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ABSTRACT

Concretes made using 10 types of cements were subjected to long-term exposure tests to investigate their
applicability to marine structures. The cements are classified into two categories: portland cements and
blended low-heat cements. The former includes normal portland cement for reference (NC); moderate-heat
portland cement (MC); and low-heat portland cement (LC). The latter includes NC-based blast-furnace
slag cement (NBB), MC-based blast-furnace slag cement (MBB), LC-based blast-furnace slag cement
(LBB), which were made by blending ground granulated blast-furnace (GGBF) slag with NC, MC, and LC,
respectively, at a ratio of 5 0%; Fly ash cement made by blending Type II fly ash with NC at a ratio of 30%
(FC); fly ash cement made by blending Type III fly ash with NC at a ratio of 30% (FCN); cement made by
blending limestone powder with NC at a ratio of 30% (LP); and ternary system cement made by blending
GGBF slag and Type II fly ash with NC at ratios of 50% and 25%, respectively (NBF).

These concretes were proportioned to lead to a slump of 8 cm and air content of 4.5%, with W/Cs of 40%,
50%, and 60% for portland cements and 50% for blended cements, and exposed to four outdoor
environments: tidal areas in Sakata, Yamagata Pref., and Kurihama, Kanagawa Pref., a coastal area in
Kurihama, and an inland area in Kita Ward, Tokyo. The curing periods before exposure were 28 days for
all cases and additionally 91 days for some of the cases.

After exposure for 5 years in the process of the ongoing 10-year test program, concrete specimens were
examined in regard to various items including appearance, strength properties, carbonation, chloride ion
penetration, hydration products and pore structures, and reinforcement corrosion.

Appearance observation of specimens revealed no defects including cracking for any cement type or any
exposure conditions. Also, the strength gains of concrete made using cements blended with GGBF slag or
fly ash were large under tidal conditions, being larger than those of concretes made using portland cements,
but not so large under coastal and inland conditions, suggesting that water supply and drying during
exposure can strongly affect the long-term strength gains of concrete made using blended cement. The
strength of concrete made using LP was lower than those of other concretes due to its high actual water-
cement ratio. However, their differences became smaller in the coastal and inland environments subjected
to the effect of drying.

Carbonation was scarcely observed under tidal conditions but found in specimens at the coastal and inland
exposhre sites, with the carbonation depth being greater in inland specimens than in coastal specimens.
Cements blended with GGBF slag or fly ash led to larger depths of carbonation than portland cements, and
NBF led to an even larger depth of carbonation. The carbonation depth of concrete made using LP was
similar to those of concretes containing cements blended with fly ash.

As for chloride ion permeability, cements blended with GGBF slag or fly ash led to smaller depths of
chloride ion penetration than portland cements, proving the chloride penetration-inhibiting effect of these
additions. Such an effect was even greater with NBF. The depth of chloride ion penetration in concrete
made using LP was similar to those in concretes with portland cements, showing no appreciable effect of
inhibiting chloride penetration.



In regard to the results of X-ray diffractometry, the amount of portlandite in concretes made using blended
cements was smaller than that in concretes made using portland cements, and this tendency was
particularly evident with NBF. Also, Friedel’s salt was recognized in the central and surface areas of
portland cement concrete specimens, whereas it was observed only in the surface areas of blended cement
concrete specimens, suggesting the additions’ effect of inhibiting chloride ion penetration.

The pore volume after exposure tended to be similar to or smaller than that before exposure under tidal
conditions, whereas it tended to increase after exposure under coastal and inland conditions. The pore
volume with blended cements generally tended to be lower than with portland cements but was higher with
fly ash under coastal and inland conditions. The results thus varied depending on the type of addition. LP
led to large pore volumes.

Reinforcement corrosion was observed in concretes with portland cements and LP but the degree of
corrosion was low in all cases. No corrosion was observed in concretes containing GGBF slag and/or fly
ash with a few exceptions. This agrees with the results of chloride ion permeability. Reinforcement
corrosion tended to be recognized when the chioride ion content at the depth of reinforcement exceeded
approximately 2 kg/m”.

The half-cell potential of specimens with MC and LC tended to be more negative than that with NC. That
of specimens with LP also tended to be slightly more negative. The potentials with GGBF slag and/or fly
ash tended to be similar to or slightly less negative than that with NC. The electrical resistance of concretes
was highest with NBF, followed by blends of fly ash, blends of GGBF slag, portland cements, and LP in
this order. The rate of corrosion was accordingly in reverse order, being highest with LP, followed by
portland cements, and other blended cements.

As a result of the above-mentioned interim tests after five years of exposure, the tendencies of each cement
type were clarified, such as binary and ternary systems of cements containing GGBF slag and fly ash
leading to lower chloride ion penetration than portland cements, being more advantageous for inhibiting
reinforcement corrosion in marine environments, though with higher rates of carbonation; and cement
containing limestone powder showing little effect of inhibiting reinforcement corrosion like those
containing GGBF slag and fly ash. These tendencies were also proven by electrochemical analysis. The
curing period before exposure slightly affected the strength development under tidal conditions and pore
volume, but no effect was recognized on the carbonation depth, chloride ion penetration, and diffusion
coefficient. The later phase of the ongoing tests must be awaited before ascertaining its effect on

reinforcement corrosion.

