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of Fiber-Reinforced Concrete Structures Mixed with Admixtures
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Abstract

Estimation of Long-term Aging Strength by Non-Destructive Test

of Fiber-Reinforced Concrete Structures Mixed with Admixtures

By  Choi, Jin-Seok
Adviser : Prof. Kim, Jeong—-Sup
Department of Architectural Engineering,

Graduate School of Chosun University

This study manufactured core sampling structure for concrete using
additive and fiber and suggested strength equation of long-term aging
through destructive and non-destructive tests. The conclusions of this

study are as follows.

1) As a result of destructive and non-destructive test, strength
more than design standard strength on the 28th day of aging was
revealed and as the aging developed, the strength also increased.
Also, from the previous and the present studies, the influence of

compressive strength on fiber concrete was weak.

2) Concrete using additives showed low revelation in early strength,
but as aging developed, its strength was higher than that of normal
concrete. The early strength of concrete adding fiber showed a

similar trend to normal concrete, but as the aging developed, it was



lower than normal concrete. In case of applying existing equation to
concrete using additives and fiber, it was thought that there would be
a lot of differences in destructive and estimated strengths and an

appropriate equation for concrete using additives will be needed.

3) In the aging that estimated strength by specimens was identical
with destructive strength, concrete using additives was most identical
in -84%~75% of estimated strength in 60~90 days of aging in
short-term aging and as the aging developed, it was identical in
-3.996~16.9%. In case of fiber added concrete, estimated strength in
the 730 days of aging was -0.29~4.9% and it was most similar to

destructive strength and there was no great change by aging.

4) As a result of applying the measurement results of rebound
hardness and ultrasound velocity to existing equation and estimating
the strength, rebound hardness showed difference of 1% ~63%
between estimated and destructive strengths and ultrasound velocity
showed that of 1% ~449% between them, and the rebound hardness
showed similar trend to the equations of Materials Research Society
of Japan, Daewoo Architectural Institute and U.S Army Laboratory
Institute. Ultrasound Velocity method was similar to the equations of
Construction Research Society of Japan, ]J.Pysziak and Technological

Research Institute of KEPCO in destructive and compressive strength.

5) As a result of applying the results of destructive and non-destructive
test by species to existing equations by combined method and estimating

the strength, the equation of Architectural Institute of Japan showed

_xi_



coincidence with destructive and compressive strength as 469 ~ 1489,
that of Tanikawa coincided with destructive and compressive strength
as 127%7189% and that of Kim Mu Han was identical with
destructive and compressive strength as 58% ~148%.

It was considered that estimated strengths of all equations were
higher than destructive strength and then when existing equations are
used in the field, estimated strength will be higher than destructive

strength.

6) When combined methods having multiple regression analysis with
rebound hardness and ultrasound velocity were compared to single
method, coefficient of determination of ultrasound velocity method,
rebound hardness method and combined method was higher and
combined method was better than single method, and the coefficient of
determination of specimen which core specimen was divided into upper
and lower parts was higher than the specimen without division and it
was considered that applying the equation by the position of structure

would be desirable.

7) As a result of comparing error rates between existing equations
and the equation of this study, there were some differences by aging,
but rebound hardness method showed decrease of error rate of 2.8%~
15% compared to existing equations, ultrasound velocity method showed
that of 2.8%~11.7%, combined method also showed that of 7.2% ~
20.2%, and it was judged that it would be desirable for the concrete

using additive and fiber.

- Xxii -



8) As the equation of existing normal concrete was applied to the
concrete using additive and fiber, error rate was great and this study
suggested the estimation of types of concretes using additive and

fiber and the location of non-destructive test.

- xiii -
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<E 31> Ag W

8 9 T i
W/C 45%
s 3 A FA, SF(20%E4)), BF(SO_%@O])
PPA -+, SAF(0.1% &)
£ d = 15+2cm
CERd I 4+1%
s Al A S A A (M)
T2 A B A el
&t §-(CL)
qd T WG, HEEEY, 23S
A 9 7, 14, 28, 60, 90, 180, 365, 730, 1,460, 2,555

B AIEM HE

=S 2 7 57
BE 232/E(N)
Z2t0I0HAI(FA), D2ZeH(BF), &l2I3HE(SF)
ZEC/Z2 UL R(PP), FER(S)
W 2HAIEHS 20 AX
42(H), st2()
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3.2 AlE A=

HE A Ho] A} 83 AWEE KS L 5201(ZEEA= AHE) F4E SA AES
AFEEa, AWME 218 Add 9 sle A AR <FE 3.2>9 2o
<3i 32> AWE B4 A4 4 slEA AR
g4 B (% o
S
SiO» | AlOs | Fes03| CaO | MgO | SO; | Ig.loss | (&/cm)
HE YEU=
219 | 659 | 281 |6012 | 332 | 211 2.58 3.15
A E
T3 A ZgfolofjAe FERESALE uRESY v)RDe B A, A
272 A A =3 Atk Elkern Micosilica® AFE8F o Z3 2] E
Abgd &34 B84 AE 9 3 A AR EEd EALS <E 33>~<E
3.4>¢} 2},
<% 33> E3A =4 42 4 gshy 24
§]’ —54' /K[)] T']:_L (%) U]E
S -
Si0s | ALO; | Fex03| CaO | MgO | SO; | Igloss | (& cm)
Zalolof Al | 5209 | 2536 | 1290 | 258 137 | 0.07 3.70 2.15
v2Zd | 3414 | 1704 | 032 | 4331 | 635 | 008 0.83 2.90
A7k | 90.00 | 150 | 3.00 | 200 | 3.00 - 3.00 251
<E 34> AR =4 54
.o A | gEA | SFeads | Q3EE | 3RS
° (g/cn) | B &%) (%) (MPa) (MP2a)
Zezzgddads | 091 5~21 ~95 0.26~710 | 0.36~3.8x10"
73 7.86 0.3 05~35 0.7~2,100 2.1x10°
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A= KS F 2502(= A A7kE A1 )] 4ol A
e ARESHH, we=A= KS Aol A9 2 Ads ARSI dEAek e
fo] =24 Jd2 <3E 35> 2t

il
N

<& 35> =49 =9 42

H Aax+ | 9ssdds | A= | grs | =9%
=4 T
o (m) (kg/m’) (g/cm) (%) (F. M)
w27 5 1653 261 1.05 2,69
027 20 1550 2,67 124 6.83
o8 E MRS <X 3657 o AW Als@ ZaEE HANERE
(£ 24 MPaolal, ZATES HIg AT FZA, AAWE, &34, 5234
ME FAdsty nHHES 3 & KS F 2402(FEUE AWE ZagEe £HZ A|Y
U)ol A0 oJd £HEZE EHelsle] Fojy ] it
<¥ 36> ZAYE wTx
A = W/C R A =k v & (kg/m)
< 7 (%) (%) W C S G =31 A
HE
aae 0 158 | 350 | 889 | 907 0
ST e ]
S 30 158 | 245 | 889 | 907 | 105
= x
= ol oA 20 158 | 280 | 889 | 907 70
o
: 45
delvtks 20 158 | 280 | 889 | 907 70
2adE
Zyzodd
a5 o 0.1 158 | 350 | 889 | 907 0
AR \
e 01 158 | 350 89 | 907 0
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3.3 A FA A=

AT vy FEE FAH87] S8t AlFWgo] wek 458 FAA <}
AHE A ANFAE AZs.

FA A= @100mmx200m =, Fo] FAA AFHE Sk FA AFA= (17 31]~[1™
3218k 2ol 3,600mn(L)*1,800mn(W)x1,700mn(H)x200mn(T) & A A 253 FAsHA
HE witstel 2aAE #AE A

2

=

a2gda Tasld 4 P Tads 33
T

200 1,200 1,800 20 : : U
T T T . [l

32

=

N g Taw

(a) HH=

HH(CH) (2% 3.1] FA A3 A
o
R Bl ol il i
:'C"Q.C"""‘.C.
a B E N RN ENENEERENEEINNEIN
= E I I e
| (0@ ®® oo 6o sseess| .6 |
T T I I e
o L - | el el il B B L e ] R
:..‘....‘....‘...:H
a LA EE LR NEILEREIEILE N IR
" :.......‘........:“
| [ AN E RN ENNENENENNNRINNE] |
200 400 400 400 400 400 400 400 400 200
| 3,200 |

3H4-(CL)
(a) Zo] AHAE (b) o AFH ©7

[Z2% 32] FA AlgA s2o] HFA= B 2o AH A7

2 AT ARAE mE FaEs) E5A L AKE AET 2AYE Fof
FAAR TR, APA Pol B AY wed PR e <E 36>3 2t
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3.5 A &g 7]7]

B AR AgR W) 34 7T e TR (UTM), HAE

R

A

7]
(Schmidt Hammer), %534 % 34 7] (PUNDIT) S|t}

7} EAE 247

—~
—
~
N
N
ol

re

A &A1 7] (Universal Testing Machine)

(1) 71 71 ¥ : Schmidt Hammer NR type
(2) ¥ ™ =} . Schmidt(Switzerland)

(3) Al = AF 1 2912 Proceq

(4) 84 olqA : 0225 m - kef

(Portable Ultrasonic Non-destructive Digital Indicating Tester)
(2) ¥ 9 2} : R. H. Elvery (England)

(3) Al = AF: 9= C. N. S Instrument Ltd.

