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Research on improving the manufacturing efficiency of pre-cast concrete with admixed fly ash

Thesis Summary

Concrete structures can be constructed by either casting the concrete on-site or using pre-cast
concrete. Between these, it is known that the use of pre-cast concrete ensures concrete with high
performance and low variation in quality at relatively inexpensive prices. Because pre-cast
concrete is manufactured in a controlled factory environment, it is unaffected by factors
including quality variations during transport, technical skills related to the arrangement of
reinforcing bars and compacting fresh concrete, and the ambient environmental condition such
as the temperature at during curing. The idea of construction using pre-cast concrete has been
applied for over 100 years. As examples, pre-cast concrete is used for residential construction by
combining standardized floors, columns, and other elements, and for piles and street gutters in
civil engineering facilities. Today, a switchover to pre-cast concrete in concrete structures is
being promoted by the i-construction project of the Ministry of Land, Infrastructure, Transport
and Tourism due to labor shortages arising from retirement by experienced engineers, young
people leaving the construction industry, and other factors.

For use in the field of civil engineering, pre-cast concrete must be inexpensive but match the
high quality needed of JIS products. Steep rises in manufacturing costs, such as the cost of
constituent materials (cement and aggregate) and the cost of fuel for steam curing have created a
demand for more efficient manufacturing as a way to reduce costs. Against this background, we
thoroughly investigated the systems, criteria, used materials, manufacturing processes, and
states until curing was complete in the manufacture of pre-cast concrete. From the results of
elucidating problems in the manufacturing process and determining points for improvement, we
both optimized the steam curing profile (which accounts for around 90% of the manufacturing
process) and showed that it is necessary to simultaneously satisfy two contradictory strength
goals to perform efficient product manufacturing. These strengths are the following.

(A) Concrete Strength required for design as a manufactured product (material age at

delivery of 14 days or 7 days)

(B) Concrete Strength at cast removal during the manufacturing and cement hardening

process (material age at cast removal of 4 to 10 hours)

Simultaneously satisfying these two performance requirements in general manufacturing
methods that use commercial cement material and employ a standard steam-curing profile
would cause the amount of cement per unit increase to the point where it is uneconomical and
lead to faults such as shrinkage and cracking, which reduce the product quality. A related
problem is that admixture with fly ash is highly effective at reducing CO; emissions and offers
excellent shrinkage properties as a cement hardening agent. Because of this, and because fly ash

is a recycled material that can meet the future demands of society at the cost of delaying the
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achievement of strength due to the pozzolanic reaction, the amount of cement per unit product
needed to simultaneously achieve the two competing strengths increases even further, which
increases the cost and decreases efficiency. There thus is demand for the development of new
technology that can increase manufacturing efficiency.

In this research, I developed technology for increasing the efficiency of manufacturing of
pre-cast concrete that meets existing JIS standards, employing fly ash cement as a measure for
reducing environmental load and obtaining excellent shrinkage properties. This method is
composed of two steps. The first step is to create the indicated composition and optimal steam
curing profile to satisfy the product strength (criterion A) using fly ash cement. This confirms
the basic manufacturing method. The second step, which is not performed during basic
manufacturing, is to add a custom-developed fast-hardening hydration agent that improves the
strength at cast removal (criterion B). These two steps provide a rational strength gain curve that
satisfies both criteria. In other words, since this method focuses on the chemical properties and
rationally uses the mechanism of the hydration reaction that produces the strength. There are no
earlier cases of increasing the efficiency of manufacture based on optimizing the steam curing
profile in this way.

I now give a brief introduction to the content of each of the chapters that make up this
thesis, and describe the composition of the thesis.

Chapter 1 “Introduction” gives an overview explanation of the background to this research,
summarizes the need for increasing the efficiency of manufacturing pre-cast concrete from a
social background and the demands of the manufacturing industry, and shows the aims of this
research.

Chapter 2 “Current State of and Previous Research into Pre-Cast Concrete” summarizes
the current state of pre-cast concrete specifications and standards from the perspective of
historical changes in JIS, and summarizes the system designs of various autonomous bodies
with regard to elucidated problems and previous demands for environmental measures.
Furthermore, the fabrication methods of pre-cast concrete and on-site cast concrete used in
concrete structures are compared, and it is shown that although pre-cast concrete is superior on
many metrics, such as quality and performance, the lack of The Technical Standards and The
order Price calculation Standards by country are an obstacle to wider adoption.

Chapter 3 “Technical Standards Related to Concrete Structures” summarizes technical
standards related to the design of concrete structures in terms of the law hierarchy. This
confirms the required functions, the required performance, and the evaluation indicators for
concrete structures, and clarifies the performance-evaluation methods and the applicable
materials etc. for the design requirements of the country.

Chapter 4 “Extraction of Problems in Improving the Manufacturing Efficiency of
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Pre-Cast Concrete” clarifies the required performance of pre-cast concrete, gives an overview
of the current state of the materials that are used, the indicated composition, and also the design
and manufacturing methods, and highlights the specific points for improvement to increase the
efficiency of pre-cast concrete manufacturing methods. As a result, it is shown that when
increasing the efficiency of manufacturing pre-cast concrete, it is essential to achieve the
strength at delivery by optimizing the steam-curing profile according to the materials used, and
to achieve the strength at cast removal by adding a fast-hardening hydration agent. In particular,
it is shown that a combination of these two methods is essential when using fly ash as a recycled
material.

Chapter 5 “Improving the Manufacturing Efficiency Using Fast Hardening Hydration
Agent in Pre-Cast Concrete” shows the manufacturing method and various properties of a
“fast-hardening hydration agent” developed specifically for ensuring the strength at cast
removal, which is a required performance indicator during the manufacturing of pre-cast
concrete. | show that the increased strength from the fast-hardening hydration agent is due to
two effects: the filler effect, in which holes in the cement material are filled, and promotion of
the hydration reaction by increasing the specific surface area. I also highlight the relation
between the specific surface area and the admixture proportion, and show a method of setting a
composition that contributes to increasing the strength at cast removal.

These results yield increased manufacturing efficiency of pre-cast concrete by using a
fast-hardening hydration agent.

In Chapter 6 “Improving the Manufacturing Efficiency by Optimizing the Steam Curing
Profile of Fly Ash Admixed Pre-Cast Concrete”, I perform testing of the basic properties of
regular and fast-setting Portland cement and these cements with fly ash added in order to
determine the cement to use and the optimal steam profile. The optimal steam-curing profile for
cement with added fly ash is obtained.

The described method delivers improved manufacturing efficiency of pre-cast concrete by
optimizing the steam-curing profile.

Chapter 7 “Mechanisms for Improving the Manufacturing Efficiency of Pre-Cast
Concrete” shows a setting flow for improving the manufacturing efficiency of pre-cast concrete
through a combination of the two methods: improving the manufacturing efficiency by fast
hardening hydration agent as shown in Chapter 5; and optimizing the steam curing profile as
shown in Chapter 6. A system for improving the manufacturing efficiency is proposed on the
basis of these results.