After five years, in the middle of the exposure test period, the degrees of carbonation and reinforcement
corrosion have still been low. Though it will require another five-year exposure period to obtain the final
conclusion, the present results can serve as useful technical data for investigating the applicability of
various low-heat cements and additions to reinforced concrete structures in marine environments.
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cC - 1019 | — — | 555032 — | - — — — — | 0.05

$KNayOeq=Na,0+0.658 X K,0



#-3.1.15 FEHEBEAMONE

BR[|y | M-B | a il
P = L FL 3

DTEEH hER (g/cm’) (cm¥/g)
SL. 1.85 —_ 2.89 4170

FAI — 0.40 2.39 3930

FAIIl — — 2.13 -
cC — — 2.70 —

3.12 BH

Bt ORI E L REME A, #-3.1.2.1 BXUOFE-3.1.22125R7,

#-3.1.2.1 BHMORE

B OB > % B @ B (% I
| 52V Bmm | 20 [ 15 [ 10 | 5 [ 25|12 ] 06|03 ]0.15 B
HEH ) 11 1
sromame | 100 | 92 | 44 | 1 6.55
AEH () T _
o 5 T 2 100 | 89 | 58 | 36 | 21 | 8 2.88
#-3.1.2.2 BMOYENEER
— AR A i O T
(g/em’) (g/em’) (%) kel (%) (%) (%)
WAEM | Fem | 2.65 2.64 0.47 1.57 59.7 0.1 0.0
Wk [ ED ] 2.60 2.56 1.74 1.73 67.6 1.0 0.0
S e el I R I P2t Y e S
" T RRE R T oro W E(%) o (%) (%) (%)
5 T{(%)
HEH | FeR 3.0 0.0 12.5 - — 0.0 9.5
IR 0.0 — P 0.000 — -
3.1.3 Kk

27 Y — FOMIBEAIIAKEKREZER L

3.1.4 Efn#H
BFIANT. AE BIAKMZ#R (=X A —#H RKY'U R No70) BLO AE #

E—thl w4 7 o7 303A) EFEA L.

3.1.5 &/

BEAFIT. 69mm DR AMMSR2INAFEH L=, SKFHOEBOME Y, £-3.1.5.1 IZT77,

F#-3.1.5.1 Sk OBREOEE

REFOERE R R A glHRE & k0 .
(mm) (N/mm?) (N/mm?) (%)
9 34] 476 34.1

(X A



3.2 #HREBOERE L OB
CEGEFRBAMRET, ®-3.20 [RTE S, TER 0 15X30em & L, S5 E 5D Sem
B 7em O 2 EFHCEE L=bD & Lic, 238, SFIXRATOHE 25 < 7= I Bhsg &
CRTF L, BERNCESHREOMBOBNE LR 20, 78 o2 ANWCUE LT,
o, AREBBHZENOHRAEOPR T, Kt A2 M 50%., RBiFEE 28 B D 10 E4EH
RO —IIZ OV TiE, SRR T I HED IA A 728K A5 0 B RBALIS L O EH LA 24 5 7=
DDV — Fa & 2 OERFHIZHEER LT, _
FEARSRE AR A BRINIL, 0 10X20em ORBHRAKE Ui, (s, %k 5 & 5 1o/ EfER
BERBRS & U R EGABR LA DR BRVE B 122 T LR ORBERBR A MRE L v B 2 Bl L
TEBLTNS, )

2
LS e _ 88 ¢ 9mm

— F_

15¢m

AL H1A)

15cm ﬁ 30cm
_ TR

4-3.2.1 ElfgiREE

3.3 a7 U— bOEE, MIBEER X OMRED ER

ary V— rOEASME, KA MEE 50% (7275 L., B4 28 HTHhoOBRL FF o
R AL FROBEIZ 40%B LTV 60%%BM) &L, BEXAT 7% 8+ 1.5cm, HIELESE
% 45F05%& L,
a7 V= MORFEEBLIVP 7 by v aary V— otk e5E-33.1 107+,

Ay U— FOFREEIEZ, FE 100 Uy MLOMEIRD SO I 294 H0, JIS A 1138
[REREICHBITZ2 7 ) — FOEYV FH | ICHELTITo7, BB, BIEROE23 O LBV %
B OHEAEIL, IMBIco& 24K% 1/ L, [EHERETORREIT 1 MBicox 3 A%
1#8& Ui, BBNImREOR BICERE LT,




#3301 a7V —bhORFRAEBIVTZ Ly aary V— ok

b ke 2 | e BALR (kg/m?) AE | AEF | #Ey | o | =aE
OREE | > b | (%) W c S G HAF | (mim®) | RE (cm) (%)
(%) (ml/m") (0

NC 50 43 160 320] 776| 1048 800 14)  23.0 7.5 4.3

MC 50 43 155] 310 787| 1063 775 190 21.9 7.0 45

LC 50 43 155 310{ 787 1063 775 251  23.0 8.0 5.0

NBB 50 43 160| 320 770 1040 800 22 23.0 8.5 4.8
MBB | 50 43 155 310{ 781] 1055 775 25| 225 7.5 4.8
LBB 50 43 155 310 781 1055 775 31 23.0 8.5 4.9
FC 50 43 150] 300] 783] 1058 750 54 225 8.5 5.0
FCN 50 43 162| 324] 755[ 1020 810 107)  23.0 6.5 4.4
LP 50 43 158] 316} 773] 1045 790 28 23.0 7.5 4.6
NBF 50 43 150] 300] 780 1054 750 60 23.0 6.5 4.3
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REE 20°C, 1BEE 80%LL LOZENIZE W TIBAERELITo/m, BADMIZ 28 HB X9 Ho 2 f&
BHEL, BEKTH I BRUARERESRGICRE L, 2B, BEBKRTLTHLEZE TO
Ak, SEREEZEE 20C, BE 0% LORRNTCRPBELITo7-, 7. HEHOERME
iR, BEEBICBER ATV, FTEMEE TIEERE ST,