(4) 574 A%E : £0.1usec

(B) A7F A HY - 0.1psec~1,000usec (EF type)

6) 4 5% 1 0~15m (FF WA 54, I3 S8 4% 0~1.5m)
(7) 99 7% : 54kHzE M Signal 100pVolt, Impendence:= 2MQ

8 54 =% W9 1 0CT~40T
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V. A8 2%

41 AN g 2%
He ZAYES &34 9 AFE &4t A A HA FxA A 59
ANAT FAAE AEE AP e 250EES SASA
ZF A FAEE AAIG A AR 2595 A A3 e <E 41>
I} 2
<3E 41> 3ol FAA AFE A
* AH (L) Al & A v £ (MPa) V, (km/sec) R
7 M-N-7 16.1 3.646 276
14 M-N-14 18.1 3.751 284
CH-N-28 284 4.195 335
28 CL-N-28 31.9 4.235 36.7
CH-N-60 29.0 4.204 36.5
0 CL-N-60 33.8 4.276 37.2
CH-N-90 33.5 4.230 37.5
0 CL-N-90 36.2 4.286 38.1
= & CH-N-180 35.7 4.295 38.6
2 E 150 CL-N-180 37.0 4.302 394
CH-N-365 35.3 4.294 394
56 CL-N-365 36.8 4.393 40.7
CH-N-730 37.0 4313 38.7
0 CL-N-730 36.3 4.423 414
CH-N-1460 375 4.400 42.2
1460 CL-N-1460 39.9 4543 42.8
CH-N-2555 38.8 4.496 45.9
2555
CL-N-2555 41.5 4.636 51.7
1D M: 9458 FAA, CH: Zo 3 A A5, CL: ZoAFA AL 35, V, ! 2&3&E R AE
2) £ NP RS Bleon], A% A4 Datat: *= Fx
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5 §F A2 () Al & A v £ (MPa) V,, (km/sec) R
7 M-FA-7 179 3.852 26.0
14 M-FA-14 24.2 4.021 28.4
03 CH-FA-28 25.2 4.028 35.3
CL-FA-28 29.3 4.107 36.4
60 CH-FA-60 29.2 4.153 36.2
CL-FA-60 31.9 4.170 36.7
%0 CH-FA-90 34.9 4.271 38.3
FA %3 CL-FA-90 35.2 4.366 39.1
h 180 CH-FA-180 35.0 4.295 41.0
EED i CL-FA-180 36.3 4.455 42.1
365 CH-FA-365 35.1 4.456 41.1
CL-FA-365 35.6 4.474 42.5
730 CH-FA-730 33.4 4.454 41.3
CL-FA-730 38.6 4.434 41.4
1460 CH-FA-1460 334 4.553 46.4
CL-FA-1460 38.4 4.453 47.1
0555 CH-FA-2555 35.8 4530 451
CL-FA-2555 447 4.637 50.6
7 M-BF-7 14.9 3.667 26.7
14 M-BF-14 18.0 3.762 29.1
08 CH-BF-28 30.7 4.201 36.8
CL-BF-28 30.8 4.228 36.7
60 CH-BF-60 31.2 4.252 36.6
CL-BF-60 31.2 4.281 36.6
%0 CH-BF-90 33.9 4.305 379
BF %% CL-BF-90 36.2 4.379 39.2
h 180 CH-BF-180 34.8 4.446 41.0
EED CL-BF-180 36.2 4.457 42.0
265 CH-BF-365 36.7 4.420 41.5
CL-BF-365 37.2 4.448 41.6
730 CH-BF-730 37.2 4.447 41.7
CL-BF-730 39.0 4.407 41.9
1460 CH-BF-1460 34.7 4.372 39.3
CL-BF-1,60 38.4 4.390 41.7
0555 CH-BF-2555 36.7 4.563 43.6
CL-BF-2555 42.5 4.637 46.9

FA: Febolol4], BF: 2%
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5 §F A (d) A& A v £ (MPa) V,, (km/sec) R
7 M-SF-7 11.7 3.319 23.4
14 M-SF-14 14.7 3.569 25.1
03 CH-SF-28 22.8 3.846 29.8
CL-SF-28 26.9 4.049 30.3
60 CH-SF-60 25.1 3.941 30.8
CL-SF-60 27.8 4.050 31.4
90 CH-SF-90 27.6 4.010 32.7
o CL-SF-90 31.8 4.032 34.3
SF A& 180 CH-SF-180 29.3 4.103 34.9
EEn S CL-SF-180 33.9 4134 35.3
265 CH-SF-365 30.5 4115 35.4
CL-SF-365 31.6 4.141 35.6
730 CH-SF-730 30.9 4.142 35.7
CL-SF-730 33.7 4.159 37.2
1460 CH-SF-1460 30.6 4.049 35.2
CL-SF-1460 33.0 4.072 38.8
5 CH-SF-2555 27.3 4.062 32.4
o5 CL-SF-2555 33.5 4177 379
7 M-PP-7 18.2 3.652 274
14 M-PP-14 18.3 3.829 275
CH-PP-28 26.8 4192 35.6
28 CL-PP-28 29.1 4.205 35.6
60 CH-PP-60 30.2 4.335 37.0
CL-PP-60 355 4.293 37.2
CH-PP-90 31.4 4.190 37.0
PP 29 0 CL-PP-90 354 4.365 37.3
= 180 CH-PP-180 32.8 4312 37.7
o7 E CL-PP-180 35.2 4.421 39.4
265 CH-PP-365 33.2 4.361 39.8
CL-PP-365 35.5 4.446 41.0
CH-PP-730 33.1 4.268 41.1
730 CL-PP-730 34.2 4.331 42.2
1460 CH-PP-1460 32.8 4.297 48.6
CL-PP-1460 34.2 4.367 46.6
0555 CH-PP-2555 315 4.367 42.4
CL-PP-2555 40.6 4570 51.8
SF : Ag7tF, PP : Zelzadayd &
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5 §F A (d) A& A v £ (MPa) V,, (km/sec) R
7 M-5-7 14.0 3.604 23.0
14 M-5-14 184 3.772 26.4
03 CH-5S-28 259 4.163 35.4
CL-S-28 24.3 4.064 35.3
60 CH-S-60 28.9 4.256 36.9
CL-S-60 31.7 4.277 37.6
90 CH-S-90 32.7 4.288 38.6
B CL-S-90 31.3 4311 39.5
S =4
180 CH-5-180 32.1 4.401 40.9
EEn S CL-5-180 33.9 4274 41.3
265 CH-5-365 32.0 4.285 41.6
CL-5-365 32.7 4.322 41.8
730 CH-S-730 315 4.288 42.8
CL-5S-730 35.1 4.284 44.3
1460 CH-S-1460 31.7 4.405 49.7
CL-S-1460 34.6 4.324 50.2
5 CH-S-2555 33.3 4.407 46.4
o9 CL-S-2555 29.2 4.252 43.6
S A

)
£
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A ARl e dA(FAEE v Ao, APA BF AR 28l <

= e
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AGAE WRPE ZHARE J1E AL A gkl FHFES)

g A <3 42~47> 9 [19 4.19~4.24]¢} 2}

i

h=)

Bps

d

HE Zage v Eye oF 7|E At e FAGEe} I PEE 6w
= A AnE 7E Ak A
83%~112%, 54 %= AZASHAL
AL T71%~103%, -4 7]1EA 402 37%~98%, 7311 22 113~146%, U. S
Army A8 228 62%~101% A% FALE7 FAZ =9} 2o]E Bt}

