Study on Evaluation Method for Control of Chloride Permeability by Water Repellent Agents
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In order to verify control of chloride permeability by water repellent agents as a kind of surface
penetrants, relative low water-cement ratio concrete specimens spread with some water repellent agents
were submerged in salt water. The results showed that submergence period has an effect on chloride
permeability and chloride permeability for low water-cement ratio concrete is different from that for
ordinary water-cement ratio concrete depending on the kind of water repellent agents. In addition, this
paper describes evaluation method for control of chloride permeability by water repellent agents.

Key Words: Water Repellent Agents, Control of Chloride Permeability, Evaluation Method, Submergence
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The Influence of Early Age Curing Methods on Concrete Temperatures at Hot Weather Condition
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When placing concrete under the hot whether condition, drying shrinkage and exposure to sunlight in
early age involve the issue of crack occurrence. Especially the slab in the bridge has large surface area
and evaporation is remarkable. In this research, temperature change and strain change for the concrete
specimens which is exposed to sunlight in construction in summer time were measured and curing
methods which controls crack occurrence were discussed. And the effectiveness of curing mats, curing
sheets and surface finishing agents to controlling cracks is demonstrated.

Key Words: Concrete Temperature, Exposure to Sunlight, Thermal Variation, Curing Mat, Curing Sheet
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An Estimation of Pull-out Behavior of Perfo-bond Strips using Spring Model

ik #E

eIt B ISAMU TAKENOI
HIF bES HIROSHI ASAI
=k " HIROSHI MIKAMI

AT, WESHRNCEBRO Lo R~V 2B LG MICskE hEFRSER5E, £V~ 1D
RIS L OM AN E DIRSICE - TRARD ZEEZHLNTTH L L& BIT, BEE—FI LD IO
ZHUE LZEOFICTHIRE MO E MBS 2 FEERE L, £72, TRETORRMERE b LI, £FUX
N EFFRGATIE SR T2 T 2 FEPBEH CES 2 L2 L, S OIS FMICZNETOR
DEDOT AN EEUTBMO 5 & a2 FEf L, ZOfMITEOZSEEH 6T L,

F—D—F: LB EHHR T, SIEMmT, ERE X

Authors have already clarified the failure mode and ultimate capacity of perfo-bond strips depend on
the depth of strip in case that the plural strips were arranged on the line of depth direction, and proposed
a simplified method that evaluates pull-out capacities as summations of assumed ultimate capacities of
each strip. In this study, we confirmed that nonlinear spring models is applicable for prediction of pull-

out behavior as precision method and verified propriety of this method by simulating the results of

HIROO SHINOZAKI

additional pull-out test which examined the case having greater number of strips than before.

Key Words: Perfo-bond Strip, Pull-out State Capacity, Nonlinear Spring Model
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The author proposes a new measurement system using visible light communication and image sensor.
Measurement is an essential technique for building, bridge and tunnel construction and disaster
prediction. However, conventional measurement method such as total station (GPS) takes much time and
works. On the other, visible light communication utilizing LED lighting equipment is being developed.
Visible light communication can receive plural light signals at the same time by using image sensor as
receiver. The 3D photogrammetric system using visible light communication system proposed in this
paper can measure multiple locations at the same time at short times and can be implemented easily. The
availability of the proposed method is demonstrated by experimental assessment.

Key Words: Visible Light Communication, Photogrammetry, Digital Camera, Displacement, LED,
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A Study of Shear Wall with Contraction Joint to Control the Shrinkage Crack

HE  @s KENJI TANO

FREEAEFERIEES A E—RF KOUICHIROU MATSUI

N HIDEYUKI KOSAKA
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PSP

This report describes the selection of the contraction joint to control shrinkage crack and experimental

results of a loading test of shear wall with the contraction joint. As a result of dry shrinkage cracking test,

flat bar with about 40% of wall thickness in width turned out to be effective in controlling shrinkage

crack. And as a result of a loading test of shear wall with contraction joint, it was confirmed that there

were no different between the seismic performance of the wall with the contraction joint and that of

without joint.

Key Words: Shear Wall, Contraction Joint, Dry Shrinkage Cracking Test, Loading Test
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Experimental Study on Bond Behavior of Post-inserted Reinforcement
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This report describes the pull out test on the bond behavior of the post-inserted reinforcement, which is
one of the studies on the structural performance of the RC frame with the beam reinforcement passed
through precasted beam-column joint with opening. As a result, it was confirmed that although the bond
index and the bond failure surface depended on concrete strength and the casing method of opening for

the reinforcement, the bond characteristics of the post-inserted reinforcement was equal or higher than

that of the cast-in-placed reinforcement.

Key Words: Precast, Opening, Post-inserted, Bond Behavior, Sheath, Failure Surface
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Study on Evaluation for Strength of Concrete in Structure and Mechanical Properties of
Ultra-High-Strength Concrete up to 200N/mm?
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AR W E #5%] HIROSHI KAWAKAMI
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For ultra-high-strength concrete up to 200N/mm?’, the authors investigated the quality control method on strength of concrete
in structure with mock-up columns, and conducted laboratory tests about the development of mechanical properties under
temperature history at early age. As the result, it was suggested that strength exceeds 200N/mm’ with high temperature at early
age and heat-cured specimen is effective for quality control. Furthermore, it was also revealed that the strength development
characteristics are changed into two tendencies with the diverging point being maximum temperature over 60°C.