FBEMHIT, ATRROR2.1 I3 T XS I RERB OB R EC D - 2845 o (7
THER) %70 R, )| BB E T OISITERE A 2o T TSN IC R B S -k
PEBRKAE ORRBIES (FHEER) 2 AR, MBERD S 10mB 7= KB ER AR OB 2 A
iR, ERfitXt A v MES - OB RE L3 BB & LT, AsH4 mEOLSET
Ei LT, BRBEREOHAEREBRNEEH-34.1~FHEH-348 77T,

EH-34.1 BHBHOZREBEFTIRGR FEE-3.42 BEHEBORBHAEEBRR
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3.5 ABRFIE _
REENEZ M-3.5.1 1077, B, RRFIEEIAZELOERESE NICEL TiT- 77,
BBEHOBRAEIT, BRELENLOESAREAE(L LW X S HEEE L CREBFTICE#®E LT,
BEREIL, SHSBEHT 2 HmicRERBRARRAEZHR L, EfHREBOMRER X UL
CBREDWEERITo. FO%, SEHEIIOVHLUTRERDREZTTo7z, HEL—8 (AR
BB DOKE A2 M 50%DRERBRH) ORI OV TR, SEHEER =R g
SR A E D BrE . SR OMRR A BH X CHERBMORE ZMie 2~3 FF THENIZIT- 7,
Fio, SHEIEZO D H LI EREEL RO FETHELZRE 2 AV T, MILE, HYE
BEOXBREFOERREITo7, T7hbb, FEMEENGIK-3.52 2R TR ZEIH L,
X oIS FRIOBREHARE L LT, K353 [ORT(IETHM L, FREN 5~15mm,
20~30mm, 35~45mm 3B LT S0mmE EORELE L, RB&EREPOLEOOHRRAKERR IO
DOALEIEL, 10mm, 25mm, 40mm LT 55mm TH Y| P Z > OIBBREOFEIZIZZ
NoOEEMER LI, GIkiEOREHIAR L CHBEMZREL-#IZ Smm 3L 2.5mm 5
BNERNTEDINSTT,  2.5~5mm OHBITMFLER EFARE L L TESIZ 24 B, D-
R AT o7, £, 2.5mm KEOMBITESER L OXBRETHERARE LTI b
TARMZELE LB, RERMBFHEIC LY 1500 mS 0 22ET5 L9 0k,

(3685 A BERAE)
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3.6 2y V— MIBETARBRFE
3.6.1 EBE . _
a7 ) —bREZBRICEIVEEL, $TERCLIVVENEDREOFEXHE L.,

3.6.2 [EWMER X OFREMERE

JEAETRBERBRIL, JIS A 1108 (=7 V— FOEMRERBR FIE] ICHEL TITo7, SRR
BARBRIT, JIS A 1149 (2227 U — R OBEERERBR S (T Tiio 7, HREHEIT ¢
10X20cm & L7,

3.63 b |

a7 U —rOFPHEEOREEFLD7H, PRI ZHE L, PHEECESOBEFEIL
JISA1152 T3> 27 YV — hOF LIRS DREFE) (CELCTTo 7,

HEOFHEIZ, ETMRE O OPMIOZELET 7=, HREDOT 7 ) Ve REH A
(EE2> 5 Tem, WAlD a7 Y — MIERE(ER)D S Sem ZBRW-HFLER 18em & L, [X-3.6.1
WZRT 10 7 FTO RS ZJE L, BKEB L USESELE RO,

[ PEDEH |

F 49 LS S S AR O )

| ] _
\\ K K T f / ‘/:i:z{‘?'J—HTEE(J:E)

REEEQ0 4 /)
i{/ié/‘i'\gi\\r i
50 45 45 45 45 ‘ 50

ST
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| REROBRE

9-3.6.1 T HEALIR & ORIENLE (mm)

3.64 HWMA U BBEIBLIOEDA 4 BE
WEE A A iRBEBGHRE

WA A BBESORBEIZ, IS A 1171 [HY <=—8 AL MNEALZLORBRFIE OE1L
WA A BFREESEBRICE L TTo 7, BIEREREZER LTS L, £OMIEIC 0.1% 7
NAVEA T FU U LAKERBS L 0.IN HBEREIKATEE L T, REERTIHo2E LD
A AV EERE U, BERREIL, ¢ 15X30cm HEHRAEOEIREICR LT, ®-3.6.2 IZ/RTHL
B% Sem Z)H2T 3 #5086 #FTHIE L, MIEEOER B/ A A v igBRa L Ui, '
QLA A BE '

LA A BEOREL, TS A 1154 [Fbzr 7 Y — MhcEEh 3 E{bmA 4 OBk
FiE)] OBMEFEECH> TiTo, B, BIBEOREMER, REHLLOFEEN 5~
15mm, 20~30mm, 35~45mm, 35X T 50mm LA ED 4 7 Bk A AV BBRERS /IS NHO
IREPDIRBET) &L
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90
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| smponREm
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X-3.6.2 HELWA A 2BRE X OBPEALE (mm)

3.6.5 X#ET
X-3.53 [ZRT 22 U— hOREHNS 5~15mm DOFRF(FEBES)F LT 50mm BL_EDERS(F
LERYD 2 5 DWW T XBREITRIE 2 Ei L7-, 728, MEHRES50 2 m 5250 emik
N2, T 1000°CTHREA L /2 ZnO ZPEHEENE & L THEIT S (EE%)—RAE L. &£-
3.6.5.1 IZATHRIFCTHRXBEITTRER (ERE) £21To7. R-3.652 [ZA4EFB L7ofdmE R
ER