R £ > 4 7 = (MPa)
S oy | FR AR ypy | F 1 2 3 4 5
7 | M-N-7 16.1 276 | 175 | 166 | 103 | 235 | 17.1
14 | M-N-14 181 284 | 185 | 174 | 130 | 247 | 181
W | og |CHN 984 | 335 | 251 | 225 | 265 | 326 | 251
CL-N-28 319 | 367 | 293 | 257 | 311 | 376 | 298
s0 | CH-N60 200 | 365 | 291 | 255 | 273 | 373 | 295
= CL-N-60 338 | 372 | 300 | 262 | 336 | 384 | 305
o0 | CH N9 335 | 375 | 303 | 265 | 332 | 388 | 30.9
o CL-N-90 362 | 331 | 311 | 271 | 36.7 | 398 | 318
5o | CHN-180 357 | 386 | 318 | 276 | 361 | 406 | 326
CL-N-180 370 | 394 | 328 | 284 | 379 | 418 | 338
= 265 | CH-N-365 353 | 394 | 328 | 284 | 357 | 417 | 338
CL-N-365 368 | 407 | 345 | 297 | 376 | 438 | 358
@ [ [ [CHN730 370 | 337 | 318 | 277 | 378 | 406 | 326
CL-N-730 363 | 414 | 354 | 304 | 37.0 | 449 | 369
& | o |CHN-1460 | 375 | 422 | 364 | 312 | 385 | 461 | 381
CL-N-1460 | 399 | 428 | 372 | 31.8 | 41.7 | 47.0 | 391
gess | CH-N2555 | 388 | 459 | 413 | 349 | 402 | 519 | 442

CL-N-2565 | 415 51.7 | 488 | 407 | 437 | 60.9 | 54.0
() QEARIEY, @) FAEAFARAAEA, ) Oea2/1%d724, @ 14, 6) U.S Amy A@a
5 e AgAe] BEw 1)
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I I £ F A 7 = (MPa)
FE ey | AR gpa | 1 | 23] 475
7 | M-FA7 179 | 260 | 164 | 150 | 210 | 150 | 150
pA |14 | MFA-14 242 | 284 | 185 | 174 | 247 | 181 | 181
sg | CILFA 28 252 | 363 | 275 | 243 | 364 | 217 | 217
) CL-FA-28 293 | 364 | 289 | 254 | 371 | 293 | 293
|7, |CHFA-60 292 | 362 | 286 | 252 | 368 | 290 | 290
CL-FA-60 3.9 | 367 | 293 | 257 | 376 | 298 | 298
R | g | CHFAD0 349 | 383 | 313 | 27.3 | 400 | 321 | 321
CL-FA-90 352 | 391 | 325 | 281 | 414 | 334 | 334
o | g [[CHFA“I8) | 350 [ 410 [ 349 [ 300 | 443 [ 363 | 363
B CL-FA-180 | 363 | 421 | 363 | 311 | 459 | 379 | 379
ses | CLLFA365 | 851 | 411 | 350 | 301 | 444 | 364 | 364
= CL-FA-365 | 356 | 425 | 368 | 315 | 465 | 386 | 386
a0 | CHFA730 | 334 | 413 [ 353 | 303 | 448 [ 368 | 368
2l CL-FA-730 | 336 | 414 | 354 | 304 | 449 | 369 | 369
Lugo | CH-FA"1460 | 334 | 464 | 410 | 354 | 526 | 449 | 449
= CL-FA-1460 | 334 | 471 | 428 | 361 | 537 | 46.0 | 460
"~ | g5 | [CHFA-2555 [ 358 | 451 | 403 | 341 | 507 | 429 | 429
CL-FA-2555 | 447 | 506 | 474 | 396 | 59.2 | 521 | 52.1
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18%, W-+-71A7Ied T2 3%~12%, &I 3%~18%, U.S Army Al & A2&

A7w7t daA =R =4, sAEAFASAAILAS 1%~

S} 94% ~102%, 74 =SB HAIARA 2 78% ~106%,
A7 A T4 59%~129%, 3 )112)& 114%~148%, U.S Army Al @22
2 93%~109% A F84%=7F 7ol AolE H o

AR 24 AdE 1 AFe] Ao FEE F4
o

<3 44> WEAEN VIE AR e 2L A= vlal3)

== | AT 4 g g w L T 8 % = (MPa)
T ey | PR ypay | T 1 [ 2 [ 3] 47 s
7 | M-BF-7 14.9 267 163 | 1567 | 88 [ 221 | 159
pp |14 [ M-BF-14 18.0 291 [ 194 | 181 | 128 [ 257 | 19.0
o | CH-BF-28 30.7 368 | 295 | 258 | 295 | 378 | 299
) CL-BF-28 30.8 367 | 293 | 267 | 297 | 3716 | 297
= | 5 [CH-BE-60 312 366 | 292 | 256 | 302 | 375 | 296
CL-BF-60 312 366 | 296 | 2569 | 302 | 379 | 300
g | gy | CH-BE-9 339 379 [ 308 | 269 | 338 | 394 | 315
CL-BF-90 362 392 | 325 | 282 | 368 | 414 | 334
2 | g | CH-BF-180 | 348 410 | 349 [ 300 | 350 | 443 | 363
CL-BF-180 | 362 420 | 362 | 310 | 369 | 457 | 378
a5 | CH-BE-365 | 367 415 | 355 | 305 | 375 | 450 | 37.0
=) CL-BF-365 | 37.2 416 | 356 | 306 | 381 | 451 | 371
739 | CH-BE-730 | 372 417 | 359 | 307 | 380 | 454 | 374
2] CL-BF-730 | 39.0 419 | 360 | 309 | 405 | 456 | 376
g0 | CH-BF-1460| 347 393 [ 327 | 283 | 348 [ 417 [ 337
= CL-BF-1460 | 384 417 | 357 [ 307 | 397 | 4.3 | 373
" | yses [ CH-BF-2555[ 367 436 | 383 | 326 | 374 | 482 | 404
CL-BF-2555 | 424 469 | 425 | 359 | 450 | 533 | 457
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<HE 45> wAAEY J1E AkAe] F44Es) FHPE wau)
A , JA F A 4 = (MPa)
=x== A @ ) o 24
Ty | T ] (MPa) 1 2 3 4 5
7 | M-SF-7 117 234 | 120 | 124 | 45 | 169 | 117
op | 14 | MSF 14 147 251 | 142 | 141 | 88 | 196 | 138
og | CHSF28 22.8 298 | 204 | 188 | 189 | 269 | 200
] CL-SF-28 269 303 | 209 | 192 | 239 | 276 | 206
g |CHSF-60 %51 308 | 217 | 198 | 209 | 285 | 214
CL-SF-60 2778 314 | 224 | 204 | 258 | 293 | 222
2| g | CHSF90 276 327 | 241 | 217 | 276 | 313 | 240
CL-SF-90 318 343 | 262 | 233 | 311 | 339 | 263
o | g [CHoSF-180 [ 293 349 | 269 | 239 | 271 | 347 | 271
= CL-SF-180 | 339 353 | 275 | 243 | 322 | 355 | 277
s65 | CH-SF-365 | 305 354 | 276 | 244 | 293 | 355 | 278
A CL-SF-365 | 316 356 | 279 | 246 | 307 | 359 | 282
750 | CILSE730 | 309 357 | 281 | 247 | 299 | 361 | 283
2] CL-SF-730 | 337 372 | 299 | 262 | 335 | 383 | 304
Lo | CH-SF-1460| 306 352 | 274 | 242 | 295 | 353 | 276
= CL-SF-1460 | 330 388 | 320 | 278 | 326 | 408 | 329
T | g | CHSF2555] 273 324 | 237 | 214 | 251 | 309 | 235
CL-SF-2555 | 335 379 | 308 | 269 | 333 | 394 | 315
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71E Aok F dEAQRSI Y Qe dr]Ed T4, U.S Army Al E 42
FARE7E AT} v2d BAEFES BHAoHw, B AAH R FAHFETL
=, 8% AFAEHAAA S A Vet

71E AbA el FARLEY YA EE vuPd S AF, B 5%~45% A=
FAAE GAFZERY =4, dEAEEGIAE 3% ~17%, 54 =05 AT HA
218 18% ~24%, A 71EATFAA L 2%~62%, U.S ArmyAlF A4S 6%~

o 90%~130%, dE=dFAEAA A2 79%~109%,
g-AA7 AT 242 72%~101%, BIIA2 115%~163%, U.S Army A3 42
& 91%~140% A= FHFE/ A B EG FolF B

