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Effect of Progress of Hydration on Surface Condition of Cement Particle and
Flowability of Fresh Mortar

Koki WADA

ABSTRACT

Since self-compacting concrete is required to maintain sufficient self-compacting performance until
the completion of casting, reliable quality control and adjustment as necessary are required not only
during manufacturing but also at the casting site after transportation. This can be one of the factors
that hesitate to adopt self-compacting concrete. The main factor for the deterioration of the self-
compacting performance of fresh concrete is the progress of the hydration of cement. One of the
methods for mitigating the progress of the hydration is the addition of sugar to the mix, which is known
as a kind of organic coagulation retarder. The addition of sugar, which can mitigate the progress of the
hydration, may contribute to the mechanism of deterioration of self-compacting performance and lead
to the development of technology for stabilizing the self-compacting performance of fresh concrete
over time.

The purpose of this study is to quantify the progress of the hydration, which changes with the
passage of time and the presence or absence of sugar, and to elucidate the effect of the progress of the
hydration on the self-compacting performance of fresh mortar. Focusing on the state of cement particle,
the author attempted to quantify the progress of the hydration by measuring the specific surface area
and particle size distribution of cement particles. The shear deformation resistance of fresh mortar,
which is a component of self-compacting performance, and the shear strength under stress were
measured by changing the degree of the hydration depending on the passage of time and the presence
or absence of sugar.

At 180 minutes after mixing, there was a difference in the specific surface area depending on the
degree of the hydration. On the other hand, since it was in the early stage of the total hydration process
for a few days, the particle did not reach the stage of agglutination, and there was no clear difference
in the measurement results of the particle size distribution.

The viscosity value for measuring shear deformation resistance increased as the hydration
progressed, and was correlated with the specific surface area. Similarly, the funnel discharging rate
and viscosity value, which were correlated with the measurement results of specific surface area, were
correlated for each kneading method. Furthermore, the funnel discharging rate and viscosity value
immediately after mixing and 180 minutes after mixing, for which the specific surface area was
measured, showed a very high correlation depending on the mixing method and the presence or
absence of viscosity modifying agent (VMA).

The shear strength under normal stress did not differ significantly depending on the progress of the



hydration up to 120 minutes with or without sugar. When a VMA with a viscosity-imparting effect
was added, the shear strength increased over time. The addition of both sugar and VMA resulted in
the shear strength increased significantly due to the increase in friction between solid particles. It is
possible that the effect of suppressing the degree of the hydration by adding sugar was not the
maximum static friction force at the moment when the fresh mortar started to move, but mitigating the

increase of the dynamic friction force due to the stabilization of fluidity over time.
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L, [EHRBAGDD 150 B0 OREME 2 K5 EE & Lz,

M—2.7 [EEFEEE
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247 BIEAICEKYEILTEHIL Yy aEFILZIILOEAMBAREDRIE

BofE a7 U — MIROE, 2227 Y — b O FEER A M R L2384 5
& THINCFEET DAL IVHFICEIGHANELD, ZFRICEVEALZIVOEFRORIZET S
FEERT) (AW T DS ERT 5, 2O AWIE ) ORED =, — it A Mrakiimk 2 665 L
7=9(E—-2.9),

B 60mm, &S 30mm, ZAFEF 158mL @ EFIc/aah, EfiZz < 0ikuvizHE AN
W27 by v a®|AOVRE R N Ue (BN« £9 85mL) . $ATE 8 2 #ifmr L 7R AE < 13T
D Fr % K Fofnf IR JE 0.03 mm/sec TKPEBEI S5 Z & C, BBHNERIZA U AW %
W+ 25 (B—2.10), FEARICBT 2 —EEABRER TIE, HAKOE—27 BEARN
A KN 8mm F TR AT 5 9, AL TEMEHORBEZISH L2 D Th
BT, T OHME L FERIC AN 8 mm F THifr Uiz, ABFFETIE, FEHKGM Tiling
1Tolz, Fiz, EIG GREME) O EMIL 100 kPa, 200 kPa, 300 kPa & L7z, BEIIDH
THRETLIACKE 7 ) — FOMWE E, SRESN I EOWG A (BERT) 0 kPa) Tkt AW
BRENIZEAE B RICEWVETH 7292 &, 7Ly v aEAXHIZAE L HEIS I 300
kPa FEELIF EHEESND I Enh, ZTNH 3 2ERE LT,

T e
s

2y

—2.9 —EtAMHEBRE
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B3E ALY MIFOREIZLDZKINIREDEITEDEEIL

3.1 Bi&E

A L MIAKFBUSIT & 0 R RENS KT 2 AR L, £ OEATITHEW AR BN L
iR EDEEET 2 Z LIS K VB L LBERERT 5, LoL, iRy s52&T, ©
B & BOS LK O A Bl &2 Jiill S duvfe ' A 2 MR- 03N EESE 2 FRLE 3 2 7o O L S B IE 5 5
(F—3.1), Z DRz IED LEPHERINO A BRI EE O A > PR OREZ A~ D
T & TKFARIE DHELTFE D E BAb 27k AT,