#-3.6.5.1 ¥R XBEPTRER O

SRR Cu HEAD v~ () 172
WERE (kV) 40 EIEAD v b ) 0.15
BER (mA) 100 AFwTRAE ) 0.02

74— T35 W/ VO A—HF— FHEERRT (sec) 0.4

#-3.6.5.2 WERHEEORRAE 20)

T hULHA b (CA-3CaSO, + 3211,0) 9.1 RN bT o Z A4 (Ca(OH),) 18.0
E /YA T = — FAKFH (CACaSO4: 12H,0) 9.9 FnHYA  (CaCOy) 294
7Y —F LK (CsA + CaCl, + n H,0) 112 | B{k T (ZnO) 318

3.6.6 HIFLE

a2y U— hOREHND 5~15mm OE S EEBEED)E L 50mm LA t@ﬁg;}(q:@qu;})@;nm
BEHAT, 35 IR FEZI VAR LIRS EH 3g # Vv, KBEARFR o VA —F—|Z
L0, ¥4 7.5~7500nm OFEFHOMALEZHE LT,



3.7 SO T IREBRFIE
3.7.1 SR OFEEIRIE O
HRAKLZER L CHEHZBEHIET-RET, EHORBMEL LUEEREOEREZIT- 7,
72, BEWEEDOa L7 ) — MBSOV UVENEOREOFEL BRICLVERELE, Z0OBE
RO P2 EIC LT, ﬁ3?61Lr?ﬁv—b%&mbf%%@ﬁ@%ﬁ%ﬁﬁbao
(A@@Iiﬁamimﬂwliméﬁé)

®-3.7.61 HEHBBREOITL—F

ZL—F i DR RR I

I R L

I BELTWTHLE—RHEVEELRIVBEFLREGHEHA)NELS LTV 554,

AN EROIVRHENE., SUBRE - K- FRECLRLPODEROENES -
'{'1{\70

A EEEICBREOMIDRICEEL TS, B - R Ko PEHEoanE
EEZETA33UVEBTELNL WA, BAXBIIHEIZEED SRy,

I\ BRI - FK - FIEERICEE L TR Y, AL EBEORBLRO LN,

3.7.2 B ORGSEER

B OREERMBOREIL. BHRET — 72 BBHICE 1. BREDMMEA 7 TREED
SE b L—A L, RIS L IERER S & 2R L%, BRARKEER L, ZOR S EGAZT
MHREBIC L VEORGHEEAET S LICL Y., KRICFTHHORBEEEL RO -,

o oy bk (o) — _JETAR A y '
g O HEEAE (%) ETER 100

3.7.3 S OEERAOE
REBOFEIAZELOBEFOREE NCHL-, Thbb, av s Y— MERENLE-
D LU=8E, BEICAHFELEZELILERELEE, W(EEDD /U2 TUoE=Y
LB, A e X2 =L LT 2-ANHT b/ F 7 —v% 150ppm ML, %m%%
35C & L7ZiAPICH 24 BRRE & Uiz, BEEPOBMLERNEZ 5HEH-3.73.1 [T, B
ﬁﬂ%ﬁﬁbt%ﬁM\%Ei@%ﬁ%%ﬁb\ﬁﬁﬁgﬁ(%ﬁ%ﬂ%g%)éﬂtbioﬁ
B, B HORBROEEIECELTUL, 7= VBT T VE ST AR~ DB OB X BEEOR
WOBE, FERERENRA L e E¥—OHRIEELRIZTTEEZ N2, BEEFERICIE
REORDLNRWER (B - BEHE& 12 X)) 2B8E8&oy MRCREE Lz, ZOREOR
DHNRVHEHORRETZAEOERZOTH 2 BERERL LT, BEEoy MEIZRDT,
BEELEIC, KRCLVSFOEEBLVREEH LT,

BRAGHERE — CRERSKHERE+ERER)

ERT A * 100

SR OERBAE (%) =
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3.7.5 S50 BEREALR L it

BRALERHFIEICE Va2 ) — MROSFO BREN. aBIERZAE Lz, Fh miFic=
V7V — MEFIOBE LT 272 BRBAIZOW T MEKBERAEICEWTRERBE LN
3 EflIcheo CTHEMICE=Z ) VR ER LT, ZOBROMREORIEZBEE-3.75.1 (2
B 27 LK EZR-3.7.51 1”7, ZOBRWZRAERIIEK - SEEERTH D,

T SBEAB L0y Y — MEFUIZOWTIL. BRBEHBH 2 EB N ORI ERETO 1 £
MicisV T2 MR | [EREOHE TRERESZ KEN LI H L. EMBNICE=2 ) 7 %{T>
=y ZOBEORERREEE-3.752 BXOK-3.752 277, BB oBERBI a2 ) —
MEFLOBIERFIC T B REMOFE H1T- TV 5, REBMITEA —SE(LMRERLZ A\, 2
BEFB L= 7 ) — MEFRE IR A V E—F C RAEIC L DTo7, ZHidEE 2 iR
(10Hz * 20mHz) DEAEBOZTHREES 10mV OBETHML. ZOBOIGEEREBET S b
DTHD Y, DL L TRD LN EBIEFIE. LT OR3.7.51 X0 OEEEICHiE
EN Lo BRDEND,

Low=K * (I/R) #3750
Z T, Loy S REE(u Alem?)
R, : SRRk Q)
K . E0.026(V)E V=, )