<3 46> AR o3 V& AjbA ] FAT =t AR Hlal(5)

== | AT 4 3 A L T 842 = (MPa)
S oy | 2R pa | F 1 9 3 4 5
7 | M-PP-7 182 774 | 172 | 164 | 132 | 231 | 167
pp |14 [ MPP14 183 275 | 173 | 165 | 132 | 233 | 169
bg | CH-PP-28 %68 | 366 | 278 | 246 | 245 | 38 | 281
] CL-PP-28 291 366 | 279 | 246 | 274 | 359 | 282
&, [CHPpeo 30.2 370 | 297 | 260 | 289 | 381 | 302
CL-PP-60 %5 | 372 | 300 | 262 | 358 | 384 | 305
R [ g [CHPP-% 314 | 370 | 297 | 260 | 305 | 381 | 302
CL-PP-90 %4 | 373 | 301 | 263 | 358 | 385 | 307
o | g [CHPPI80 | 328 | 377 | 306 | 267 | 323 | 9.2 | 313

CL-PP-180 35.2 394 32.8 | 284 | 354 | 418 | 338
CH-PP-365 33.2 39.8 333 | 288 | 32.8 | 423 | 343
CL-PP-365 35.5 41.0 349 | 30.0 | 359 | 443 | 363
720 CH-PP-730 33.1 41.1 35.0 | 301 | 32.7 | 443 | 363
=) CL-PP-730 34.2 42.2 364 | 312 | 342 | 461 | 381
1460 CH-PP-1460 32.8 48.6 447 | 376 | 324 | 56.0 | 486
CL-PP-1460 34.2 46.6 422 | 356 | 342 | 53.0 | 453
CH-PP-2555 31.5 41.9 36.0 | 309 | 306 | 456 | 376
CL-PP-2555 40.6 46.0 414 | 35.0 | 426 | 519 | 443
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<E AT> RPEAER 7)E AN e FAAES} BT E ¥ 1l(6)
== | AT 4 4 = & T 842 = (MPa)
cT (@) # A wpa | 1 2 3 4 5
7 | M-S-7 14.0 230 | 115 | 120 | 75 | 164 | 11.2
S 14 | M-S-14 184 264 | 159 | 154 | 134 | 216 | 155
o | CH-S-28 25.9 354 | 276 | 244 | 232 | 355 | 278
) CL-S-28 24.3 353 | 275 | 243 | 211 | 354 | 277
2 0 |CH-S-60 289 369 | 295 | 259 | 27.2 | 378 | 30.0
CL-S-60 317 376 | 304 | 266 | 309 | 389 | 310
Q] o0 | CH-5-90 32.7 386 | 318 | 276 | 32.2 | 406 | 326
CL-S-90 31.3 395 | 330 | 285 | 304 | 420 | 340
o | g | CH-S-180 32.1 409 | 348 | 299 | 314 | 441 | 36.2
CL-S-180 33.9 413 | 353 | 303 | 338 | 447 | 367
a5 | CH5-365 32.0 416 | 357 | 306 | 312 | 452 | 37.2
2 CL-S-365 32.7 418 | 359 | 308 | 322 | 454 | 374
250 | CH-S-730 315 42.8 | 373 | 31.8 | 306 | 471 | 39.1
= CL-S-730 35.1 443 | 392 | 333 | 354 | 494 | 415
1460 | CH-S-1460 | 317 497 | 462 | 387 | 309 | 577 | 505
- CL-S-1460 34.6 502 | 469 | 392 | 346 | 585 | 514
T | gy [ CH-S-255 [ 333 464 | 419 | 354 | 329 | 526 | 45.0
CL-S-2555 29.2 436 | 382 | 326 | 276 | 482 | 40.3
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rot
=
rlo
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oo
%
T oo
Ll
..J>
[\3
<l
10
\l
Y,
iy

IRET R v F 4 4 = (MPa)
ey | BB pa | Gwseo| 1 2 3 4 5
M-N-7 16.1 3.646 164 | 16.0 | 129 | 129 | 189
14 M-N-14 18.1 3. 751 187 | 178 | 165 | 148 | 224
o 93 CH-N-28 28.4 4195 282 | 279 | 316 | 224 | 373
CL-N-28 319 4235 291 | 291 | 329 | 231 | 386
60 CH-N-60 29.0 4.204 284 | 281 | 319 | 226 | 376
= CL-N-60 33.8 4276 299 | 30.1 | 343 | 23.8 | 40.0
90 CH-N-90 335 4.23 290 | 288 | 328 | 23.0 | 385
= CL-N-90 36.2 4.286 302 | 304 | 346 | 240 | 403
- 120 CH-N-180 35.7 4.295 30.3 | 306 | 349 | 241 | 406
CL-N-180 37.0 4.302 305 | 309 | 352 | 242 | 409
= 365 CH-N-365 35.3 4.294 303 | 30.6 | 349 | 241 | 406
CL-N-365 36.8 4.393 324 | 335 | 383 | 25.8 | 439
2] 730 CH-N-730 37.0 4313 30.7 | 312 | 356 | 244 | 41.2
CL-N-730 36.3 4.423 331 | 345 | 393 | 263 | 449
1= 1460 CH-N-1460 375 4.400 326 | 338 | 385 | 259 | 442
CL-N-1460 39.9 4543 35.7 | 383 | 434 | 284 | 489
9555 CH-N-2555 38.8 4.496 347 | 36.8 | 418 | 276 | 474
CL-N-2555 41.5 4.636 377 | 415 | 46. 5 30.0 | 52.1
(1) dEA=33]2] (2) J. Pysziak?] #|ek2l, (3) A7 AT+H2 4) &2, (B) A3

NE Aol HEotol B

g = 5
oAy, dEAS A 84%~102%, J. Pysziak 2 85%~89%, FdA7 AT
Zﬂ 7.

71E A T AVedTEA e FAGETE et vsdt Ade Belen, o

BASGA} [ Pysdak A, B4 FAYE gERc W, ARade B
dehdth 71 Al FAZES PR nunge F§, dRAFeHAe

5%~16%, J.Pysziak 2= 1%~15%, 37|=dT924L 19%~10%, I1AS 18%~
31% A FAZE L A ZERG WA, 5342 12%~23% A= =4 F4E A
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<E 49> 2SHEEY 7|E Aok e AT} dHAE Hul(2)
2z A % PR £ v, > A 7 = (MPa)

() (MPa) |(m/sec)| 1 2 3 4 5

7 M-FA-7 17.9 3852 | 208 | 198 | 199 | 165 | 25.8

pA |14 [ M-FA-14 24.2 4021 | 244 | 235 | 256 | 194 | 314

og | CHFA-28 25.2 4028 | 246 | 237 | 259 | 195 | 31.7

] CL-FA-28 29.3 4107 | 263 | 256 | 286 | 209 | 343

<= o |CH-FA-60 29.2 4153 | 273 | 268 | 30.1 | 21.7 | 359

CL-FA-60 31.9 4170 | 276 | 272 | 30.7 | 220 | 364

5 g9y | CHFA-90 34.9 4271 | 298 | 30.0 | 34.1 | 23.7 | 39.8

CL-FA-90 35.2 4366 | 319 | 327 | 373 | 253 | 43.0

= | 150 | CH-FA-180 | 350 4295 | 338 | 355 | 404 | 269 | 46.0

CL-FA-180 36.3 4455 | 338 | 355 | 404 | 269 | 46.0

a5 | CHZFAZ365 | 351 4456 | 342 | 361 | 41.0 | 27.2 | 46.6

= CL-FA-365 35.6 4474 | 342 | 361 | 410 | 27.2 | 46.7

730 | .CH-FA-730 | 334 4454 | 338 | 355 | 404 | 269 | 46.0

7 CL-FA-730 38.6 4434 | 333 | 348 | 39.7 | 265 | 453

1460 | .CH-FA-1460| 334 4553 | 359 | 387 | 437 | 286 | 49.3

- CL-FA-1460| 384 4453 | 337 | 354 | 403 | 268 | 459

T | sy | [CH-FA-2555] 358 4530 | 354 | 379 | 429 | 282 | 485

CL-FA-2555| 447 4637 | 377 | 416 | 466 | 30.0 | 52.1
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o]