-2 1 O KA B DI & R F-[R £ ORI, FIE LR RS &R 55 A O
BN K0 AT, KA EOHEIIS U T, B A MRAOREEHEMT L2 &0 0,
eEREEOREZIT o712, £, FARTEOBEICI VRENRE L 2D, RESAHD
WEZAT- T,

HPREIC KFE R RLE L
IKFIASEE R MR
KR SR W — 0 —_— it
A MF /K' N .. % GRERR)
+7] et e N o

+7K&TJ’HE' .:'. O O
‘\\uxj'??:w-——»(> Ty — mien

— BB DRI F A B & RIS L= F A
e & RIG BREZHEE

B—3.1 BHEOFMILIFELEEAD=XL
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3.2 RIERMDIERAE

RS ERENAOREELIT I 7280, 7w 2 REEOE/L LS S 1E
REFEERI L7, 7Ly v a®BAIANGE AL MR AT 5720, 600 um OO 5
DUNINT Tog AR TR\ A v N ORLES A%, L— I — [T 20RL R 3 A I B 25 1 &
FANTH A 7 v oy HE CHIE L E 24, BRRENK 200 um Th - 7= (B —
3.2), LR mAE LRI ORIEIL, FEAD S 180 HHEDLDIZONTHITH 128, /K
RIS DOHEITIC L 58 A v MR ORI, RirRLOBENRELCL TS Z ENEZ
SND, £, SHWVICHTABEOEEMOEHEEL, 600 pm D55 WVERELE, 5
L EE LB B 10 mL 2 27— Th U AAHR(EE : 100 mL) I AL, 100
mL OFEETTE® b ZMx TRE Lz, FCLLIEE S S8, KRS EEIESEZ, Z
D%, T AL L—2 — % FIO TR 1 um O AR TS| Al L, HER B 2 fERLL 7=,
iK%, 40 CCOTEIRTIEE T MR SEZ, T0%, Fyv v 70 =— LI ANE
PAL, IEICHEAZMEEEIC LT V7 —%—WNT, 20 COMERETRE Lz, %345
WORS, REREAL LT LE D, ZHROKAOEERDTHY, DA THDHERNIE
FICETUE, REEOREICHEIENEE 27 (B-3.3),

fAxtHFE (BEE) (%)

0.1 1 10 100 1000
FLFZE (um)

M—-3.2 XY HFOMESM
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HM—3.3 §%3%:8IC& YERE LRERH
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3.3 AIERAHDEES LBEEEHZE

PR &R A A E LT BV Z L ORE R k2R3 1 IRT, b - 1
RN O A HELHURRE TIEDEWIC K DB EM_ 5720, Zb 8/ 37— b L, &
B OMIEN D, WHEEZRM L7 OOWRMEL, 7 v —EORKELN KL /NS holzt A
Y NEEIZXLTO0.10 %& L, HEEFZRMLEZSOOUINEIL 286 gm? (=227 U — k1
m? 472 ) OFMNE 200 g/m? 2> BB EAZ RV 0.7 TRUZME) & Lic, £z, H5FIY
TOMIBERHEIE, &b 7 0 —EHORRFZELD/ NS 02572 90+30 Fb & Lz, #ENV EE
(10 53%%) DFENLZ L7 B —fEN 250210 mm L7225 K 5 SP FINEZ i L CRER 21T -
77

F—3.1 LREE - HESMAERORS LHEEEAE

MEANE | BHEARNE | HEY | S1%8E AE Bk
(Cx%) (g/m3) FiE ANINE (Cx%)

FbHE - RIS (—1F) - - —1& 0.90
HED A (—4E) 0.1 - —¥E 1.00
HERFEFI D A 70 (—+E) - 286 —iE 1.25
BbRE - IBREFAN (—E) 0.1 286 —i& 1.50
FbHE - ERERIETM (5E) - - S E 1.40
WD AR (57E) 0.1 - SE| 1.40
HEFEFI D A7 (HE) - 286 El 1.60
BbRE - IBREFF (D E) 0.1 286 El 2.30
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3.4 LhkREREDAIE
3.4.1 LkREEAEDT=HDEAF DAL

HFREAEORE TIX, BRI A ZWE ST L5720, KiliDKGOH AEDO RN %
B0 Br< ALERZAT O WERH D, D7, WERTH DY FFE 60 °COF A VKT D
BELZEH S C— IR S e, @, IR OB & 51T 22 W aEE o B R A E O RITLEL T
1%, #9600 °CORHRTIES 5725, & A MalBHCITRTAEE D TR INEVEEE Y 40~60 °CE
TIIERBEN —ETH DM, 80°CIZRD e NY U A FOBIKIZE Y, 3 EREEIZHM
THDENIHEND D728, 60°CITERE Lz, £ LC, HIERNZ 0.8 MPa £ TRIE L7-E
BT — =B S EEIRICE Lo, R mEEEE OBV OE DR Smm Th D
7o), BIERNCEHEE ARTF 27 OIS TEIY (B—3.4), 2mm BEETEI N 2g Al
BLhprLOCE Yy THIVEY, MIEEZITo 7, BIEFTKKF TITH 72, KK
KRG DM HE L2 5 BRI DDA & (FB) S 2 R BT 5 72,