Ik

o s g e 8

bowi g e ds
EH R

BH-3.751 BAEMIHARRE B4-3.7.5.1 BRELRIEFE

BH3752 HEERE LG [3.7.52 SYRHERS L0
22y ) — MEFRIERR 23y Y — MEFEIE S



4. ABRERBIUEBE
41 ar7 V— MCETIRBEREBIVOER
4.1.1 #HRAKOHN BB

HREONBBBR LT o iR, OUENFORFRRTIRBD Db o7, 2B, BB
DEFREIC SOV TITBEAHE L2 ORH Y | EEBWETICRE L-HR KR CIIREN TS L
bDbdHoTz, LnL, BAY FOFE, KA Y MEicBbLTF— I EFLTEY, #E
ROSBISIBVITRRD b o 7o, BRESHFT OMRFENE L THA1.1.1~FE4.1.14 157577,

=

BEE-4.1.1.1 BHRBESOMHREONE FH-4.1.1.2 ABERBREOHREDOINE

FHE-41.13 ABREEFEOHREDIE BEH-4.1.14 FEREANOHREDHNE



4.1.2 JEMEEE R X OFHMELRE
#-4.1.2.1 I ERBURAEOEHERE I L OFHMERBEBEEL =T, £/, £4.1.22 ITRHER
A 3R O EFETRE B E R B L O MR R BRAS A R,

#4121 BBHEREOEERERRS L OB EERE R

Kt E43E (N/mm?) WM tRE (k N/mm?)
Oy | WREL e i 5 4 RE i s &

T | o | P | s | B | AR | AER | doR | P | EE | ARE | ARR | KR
mE | B | mR | B | W i | s | e | Bs
40 490 | 635 | 528 | 629 | 641 | 328 | 392 | 384 | 325 | 319

NC s | ] 426 | 446 | 506 | 531 | 519 | 307 [ 37.1 | 358 | 340 | 29.1 |
60 | T 365 | 321 | 344 | 493 | 422 | 300 | 316 | 340 | 321 | 301

L2 500 [ 563 | 66.0 [ 533 | 50.0 | 319 | 36.1 | 399 | 330 | 31.6 |

MC 50 430 | 389 | 456 | 524 | 522 | 309 | 350 | 357 | 323 | 324 |
60 323 17372 | 378 | 512 | 434 | 285 | 327 | 328 | 283 | 304

40 506 | 680 | 68.1 | 686 | 644 | 333 | 384 | 443 | 362 | 344

LC | S0} ,g [.389 | 478 | 424 | 503 | 485 | 302 | 373 | 325 [ 338 | 28.1
60 303 | 386 | 459 | 583 [ 492 | 302 | 353 | 354 [ 335 | 293
NBB | 50 323 | 488 | 553 | 409 | 36.7 | 30.6 | 380 | 379 | 21.0 | 210
MBB | 50 325 | 580 | 620 | 439 | 409 | 304 | 384 | 402 | 267 | 225
LBB 50 31.1 | 509 | 539 | 439 | 396 | 288 | 368 | 364 | 23.7 | 200
FC 50 279 | 512 | 56.1 | 460 | 431 | 283 | 380 | 36.6 | 256 | 28.0
FCN 50 289 | 435 | 516 | 479 | 44.1 | 275 | 356 | 355 | 302 | 268
LP 50 268 | 283 | 294 | 387 | 41.7 | 293 | 310 | 308 | 319 | 31.0
NBF 50 284 | 525 | 557 | 422 | 410 | 297 | 362 | 369 | 25.6 | 22.1
NC 50 49.1 R 545 R 55.8 | 34.4 - 35.9 - 285
LC 50 58.5 - 52.9 - 579 | 353 R 282 - 31.7
NBB | 50 o1 453 - 51.0 - 348 | 343 - 35.4 - 244
BB 50 23 | - 63.1 - 37.6 | 34.0 - 37.7 : 21.7
FC 50 39.4 R 61.7 - 41.1 | 326 - 36.0 R 28.5
NBF 50 38.2 - 59.6 - 35.4 | 32.6 - 38.1 - 233

F-4.1.2.2 FERAMGUROEMERERERS L O ARG R

Gt . 2 e 'z 2
sintd | Abavhie E#EEE (N/mm?) : ﬁ%ﬁﬁ%ﬁ_(k N/mm?)

28 91 B AR 5 28 H 91 A 14 54

|40 |} 524 | . 567 ... 660 | 755 | .- 329 1..360 | . 395 | 407 .