H =
A E Ay dE A3 2LS 87%~113%, J. Pysziak 2412 91%~109%, 3d-717]
EAT AL 92%~115%, DAL 69%~89%, HF32AL 117%~131% A= F
= }= 9} zo]lE B YT}

N
A
)
=)
oY

CHE 410> ZSTEEY 71E Ak F4YEs} APE vwd)

== | AT 4 g g w L Vo T 8% = (MPa)
S ey | AR e [Gnsseo| 1 2 3 4 5
7 | M-BF-7 149 | 3667 | 168 | 163 | 136 | 133 | 196
op |14 | MBF-14 180 | 3762 | 189 | 180 | 169 | 149 | 22.8
sy | CH BF 28 307 | 4201 | 283 | 280 | 318 | 225 | 375
] CL-BF-28 308 | 4228 | 289 | 288 | 327 | 230 | 384
g, [CHBE60 31.2 | 4252 | 294 | 295 | 335 | 234 | 392
CL-BF-60 312 | 4281 | 300 | 303 | 345 | 239 | 402
| g [CHBF90 339 | 4305 | 291 | 291 | 330 | 231 | 387
CL-BF-90 362 | 4379 | 322 | 331 | 378 | 2656 | 435
o | g [ CHBF IS0 | 348 | 4446 | 336 | 352 | 401 | 267 | 457
CL-BF-180 | 362 | 4457 | 338 | 355 | 404 | 269 | 461
465 | CH-BF-365 | 367 | 4420 | 330 | 344 | 392 | 263 | 448
a CL-BF-365 | 372 | 4448 | 336 | 352 | 401 | 268 | 45.8
7o0 | CH-BF730 | 372 | 4447 | 336 | 352 | 40.1 | %68 | 457
2l CL-BF-730 | 390 | 4407 | 328 | 340 | 337 | 261 | 444
460 | CH-BF-1460| 347 | 4372 | 320 | 820 | 376 | 25 | 432
= CL-BF-1,60 | 384 | 4390 | 324 | 335 | 332 | 258 | 438
" | jmss [ CHBE2555] 367 | 4563 | 361 | 391 | 440 | 288 | 496
CL-BF-2555| 424 | 4637 | 377 | 416 | 466 | 300 | 521
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<HE 411> 2S9E5EY 7S Aok el 47 el v 7t vlal4)

= z 7
== 7] = R A |8 F A 7 = (MPa)
(¢ (MPa) |(km/sec)| 1 2 3 4 5
7 M-SF-7 11.7 3.319 94 115 1.8 7.3 7.9
BF 14 M-SF-14 14.7 3569 | 147 | 147 | 103 | 116 | 16.3
03 CH-SF-28 22.8 3.846 | 20.7 | 19.7 | 197 | 164 | 256
. CL-SF-28 26.9 4049 | 251 | 242 | 266 | 199 | 324
<= 60 CH-SF-60 25.1 3941 | 227 | 21.7 | 229 | 180 | 288
CL-SF-60 27.8 4050 | 251 | 242 | 266 | 199 | 324
ol %0 CH-SF-90 27.6 4010 | 242 | 232 | 2563 | 192 | 31.1
CL-SF-90 31.8 4032 | 247 | 238 | 260 | 196 | 31.8
o 180 CH-SF-180 29.3 4103 | 262 | 255 | 284 | 20.8 | 34.2
= CL-SF-180 33.9 4134 | 269 | 263 | 295 | 214 | 352
365 CH-SF-365 30.5 4115 | 265 | 258 | 288 | 21.0 | 346
= CL-SF-365 31.6 4141 | 270 | 265 | 297 | 215 | 355
730 CH-SF-730 30.9 4142 | 270 | 265 | 297 | 215 | 355
2] CL-SF-730 33.7 4159 | 274 | 269 | 303 | 21.8 | 36.1
1460 CH-SF-1460 30.6 4.049 201 | 242 | 266 | 199 | 324
= CL-SF-1460 | 33.0 4072 | 255 | 247 | 274 | 203 | 33.2
- 9555 CH-SF-2555| 27.3 4062 | 253 | 245 | 270 | 201 | 32.8
CL-SF-2555 | 335 4177 | 278 | 275 | 309 | 221 | 36.7
250
200
150
100
50
(@)
7 il 28 60 90 180 365 730 1460 2555
Age(Days)
[17 428] 25355 7]& AP F4FE} g7 s Hlu(4)
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PP £9 2adEe] 2¢0&% 24 AN J|E Ao Agae] prE &
A ¥ Az dEAZSI) AL 90%~111%, J. Pysziak 212 88%~101%, 3F4 7]
EATHLA L 72%~115%, DAL 71%~88%, AT 105%~134% A= F
o A 4wsh dolg wal.

71& Aord ZF AR =385 A7 ] Pysziak 2 9]

212 %
Fo wgon, AN F43E A ERG %
A

=
J. Pysziak 2] 1%~12%, &)I142 12%~28% A= F84%= =
74], FH7l AL 5% ~15%, HFIALS 5%~37% ALE JdIAGEERG =7

<E 412> 2SUEEYH 7|E Ak el FAA TS} S v]a5)

s R 4w A £ v, F= A4 4 = (MPa)
(d) (MPa) |(km/sec)| 1 2 3 4 5
7 M-PP-7 18.2 3.652 165 | 161 | 36.0 | 13.0 | 191
PP 14 M-PP-14 18.3 3.829 203 | 193 | 223 | 16.1 | 25.0
93 CH-PP-28 26.8 4192 281 | 278 | 319 | 224 | 37.2
) CL-PP-28 29.1 4.205 284 | 282 | 332 | 226 | 376
= 60 CH-PP-60 30.2 4.335 312 | 31.8 | 36.3 | 24.8 | 420
CL-PP-60 355 4.293 303 | 30.6 | 344 | 241 | 406
Q] 90 CH-PP-90 314 4.190 281 | 278 | 327 | 223 | 37.1
CL-PP-90 354 4.365 318 | 327 | 371 | 253 | 43.0
= 120 CH-PP-180 32.8 4312 30.7 | 31.1 | 359 | 244 | 41.2
CL-PP-180 35.2 4421 331 | 344 | 386 | 263 | 449
365 CH-PP-365 33.2 4.361 318 | 326 | 378 | 253 | 4238
= CL-PP-365 355 4.446 336 | 352 | 398 | 267 | 45.7
730 CH-PP-730 33.1 4.268 298 | 30.0 | 346 | 23.7 | 39.7
=) CL-PP-730 34.2 4331 311 | 31.7 | 362 | 247 | 418
1460 CH-PP-1460 32.8 4.297 304 | 30.7 | 35.0 | 24.2 | 40.7
= CL-PP-1460 34.2 4.367 319 | 328 | 374 | 254 | 431
- 9555 CH-PP-2555 315 4.367 319 | 328 | 374 | 254 | 431
CL-PP-2555 40.6 4.590 36.7 | 399 | 450 | 29.2 | 505
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VAN
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S
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w
V
P
o
_“:_1,
by
H
e
N
I
2
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1>,
1o
e
ol
ol
k
_‘Q
k%)
)
ol
k1
s
=]
&

[ I £ Vo + 4 4 = (MPa)

Sy | BB b lseo | 1 2 3 4 5

7 | M-S-7 140 | 3604 | 155 | 163 | 288 | 122 | 175

¢ 14 [Ms14 184 | 3772 | 191 | 182 | 21.3 | 151 | 231

og | CH-S-28 959 | 4163 | 275 | 271 | 303 | 21.9 | 36.2

] CL-S-28 943 | 4064 | 254 | 246 | 288 | 201 | 329

g [CHS 60 289 | 4256 | 295 | 295 | 339 | 235 | 39.3

CL-S-60 317 | 4277 | 299 | 301 | 344 | 238 | 40.0

A | gy [CHS 0 327 | 4283 | 302 | 305 | 350 | 240 | 40.4

CL-S-90 313 | 4311 | 307 | 31.1 | 361 | 244 | 41.2

o | g [CHEST180 321 | 4401 | 326 | 338 | 374 | 260 | 442

CL-S-180 339 | 4274 | 299 | 30.0 | 343 | 238 | 39.9

sg5 | _CH-S 365 320 | 4285 | 301 | 304 | 349 | 240 | 40.3

el CL-S-365 327 | 4322 | 309 | 314 | 353 | 246 | 415

oo | CILES730 315 | 4283 | 302 | 305 | 349 | 240 | 40.4

2] CL-S-730 351 | 4284 | 301 | 304 | 346 | 240 | 40.3

g0 |CH-S1460 | 817 | 4405 | 327 | 339 | 887 | 260 | 443

= CL-S-1460 | 346 | 4324 | 310 | 31.6 | 359 | 246 | 41.6

"~ | yss | CH-S2555 | 833 | 4407 | 327 | 340 | 387 | 261 | 444

CL-S-2555 | 292 | 4252 | 294 | 295 | 335 | 234 | 39.2
250
200
150
100
50
o

7 14 28 60 90 180 365 730 1460 2555

Age(Days)