Chapter 8 “Conclusion” summarizes the technology related to improving the manufacturing
efficiency of pre-cast concrete as shown in this research, presents problems and proposes

solutions for market expansion, and concludes this thesis.
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%o

5.3.1 HERIE

Wkt A ERETHFILEE LT, 4fiimElY sy hIV (XA 7 B)
UUF Iy hI) E0)H,) ZBELTE, ZOVzy hINMZEDEAY
FHWEZ, Yoy PRMICE D2 MERENICELD2 DT, [P THEE LTS
KIETTHMEEZITO 2 &2 5, 2O, 22 O KG DK EOE % 1
TEE2B—NNH D, B, SEBHALE AT AT, Rz m L
LIOICEEF CORMBEIT> L Lz, BREETHLHEDLDN TV D EESR
X, BOWNEZ EF522& T, REDEZMESEL20T, SEHEMALEE
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AUV FDBEAETHLEETFTTCREBNOKSVDEET D Z & TR EIH T
HZENREEISNTZOT, AVAT ALATIEE 53.1LICRT LXK P DK %K
ELT-MEELZREL CREEHE 21T T2,

%531 AMBRUVATLTODE A FRIBE

HE H#
M EBRILESUREEAVE
| ERZS (&0 fffi Zz/ctﬁ
AR wﬂ}%);%%% £#O %Iﬁ;nin; 0.005kg/kg(DAVLL T
- oM | FEmESELL
B SRR
A hERRER Was  |SRcENTESRE

5.3.2 Bl R T LDEE
$H%K;D%%%%thfyb%%vz%A%%mm5&1&%#40
DIEBEIC I VRSN TR FFIC, OFLEEIC 4 dhxm Bk gz v s 2
efaﬁwtfy R TR &m%ﬁﬁﬂm<@5ﬁ%ﬁtf/ MWECTX 5
RIZH D, £, REERKEMEREHEH LEZ LIV miRot 22 b
mﬁwﬁﬁ%mwﬁm@?%/ ME AR CTELZZLICH D, K 5.3.2 1 HiE
HEOVAT MERT, B, RVAT A, BEEEHSCKD Y A > b Rl
AR MNREDOREEAPEANRIEMEOLRES HIC LEE#ER LT,
FIZZEN TN OREEO R R,

ZES 3 oy 4 1 A

A

ary7Fryt— b

X 5.3.1 4DODEKRESE
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Am
=) =smoxa
:% EAVFDFR
g EEREERE)
=
"
8
+
2
>
[§
2]
"B
]
i3
L]
T ]
A AL O (R0 SR, 50 )
A sesimmmpun

K532t Ay FEEREEEMMOERATEEXEE

Dary 7Ly —dE

aryFryd—EL, Yoy M (EfER) 2RETLIEETH D (K
5.3.3 Z), MR OB AL M EMRET LG G. EFICHENGSVWY I xS
KEAMTVD D EMZERIE %K 5.3.4 (233 E S #E%EE % FH T 0.7MPa (2
RELTHEDKE S ~O|ohi (&) hxm s, b, #XR/E
ZWMEELDICiFZaryF vy —EEOR T Z2m LSELMICENZ 7
OFRER EREM R/ OERE A — A (K 5.8.5) LR bOICT 57 EOFE
EFRTALERH Y, ZNENOMRER EE21TV, JEMEZER A — A1 ¢ Tmm
B (X 5.3.5 M) L3452 & THEALL,
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5
=
u
=
N N

o

‘EC\EI (&

X 5.3.4 £ Q&I #EF X 5.3.5 EEAAR— R (P Tmm)

(2 bR 5 4

JEMEZ2 [P ORRIL, B A N OBMMEREIC L > TKIEZ#EITTIE 2 KED
G729, K5.8.6 1R THBAREEELZHEL CHEDWEE TR FX
e, £, TNENOEE ICIIARIBEOELIZ L VBN EET 58NN
bHZENOREHBRRERELZRE L, 2B, EMEXHOWE X, &
HIEPF AT AOBEIZHONOLN TWAK 5.3.7 OIRFE — 8BRS IEE
ERETEOBBAI S 0.005kg/kg(DA) LI FZ AL L CaE LT,
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Ll bbbl

= = =] 3 5
S e owe v B ode S ke A o & & o R b

537 BYZRh— xRE (RGEM - FHETES

bbb bbbl

() et (&

M E L, Yoy FRBERESE AL N 2T IR AT LD A A
VEETH D, SEEH LB EEL, S L4805 Y v MRS
FL, ZNEN2HAXFICRY Yy NMEDRNFRLTHEZEL, 2OV xy
MR (FZEE) 1B AV M2 TIEDLHI LTV vy MRIZE-TEA Y
NA LR EET D AT A THD (K 5.8.82M), Zo4dhxmAy = v M
(21T D LR ERE 3,200cm?/g FRE D ¥ A > MILFEFE 7,000cm?/g 2
EETICHmEnND, TLTIOTAEZMRVIET LTI HITMANE A |
e alGe & 72072, % 5.3.2 1%, M/ S A L A2 bR mEO MR Z R L
EbDTHD, ZORNPLEND X IIT, BEEOEKROBHE X, 10E
BYOMIELE LTRELTLHZENTE, ZORBAHEST I & THERE A
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TRk EEE A S D
&&é
A MEREAD

K 53.8FAY NMBEEEMBAA—D
£ 532 MBI REELAY MERBEEOBEZ
BT %;af/ 1PASS | 2PASS | 3PASS | 4PASS S
J Z)VE MPa 0.7
fHEHEAE m3/min 2.7
WUER kg/hr 8 6 4 4
[ I kg 25 24 23.8 23.4
7R Hl K
FE I E 5
H#ER  cm?g 3,229 6,879 8,686 | 10,189 | 10,345 | ( cpuo
#E L)
(4) 7y e 2 1
IRREEEL, MR E N A FRFTEDORL T RIS T2 AICBRETE 5
TUNE—RA L a kBRI ETAZ LI R ENAEETH D,

L7=2-> T,

M E ThHETE 5 X9

(5) B B G S A

ZOFERRBRE S AT AT
WD EEE S 52k A 2 MkE
5 FETHE

B—EIZ

—HiFlL S5 L HER XTI,
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HIZAATOMERNDH D, 2T, HHT 2B A L MBI FTED SE % ek L
TWVWDHON, MEOXLOXFEI DR EDWHE A N LTOMREEL T
DHERT D702, MEEHEHOMMHRIES AT L2 FRFICHES LEN L,
FERAELE S 2T A, 20kg/hour LI E o Bl &2 M E LT 5 A8, B S
1L, M 1kg/hour }iE CTx 2 EHAMEE OM/NET LV TH D,

B 5.3.9 1%, MEEHAMMEEORZTHD, EHAEEIZ R E mET
1/10 ThH 5, X 5.3.101F, EHEXL 7 THhY, REFEAMOFyDOKRKE
XThd, KbE3111FTxy MO A A 3E, X5.8.12 XMt A Fo
1§ S uiN 5.3.13 1L, BXRELEETH D, WONDOEES FEHALEE O/
THY, ML= A b

B 5.3.12 BFt A > b DUIREE B 5.3.13 BERBRELEE
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5.3.3 #ER K

Wi A v bofibEa 2 NI, K 532K LETETFELHICHRE LEE
ARlRLE S 27 A2 AW, Mttt A2 b+ 10,000em?/g K#E(FG100) % 8 B
MY v 100kg 2 WET L5 CHBB ST CREZITR-7, TORME., % 5.3.3
RO, W A b 1kg WM D $1.718/kg (9 155 M/kg (1$=90
M#R)) Lirol-, RTHTOa A MNER T, BEERE OB B0 72 1) -l 4%
NEOLIEEGLD bEXRBELSAESEZLEDTEY, FETOENARRIZE
ZBEBENOEHREOFEF LML TCND LEEZDLND, B AKNRLE DY
Ak, B EGEBB L DA — LAY v MZE D3 A N T URRKE
(F7IRBEEEBEBNOEB)  BERELRLEOMEEZHTI L TELR5K=a A b
fEnrgeE bbb,