Key Words: Ultra-High-Strength Concrete, 200N/mm?, High-Temperature Histories at Early age, Concrete in Structure
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Shaking Table Tests of Passive Control System with Double-Tuning Viscous Mass Dampers

MR HIET 4 N4 A HE  #Mt SHIGEKI NAKAMINAMI
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The authors have proposed the passive control system with multi-tuning viscous mass dampers. It was
shown that multi-tuning system improves the robustness of vibration control performance and reduces the
response higher than that of single-tuning system. In this paper, the shaking table tests aiming at
confirmation of validity of the theory of multi-tuning system were conducted and tuning method for
nonlinear systems assuming actual structures was proposed. It is shown that the effect of the response
reduction is improved by tuning the frequency with an equivalent rigidity according to the target response
displacement.

Key Words: Fixed Points Theory, Passive Control, Gyro Mass Inertia, Tuned Viscous Mass Damper
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Dynamic Characteristics of Super-High-Rise RC Building Based on Microtremor Records

JIIE % MANABU KAWASHIMA

M #— YUICHI HIRATA

AREMEHS  /NE Fa MINORU ODA

AT, EEE RCERY 3 IV TIT o L W RFRENHIE TR D Lo iidkic i S &, B O BReIE 2 A0
LIZFERICOWTRLIE B D TH D, VAT LRIEFEDOV LD TH LA ZEREEZNNT, MRE—FET
FEEE LW EAIRE S L ORER OS2 572, BEA RO R LY, EWIRE TOMELY
RRRERMMEEFT L TND 2 ENahoTe, BRELITWHE | IRE— FTHR 1%LHES N, ERICTSh
TV HAREZLSOBEBEERBRE TH -T2,
F—0—F:BEEdY, RCERY, FRME), &KE—F, BREK, #n2=HiE

Dynamic characteristics of three super-high-rise RC buildings are discussed based on measured
microtremor records. Accurate eigenfrequencies and damping ratios will be obtained up to higher-order
mode by using subspace method which is one of the system identification methods. It is revealed that
stiffness of the buildings is slightly larger than designed value by evaluating eigenfrequencies. Damping
ratio of translational 1% mode is estimated to be about 1 percent, which may be comparable to the
proposed value expressed in AIJ design guideline.

Key Words: Super-High-Rise Building, RC Building, Microtremor Record, Higher-Order Mode, Damping

Ratio, Subspace Method
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Full Scale Measurement of Eternal and Internal Pressures on Cladding of Existing Tall Building

EM &+ MICHIKO SAKUTA
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In order to investigate wind force acting on cladding of tall building, the author measured both external
and internal pressures on cladding of existing tall building. This paper described design and specification
of full scale measurement system of wind pressure and example of full scale measurement results of wind
pressure acting on ceiling in void of the building. The results indicate that wind force (summation of
external and internal pressure) of ceiling is very small. For various type of cladding, further full scale
measurement should be carried out in order to propose reasonable design loads.

Key Words: Full Scale Measurement, External Pressure, Internal Pressure, Wind Load for Cladding,

Ceiling
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Damping Control System for Sloshing of Petroleum Storage Tanks using Floating Nets
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A method of reducing the sloshing of petroleum storage tanks during earthquake using wire nets
attached to the floating frame is proposed and its effects have been examined by scale-model experiments
and a computational fluid dynamics (CFD) method. It was demonstrated that the sloshing amplitude is
reduced by wire meshes effectively. And it was also concluded that correct modeling of fluid resistance
of the nets and the effects of installing angle of the nets are necessarily for precise evaluation of damping
effect.
Key Words: Sloshing, Damper, Oil Storage Tank, CFD
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Assessment of the Applicability of AWJ Technique for Dismantling the Reactor of Fugen
- Development and Applicability Testing of Sound/Vibration-Based Submerged Cutting
Process Monitoring Technology -

Jull fZ—HE8  SHIN-ICHIRO MARUYAMA
FHE E— SHIN-ICHI TEZUKA
Keg KIr DAISUKE OGANE
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The reactor of Fugen is characterized by its double-walled pressure tube construction that is composed of
pressure tubes and calandria tubes. The reactor dismantlement has been planning on dismantling it under
the water and the submerged abrasive water jet (AWJ) cutting method is chosen as a candidate from among
simultaneous double tubes cutting technological options.

Because past AWJ cutting tests have verified that cuttings cause muddiness of water due to fine debris
generated during cutting. As visual monitoring of cutting process with an underwater camera was proved to
have difficulties, a sound/vibration-based cutting process monitoring system was developed as a secondary
cutting process monitoring technology and was tested for its applicability. The test has confirmed that this
technology is effective as a secondary cutting process monitoring technology, in assessing the cutting
process and judging whether materials can be cut or not.

Key Words: Fugen, Reactor Dismantlement, Abrasive Water Jet(AWJ), Sound, Vibration
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