NC 50 457 | 517 | . 549 | 552 ] . 334 | 354 | 385 | 380
“““““ 60 | 381 | 427 43.4 43.6 30.7 34.0 36.8 315

.40} - 338 1. 66.7 |... 69.7 1,776 | . 332 .. 379 | .. 400 | 404

MC 50 443 | 568 | 592 | . 654 | . 318 _1..355 | . 371 1. .358
""" 60 | 326 437 44.7 46.6 29.7 333 35.8 32.0

40 532 1 719 | . 792 1910 | . 338 | 385 | - 41.1 | 407

L [0500 ) 0392 1 559 (| 625 | 693 ) 296 1 364 | 383 | 378
60 318 | 484 54.1 54.9 297 343 37.9 37.0
NBB 50 37.8 49.7 54.9 59.1 30.0 35.4 38.1 392
MBB 50 37.7 526 60.8 592 30.7 372 412 383
LBB 50 33.1 43.7 54.5 63.6 29.7 358 38.0 36.1
FC 50 28.2 40.2 513 61.7 28.8 32.1 38.4 427
FCN 50 29.6 413 49.0 60.4 28.6 31.6 373 346
LP 50 27.7 342 383 45.4 31.3 33.7 35.7 393
NBF 50 30.7 412 50.1 53.9 30.3 355 38.6 376
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B-4.123 12KBE T A b OEMRMRE & REEMF Z &R, 186 MR, A B R OMEE X
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fE1g Hﬂ(%) () 5~15 20~30 35~45 50~ 5~15 20~30 35~45 50~
mm mm min mm mm mm mim mm
40 ] 0.582| 0286 0207} — | 7.44 | 366 265| -
Ne | so | | 0384 | 0321 0249| 0209| 48] 403| 3.13| 263
60 0.463 | 0.401 | 0.358| 0.295 5.82 5.04 4.50 3.71 |
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FCN 0.546 | 0.319] 0.105| — 678 | 3.96 130 —
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40| L 0.843 | 0.480] 0292 0.123)] 1075]| 6.12| 3.72 1.57
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40 0.007 | 0.002 | 0.002 | I 0.09 ) | 0.03] . 0.03 -
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60 0.021 | 0.003| 0002 — 026 | 0.04 0.03| — |
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FCN 0.099 | 0.002] 0002 -— 123| 002] 002 —
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. R 0.7851 . 9251 . 1261 0512|509
NC o\ S0 L . 20931 532} ..: 2.869 | 2451| 750Uk
60 2.603 6.29 4.056 3.669 | 75.0 LAk
A 0 R 1388 . 491 1.686 | ] 1.196 | ... 695
MC | 50 | 28 2149 527| ..2910|  2507] 750Uk
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A0 R 512V I 6.39 1 139 | 0773 .. 54.0.
e |oso 1 2170 . 53] 2857 2469 7508k
60 3.164 4.84 3.551 3326 | 75.0 L4 E
NBB 0.318 11.34 0.101 0.004 31.2
MBB 0.355 9.31 0.131 0.009 31.2
LBB 0.129 11.37 0.000 0.001 19.2
FC 50 28 0.272 8.90 0.038 0.001 26.5
FCN 0.637 9.19 0.792 0.230 44.0
LP 1.729 8.60 3.836 3.054 | 75.0 Lk
NBF 0.074 8.32 0.000 0.002 13.0
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(cm*/4E) (kg/m*) M50 5em | &Y Tem (mm)

40 | 0.701 7.96 0.854 0.293 44.5
NC 50 2.045 5.81 3.067 2.601 | 75.0 L E
60 | 2.693 6.42 4243 3.865 | 75.0 LLE
40 1.306 6.28 1.994 1.359 | 75.0 Bl k
Mc | s0 | 28 2.032 7.54 3.956 3.349 | 75.0 LAk
60| 2.862 7.32 5.044 4.648 | 75.0 LI
40 0.884 13.21 2.262 1.074 68.9
Lc | so | 1.469 7.82 2.891 2121 | 750 8Lk
60 | 2.706 9.5] 6.306 5750 | 75.0 Bk
NBB | 0.178 10.44 0.003 0.001 22.2
MBB 0.129 11.37 0.073 0.003 29.6
LBB 0.232 15.10 0.027 0.001 28.4
FC 50 28 0.306 15.07 0.113 0.004 33.0
FCN 0.581 9.80 0.672 0.164 423
LP 2.166 6.56 3.647 3.150 | 75.0 L E
NBF 0.067 9.25 0.000 0.002 12.8
NC 2.025 4.79 2.505 2.118 | 75.0 Lk
LC 1.768 7.29 3.330 2.676 | 75.0 LAE
NBB s o1 0.282 12.49 0.064 0.002 30.0
LBB 0.185 10.78 0.004 0.001 22.9
FC 0.236 7.58 0.015 0.000 23.2
NBF 0.058 5.84 0.000 0.001 9.9
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MBB 0.061 0.35 0.000 0.000 -
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LP 0.734 1.09 0.129 0.048 -
NBF 0.181 0.72 0.000 0.000 -
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PAD | ALY R f/‘ﬁ %Hﬂﬁﬂﬁﬁﬂﬁiwy

B EO L e | e | e |
40 * * * 0.759 | 0.541
Ne | s0 o6l | % | x| 1217 | 0502
e0 Toas0 | x| x| 1183 | 0.624

40 * * * 0.869 | 0.522
Mc | so | | x | % ] x| 0.819 | 0542
e0 | | x| % | % | 1.083 | 039

40 0.136 | % * 0972 | 0317
T PR 0 A
60 | * * * 1173 | 0.583

NBB 0.131| 0.142] 0101| 0574| 0.630
MBB ook £ * 0.495 0.535
LBB ¢ 0.117| 0.420 | 0.470
FC 0.119| s 0.960 | 0.499
FCN * * * 0.870 | 0.449
LP 0.100 | " 1137 | 1.924
NBF | 50 0.110| * 0.430 | 0.535
NC * * * 1.069 | 0.526
LC 0.149 | % * 0.837| 0.920
NBB o * 0.155 | % 0.524| 0.552
LBB * * * 0450 | 0.549
FC * 0.139| 0.107] 0750| 0.582
NBF 0148 | * " 0440 | 0538
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- FFE B O RRE