— S AVAT L EARENCHEELZSAGORE LT 2R, EEEA
ENEFETT0%%Z 5 TR MHE A v b 1kg fE A& 12/ 815 D $13/kg (K
1,170 M/kg (1$=90 H#%)) &72o7= (¥ 5.3.4 M), 7B ARENTE X
YN O R EHEE (2, AV RE AV AITI T e YY) I
I L7256 7 77 2 — ik (JFA6) TH 6,000 M/kg (FEHEE) &720 . 1kg
B I0OMDOERA S M EMBEL CRHTL2RBZOL ORI L7222 D T
W, INETHARTIIHEN SN o7 HEBATHL EEb b,

%533 FEFEISTOMMBEEAY FEEIR KD

CRE. Gk o
BH [y [&5K AR ERE e AT
k2 3) A3 4) Higy 5 2 6) (R o A K
o Ak
109 800 187 200 148 80 10 184 1718
($/ton)
R
6.3 46.6 10.9 11.6 8.6 4.7 0.6 10.7 100
(%)

1)100kg/8hours D&

DAL b HFH~DEE = A ~(50$/ton)iA
3)0.125$/KWh*6400KWh/ton (B4 ® F)

)EEBE OB E IR EA

5)FE Rt A% 56,0008, EEIMIM 10, Fl+ 5% THlE

6)F &5 0> & Bk H AR GA

7 (£2%E) BARTHMMRE 2 v MlERRYE (UhE) 35 L. 67,0008/ton (FEFR)
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%534 BHAMA (KE) IHETOMMBREA L FMEEIXR MEERR Y

L ER R i 2
HA S [ Ar [@maft R | R | W |, g | el
= SN
120 4000 | 2805 | 1000 2960 240 50 1840 | 13015
($/ton)
Jop2st

0.9 30.7 21.6 7.7 22.7 1.8 0.4 14.1 100

(%)

1)100kg/8hours D&
DNTEERL FT v R A b (FERHE)
3)0.125$/KWh*6400KWh/ton (& D F-%))
DEBEREDOBBFEIRLTA

)M e iE A% 1,120,0008, HEIHIH 105, Fl+ 5% CHE
OMNBEHE - FHEY

5.3.4 BEERRIET TOERMEIR
W A FOMERZIEET S B TYERE., R S 52060
PiTo0-, 2B, RBRIZI20C—EDHERFIRERE T C{To7-,

(1) MEFH

() etz A > b OB 5345

FEBRIZH WMot A v NI, M2 G KA O B % R EHZ W7o B AR RE
DEBHRNLET U REAY N (EAKKE A > MEEEESR) (JIS BLF ) & T #
HAE2Y 5,000, 7,000, 10,000(cm?/g)®D 3 /KYEIC/2 D L 5 I Lzb o &
EE (dbmt Ay bR ofilEERALV T REA N (P-O0X A7)
(GB175 k& 5h) % e 1 F5 10,000(em/g) /K HEIZ /2 B X H 2Lz b DD 4
FEOMmEE A FaflE Lz, Th o ORERMEELZR 5.3.5 12”7, 7o,
X 5.3.14 I[Zf ez A v M EEEAL T KA NORESH, K 5.8.15
2 A2 b OEERIZEDB0) & REEOMBRE RT, ZNHDORRNDLART A
TATCTHRE LT A FORBBIL, LTICRT 3 OORKETERITE 5,

ORLEE 5346 D g

MHET 2/ O_X—2E A N THHEBEALET Y REA Y M lpm M
5 100 m £ TO2A4—F — RO B R WA lE 2 4 L EFE O 7 23 53 Ai
BEIZIE VY, — 7. W OB A > MIETEI TR LB 2T 40K
BN DRLESAEN 1 A — X —RORNFEFEFHDOE A o TND Z
EMNIMD, o, BBFEE A MIEEREN NS RDIEE, RB- T2
SAiEBALTWS Z & bEREND,
Q¥R
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B/HE TLXy A bz s U — ORI X D REDRL

A MR OFEPRIAEL, REEPARES S RDITHE> TS5,
@ b 2 i
REREIX, B A MR CIZIETHIZEGR Gl 27225,

INLORBIE, BT X—ZAME LTEHEBERLVFT o FEXA S M2
LTWb7ed, iz BED D ZERESMBKEDL Z LEERL, ARy X
TLADRMETAD, B, INDLOERIT. BLEET DREOWEHE X
M RET SO S MEEHRFEE L THWDL Z R TE D,

& 5.3.5 WHEBtALORERY

x| = pso K
Rl S NP4 . B Iy oy
. 1H 8 A A
(MU %) (u
(cm2/g) m) (pm) | (zm)
WAL FT L R
~ Szf% H@my b7k OPC 3408 | 0.77| 100 | 64.8
- B WHEL RT Y R
2 fiﬁé H@my b7k OPC/C 4559 | 0.1 | 15.3 | 117.1
” 5,000 K% Bt £ > b FG5 5,484 | 0.77 | 5.56 32.8
o [_1:000 AHE BBt A | FG7 7,676 | 0.65 | 3.65 16.6
@«Z 10,000 K% MkpFet A v b FG10 10,359 | 0.65 | 2.62 9.95
10,000 /K% et A b FG10/C-X | 10,245 | 0.1 3.12 8.97

) AAD OPC & FE® OPC (I#IM& R R %, /ICHITHEEEL A FERT,

20 L B B B W A1 T 100

e
—= EERIL SR A2 FOPC(3,000K ) % & BRIV MUK A ROPC(3,000k )
O~ BIAFE-E A2 MFG5(5,000 K HE) O~ Bt A NFGS(5,0007K ) ?‘
A P A MFGT(7,0007KEE) 80 [ & M AL NFGT(7,0007K ) i
1 o BEIR A FFG10(10 0007k ) 70 || S BB FG10(10,0007k %) f
¢
80
-l 3 W 50 /
= Wy = 7‘ f f
[ TS

S

/f b X 3l
e ¥ x 20 /
mﬁ X & 10 /X fﬁ

0.01 0.1 1 10 100 100¢ 0.01 01 1 10 100 1000
A R4 m) AL m)

(DR ED b)BFEHNES A
5.3.14 MRt AY FORES T
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20,000

18,000 -0 - KIRIEREAUNL) [

A < KIREREATN)
16,000 R . .
) ——dtE AV
14,000 N == JLREAVN2) H
g 12,000 \
g N
3 P
g 10,000 BN .‘\\
# 8,000 \{\CK N
=} N \\
6,000
! jet \
4,000 S
PN
2,000
0
1 10 100
ot $i1 2 D50(um)