19



3.4.2 KMRIGDHEITIZ &K HLEFREFEDIEM

PE R E S E L &0 B 0 5 1 CUERL L 725U o e B A ORI E 21T - 72, WET 8
R — ORI B (10 795%) & 180 012 TIT o7, —4EMR D OHPREFIEERNEE, A
Bf BET LR EfEE Rm ORRAEZR—3.5, BK—3.6 [T/~ 0EIRE D OB A INEE,
WINRED BET R EfE & Rm ORRAZE—3.7, B—3.8 1277,

B AIRIN O A T B &3, WREIINC X 0 KFsSZ2fld 2 2 & T, EED 180
5310 BET RO EN/ NS 2D 2 N nnoTo, HEED THRERIS, WFER
INRHT RN AN TR EL 2D T E D HER TE T2, 2EIY O b ON—FEHY D6 D
&b UC BET EREMEN K Z o T ERNE, 2FIRE Y TlI' A MRIF2 L0 oS,
ML 72 D120 Th D EBE LT, WFEIEEIN - HAEHI RN O 3 EIFE D B L 2 L ORFRIRE
WIZ KD BET LhREMOHEMEN Kb KRE o7z, THLbEAY MRFOSBUZLY &
A v MRIADIKEET D, TR0 bKRMCEEARE R0, KR ENZ L 72
STl Th D EELR LT,

F 72, WA « HPRFIEERINO 4B Y £ /L % L o> BET R mfENS K E <ML T
HERE LT, 2EY TIZ—®AKIZSP 2, “RKICHDEEZ AN CTHIEEE21TH 720, B
BEDSKFISOG 2 LT DRI A 2 MREA-I1Z SP 23S L7272, AKFISUGHETT D4 2h H
DINEDPSTeN B Th D EBE LT, REERE-CHW PRI O A HEIZ L 2 KBS DT
DIFEWIZI UTE(ET 5 BET LLREEA, Rm & mWHBEZ R LT,

4
b R R0
3
—0—
E2 10 7%
——
OH
1
EEDIRERHIL
e 180 &
EEREC
0 e —
0.0 05 1.0 15 2.0 2.5
BETLE &R E & (m?/g)

X—3.5 —#Ek&YEMFIFRIMOD BET LbRMEAR & Rm DRIF
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3
Eo
=0+
105% o,
1 —0—
BEDRERIL
ZE o 180 &
0
0.0 0.5 1.0 15 2.0 25
BETLL &R mETE (m2/g)
R—3.6 —iEfHEYEERRMNO BET Lk REFE & Rm DEFE
4
—0—
3 10 1%
—0—
E2
—0—
1
BEOREREIL 180 71
ZHEREOC
0 R
0.0 0.5 1.0 15 2.0 25
BETLL &R mEFE(m?/g)

M—3.7 5EIEY BIFERINO BET LLREFE & Rm DBIR
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0

1045, —
—0—
[ ]
HEEDREEIT 180 7t w04
ZEREC
0.0 0.5 1.0 15 2.0 2.5
BETLE &R mEFE(m?/g)

M—3.8 ZEIEYEEFRIMO BET LLREHE & Rm DBIFR
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3.5 REFMDAEIE

VESL U 7287 ORI EREFOIRRE Tl A > MR DORIEE AR OREMT 2 /202D, A
J UHSATENRIZAR D ETTHIEL, B2 X 0 vy — L TR LE VO LK ImL
B URLEE 7340 ORNE 24T o 72, —FEHR D OHPREFIAINEE, 53 EHE 0 OHPREH HEANE:, 7%
T 0 ORI O, RPREESIN O HEE 7 OfF L3 0 B (10 535) & 180 43tk OHlE R
BrORIE A2 —3.9, B—3.10, B—3.11 77,

SIEIRY OROFE « BEREFIBEAINEECIX 180 0% & iR L CHEE DO T BRIEN K E L 7o o
THRY, HERED ORI T IR BRI L THINRE O 58 E% D 180 47
BORED EFBENKE o Tz, Lo T, AKRIRIEOMEITE 2 I E 506 i+ 5
ZEIXTE RN,

— Wb EEE - VMAK (—1E)10min
— Wb EEE - VMAK (—1$E)180min
—¥ER - VMAE (—1%)10min

— ¥R - VMAK (—1E)180min

XA+ & (BEE) (%)
N

0.1 1 10 100 1000
FIF1E (um)

—3.9 —EEYIBHBIFMOMESH
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FAxTHFE (BEE) (%)

XA+ & (FEE) (%)