[19 430] 259&ey 7|E AdA e F47 =0 s34 val(6)
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423 53 7€ ALH A8 23

4231 BE ZAYE

RE ZAaYES HIWd o3 71E Ak e FAGEG AP EE Hlad
AL <E 414>, [19 43113 2o

HE I3 E9 Wy 7dxel uukyg
& At Agat] e 45
22 125%~180%, #HFeH2E 89%~141% A% j%xgz)u:hy}

RS

1% ~133%, 7+)I1
NFEe} Aol&

“

I N N Vo F A4 = (MPa)
S ey [ 2R AR ol B o 1 9 3
7 | M-N-7 161 | 276 | 3646 | 113 | 289 | 247
14 | M-N-14 181 | 284 | 3751 | 148 | 305 | 276
W | oy |CHN-2 984 | 335 | 419 | 309 | 391 | 421
CL-N-28 319 | 367 | 4235 | 346 | 426 | 466
s | CH-N-60 290 | 365 | 4204 | 336 | 422 | 458
% CL-N-60 338 | 372 | 4276 | 361 | 434 | 480
o0 | CHN-%0 335 | 375 | 423 | 351 | 433 | 474
o CL-N-90 362 | 331 | 4286 | 371 | 444 | 492
- gy LCHN-I80 | 857 | 386 | 4295 | 318 | 449 | 500
CL-N-180 | 370 | 394 | 4302 | 336 | 458 | 510
= ses | CH-N-365 | 353 | 394 | 4204 | 384 | 457 | 509
CL-N-365 | 368 | 407 | 4393 | 422 | 478 | 543
# [ o, |CHN730 | 370 | 887 | 4313 | 383 | 451 | 504
CL-N-730 | 363 | 414 | 4423 | 435 | 437 | 557
e | o LCHN-1460 | 375 | 422 | 4400 | 435 | 493 | 562
CL-N-1460 | 399 | 428 | 4543 | 479 | 511 | 597
ysss | CHN2555 | 388 | 450 | 4496 | 492 | 538 | 624
CL-N-2555 | 415 | 517 | 4636 | 577 | 606 | 718

(1) dBA=82 (2) B4, (3) BFa]

71E Aok F dB A= AL AE 149714 18%~29% AE FAHE=7F 17
AR 9 Uesoy Ade] Aaees 4%-33% AR ARt w7
LhERRt

Bl AF 149704 69%~80% A=, AYe] BdFE 25%~43% A

g

AAERTY =2A4E7) =4 =459
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_80_



AR 4L7AA = 1%~11% B2 FAZE=7F d9d=wn 9
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415> EFW 71 AbY e A= 937 E Bl u(2)

A\
=]

e | AW JER A Vs F A 4 = (MPa)
T (@) o (MPa) " (km/sec) 1 2 3
7 M-FA-7 17.9 26.0 3.852 15.6 29.0 26.8
FA 14 M-FA-14 24.2 28.4 4.021 22.0 32.7 32.8
03 CH-FA-28 25.2 35.3 4.028 279 395 41.0
) CL-FA-28 29.3 36.4 4.107 30.9 41.3 43.8
< 60 CH-FA-60 29.2 36.2 4.153 32.0 414 444
CL-FA-60 319 36.7 4170 329 421 454
Q 90 CH-FA-90 34.9 38.3 4271 36.9 444 49.1
CL-FA-90 35.2 39.1 4.366 40.1 46.0 52.0
= 120 CH-FA-180 35.0 41.0 4.295 441 486 559
CL-FA-180 36.3 42.1 4.455 45.0 49.6 57.1
365 CH-FA-365 35.1 41.1 4.456 447 48.8 56.3
= CL-FA-365 35.6 425 4.474 458 50.2 58.0
790 CH-FA-730 33.4 41.3 4.454 44.3 489 56.2
=) CL-FA-730 38.6 41.4 4.434 43.8 48.8 55.9
1460 CH-FA-1460 33.4 46.4 4.553 51.1 54.7 61.0
= CL-FA-1460 38.4 47.1 4.453 49.0 54.6 62.9
- o555 CH-FA-2555 35.8 45.1 4530 495 53.3 62.1
CL-FA-2555 447 50.6 4.637 56.9 59.5 70.5
250
200
150
100
50
(@)
7 14 28 60 90 180 365 730 1460 2555
Age(Days)
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.o | AR s r vy F A 7 = (MPa)
°T () = A (MPa) " (km/ sec) 1 2 3
7 M-BF-7 14.9 26.7 3.667 11.1 28.2 24.0
BF 14 M-BF-14 18.0 29.1 3.762 15.6 31.3 28.6
03 CH-BF-28 30.7 36.8 4.201 33.8 425 46.1
) CL-BF-28 30.8 36.7 4.228 34.4 425 46.5
= 60 CH-BF-60 31.2 36.6 4.252 35.0 42.6 46.8
CL-BF-60 31.2 36.6 4.281 36.0 43.1 477
Q 90 CH-BF-90 33.9 379 4.305 35.6 43.8 48.0
CL-BF-90 36.2 39.2 4.379 40.5 46.1 52.3
= 120 CH-BF-180 34.8 41.0 4.446 439 485 55.7
= CL-BF-180 36.2 42.0 4.457 449 495 57.0
365 CH-BF-365 36.7 415 4.420 435 48.8 B55.7
= CL-BF-365 37.2 41.6 4.448 44.3 49.1 56.4
730 CH-BF-730 37.2 41.7 4.447 445 49.2 56.6
=) CL-BF-730 39.0 419 4.407 435 49.1 56.0
1460 CH-BF-1460 34.7 39.3 4372 40.5 46.3 52.3
- CL-BF-1460 384 41.7 4.390 429 48.7 55.4
- o555 CH-BF-2555 | 36.7 43.6 4563 49.1 52.0 60.9
CL-BF-2555 424 469 4.637 53.8 55.8 66.2

BF & o} =
2 71 Aot HEdle] HEE A B Ay dR A=
BIA L 128% ~189%, #5322 .
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71 A T dEASEIAE AH 1447HA 13%~25% B FAGE7E 9
A= S FAEAoY APl AHTrE 9%~30% A= FAFLERY =
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—A— &

250

28 60 90 180 365 730 1460 2555
Age(Days)
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<HE 417> BIW 7E A FAAES d9E Hu4)
A= ) JA Vp F A A = (MPa)
z= 2 E A 9 R
Ty | T I3 (MPa) (/sed)| 1 2 3
7 | M-SF-7 117 | 234 | 3319 | -09 2.1 135
op |14 | M SF14 147 | 251 | 3569 72 %8 | 203
sg | CHSF28 28 | 298 | 3846 | 185 327 | 311
) CL-SF-283 %69 | 303 | 4049 | 243 347 | 355
& s | CH-SF-60 %1 | 308 | 3941 | 219 344 | 341
CL-SF-60 78 | 314 | 4050 | 253 358 | 369
o oo | CH-SF-90 276 | 327 | 4010 | 252 368 | 376
CL-SF-90 318 | 343 | 4032 | 272 386 | 400
o | g | CHSFI80 | 293 | 349 | 4103 | 296 397 | 419
= CL-SF-180 | 339 | 353 | 4134 | 308 404 | 431
265 | CH-SF365 | 305 | 354 | 4115 | 303 403 | 427
el CL-SF-365 | 316 | 356 | 4141 | 312 408 | 436
oo |CHSF-730 | 309 | 357 | 4142 | 313 409 | 437
2 CL-SF-730 | 337 | 372 | 4159 | 329 424 | 457
1460 | CHSF-1460 | 306 | 352 | 4049 | 284 397 | 413
= CL-SF-1460 | 330 | 388 | 4072 | 320 434 | 459
"~ | 555 | CH-SF 2565 | 273 | 324 | 4062 | 24 369 | 382
CL-SF-2555 | 335 | 379 | 4177 | 340 433 | 469
250
200
150
100
50
(@]