X 5.3.15 FIL#iE D50 L L REREDOBEZ

)T A > b DRI TR

Wt A v N ORI, BIHEIZR 5.2.1 IS D X O ICHiEEIC LY
RELERDZENRDIH>TND, %*T ﬁ%%vz?AT%WLtW%V
A NOK TR EHERT D010, EBRE FBMSECL T ISEM] &9 ,)
o ANk Ltoﬁﬁbtt%/bi\BLTNF7/Ft%/FKW® Lt
FTHAE 10,000(cm?/g) DT A >k FG10/C 3 X O FG10/C D W, ki 1 EL£
N 3um L TFOWMBKIEYE A+ FGI10E/C ® 3fEEHTH S, Zhbo SEM 5E
%X 5.3.16~5.3.18 |Z/~" T,

X 5.3.16 (%, H@A/L T FE A2 FOPC/C)PD 500 fF. 2,000 53 L
5,000 5 SEM EHTh D, ZNOLDEHENLEA Y MR TORENRFE~LZ THY
RFEORLFNRZ N enbnrd, $—RKICFEARALVFZ 2 REA Y MI, R
— LI NERANTHEB.EIEN TSIt A v MR 13/ N EEFE L i h
WHLFTEIRTHh D EEbNTEBY 2RI D, X 5.83.17 1%, thREE
10,000cm?/g KYE % THFE: L =it 2 > FG10/C @ 500 %, 2,000 {5 X
W5,000f% SEMEHETHDLH, TNHDOEENL Y =y NI VKK E AV
NRLFOANPATHDL ZERERIND, TR EOE A MR D%
Bl TEY, BRI X ﬂﬁ%#&w%MTwékkﬂﬁM§M6 )
2, BT OB RENLERRER>TWDHZ Ebbod, X 5.3.18 1L, F
ifE 10,000cm?2/g KHEE T L 722 A > & FG10/C OW, KifE728 3 um
ULF % fkc & v I L= FG10E/C @ 500 £%,. 2,000 3 X O 5,000 £ SEM
FETbhD, TNUNHLOFENDL Z LICZFE—REDESEKRITIE S TWD DN
%,
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x500

x2000

x5000

ke

5.3.16 L@EKRIL +S5> K42 FOPC/C)D SEM #
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x500

x2000

x5000

fiii &

X 5.3.18 FG10/C ®A. 3um L TO#H¥EE >  FG10E/C ® SEM #
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HE5E FL¥y A bars— b o@EEMERRAMIC XS RIEMRL

Mkt 2 v B X OEE AV N OREFRIE

a7 V=R I, EAVNEOREBRLEEMICLOVERINTEY, ZbH0
BB AR PR SO M (X AN ISR 2 R E L T AMNICRET A B AT
5068, 22 Tar 7V —bbOREZMIT, EAY FBIOBEMORR L%
MBI ENT DERNG D ERETIX, K 5319 IR I ND
Fuller-Thompson O BRAR) i B k7 S gl #R[5.8,6.9] 2152 Z L A T& 9 —nm v X
T IORBRBEICIIEAZFOEZ T NELEHEIL TV AI[5.10],

100 A
—--: Theoretical parabolic gradings
90 A . Apgregate

® : Cement

nr

60 [

50 I

40

3071

Cumulative volume percent ()

200 |-

ol

0 a. i 1 1 1 1 1 i I 1 1 1 1
035 125 5 20 74 03 12 b 20
0.7 .25 10 36pm015 06 25 10mm

Particle size

5.3.19 AV — FOBEEHMRENED#I(5.9]

— 7. ENTIZBEMORESARICZ oBRERRAEH S, 20270 —F
REF A JIS FaPHN CH M ORLE /534 2 BRI U ol Bl A kst 21795 2 &
TEMORLE S % ERBEHRICELIIE TS, L2rLEAY hORIET
T A PRLESMIILT L REREMETRESINTE LT, M 5.3.19 1275
SND LD HumPl BT R £ A T5umbL T ORKE > A 2 L CEAE i
BRI E IRESXRTEATHDIRNTHD, ZOHBIT—KRITEAL b
FLTF 4 —I v 7 A bar 77— FOBREEEZNRICHEINRTVWEIND &
E2zohb, DFED, BA U NOBEMERIIBES TR a7 U — FOERMERE
Tho 28 H (£721£56,92 ARH) MEFHICHANRB ML, X v X b=
Y7 U — b ORLERFERMERE TH D G (A 4 KR ~1 B A ) RF9RE % 58
EEHOMEL L TWARWI &, &HICEAMM T OO OB D3 A%
Dl THZELEERSEE A FOLERMEE 3,5600cm?/g FEE[5. TN Z 5
BREDHIEIT>TNDZEMBWM NV 20 REFIEMM L T L T
WhHEEZLND, ZOLHIICIT—0 v XNTORAHRFOEZFTOEWL, H
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AT, =y TR0 TR HE ) 58 L h) b 7 & 815 BORMERE 23 B L
SINDHZLETEAV NOMBHREERRESNL TS Z EICERLTWD & A
MZ B IS HELIIGHERICEVIREZINTWVD O AV b OREFRIEIX
BREINTWRVWES>THBETIERW, FEELSOa 27 ) — K LHETH
e THOERE L TCTRERGSCAMBENE AR 27 Y — ol LHEDR
EhlroAmTHEEEI2 7 ) — MPHORE 27 U — bERHT 5 6MIC
Y ARG AR EZIRM LM BB & ol TRELDOLENITHOIL TS
MINbOa 7 U — MIBHMEIZIREM L TWDIZH b 6 3 L9
DHTHRELBEOBRPLOERIIEL ZINTWVWARNE VWL D, B EBE
a7 Y= R EDO—FHOZEHTIE, LVEWEELNLE LT HHEDOHRIT,
SO 5um UTFOBHmES LT U D7 —L7k &R L RE S FE & Wi
THFEZRS>THDHIHDOEH 5,

ZOXIBRBERNDL T UX v A N3y U — MITE R B RE ORI
SRR RTHHBEA Y FOATIELT LHEAT TR EDHELITH
TeOIWIEARHEL AT ATRHE LB RE A P ER2RMELITERT L Z L
THRERBE L LEMBRREREON LXE5 2 L2527,

D FEBR L & BlA

FEBIXX 5.8.20 (28T X 91T 500cc A AU & —|(Z 300cc D ATHIISK
2203) % AL, ZHICHET DK% 20g TOEALEXR@E KL 2DIcH 7 A
HeCRER, AT L K ONEBER AR L E T D F T 10 o MERE S, AT b s
RO EARTEZ BEN SRS, 2 OEEEZEY I UL b & Ak k%
BIPIFIER IR D ETITo e, b, KAFEIE, BA Y FOLEEFHT
% JIS R5201 T2 A FoOWHREBRGIE] O AL MEEOWPIE FIE L JREP
WWIERICFETH D,

500cc R ALY L — |

=AY AENOL YN

5.3.20 BEEMAEDOFTEERDBIE
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EERERREZITT-0EKIZE 536 17T I, "= AL bOEER
WETZ U REARNERMMELTOMMREEA L FNBIRT7IA4T v ak
i, BEOMAEEITHR5.3.7TITRT L H I, HMHIK L L @A L~ T v
Rt x> F(OPC) & ik #et A > ~ix FG5(5,000 A %), FGT7(7,000 k%),
FG10(10,000 K#)D 3 K#ED 47—, £, IRAMEOREBR & L @A L
N7y REZX MNOPOIWZMMEE A Y NEBROGE EMBE AL NET T
AT vyablAADLEEBRLEGED1 07 —A%21ToT, BB, EEOT
L¥ ¥ A bhar 7 — b UETITON TV D EREAICEDRIEEZIT O &
5.3.8 I T 2HBEORA L IFETER L,