— bR
— bR
— WA
—WHE

« VMAZEE (5 E])10min
- VMAZE(53E)180min
* VMAEE(5E])10min
- VMAZE (5 &)180min

1 10 100

1000

0.1
FLFFE (um)
—3.10 HEE Y BIFIERAMDOKES |
— B HEEE - VMAK (2 E])10min
— FHEE - VMAK (£ E1)180min
—WHEHE - VMAK (5 E])10min
—WHEHE - VMAK (5E1)180min
0.1 1 10 100 1000
FLFE (um)
=311 REGY BHFRMDOKES |
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WEFE T ORLEE A CTiE, B—3. 2 1ZR Lzt A v ORLEE /34 & [FIER 30 um AT IZ B —
JIERR SR, 300 pm AHEIC BHOE— 27 ARSI, ZhuE, HENREHEROR
12600 pm .55\ Z il U722 B T 5 EHEIL, 5200 % 150 pm & Lat
Bl (R URLEE 53 AR O IE 21T - 72,

150 pm D5 %\ I 7o —HE# O OBPREAIBEFOINRE O L3 0 B & 180 231 OHER
BHORLEE 53 AT 2 B — 3. 12 {273, ol 22 B 44 & HEHI L 72 300 pm A0 B — 7 B3 HE < 72
o728, KRR OWHEIRIN O AT X 2 KF S OHELTE DE WKL A B 155
ZEiEITE R oI,

—— FOHEEE - VMAZE(—4$E)10min
— WD FESE - VMAZE(—$E)180min
—HER - VMAZ(—1E)10min
— b ¥ER - VMAEE(—$E)180min

XA & (JEE) (%)
IS

0.1 1 10 100 1000
FIF1E (um)

B—3.12 150um M55 L & ALV -— 15 Y B FIE RO ES =
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3.6 F&H

a7 J— F BN ZVDOKRRBIEDEITIZE A FOPRIROEMIC LD D TH D
7o), B AL MR OIRRBICE H L COKFIEUG DT EE D E B Z2 1T > 72, & A v MRAFD
IRBEZFAASTM R D 180 701 £ TIIAMBICDOHMIERS TH v, hifRHEIZ C-H-S
J& (r A B v w BoKF) LRI O = U A RBRER L TS D, R HEE
DRNTERE R B ARFBSDOETE 2 E BT 2 Z LIXARE Th o7, — 7, hi R DEEsE
T EAEE T TR L PRIEICHMERZLN e\ =8, R34 O RIE TIXKFIE G D
TEZERLT DI EIXTE o7, BONTHMRELFIORT,

(1) KFPJEDEITZAFIE SEDTOITIRE LT 2R A+ 26, HERED
EAL U 7o 28 Fe 2R i A OO I E At R 3K RN SO OHEFT LIS U TEMR T2,

(2) HFERHEBOHTHR TH S BET RMMIT, #HRETIESCHEBARINOAEEZ LI,
RF R R OO BE TR AN O A ML Z 1 2 KRNSO DHEATEE D3V MTS T T L, FExt e —
NEHRFEH & @V EB 2 R LT,

(3) KLEESMAR ORE TIZL 600 pm D55 WAL LIzdrd, HIERBHI B2 8+ 238 A

T HIORERMIZE A MRAOE—7E LT O — 7 ERENTZ, 5500
Z150um & 2528 T, AL MRFORESMEZRET 22 LRAETH T,

26



/
\

FAE KANRIGOETHEAMERIENMEICRITTEZE

4.1 1=

T A NOKRBIEDOHETIX, 227 UV — FBXOEAL X VOFEWEL O R & 722

Do TAUZ, KRFBOSEITIZE O B3R i O KM DAERPR A AL DEEIZ LY, ELH
L DH AW ETARP U (REYOHGTHE) BNHEINT 5720 Th D, TLZMIBIT HEAME
TEHRBIME & 1%, WAL U CORMWERRET &RDRIR & U TRt K 2 bt (B AR
B)RH 5,

AAFFETIE, WFERINT K 2 KRS OBEITHNHIASE A W ZE TEARGIMEC K IE T 5222 50
D, BT 20— —ZkT 2B AW ETARGIEZRE T 5 2 & T, MEE A E
T 5 RS G 2 VT, RERRERICE 2 7 Uy ¥ 2 B XL OH VWIS AR 2 1 E
T2,

4.2 BELZIILHAROES LBEEHE
ARFRERCTHWIZ BN XV ORLE & MURE L, #ER Y E#% (10 5% 0= EER—4.1
T, BT CHERmBOREEZIT 72 8 N4 — b Lz, BEIAARZERIZ L HRIEMB~D
YR T D7 OWMIARI A TN LT-, EAZ AT ORGEA RS-0, 2518121
WEINDKPFD L2 Z &C, RiEEFKOENLZ L7 8 —fE 25010 mm [ZFRET D &,
B3 BRI B D & 2 RS R INRE I B S BER R AE L TV D Z & 2R LTz, 20T
b, BEREAVERIN TR 230 EROT/LZ L7 1 —E28 237.5212.5 mm, BEEEHIASINRE
TV T —fE 25510 mm & 72D K O IZ SPUSINEZFHE L CRBRZ1T - 72,