[19 4.34]

4

90 180 365
Age(Days)
b o] FAPES 3]
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4223 2
PP &% ZazE9 E3yol 93 7]& Akl FAA L} FIFEE Hu
3 S <F 418>, [19 4.35]¢F 2}

<3 418> HEFH )= Aot

1>
lo,
e
oX,
o
k1
o
o
=
o
=
=
=
al

I I 5 a1 L vy + A 7 = (MPa)
T (@) 2 A (MPa) " (km/sec) 1 2 3
7 M-PP-7 18.2 274 3.652 11.3 28.7 245

PP 14 M-PP-14 18.3 275 3.829 16.1 30.2 28.1
23 CH-PP-28 26.8 35.6 4192 325 41.1 445
) CL-PP-28 29.1 35.6 4.205 32.9 41.3 448
<= 60 CH-PP-60 30.2 37.0 4.335 37.6 437 489
CL-PP-60 355 37.2 4.293 36.6 435 48.3

&) 90 CH-PP-90 314 37.0 4190 33.7 425 46.1
CL-PP-90 35.4 37.3 4.365 38.6 44.2 49.8
= 180 CH-PP-180 32.8 37.7 4312 375 44.2 49.3
CL-PP-180 35.2 394 4421 419 46.7 53.4
365 CH-PP-365 33.2 39.8 4.361 40.5 46.6 52.6
= CL-PP-365 355 41.0 4.446 43.8 485 55.7
730 CH-PP-730 33.1 41.1 4.268 39.1 47.1 52.3
= CL-PP-730 34.2 42.2 4.331 41.7 487 54.8
1460 CH-PP-1460 32.8 48.6 4.297 46.0 54.8 61.6
= CL-PP-1460 34.2 46.6 4.367 46.3 53.4 60.7
- 9555 CH-PP-2555 315 419 4.367 42.4 48.7 55.2
CL-PP-2555 40.6 46.0 4590 51.8 54.6 64.2

NE ADA Aol FEEG FA B Ak, ARAFI
JIA2 130%~162%, AF-32A2 89%~141% A= FAHALE7L et Zol&
k.
A& A F ARAZIH AL AW 14014 129%6~38% AE FABES} 5
FEnn v dehkout Yol AHB5E 8%~38% A% FAHLE 537
o A ehg
B AGel Frglel 300%6~62% A= F
a1, AHekA 2 A Tl A 11%

&
Aol BAEdFE 4%~40% H= FAZE7E FAFERmY A FHEH g
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419> H 7|E AbA e FAZEL 93T W L(6)

A\
25!

I B t Vs F A3 74 = (MPa)
cT @y | ¢ 2 A (MPa) " (km/sec) 1 2 3
7 M-S-7 14.0 23.0 3.604 6.4 24.0 185

q 14 M-S-14 184 26.4 3.772 13.7 28.7 25.7
98 CH-S-28 259 354 4.163 31.6 40.7 437

) CL-5-28 24.3 35.3 4,064 289 39.9 41.7
<= 60 CH-S-60 28.9 36.9 4.256 35.3 429 472
CL-S-60 31.7 376 4.277 36.4 437 484

S) 90 CH-S-90 32.7 38.6 4,288 37.6 449 499
CL-5-90 31.3 39.5 4311 39.0 46.0 51.3
= 120 CH-S-180 32.1 40.9 4.401 425 48.1 54.7
CL-5S-180 33.9 41.3 4.274 39.4 474 52.7
365 CH-S-365 32.0 41.6 4.285 40.0 479 53.3
= CL-S-365 32.7 41.8 4.322 41.1 48.3 54.2
730 CH-S-730 315 42.8 4.288 41.1 49.1 54.7
] CL-S-730 35.1 44.3 4.284 42.2 50.5 56.4
1460 CH-S-1460 31.7 497 4.405 49.8 56.8 65.0
= CL-S-1460 34.6 50.2 4.324 48.1 56.7 64.0
- o555 CH-S-2555 33.3 46.4 4.407 47.2 53.6 61.2
CL-5-2555 29.2 43.6 4.252 40.7 495 54.9

250
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100
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ZAYE e FA doA Aol ok SfEA L=t H|FAA P o
WA S 259455300 draAE st A B gt A= F4E 96
Folrt Fasit.

oyt WaE T uE WFEd i ¢S W WeE TE5W S (dependent
variable) =+ WHE WM< (response variable)g} 3hal, o]2] gt F& M40 Jgk

[e}
H W S (independent variable)2} 3}, o] s HEIHe] A E

=
-

A2 I YRS AATAIY U QAL AAEAE T AR
e e

X (simple regression
analysis)ol 2} 3tH, 7 7] o]/de] ST AEHE AP ARAS T4Y 3
A

multiple regression

1
—~

4 (multiple linear regression analysis), {r©3] 53] 7] &4
analysis)ol 2} gc}.”

 AFoM e e ZadES 3t B AF &9 ZAYEY] AR F424 9
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F 130l AA AE A
T W A (L) Al A &t (MPa) |V, (km/sec) R
M-N-7-1 16.40 3.664 27.70
7 M-N-7-2 15.50 3.611 28.45
M-N-7-3 16.24 3.664 26.65
M-N-14-1 17.00 3.803 27.65
14 M-N-14-2 18.08 3.724 28.45
M-N-14-3 19.14 3.727 29.10
CH-N-28-1 29.31 4.234 33.90
CH-N-28-2 28.02 4.179 34.65
93 CH-N-28-3 27.81 4.173 31.85
CL-N-28-1 30.82 4.215 36.00
CL-N-28-2 30.79 4.125 37.27
CL-N-28-3 33.99 4.365 36.87
CH-N-60-1 26.97 4.221 36.75
CH-N-60-2 27.30 4.189 36.50
60 CH-N-60-3 32.75 4.202 36.35
CL-N-60-1 33.72 4.281 37.95
W % CL-N-60-2 32.31 4.298 36.65
CL-N-60-3 35.36 4.249 37.05
aogE CH-N-90-1 35.38 4.264 37.75
o CH-N-90-2 32.84 4.181 36.50
90 CH-N-90-3 32.27 4.246 38.15
CL-N-90-1 36.08 4.293 38.60
CL-N-90-2 35.99 4.283 38.55
CL-N-90-3 36.37 4.283 37.15
CH-N-180-1 34.96 4.291 38.45
CH-N-180-2 35.09 4.297 38.35
10 CH-N-180-3 36.97 4.297 39.05
CL-N-180-1 36.45 4.289 38.90
CL-N-180-2 37.92 4.317 39.60
CL-N-180-3 36.67 4.300 39.70
CH-N-365-1 35.09 4.291 40.10
CH-N-365-2 34.96 4.289 39.50
365 CH-N-365-3 35.97 4.301 38.95
CL-N-365-1 36.55 4.386 40.05
CL-N-365-2 36.76 4.391 40.95
CL-N-365-3 37.12 4.401 41.15
D M: g AA|, CH: o SAA &5, CL: oS A Al 3HF, V25945 W =