K536 EFTERBICAVE=MEDOET

— PhE D | R EE Jra—
(g/cm?) | (cm2/g)

WAL RTL KA b OPC 3.43 3,440 {f%gggé%f A (5=
Wkt A v b FG5 3.29 5,484
Wt A v b FG7 3.20 7,676
Wt A > b FG10 3.10 10,359
TIAT vy allfE FA 2.21 3,750 | Atk J) HO8 k ) 5 AT RE
IR A R FC 2.71 6,600 W A L b A

* 5.3.7 REREAROESHAE

Wk et A vk TIAT v
AN S a ==
e x| mmwe) | s | "7
1 | OPC — 0 0 LR
2 | OPC+FG5(5) 5 0
3 | OPC+FG5(10) PG5 10 0
4 | OPC+FG5(20) 20 0
5 | FG5 100 0 LR
6 | FG7 FG7 100 0 LR
7 | OPC+FG10(5) 5 0
8 | OPC+FG10(10) 10 0
9 | OPC+FG10(20) 20 0
10 | FG10 FG10 100 0 HLR
11 | OPC+FG10(10)+FA(10) 10 10
12 | OPC+FG10(10)+FA(20) 10 20
13 | OPC+FG10(20)+FA(10) 20 10
14 | OPC+FG10(20)+FA(20) 20 20
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£538TLXF ¥R bavy ) —FEEIZAVWLMTWAERESOMAKE

sax | WO W/(C+P) % C IEANH P(kg/ms)
M1 - - - 380 0 95 110
M 2 - - - 376 4 95 110
(1) 7 B s TR

LBt o R AR &M IREREAREORAREZ X 5.3.21 173, ZOK
P EORMEDGETHATH EEOREMEIX —E CEMBERICH Y EASLE
MEOEBEN —ETHDH I ERHEHRIND, —F, ALTHE L LEEED
BERIZ, WINOFr—ATHEARENIETICONTEFMNREZRL THD R
FHEERDOIZIFTEMRBEBICHS, TLUTHERALEBEOREEIC XL V& AR
BRHZENGND, ZHEMEORESARORE SICL REENE R D20
Thh, KBRPBEOREELZX L FIEL L THY THDL Z VR IND,
B 5.3.21(a) 1%, HMHMEICL 2 BHEREZ R LD THDL, ZORHEE
RNV ETZo REAY MO L THBHE A > MIEEBESH, DF 0wk
MERSTWVWDHZEEZREBLTEBY, MREERBEPIRELSRDICONTETET
& BFELIC R DM H D, X 5.3.21(0b) 1%, HLFEMEFE 5,000 /K %O %k
AV NEERLZE @*%&Aikﬁme¢ﬁ®%Mf%éo;@Iﬂ
HEWEANL T REA LY MBIt A NEEBRT S Z &T@%b)i@fﬁ
RN, ERENETICONTHEN L VFESLNICRLIBMER LT, Z
iE, HEE A NOESHBRREWTEOWGMMEE A hE2EBETDHZ LT,
WA FORBREEN AN LEL TSI EERLTNDEEZDLND, L
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e A v b OlEHEREN 5,000 KL EHEE A P EERIKELIED
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%, HFREAE 10,000 KEOWBMEE A L A2 BB LIEZBAOBEBTH D, D
X CliE. 5,000 K%L HIIZE U T DA, BHRBNREZ 512 L0 TR
AV MHEMOMEEICRELEF->TLLHZ &ﬂAﬂéo:ﬂ . Mo A
Y ENOEFREESEEE A NI REWVWEDE, FEE A FDZE
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B 5.8.21()Z"T L DI BE#LE 20% TH->Th, HHTLIHMEOEWNIZ X
DHHEDRELSEIT D <‘:?€>/\7b>o7io ZOHEBIT, MWK EBERT R
EFREER ERD L) Z & TiEAR< ., X— A EORE S A IR L TZER %
HMOHLRESIOMEKEZEMERT LI2LERNH D Z L Z2RBT 5 O Tl fBIE
EATHOT2OICIE, RBEAREINVGFET LI L ZRBRLTNWDL EEXLND,
I 5321(f):t ERAEOHEICKHT IHRBERLTHDL, ZOKNLZND LD
R A N BTN 1%ER L7270 TEBRIIKRE ST B Z LAk
ié%ﬂto
X 5.3.22 1. FullerThompson@fﬁ%*ﬁlﬁ’]%fzﬁrﬁjﬂﬁ IxT B AL N T
YREAY FEMBIOEEE A MIMBE A FEEBRLZSEAO 100
m LL T OHRLJE 5y %ﬁ?ﬁ:rbt%@‘(%é EOMBE A M EE# L CTHRE
Sy AT IR ERAR AR D < NS B BERENEZ LTRSS 2 b
Lbnb, i, tl:i%ﬁ%érﬁijt%fm“&%%k%/%%%< B LG AOHN
ZTOMHEMBELSRDLI b0 D
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QD e A > MEFE#IC K D K% F i
EBRTELONTDERARE S EREBEAEOBEGE (K 5.3.21 ) b,
MEAZUTORICL Y BEBELE,

et

ZE 3R =100 — SR (X 5.1)
FHHFE=Vp,/ Vs=pp,” (Vs x Sp) x 100(%) (X 5.2)

Z 22, Vs RIEBIKO FERFE
Vp : 0RO (BT D) KK
pp : REMIKOE &
Sp: MO HE

5.3.23 1X, HEANLFT U REA LV MBIk A FE2ERLESGAD
EREEZRLIZBDTHD, SEMEHLZEEARL T R X2 M, ZE6
LK T4% TH Y, ZOH@EKR/L N T KA MIHEREE 5,000(cm?/g) ik
e A MNEFGHZIRF LIZGE ., IRAIWZEREN TN LEIZR> TN Z &
Woinbd, UL, BEEN 10%%2 B2 5 &5 EITZERENKE S 256 E
R0 EHRE 4A0%EBZ D EEHERNLET Y REA L NOYIHIOZERE 74% X
REL D ZEN Doz, —FH, EEE 10,000(cm/g) ket A~ b
(FG10O)Z EH# L7256 b RIRICELR SR 10%A1% Th/DDZERFE 2 & L 722,
FG5 et 2 v MR THREMEITEN > 72, 7ok, FEmME 7,000(cm?2/g)
Wt A > FFGDIE FG5 & FG10 O MALE ST Th o7, £1-. K
et AL FEMTOERRIT, Hi@E AL PO T4% XL 0V IX DI KkELK 78~
80% &7 HWREBENRKETWNLOLBME THDL EITRO2 NI EE2MEERTLHZ L
NTEZ, SHICT7IAT viat ALy MAREMY(10%EH) I L OB MY
Q0% EH) D ZEFRELEE LN EHEALFT7 U R A FXLY HEWZERE
oLz, ZhE, 7947 v yaDbEFRBENEEE A NERBETH D
CEDORBREOGENBETCERD I ERFKEEZLND, &5
ML TEBIZHNON TV AEA(F5.3.8) THUREXREELFHA LI L Z A,
M1 ELE TIEEEE A RO 74% L 0 ZRBRE L Lo DI LT it
A2 MEFGI0) % 1% EH L= M2 BlA CTik, Wicgmte A2 b 74% L0 D7
ZEREER LT, ZTO LD, T A v N OED 1%E# TR E < ZEREN
BT D520, MEORBESCE, BESAM R EIC XY RERENENE
THZENbholz,