K41 HEEAEROESEREESAHE ERE

WEERINE | IBHFRNE | HREY | HABIRME | SiEEE AEBKFIRNE | ZRE
(Cx%) (g/m?3) Ak (g/m3) (Cx%) (%)

- - ] 71 0.95 0.64

0.1 - —iF 71 0.90 1.06

- 286 —iF 71 1.25 0.47

0.1 286 —iF 71 1.40 0.88

- - 2E 71 1.25 0.00

0.1 - 2E 71 1.30 0.59

- 286 & 71 1.50 0.00

0.1 286 El 71 2.10 0.37
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4.3 KMREDETIZK SEFAMERIER HDEM

A CHEREREOME ZIT 72 8 /3F — L DO LAV B (10 431%) & 180 4314 O HG
ZIE Uiz, —HE 0 OBSRAIEETR N, TN BET FLR RS & R EEOBR 2K —4.1,
B —4.2 \ZRT, SrEE Y ORI RN, WSNEFO BET M mfl & kEE O BIf% 2 K
—4.3, B—4. 41257,

HARSA OA BIZBD B3, BRI & 0 KRS OEITZMmEIT 2 Z & T, BEEND
180 70t DAEEEMEDOEEME NN/ NS K 72D Z E N minodz, mEIEY THRERIS, HPRERRINEE
IXIEAINEFIZ RTINS R D 2 L BAMHRTE T, HH 0 N —FERE YD & bl U CRE P
MR E o - ERIZ BET R EFEOMIER R & Rk, SFIY OB Rk 260
EBE U, R 0BEND Z LI X0 dOKEN ML, B2 o3 HAKRED T
D 2 & TEAH VN ORI BB DN U7z & HER U 7e, RSMEDOR 520 R0 & 2 4
A2 RINT 5 &, BRI & i U CEZ O EEIETIEH 2 3@ < 7e o7z, 180 47
BT, WA RN L TV D54 CTHERHITSINEE O 5 B EEO EFENRE L kot L
2L, —HED ORPFEEIRINOSA T, HERAERINED 77 05O ER/-EAKE 72
> TWe, WHEERINOSE CTIXREFREIC L 2 KEOSEITTT Ly ¥ 2 BV Z L O
FPENME T L, T Z LR OEERK BB EINT 5, 07, HEEHIORMERT 550 37
(2 K DB D BF 20 R&E WEAKLFFEERE) X, A0FE - HPAEHI RN 180 431 THE
FEEAKRE L FR L EHERI LT, $72, BAX AT O AMETARTEORIEIC L EH
DKM, RERIRECHPFETRIN O A JZ X 2 AKFA S OHEELTFE OE WG U TEAL
9% BET HLaRiifE & m VB 2R LTz,

25
B HEE RN
20
@ 15
[a I . .
E@ 1809 1&
# 19
1
e 04
——
5 =0
HEEDRESEX it
i 10 534
; B iRE o 7t
0.0 05 1.0 15 2.0 25
BETtLL &R mETE (m?/g)

H—4.1 —#Ek&YEMAIFRIMO BET L REIR & MEEDE R
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HEEfE (Pa-s)

HaE{E (Pa-s)

25
20
15
180 &
10 ——t
o '
* | mmomzm
VAN
, Lm0 1053%
0.0 0.5 1.0 1.5 2.0 25
BETLE & ETE (m2/g)
H—4.2 —iEEY EEERAMO BET L REHE & M EEDOMZ
25
20 180 534
—0—
15
—0—
10
—0—
10 9% —0—
5
BEDREEI
. ZEREO
0.0 0.5 1.0 1.5 2.0 2.5
BETLLFRmETE (m2/g)
HM—4.3 HEEY EEEFIERMO BET L REHE & HEBEDEF
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25
20 180 2 0=
- [}
<15
2
fal
1
= 10 '_I—_|—|
. 10 2%
EEDREEIL
. ZEREC
0.0 0.5 1.0 15 2.0 2.5
BET L ZREHE (m?/g)

—4.4 SERRYEHEFIRMO BET LLREIE & MEBDORRF
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4.4 B ABRERIER N EHEDOHERE Rn OFEERBR

AT T, ARG DOHETTE OIS U T2 L7 % BET LR mE & Rm (2 & O FEBEN
HDHZEBHALNE ST, £, BIHITIE BET R mfl &R EEICEWHEER S D Z &
DL Lo, DLEZBE X T, Rm EAEEORBRAF AT, Rm IZHMEOFREE S L
THWONDEDTHY, MEMEITEAMEESMEOREIC LV EHENE DO TH D,
D=, WEDORBRRIIIEFITINEZZ LD,

AIEIOWEL R U< FK—4.1 D 8 /\F— 1 TH LNV B (0 751%) 726 180 4314 F T 60
53 Z EACHIE L7z Rm EASEEO RRER R A2 7~T (B—4.5), —FE5F0 & 2HI Y oz
FNOMIRE FIEZ LITHBEBRERH D Z ERH D Z B ahoT,