% R ?W’ % REHHDOES : 5~15mm REHHOEE : 50mm Ll E

% D | s | A — - — —
W EE| %) | 75| M| | 7R i aby b w705 | b v
T AN 7eh | WM AR L M | A4 | 7 | MR N | M
40 0.306 | 0.123 | 0.902 | 1.324 | 0.685 | 0.273 | 0.121 | 0.273 | 1.702 | 0.557
NC | 50 0.340 | 0.162 | 0.832 | 0.812 | 0.738 | 0.327 | 0.149 | 0.901 | 0.997 | 0.531
60 0.265 | 0.189 | 1.490 | 0.923 | 0.749 | 0.324 | 0.159 | 1.640 | 1.038 | 0.693
40 0.362 | 0.230 | 0.433 | 1.221 | 1.144 | 0.349 | 0.219 | 0.251 | 1.237 | 1.150
MC | 50 0.412 | 0.313 | 0.725 | 1.232 | 1.216 | 0.412 | 0.267 | 0.504 | 0.970 | 2.323
60 0.422 | 0.261 | 0.246 | 1.207 | 1.623 | 0.398 | 0.289 | 0.264 | 1.131 | 1.182
\ 40 0230 | * | 0269 | 1421|0251 0257 | = % | 1.100 | 0.581
% LC | 50 % * 0348 | 1.612 { 0372 | 0243 | * | 0.243 | 0.968 | 0.744
% 60 * % | 0.404 | 0.903 | 0.371 | 0258 | 3k [ 0.511 | 0.900 | 0.714
NBB 0.104 | * |0260| * [0964]| = % * | 0.115 | 0.753
MBB 0.107 | * | 0268 | *x |[0992]| = * * * | 0.678
LBB * * | 0166 | * | 0670 * * * | 0.534
FC | 50 0.126 | 0.126 | 0.233 | 0.197 | 1.773 | 0.137 | 0.151 | 0.167 | 0.271 | 1.293
FCN 0.227 | 0.140 | 0.707 | 0.173 | 0.446 | 0.216 | 0.194 | 0.217 | 0.352 | 0.531
LP * k| 0145 | 0242 | 2229 | % * * * | 2.529
NBF bg | 0175 | k0202 | k 1194|0180 | * * ¥ | 0.505
40 * % 10.532]1.098 | 0553 | * % | 1273 | 0.550
NC | 50 % % | 0.856 | 0942 | 0.840 | % | 0.830 | 1.010 | 0.545
60 * % | 1.156 | 0.799 | 0676 | 0.106 | * | 0.832 | 0.799 | 0.525
40 * % | 0.125 | 0.731 | 0271 | * * | 0.654 | 0.287
MC | 50 * % 10202 | 0337 ] 0226 | * * | 0.210 | 0.544 | 0.237
60 % * 0492 | 0.198 | 0.195 | % | 0.176 | 0.125 | 0.529
40 0387 | * | 0.342]0.752 | 0.774 | 0.364 | * | 1.253 | 0.683
LC | 50 0.164 | * | 0.175| * |0571 | * * | 0.105 | 0.547
60 0365 | * | 0.517]0219 [ 0578 | 0.395 | * | 0.456 | 0.228 | 0.669
| NBB 0.143 | > | 1.049 | 0211 | 0255 | * | 0310| = [ 0.701 | 0.458
% MBB % % 10284 | % |0.169| 3k * * | 0.169 | 0.231
5% | LBB 0322 | * |0.536|0.185 | 0563 [ 0295 | * |[0.322] 0217 | 0.563
ZIEY 0301 | * |[o.521 0200098 | % n * | 0247 | 0.466
FCN % * | 0554 | *x |0408| x * * | 0.291 | 0321
LP % * | 0.526 | 0.184 | 3.000 | % | 0447 | 0.263 | 3.184
NBF | 50 * * * * | 0511 | 0137 | =k * | 0.128 | 0.404
NC * % | 0.681 | 0.785 | 0.864 | * | 0.366 | 0.969 | 0.785
LC 0.350 | > | 0431 | 0.512 | 0.620 | 0.350 | . | 0.350 | 0.647 | 0.647
NBB o1 0.107 | * | 0878 | * |[0545| = |0.245|0.159 | 0.432 | 0.510
LBB 0.295 | 0.169 | 0.574 | 0.145 | 0.491 | 0.196 | 0.177 | 0.308 | 0.228 | 0.619
FC 0.332 | 0.247 | 0.532 | 0.192 | 1.518 | 0.266 | 0.301 | 0.227 | 0.387 | 0.942
NBF *k * * * 0.464 % : ES k % 0.191
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TN AR f 7amh | WERER | vEAN | ) BAN | Ta-b | MIRHE | vBAN | o}
40 s * | % | 0340 | 0369 | % % | 0.145 | 0.407 | 0.490
NC | 50 0.105 | * x| 1283 [ 0707 | * % | 1440 | 0.864
60 0257 | % | 0372 | 3463 | 0513 | 0245 | % | 1.826 | 0.861
40 0.198 | 0.196 | 0.153 | 1.105 | 0349 | 0.182 | 0.139 | 0.125 | 1.620 | 0.294
MC | 50 * % % | 0809 | 0.674 | x| % | 0889 | 0.674
60 * * % | 1.046 | 0547 | * % * | 0.839 | 0.456
A 40 * * % | 0638 | 0820 | * * * | 0.866 | 0.615
Bl | so 0.186 | 0.167 | 0.151 | 0.879 | 0.612 | 0.229 | 0.181 | 0.159 | 0.819 | 0.833
%ﬁ 60 0112 | % * | 1304 | 0544 | % * % | 1.082 | 0.626
# |'NBB * % % | 0180 | 0141 | ¥ % | 0297 | 0229
MBB 0362 | 0319 | 0.292 | 0.504 | 1.397 | 0.445 | 0.383 | 0367 | 0.534 | 1.716
LBB 0241 | 0129 [ % | 0290 | 0.767 | 0.198 | 0247 | * | 0.180 | 0.587
FC | 50 0.230 | 0.195 | 0.173 | 0329 | 0.438 | 0.211 | 0222 | 0.148 | 0.501 | 0.334
FCN * % | 0156 | 0459 | 0684 | * | 0.168 | * | 0577 | 0.515
LP 0.342 0289 | 0.632 | 2579 | * % | 0237 | 0737 | 2.500
NBF bl * * x| 0738 | * * * * | 0.738
40 * % x 0396 | 0557 | * * | 0405 | 0.400
NC | 50 * * % | 0503 | 0.660 | ¥ * x| 0380 | 0.652
60 * * % | 0301 | 0.808 | 0.165 | * | 0224 | 0.746 | 1.534
40 0296 | % | 1344 | 0524 | 0319 | % * | 1435 | 0.547
MC | 50 0.245 | 0.173 | 0.164 | 0.787 | 0.919 | 0259 | 0.197 | 0.194 | 0.825 | 1.059
60 0219 | 0.170 | 0377 | 0.404 | 0.824 | 0.234 | 0.164 | 0.383 | 0.456 | 0.964
40 0298 | % | 1.936 | 2232 | 0244 | % x| 2189 | 0312
LC | 50 0256 | = | 2199 | 0337 { 0208 | * | 2129 | 0.504
60 0271 | % | 2125 | 0517 | 0277 | % x| 1517 | 0.614
| NBB % [ 0263 | % 0240 [ 0951 [ * [ 0203 | % | 0404 | 0495
;’E: MBB % [ 0158 | x| 0220 | 0617 | 3 x| 0357 | 0.493
2 | 1pB * * | 0113 | 0791 | 0134 | 0.166 | * | 0.193 | 0477
& FC 0.214 | 0214 | 0.181 | 0326 | 0.562 | 0230 | 0.263 | 0.173 | 0.605 | 0.356
FCN k10102 | k0179 | 0372 | % | 0120 | * | 0467 | 0242
LP 0295 | 0.134 | 0.134 | 0.600 | 3345 | 0.237 | 0.145 | 0.161 | 1.024 | 3.195
NBF | 50 0210 | 0.137 | 0.142 | 0.126 | 1.063 | 0.352 | 0.161 | 0.178 | 0.178 | 0.413
NC * * | 0366 | 1.047 | * * x| 0366 | 0.759
LC * * x| 0809 | 0.728 | * * % | 0755 | 0.836
NBB op | * [ 0104 | 0104 | 0234 | 0833 | * | 0430 | * | 0313 | 0807
LBB 0322 | % k] 0174 | 0563 | 0322 | * | 0295 | 0.169 | 0.456
FC ® * | % * | 0318 | * * * x| 0523
NBF 0301 | % % | 0194 | 0929 | 0301 | * | 0.167 | 0519
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4.1.6 AFLE _
FAEBIARER L OIS S 4HRICBI 5202 U F OHITLE(7.5~7500nm) % F-4.1.6.1 1R,
B, MERSFEO 7 ) — MIDOWTHL, REA S 5~15mm B L O 50mm LA ED 2 EIEOE
ENLREI AR U, £/, 2R OMILBRSMEER-3 & LTERICAT,