5.3.24 X, HiEANL FT U REA LV MK AZER LGS OLEE
BAERTELERRLOBEBEERLELDTHD, ZORMLENL X, &
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(vt A v NMEMBHRICL 2R OEZ 2 F

EEFERBRICL VBT A FOBEBRICE ZEREOEDRENT,
L LIt A v b OEBIC K 220803, BRGSO 2h R LLAMC & K F R
JMC X DRV TCE LR TSNS, 22T, Wit A MERIC
LB L LT, UFICRT2Oo08E L LEHT A L 2E 2T,

WDYBEEFIE (7407 =2 - A PRESMPREREIC/RD Z L TH
CY ARSI S

QbR FE OKFEMEZR) B A PRI FORREEARELS 2D LT
KFNDNEME L TR B 520K

B, WMHMEHNZ LD 7 40 7 - RICE L B I —EiERM I T
WAERHELRDEE L L TCOREXROREE TICEE->TW R, EHiT, b
HEBIC LD KFEEIZOWTE WL OO EOIERNEET IR HH
EMERE D AKFITEVEIZ O W T O ERITHFEL RN b, KIFETIE 7 4 7
—Zh B L AKFTENERY R D 2 D DY F A& Nk U 7= 56 i B 0 38 L H5 e 2 > T LA
TIARTEIICREZIT O,

TUXy A bars ) — ORI EE COEMERTRE NS T, X 5.3 TE
T2,

AFe=fc(B,Ad)—fc(OPC) (0 5.3)

Z 2T,
AFe : ket A > MESRIZ K 2 58 BN E
fe(B,Ad) : A RF 0 58 FE
B : okt A 2 b DR mEREAKYE
Ad: e A v PO BEKE
fc(OPC) : Hi@A /L k7 v Kt A2 FNMOPC)HAMIZ L 5 58

F7-, BEMMEONFIZ., X4 RENDLIICEET S,

KFEME R =R EENE -7 ¢ 7 —2h (& 5.4)
THiE. T4 TR, BREREEICIYEMICEMTAZ N TES
23 KFIVEMEIC L AR EIE. FRlcE A v NEMEIOMESSE A > N 4
SLICKEBEEIZIVEALTIEORETDHIENEHMETHDI -, 2 2 Tii,

(X5.4) ITRTLOICHEHEMBEON, 747 —BREELIIVELDZ, i
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Sy K FnTE R B & LTz,

Q) etE A NOMBEED £ L9

AW HEFEIC L0 S Uit 2 > O WM IC B 5 EBREE R A &
539 L5,

x539 WMBBREAVIOYEREDFLD

HH W E REE

BRI ET U REX S MCHNRESAEN L, F—hiE L~
DA MRETFOEAKERSTWND

teFRmAE 10 OOO(cmzlg)7k—/$“Cq:i’J*i MN3~5um THd, iz,
PIRieg & bR m B OBERITIFIEMRIE TERE D,

WEAL bT Y REX Y bORFREREIL, 3,600(cm?2/g)/KHETH 5 13,
MRS 5 2 & T, R EFE 5,000~10,000(cm?/g) K HEE THT D
ZEMAHRET, MyRE PASS KONV A BN T D 2 & T E e b 3K R
DKHEDHIFEFTHE T D 5,

e 2% T

WERE A M, ATy I ANTOEERR -, — Kt

eSS
" x/h@ﬁw_%mgném—*;»#&wxﬁ%ok%%faé

WAL T FEAY MCRT L TR A M2 ER LS
tl:i%ﬁt% 5,000(cm2/g) /K %} T 10,000(cm?2/g) /K % % 10%%?&%%@&L
TGANEBRE LD MBRE A PEITOEREIL, B
BROEARIZRDZEDDZERBRKEL 2D, TEALETV RE X
VYRRV BRERERTHLZ LN broT, £2, EHRETH
S Th, EREBN R DMK ZEAE @Lkﬁai\%ﬁgmﬂﬁ
HZE, IHICIFEIERMEKLOMETITL - TE, it 2 v
M 1I%ERTHORERBEEDNRESSELT L ENb2-o f:o SN
WAL NT U FEA S MM A N2 EBRT D56, R
FE2N K & 72 10,000 /K ¥ X0 FE3A9IZ /N & 72 5,000 7k4@% L7

BEOFPRERBEERR N Ebbh ol
LEERoT, M REAY FORENX, KESMERTL2EA L MY
BB RBEENTOHARVWERZMIZT L THD,
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(2) hEHH

(2) J 7 B0 B R

D=2 A FEB L O W/C OEWIZ LD —A kO JEHEih B R

W AL FEEBR L N— X FOJEMEEEZ RO D DIl A v
FOBEMELZENSETEREZITo72, B, X=Xk AL Mlk LT W/IC R
AL L7256 OJEMR b IFE TEBRAE T o 72, ERICHWER—ZXE A 1,
W E A PR T TAT v aDifmk#5.3.10, A %2 £ 5.3.111ZR 7,

= 5.3.10 E M #

Kk B ik
WiwAR L hT o FE A | #%E=3.16(g/cm?2). EEKKE A b
Tk ~ (N) b 3 1 F%=3,260(cm?/g) i O\ F T8
Bt 2 v b (H) P E=3.20(g/cm?2), FEHZZERE AV b
b 2 1 f%=4,200(cm?/g) A (BRI T8)
Womt A~ - (FG5) te 2w i =5,484(cm2/g)
Womt A~ F(FGT) e HEE=7,676(cm2/g)
IR RO Wk 2~ N(FG10/C) | K i ff=10,459(cm?/g)
_ . # [£=2.30(g/cm?)., wALE TRER KN
77AT v WEN |y s 090(cm2lg) | R EHTE

EBIT, £ 5312 TEHEBEE AL FER—RIEME A N EBER LS
A, F B3I IWRTRBEAL 2= WO A FEERLEZEA.
# 5.3.14 \TRT @A AL MW AL N T T4 T v a BB LY
A, EHICE B3I IWCARTRBEEA Y MIHBEEA L N T T4 T vy ak
B LESAEDOAFBEOE AL F_X—2 N E28IEL T, JEMREOBER L RD
77

£53IR—XRNEBOESSLUVHEE

Bt P
ot N—2 ¥ | WHC+P) W C TIAT v | Wkt A
o P FA ~ FG
Ak (% k (kg) -
A e e
(%) (%)
N40-FG** 40 680
N50-FG** 38 (N) 50 850 0,1,3,5,10,20,
1700-0 0,10.20,30
N55-FG** L5 (H) 55 935 50,70,100
N70-FG** 70 1190
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REZI2EBEEAVIFZAVER—INEROEASHEEE