30
BEERN @0 : BEFEEN 0 @A : —iEEY
AA ; BEHEEIEAD OA : HEIFY
20
2 Q.. A
é: ...........
P
i ) Roo...
2 [ AKA A
0, - T R o
e T
R2=0.8396 Rz=0.8215
0
0 1 2 3 4
Rm

B—4.5 £8/83—2TMH6057ZLDRm &EEDOE KR
ELENYVERNS 180 2ERFTOLAERER)
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A28 RH—NZBWT, FXF— U TREER D B (10 985) 725 180 0 E T 60 42 &
IZHIE L7z Rm & RSEMOBREZ R T, —FER O ERRE Y ORHE - HPRS A AR 4 B —
4.6, WOHETINERF 2R —4.7, BRSAIRINEE 2R —4.8, WohE - HEpEANRINEEZ B —4. 9 [R
¥

—FGBR D OWPERINEELISNCIE, RRERER & %2, Tl bom WA R L, —
FEHE D DRSNS ABIR MK < 72 o T2 BN, e & KFASUE OHEI TR EAHE &
NBERE =T, FEFRGEBIC L DREEOBMENMENTH 5720, HIEREDOFEL
RELZTIZEHER U2, Rm &REEEORER RITITIR & 2R Ll L2720,
HIEIFZ L DELAT 1 BOHLIT> TRV, AEIOHE TRE L 7= Bk A RN O
10 53 DE/NH V7 0 —fH 237.5+12.5 mm L D ENIKE, 7 87— 254.5 mm OFED
—IEHR O RN O E23 0 B (10 431%) 726 180 43 £ T 60 43 Z L IZHIE L7z Rm &
FEEMOBfRE RS (B—4.10), ZOMETIE Rm EREMHEICKER VBN S 5 2 &)
5, —HEHRY BPBED ZEINEFIC S Rm & REEEMEICHIBIBIR R H 5 L 525,

30
@ —iE®FY
O: #EIFY
20
s ...
o | el
g | Tt
m T
o Q. O
i_u ..............
| e T
@, Qe
W g Re=09720C
R2=0.9419
0
0 1 2 3 4
Rm

M—4.6 —¥&F - SEIEYRHE - BRFIERRINO Rm & HEEEDERF
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30

20

HE{E (Pa-s)

30

20

HE{E (Pa-s)

33

.:—%ﬁu
: NEIRRY
el R2 = 0.81-1..8‘..
R2=0.5266
0 1 2 3
Rm
B—4.7 —#F- 7B RHERMNO Rn L HEBEOBER
A —ERY
A HEIRFY
............... R2 = 0.9328
R2=0.9288
0 1 2 3
Rm
K—4.8 —¥F - 2B EEFRNO Rm & FEEEOBE®




30
A —FEFY
A DEIEEY
20
w
[+
o
1l .
w0l AL AT
"""" R2 = 0.8470
R2 = 0.9798
0
0 1 2 3 4

Rm
K—4.9 —4F - 2B Y EHE - BHRFRIO R & AEEEDRE R

30
20
[7p)
<
a
it
e
10
* 10
R2 = 0.9608
0
0 1 2 3 4

Rm
K—4.10 EJLAZ)L7O—1E 254. 5mm D—FEHE Y ELHERIND Rm & FHEEDREEZR
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WIZ, BET FeEmME & @B 2 R L7 Es
EREMOBRE R (R—4.11), —fEY & EIREY
DF BTz,

REPEAS 520 50D 8 2 HERL I 00 A7 38 1 J0RS P A1 D T 78 7 SR
PRIEE 715 & PR oA 2 L2

REF RN, ANEFD Rm & AEEEOBIfR 2 B —4. 12,
HAEFIIMOAHE Z L O Rm & AGEEETIE, & TTHBIMRER? 22 092 L L&D, FEEIC

Ef & 180 /3% D4 8 /XX — 1 T?® Rm

DT TERTERR LY M AEE

R RIS T ATRENE D B B 1200

Rm ERIEMEOREREZ £ L7, —FERODEIRLD O

B—4.13 19, MREGIEE

BV &2 R LTz,
30
Tl #5840 { JORE:-} 51k 33l A —iEFY
A A HEEREZM oA REIFEY
20
O A
R e
s | e
W . O el
e o A T
OB
’-.‘ ..............
9 R? = 0.8889
R?=0.9153
0
0 1 2 3 4
RM
H—411 £8/88— D EMNYERLE 180 50 Rn & EEOBEE
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30
@ —EFEY
O: nElIEY
20
n 1
[+ .
S
ﬂ ............
W Y. O el
B e 9 e
B3 10 ......................
R2= 09298 R2 = 0.9424
0
0 1 2 3 4
Rm