#F-4.1.6.1 HMFLEHESRE

A& (mm'/g)
oAl e e e P e 5 4
s &} Gy | e | EEEE | AZmew | ARReE | SRS
. iE 5~15 | 50mm | 5~I15 | S0mm | 5~15 | 50mm | 5~15 | 50mm
mm Lk mm LE mm LA mm Uk
40 31.8 22.7 27.5 32.6 31.7 31.9 303 235 30.7
Ne | so | | 314 | 318 | 345 | 363 | 350 | 489 | 480 | 362 | 336 |
60 400 | 361 | 374 | 425 | 405 | 512 | 488 | 402 | 376 |
40 340 13.2 13.3 43.8 319 436 358 513 41.6
MC | 50 428 | 358 | 430 | 434 | 438 | 571 | 556 | 623 | 466 |
60 475 | 472 | 483 | sa1 | 517 | s05 | 573 | 678 | 550 |
40 424 18.5 27.2 326 26.3 48.9 385 48.8 35.1
o [TH] L, [ e T | aue | e | | | b
60 55.5 384 46.3 45.6 47.2 52.4 473 58.5 50.7
NBB 50 353 15.0 254 30.2 29.8 38.0 375 37.6 354
MBB 50 322 15.0 25.8 244 37.3 37.0 44,1 349 38.9
L.BB 50 32.0 13.1 20.0 31.4 31.1 37.2 354 36.5 37.8
FC 50 453 218 22,6 29.9 315 36.8 46.5 45.7 53.3
FCN 30 62.5 19.8 28.6 27.6 354 47.5 54.3 384 93.2
LP 50 53.1 44.1 45.4 46.1 425 63.1 59.5 54.7 44.7
NBF 50 34.7 19.0 20.7 22.9 21.5 21,7 269 46.3 299
NC 50 33.9 — 29.7 355 — - 43.1 43.5
L.C 50 26.5 — - 33.2 358 - — 52.0 46.8
NBB 50 o1 273 — — 22.8 27.9 - — 30.6 31.8
LBB 50 319 — — 20.2 25.9 — — 41.7 327
FC 50 34.6 — — 14.0 21.9 — — 37.9 46.7
NBF 30 25.1 — - 253 16.2 - - 46.8 29.7
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BREW, BMIFATZ MR E 7 T4 T v aZBALTWANBF I —ADNC LD HHIFLE
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