2 W/(C+F W A > b
4 55%) S R A A i
. %) | kg) | g) | B | ESE
(%) #(%) (kg)
1 | N40-FG10(0) 40 40 680 | 1700 0 0
2 | N40-FG10(1) 40 40.4 | 680 | 1683 1 17
3 | N40-FG10(3) 40 41.2 680 | 1649 3 51
4 | N40-FG10(5) 40 42.1 680 | 1615 5 85
5 | N40-FG10(10) 40 44.4 | 680 | 1530 10 170
6 | N40-FG10(20) 40 50 680 | 1360 20 340
7 | N40-FG10(50) 40 80 680 850 50 850
8 | N40-FG10(70) 40 133 680 510 70 1190
9 | N40-FG10(100) 40 - 680 0 100 1700
10 | N55-FG10(0) 55 55 935 | 1700 0 0
11 | N55-FG10(1) 55 55.6 | 935 | 1683 1 17
12 | N55-FG10(3) 55 56.7 | 935 | 1649 3 51
13 | N55-FG10(5) 3 5 55 57.9 | 935 | 1615 5 85
14 | N55-FG10(10) (N) 55 61.1 | 935 | 1530 10 170
15 | N55-FG10(20) 55 68.8 | 935 | 1360 20 340
16 | N55-FG10(50) 55 110 935 850 50 850
17 | N55-FG10(70) 55 183 935 510 70 1190
18 | N55-FG10(100) 55 - 935 0 100 1700
19 | N70-FG10(0) 70 70 1190 | 1700 0 0
20 | N70-FG10(1) 70 70.7 | 1190 | 1683 1 17
21 | N70-FG10(3) 70 72.2 | 1190 | 1649 3 51
22 | N70-FG10(5) 70 73.7 | 1190 | 1615 5 85
23 | N70-FG10(10) 70 77.8 | 1190 | 1530 10 170
24 | N70-FG10(20) 70 87.5 | 1190 | 1360 20 340
25 | N70-FG10(50) 70 140 | 1190 | 850 50 850
26 | N70-FG10(70) 70 233 | 1190 | 510 70 1190
27 | N70-FG10(100) 70 - 1190 0 100 1700

E*) AR, [R—=2F X M-t A > FEGERR) — i
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R5313RBEAVIIEZAVER—IAMNEROEAHEEE

2 W/(C+F W A > b
4 55%) S R A A i
. %) | kg) | g) | B | ESE
(%) #(%) (kg)
1 | H40-FG10(0) 40 40 680 | 1700 0 0
2 | H40-FG10(1) 40 40.4 | 680 | 1683 1 17
3 | H40-FG10(3) 40 41.2 680 | 1649 3 51
4 | H40-FG10(5) 40 42.1 680 | 1615 5 85
5 | H40-FG10(10) 40 44.4 | 680 | 1530 10 170
6 | H40-FG10(20) 40 50 680 | 1360 20 340
7 | H40-FG10(50) 40 80 680 850 50 850
8 | H40-FG10(70) 40 133 680 510 70 1190
9 | H40-FG10(100) 40 - 680 0 100 1700
10 | H55-FG10(0) 55 55 935 | 1700 0 0
11 | H55-FG10(1) 55 55.6 | 935 | 1683 1 17
12 | H55-FG10(3) 55 56.7 | 935 | 1649 3 51
13 | H55-FG10(5) L 55 57.9 | 935 | 1615 5 85
14 | H55-FG10(10) (H) 55 61.1 | 935 | 1530 10 170
15 | H55-FG10(20) 55 68.8 | 935 | 1360 20 340
16 | H55-FG10(50) 55 110 935 850 50 850
17 | H55-FG10(70) 55 183 935 510 70 1190
18 | H55-FG10(100) 55 - 935 0 100 1700
19 | H70-FG10(0) 70 70 1190 | 1700 0 0
20 | H70-FG10(1) 70 70.7 | 1190 | 1683 1 17
21 | H70-FG10(3) 70 72.2 | 1190 | 1649 3 51
22 | H70-FG10(5) 70 73.7 | 1190 | 1615 5 85
23 | H70-FG10(10) 70 77.8 | 1190 | 1530 10 170
24 | H70-FG10(20) 70 87.5 | 1190 | 1360 20 340
25 | H70-FG10(50) 70 140 | 1190 | 850 50 850
26 | H70-FG10(70) 70 233 | 1190 | 510 70 1190
27 | H70-FG10(100) 70 - 1190 0 100 1700

E*) AR, [R—=2F X M-t A > FEGERR) — i
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#5314 T7S5SAT7 Vv 1BREBEA D FZAVER—X MV EBRORESHEEE

BFst P
T | W/ k) 747
- A1 c+P | wic "4 C AL FFG | v¥ =2 FA
7| -\/

e | ke | G Eﬁf e i e

i | (%) %) | kg | % | (kg

(%)

1 | N40-FA(10)-FG10(0) 40 44.4 680 1530 0 0 10 | 170
2 | N40-FA(10)-FG10(1) 40 44.9 680 | 1513 1 17 10 | 170
3 | N40-FA(10)-FG10(3) 40 46 680 | 1479 3 51 10 | 170
4 | N40-FA(10)-FG10(5) 40 47.1 680 | 1445 5 85 10 | 170
5 | N50-FA(10)-FG10(0) 50 55.6 850 | 1530 0 0 10 | 170
6 | N50-FA(10)-FG10(1) 50 56.2 850 1513 1 17 10 | 170
7 | N50-FA(10)-FG10(3) 50 57.5 850 1479 3 51 10 | 170
8 | N50-FA(10)-FG10(5) 50 58.8 850 1445 5 85 10 | 170
9 | N70-FA(10)-FG10(0) 70 77.8 | 1190 | 1530 0 0 10 | 170
10 | N70-FA(10)-FG10(1) 70 78.7 | 1190 | 1513 1 17 10 | 170
11 | N70-FA(10)-FG10(3) 70 80.5 | 1190 | 1479 3 51 10 | 170
12 | N70-FA(10)-FG10G5) | ¥ | 70 | 82.4 | 1190 | 1445 | 5 85 | 10 | 170
13 | N40-FA(30)-FG10(0) | i# [ 40 57.1 680 1190 0 0 30 | 510
14 | N40-FA(30)-FG10(1) 40 58 680 | 1173 1 17 30 | 510
15 | N40-FA(30)-FG10(3) 40 59.7 680 1139 3 51 30 | 510
16 | N40-FA(30)-FG10(5) 40 61.5 680 1105 5 85 30 | 510
17 | N50-FA(30)-FG10(0) 50 71.4 850 | 1530 0 0 30 | 510
18 | N50-FA(30)-FG10(1) 50 72.5 850 1513 1 17 30 | 510
19 | N50-FA(30)-FG10(3) 50 74.6 850 1479 3 51 30 | 510
20 | N50-FA(30)-FG10(5) 50 76.9 850 | 1445 5 85 30 | 510
21 | N70-FA(30)-FG10(0) 70 100 1190 | 1530 0 0 30 | 510
29 | N70-FA(30)-FG10(1) 70 101 1190 | 1513 1 17 30 | 510
23 | N70-FA(30)-FG10(3) 70 104 1190 | 1479 3 51 30 | 510
24 | N70-FA(30)-FG10(5) 70 108 1190 | 1445 5 85 30 | 510

E*) AP, (R=2 X M7 747 v a(RFR) -t A o b REGE R — 4
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#5315 7S5SAT7 v 1Bl BBt A FZ2AVER—X N EBRORESHEEE

BFtr P
+ | W/( ok A 7747
f‘ c+P | wic W C | AV FFG| v¥ = FA
ol Tl e | e | ke Eﬁf e o L
| (%) %) | kg | % | (kg