®—4.12 —1F - SEEY EEFETFOOMEEA Y Bk E 180 %0 Rn & EEEOBRF

30

A —EFHEY
A SEIRRY
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EJSFTOT by v a2/ Z VO AWREZHIET 286 & MIEE 1L, MERD
B (10 31%) ODZEREEZR—5.1 18T, B AV M FORRRERBEZHE L 8 ¥ —r
D5 Sy EIRR D ORVEERINEE 2 B\ 2 6 /X2 — 2 TiT o 1o, ABRIE, KEEEORIE & R
T2 le O EREITRTE LAl — L 7o TV D, RITEE & [ARR, HERSAIIERINCIEm L3 0 Ef%
DFE)LHZ LT o —fEN 237.5+112.5 mm, HEREFITINER L€/ %)L 7 0 —f# 255+ 10 mm & 72
% XD SPIINEZFE L CRR&1T o 72,

K51 BAMBEAERORS EREEAE ERE

BIERME | BAFRME | HEE | HEARNE | SiEeE AE BUKFIRME | EKE

(Cx%) (g/m3) Ak (g/m3) (Cx%) (%)

- - —¥E 71 0.95 0.64

0.1 - —i& 71 0.90 1.06

- 286 —i& 71 1.25~1.45 0.47

0.1 286 —i& 71 1.40~1.60 0.88

- - nE 71 1.20~1.45 0.00

- 286 nE 71 1.50~1.60 0.00
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BTz, TDOZ LD, 7Ly Y a A NG RRIEND D856, B AMBREOBINE
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WHERE A N ERIST HRICE A2 MR 72 SP ZWaE S5 2 & C, KFBISOHEITH
I EFRFT 2N D DA, KRS OWEAT I AWIRE ORERERICKE P EL 52
TWRW EHIET L7272 8, IOBEISINRE O 43 E IR D o/ AWk EE ORE T TR 7,
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5.4 —fER&Y DREE TORNEERA LHE N

ATHET O —m - AWrEERIC L0 JIE L 7= AWmEE & E)S 1 OBIRD b NS &R
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& DOWNEREEE A 2R —5.16 (2, #iENWER -5 1TI1TRT, ¥ENL, Yokt
DEETEr L LT,

BB MM O NI BRI A 1T, WD BETRINEE CIXRERIRBM%RIC LA BN IT E A P,
WRERMIE R EATRE TH 572 120 0 E T TREREMITIA DN oTo, —F, Hiks
Bl A& TINS5 & R (S NSRS A 3 0N L, WOHE - BERLA O 5 2 W L 72 Bl & U,
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5.5 MIEARMICK 2EEERNDIEBE

BT E T, AFISOEITN 7 Ly o a2 FZ OB & 3B O & R FEE 112 &
ET TN E L, BRAIRING X DR 5 RE S EEBE RIFTZEBHLMNE 25
Too AREICIX, BiE M BRE xR < BhE Y LIZOBIEEICER L, BPREISING X 2 K
ﬁﬁ@@ﬁmﬁﬁaaﬁ%ﬁ (I RINET R a T~ T,

B—5.3 /R L7l Y, WOHE - BEREAIEAINRE O REH] R4 CIXR 2 AW h D v —2
mﬂ%ﬂ@#otom N7z L DI, ZAUIKFISOGR OBETTIC & 2 iEMEDR T CREIARKRL 1
MBI L2720 Th 5 LB Lc, —F0 OFE A TOM B3 EE (10 751%) &
180 /3% DENZ VT 0 —flAaR—5. 2 1T T, WHERINRE D e b 2B L&/ NS <, b -
BRI 3 i b AL B AR & < 22 o TN, £72, ES 200kPa TOMER Y 235
180 0t O —FEH 0 ORPFE « HLRSAIBEIRINEE, APPSR O K FEZENL 8 mm £ TOH AW
ZB—5.18 12, —fEHD OHLREFIUSINEE, AOFE - HEREFIUSINRE 2 B —5.19 |2 d, ibhE%
WML TOAEA TIIKFEEMPREL Lo THHAWM NN —ETH DN, LML
TWRWELE T, m¥ﬁ%bﬁk%<ﬁé:ﬁ@v@hMjMﬁWMwaé

KRR DOHEATIZ L D IMEMEDIR T &L B ORRR AT~ 5720, KBLE TELZ L
7mwﬁw6%mbkmﬁ7ﬂwﬁ%me@ﬁﬁ%ktm$£msmmﬁ@ﬁhﬁﬁa
DR A2 B —5. 20 |23 WEIME DK T &2 787 Gm ORRFAL(AGm)BA K EWNIT L,
BEZND 180 534 DKWZENL 8 mm KEDH A WrisEE O E(A T AWTTRE) N KE o
Too WHEZUINL CODEA TIE 7 B —EORREZE LI/ NS <, AKEENL 8 mm KD AT
OB /NS R 2 EBRRALMNE RS T2,

LLEDOFERD G, WFEORMMAREFRIEE D7 Ly & 2 F N Z )L OB EE S O EF4)
FHZZV R TH D Z ENHDL N E oo,

#£—5.2 —EEYDREATOHELAYVERE 180 0EOEILE)IL7O—(E
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56 £&H

mHLICE Y EELINT, —EHEANRBEL AW CEIS T TO7 Ly v aELH
OB OREIZL Y, KRIEOETR T Ly v 2B NX VOB H 3 BRE O K
FREER NG 2 2B S <, B EH LBROBEE ) OKRIZRTH D Z LR
MmETeol, B mRE L FIORT,
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T Uy Y a BRI ENE AR LTV S5 T, B & IR O B K
R DB — 7RG OIS, KRG DOETIZ Z D EIMEOIK T LI ELZ 1T
%, BV OBERL 7B O L BHEEE ) 238 L, B v — 7 i35
LR T,

—HEHR D ORDHE - HERSFITRINEE LI TU, BSOS U 7o ABrim e o Hn &
R LT, £, R T b FARIZEIS S OB IR U TR AWHRE A L Tz,

WHERIMOAGHEZ X 2 KBS OEITEDENTIE, #EAY D 120 5% ETOHE
ABTREEIC R & RIEWVIT R D e o Tz, —77, KT 528 R0 & 2 ¥R H 2 B4 %
&, WFERGE R IS ARSI L2, S 612, Wl - BRI oW 231N+ 25 2 &
THAWHRE OIS K& < 2ol WORE - HERAITINERE TI, W7 OPRKIES
£ % HHKDREAD TREARL - RBEES I L2720, NEBEREANKE ko7,

WOFEDTRINC X 0 KFISS DOEITZIHIT 5 Z & T, 7 b v aE/L X ILOEIEL

TOHITE, AKX LT —EORRFE L&D EIS JIEEEE 200 kPa OFED, ## LA
DIEEDD 180 4537 F TOKFZNT 8§ mm FEOH /UWEREE O & FHEI A = LT-,
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AWFFEIL, BEA L hOEK e a7 U — N OBHEE D & ORFEFE-CH BRI O A 5125
U CEALT B ARRIRIGEDEITE Z EEB(L L, ARKIGOETNR 7 Ly 2T/ ZLOHE
FHEMRRICKIZTTHEL AT 22 HNE LIb DO TH D, KIISOMEITIE, &2
N oRE -2 1 O K A AE R B O BN 2 JE FREZR R EFRE OB EIC L W EBALT 5 Z L3 T
X1, WHEORING X 2 KFASOGOETIHNE, HEFE a7 U — b ORI EEEFE O
REFD—D & L THEE SN DEAMETEIPUE 2 &9 2k E o RE R E % o F5-%
Ml L7z, —7, RUHREFREE UTHEE SN DEISS TOY AWBREICK & 235
ZTWRWIERHLMNE o720, FEAZLOEIE L% OB EE ) ORRRE%Z O
AR TH -T2, /BONTFRZ L FIORT,

(1) #EAD D 180 3% £ TIIKRFMIGOYMER TH Y, & A > MR- OKFAE
FSCAP) B D YVEIN 2 T E 3 % bL 2R i A 00 T E 8 SR ATKFNBOS DO HETT EEIT IS U TN 72723,
B[R L DR A JE T DR A IR N RN h o T, F70, ERERMOH
ERER T2 BET HFRmAEA, MRS TESCHASHININOAHE Z L1z, KRS0
BRI O T L D KRS DHEFTE OFEWIZS U TEE L, v— Mt FEE & &
B E R LT,

(2) IKFASG DT EE % E BAIZHIE L7 BET HR MM & B AWZETHRGTE 238 5 ok
FEMAHBIAS B S, KIS OBETTINHNC X 0 W ABTETARS U O B 2h R 23
BHotz, KEEMEIL, SRS HETHENVEZLNS 180 NHETD 6057 L dr—
NjfE FREE S AR B 0, e R A IE LR LAY 0 Bk & 180 23tk THUIRE ik
EHRERIRIMOG I Z LT 728G, v— bl Pl & IER I m W &2 R L,

(3) WOBEUSINOA I X B KT S DOHEITEDEN T, #EAD 25 120 D% EToOH
AMTREEIZ R E 7BV R B R o 7o, —J7, KiERT 520 R 0 & 2 BER Al A2 BN+ %
&, RERGE IS AWHRE I Lz, & 512, P - SRR om G2 i+ 25 2 &
THAWIREOHINEN R b KE < 2ofe, £z, MFEOWINT X 5 KFRS OHEITH
L7 Ly ¥ 2V H L OFEIERTT 240 U, RFRRGE £ O [EG TR E E 200 kPa
BROE) X H L% O AWIiRE o BN 4 #) L7z,
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ARWFIETHE ZAT - o428 /3 — 2 OREELAE & ES IBENE 200 kPa DEROHE AWHRAE D
R E23 0 BN D 180 70tk DRFHEIRRIEIC K 2 HMEDOBIR AR —6. 1 1ZR L, AWFFEDOHIE
FERANZDOWNTIR AR D, WBEZ RN L 72 OITERINO & D & Hilk U TR O _E 5% 0]
LT e, HAMHRE OHINEIL, BHERINOAEEIZ K DKL OMEIT TldZe <, RitEft
GINRD & 2 RN DO 5K E Do 1oy #RRETTEDEN & 52803, EAWmRE
TIHEE A ERONR -T2, R —HERE Y & 0 EIRE D OIF AR O L&A &2
RELIpolz,
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