(%)
1 H55-FA(10)-FG10(0) 55 61.1 935 1530 0 0 10 170
2 H55-FA(10)-FG10(1) 55 61.8 935 1513 1 17 10 170
3 H55-FA(10)-FG10(3) 55 63.2 935 1479 3 51 10 170
4 H55-FA(10)-FG10(5) | 5 55 64.7 935 1445 5 85 10 170
5 H55-FA(30)-FG10(0) G 55 78.6 935 1190 0 0 30 510
6 H55-FA(30)-FG10(1) 55 79.9 935 1173 1 17 30 510
7 H55-FA(30)-FG10(3) 55 82.1 935 1139 3 51 30 510
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Thd, —RIIZIEE A M, RAFERIIZIEEEKR(monomer ; X Doa)
THER S KFnO ST & HICEHA L &R (dimer ; XH D o A)% D Rl 5y
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ASCE Transavtions,Vol.LIX,pp67-172,1926

5.10 Feret,R., : Sur la Compactite des Mortiers Hydauliques., Soc
d’Ind.Natl, 1892-1897,Le Genie Civil, 1936

5.11 ¥¥fE2009-102398 7 A W& T b U 7 LRI O BT V7 ) 2 A BRIK I iR O 3
WHE, RORGEREE ), MEE OF) HAREM L Epeg, ¥0E #AR
WG, =IWEkH. MR FRi2143H 30H

5.12 72 & 213, H AR S : JISA5303-1956 =L ik 27 U — N&E 4.3
#/E 4.3.2(2))

5.13 /NRAERSFEARMIE : WP KR T T RO 7 A Fet s 12 X T IRk
DR A 37 Y — M4 No.b6 . pp.58-63 (2002)

176



Be® T7IAT v VaRBABIT LRy R har s ) — NORIELEBEOR#EGIC X D ]SS EL

ETOE TJIAT vVaBME ALYy RA a7 YV — D

ARIEREBBOZREIC X D RERR(L

6.1 IXL®HIC

FUXx A Rar sy — MGETRIE, X 4.6.2 TRLULEL I ICEARELRBE
EAM ST LA 92 5D TEY ., 2 ORKEAREIEO NG E 5
PN RES AN D, LA L, RIEE TR Lz L 21, B 25(1950)4F
12 JISA5303 &k = v 7 U — ME[6.1]1% 2 il E S VAR 2 AR B IE O HLE M Ak
RiEfbsh, f(hikxF5 2 L CRELMR L TE, 0%, JIS R IXREM
54(197TFWIEE THARHE N B EHEI N, —FH. ERFEIZEW
CTHAFD 441969 FI2 82> 7 U — kN TR ERGHIE TS (2) 23 JIS ff,
oI HT 5 THIE Sz, Zofet () 1. BB 49(197T)FHIE D LT
o — MEREAREE (B 49 F61E) [ LHM e L TERIIBBIT LEE
E&hiz, Z0%, EAERERa 7Y — MEHIRTT ETRFURERFHESCMERE
HEZEALZICHEDLLT, a7V —FIHERMLICHEL a2 ) —
ME#R T E [ TR] ICHFT S TICBRICE->TEB Y, iR EN
FRENTNWDHZ b, REBRHATLIZENES L TWVD,

REL, 794 T v yalBA 7Ly 2 bhar s U — MBS 5 RiEDR
b EBRT L5720, ATERR, FEHEE, K& E & O &R Rk
B EE O EKEAHBICER L TCHARFRERBEL A5 5 2 &N TE %Kil
RARBENY -V EERVIIRHLEZ DO TH S,

177



HBOE TIAT v BT Ly R har s ) — hoRKEABREOKEIC X D REDRL

62RR[NBEERITEHITITAT v oatAy MEIEKRDEKREMH
RRBERBBIZEIDERFEELZHAE T 27201, HFIRFEETF TEALZLICTK
LEBREIToT, B, RAEABRIIa 7 ) — MERIR T EjE TiH(6.2] 0
FLE & 275 \CHE P 0 F IR A, Aem IS Ak Re . BRIRE S 2 Bk S H 7z
1675 —2ADEEIZEVIT-o T,

6.2.1 ERHPE
(a) FHRAE 22

Xy A bars ) — roREBIIBIT ALK EAT. OERME., OF&
WE, OkmiLE, OfxmiRE#FERMR, OFIREE, ©®%ERER., ©5>50
REBEZ AR SELIHMKER>oTD (M 1.1.25K), ZZ Tk, Z0HD
AR R R AR B e IR SRk e . BRIESEE D 4 D& RN T A —H—L L
TEA SRR EENRNY — U BRE LT, BZ VAR Z U TG R E
Rtz Lz, b, @O&mIBEICEHL TX, EARYRa 7 ) — MEXER
FHEl62 0 E LB L 656 Cl—E & Lz,

(b)f5E A L B DY v 2 VB A

TN VRBRIT, @AV E T R A REREALEL, 794 T v iR
Ay FEROWESRAORBIIONTHEREIT VBRI L, KiEEHM
e W/(CH+FAIX 50%—EE L, 7947 v aiX@Eat 30%NHIE# & L,
BB, MEMITEMESCEOCSEHEORELWMN DR THDICEA L M
SOBEED Z R, £ 6.2.1ITHEMAMEIOE T, £ 6.22 1 ZELVZ VA %R
T, MEERIRER T, JISA1108 T2 7 U — F O LG EEFRER H 15 ICHEHL L |
Py bE—/LRFEICLD ¢50x100mm E /L& LR EZER L7z, & o
FTAET, BREABEKRTRIIHRBRME £ T 20C - E0EMFELEEITo 72, £/,
et & U CAKIRE B 2 5 0 72 WA & (3L U TRk e sl B s &£ ©
200C—EDHMBEAEITo 7o, EfMRBORBM X, BAERMZEELZ1
HA s & AR s D 14 A, S I3, 7 AMEmE LT,

L X FOBEMEICOWTIE, BAV FOEEICIY K& EbrZ iTmbh
TWDHFICT7 T4 7 v a2l L0V EWEAEETOLEEN 20 EESDbIL TV DR,
T2 TIE, BEFn 25 E o0 JIS R HIE AR TR O b 65°CEBSEE L 72, £7-. ACI
DORETHMBRICHEBELRWEKEIREL LTBHTHRHEEINTND,

178



BO6W TIAT v VAR T LXy R har s ) — hoRKELBEREOREIZ L D EES R

% 6.2.1 ERAMF

Bk} o 5%
N N 1]
wxo . | WAL | HEE=816em?), o A
v REAL B bt 2 H fE=3,260(cm?2/g) BE) -
B 7747 v v | BE=221(g/cm?), o I BH %8 (B
- = I He % Hi i =4,030(cm2/g) % -k 71 %& 7B T PE
N I\ el
wip | B4 PEE | = 62gem?). NEASIRTL o
i R | WK %E=0.42(%) o TR
Ut i)
£ 622FIILZIEE
= eao 7K'E;<t‘/ TN BT £ (kg/m?3)
= Wicey | WIC+FA©) | W C FA S
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REAREAE LG A IERE R KR A L e U CoI IR i 2> & 58 B2 38 BLIT K
<720, B 91 H T FREICRDLZENDoT, £, 77947 v =
ZIRAMLULEB A TIE, XR—RA A IR EFERLVFTZ > FEA N, BiEF L
RV REAV P EBICRERIEBE LSS IEENARSEE LA LK
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