2) FA: Egolol4] | BF: 22 &L, SF : Ag7hF, PP Ez2dAA4
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s A () Al Al Y8 £ (MPa) |V, (km/sec) R
CH-N-730-1 34.96 4.310 38.55
CH-N-730-2 35.09 4.301 38.35
730 CH-N-730-3 40.82 4.330 39.05
CL-N-730-1 35.63 4.386 39.95
CL-N-730-2 40.23 4.459 41.70
CL-N-730-3 33.10 4.425 42.60
CH-N-1460-1 33.44 4.320 38.74
W = CH-N-1460-2 37.29 4.401 43.21
1460 CH-N-1460-3 41.81 4.479 4456
. CL N-1460-1 1047 4571 1324
h - CL-N-1460-2 39.91 4.485 42.88
CL-N-1460-3 39.29 4567 42.29
CH-N-2555-1 38.64 4.492 45.15
CH-N-2555-2 41.90 4.493 45.68
9555 CH-N-2555-3 35.70 4504 47.00
CL-N-2555-1 42.20 4.629 51.90
CL-N-2555-2 43.71 4716 53.35
CL-N-2555-3 38.50 4563 49.90
M-FA-7-1 17.05 3.947 25.35
7 M-FA-7-2 17.35 3.832 26.95
M-FA-7-3 19.17 3.778 25.78
M-FA-14-1 23.59 4.032 27.65
14 M-FA-14-2 24.27 3.997 28.46
M-FA-14-3 24.87 4.033 29.10
CH-FA-28-1 27.24 4.015 35.90
CH-FA-28-2 23.40 4.039 33.72
8 CH-FA-28-3 25.09 4.030 36.20
CL-FA-28-1 30.57 4104 36.93
FA 29 CL-FA-28-2 29.12 4110 36.05
CL-FA-28-3 28.23 4.108 36.19
sogE CH-FA-60-1 26.37 4.120 35.35
= - CH-FA-60-2 28.56 4175 36.75
60 CH-FA-60-3 32.75 4.164 36.45
CL-FA-60-1 31.01 4.167 36.60
CL-FA-60-2 34.68 4197 37.20
CL-FA-60-3 30.06 4.145 36.35
CH-FA-90-1 32.16 4.266 38.30
CH-FA-90-2 35.26 4.287 38.20
90 CH-FA-90-3 37.40 4.259 38.30
CL-FA-90-1 34.00 4.341 38.10
CL-FA-90-2 36.46 4.386 39.65
CL-FA-90-3 35.21 4.370 39.65

- 152 -



T A (L) A& A v £ (MPa) |V, (km/sec) R
CH-FA-180-1 33.68 4.474 39.20
CH-FA-180-2 35.83 4.466 41.64
190 CH-FA-180-3 35.40 4.426 42.25
CL-FA-180-1 35.33 4.460 41.90
CL-FA-180-2 37.09 4.448 41.65
CL-FA-180-3 36.40 4.461 42,65
CH-FA-365-1 35.52 4.475 4150
CH-FA-365-2 34.12 4.453 40.50
5 CH-FA-365-3 35.63 4.490 41.30
CL-FA-365-1 35.59 4478 42,50
CL-FA-365-2 35.82 4.487 42.80
CL-FA-365-3 35.34 4.460 42.15
CH-FA-730-1 33.12 4.458 41.10
FA £9 CH-FA-730-2 35.04 4.475 41.80
730 CH-FA-730-3 32.18 4.430 41.10
2o CL-FA-730-1 38.79 4.427 40.70
I CL-FA-730-2 41.95 4.444 41.35
CL-FA-730-3 3491 4.432 42.20
CH-FA-1460-1 33.16 45345 48.15
CH-FA-1460-2 35.06 45655 46.15
1460 CH-FA-1460-3 32.06 45583 44.80
CL-FA-1460-1 38.72 4.384 45.95
CL-FA-1460-2 41.79 4518 47.20
CL-FA-1460-3 34.70 4.457 48.05
CH-FA-2555-1 35.06 4.475 45.05
CH-FA-2555-2 36.60 4534 45.85
. CH-FA-2555-3 35.84 458 4450
CL-FA-2555-1 4216 4534 4775
CL-FA-2555-2 42.60 4657 50.80
CL-FA-2555-3 49.43 4.721 53.30
M-BF-7-1 14.40 3.667 26.50
7 M-BF-7-2 14.68 3.663 26.25
M-BF-7-3 15.61 3.670 27.40
M-BF-14-1 18.24 3.780 29.80
BF 59 14 M-BF-14-2 17.12 3.732 2775
= M-BF-14-3 1856 3.774 29.60
[ CH-BF-28-1 31.88 4.206 36.80
I CH-BF-28-2 2313 4.195 36.74
0 CH-BF-28-3 32.03 4.202 37.00
CL-BF-28-1 31.04 4214 36.50
CL-BF-28-2 31.49 4.262 36.90
CL-BF-28-3 29.89 4.208 36.70
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T A (L) A& A v £ (MPa) |V, (km/sec) R
CH-BF-60-1 32.05 4.323 36.80
CH-BF-60-2 29.74 4192 36.45

60 CH-BF-60-3 31.78 4.241 36.60
CL-BF-60-1 30.11 4.254 36.55
CL-BF-60-2 30.98 4.266 36.90
CL-BF-60-3 3245 4.323 37.25
CH-BF-90-1 33.89 4.242 37.85
CH-BF-90-2 33.58 4.148 37.60

90 CH-BF-90-3 34.32 4.323 38.15
CL-BF-90-1 35.98 4.355 39.20
CL-BF-90-2 35.86 4.382 38.50
CL-BF-90-3 36.70 4.401 39.75
CH-BF-180-1 33.53 4.470 42.25
CH-BF-180-2 35.69 4.443 41.65

10 CH-BF-180-3 35.19 4.426 39.20
CL-BF-180-1 38.55 4.460 41.60
CL-BF-180-2 36.70 4.448 41.65
CL-BF-180-3 33.48 4.462 42.65
CH-BF-365-1 35.97 4.495 41.20

BF £9] CH-BF-365-2 36.70 4.440 41.70
365 CH-BF-365-3 37.50 4.326 41.50

S CL BF 3651 36.85 1448 4150
= - CL-BF-365-2 36.69 4.445 41.65
CL-BF-365-3 37.96 4.450 41.55

CH-BF-730-1 3291 4.445 42.10

CH-BF-730-2 39.75 4.460 41.55

730 CH-BF-730-3 38.78 4.437 41.55
CL-BF-730-1 37.81 4435 42.25
CL-BF-730-2 37.78 4.400 41.85
CL-BF-730-3 41.45 4.386 41.55
CH-BF-1460-1 34.78 4.446 39.25
CH-BF-1460-2 36.80 4.304 40.35

1460 CH-BF-1460-3 32.48 4.367 38.40
CL-BF-1460-1 37.27 4433 40.95
CL-BF-1460-2 37.22 4.341 40.85
CL-BF-1460-3 40.83 4.397 43.15
CH-BF-2555-1 35.94 4475 40.90
CH-BF-2555-2 37.19 4534 43.59

9555 CH-BF-2555-3 36.89 4.68 46.25
CL-BF-2555-1 36.44 4534 45.15
CL-BF-2555-2 43.86 4.657 47.20
CL-BF-2555-3 47.01 4721 48.25
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T A (L) A& A v £ (MPa) |V, (km/sec) R
M-SF-7-1 12.89 3.352 23.05
7 M-SF-7-2 11.34 3.310 23.55
M-SF-7-3 10.57 3.295 23.55
M-SF-14-1 13.27 3.576 24.75
14 M-SF-14-2 15.25 3.539 26.25
M-SF-14-3 16.18 3.593 24.30
CH-SF-28-1 22.17 3.799 30.65
CH-SF-28-2 22.15 3.802 29.80
93 CH-SF-28-3 23.45 3.937 29.05
CL-SF-28-1 28.24 4.098 31.90
CL-SF-28-2 25.39 4.023 28.35
CL-SF-28-3 25.52 4.027 30.45
CH-SF-60-1 25.06 3.947 32.10
CH-SF-60-2 22.17 3.940 30.60
60 CH-SF-60-3 25.03 3.935 29.80
CL-SF-60-1 28.69 4.098 32.41
CL-SF-60-2 27.98 4.061 31.60
CL-SF-60-3 26.81 3.991 30.15
CH-SF-90-1 24.30 3.968 29.90
SF 9] CH-SF-90-2 32.36 4.060 34.30
90 CH-SF-90-3 30.92 4.001 33.80
aogE CL-SF-90-1 32.60 4.061 34.40
= - CL-SF-90-2 32.00 4.036 34.90
CL-SF-90-3 30.95 4.000 33.70
CH-SF-180-1 26.06 4.082 34.65
CH-SF-180-2 2792 4124 34.55
120 CH-SF-180-3 32.48 4103 35.40
CL-SF-180-1 32.23 4.164 34.70
CL-SF-180-2 30.28 4133 35.10
CL-SF-180-3 35.64 4.106 36.20
CH-SF-365-1 30.92 4105 35.80
CH-SF-365-2 29.92 4124 35.10
365 CH-SF-365-3 30.58 4115 35.20
CL-SF-365-1 29.25 4111 34.20
CL-SF-365-2 30.28 4.198 35.80
CL-SF-365-3 35.22 4115 36.90
CH-SF-730-1 27.25 4111 34.50
CH-SF-730-2 30.28 4.199 35.80
730 CH-SF-730-3 35.22 4115 36.90
CL-SF-730-1 32.61 4164 37.40
CL-SF-730-2 35.97 4.199 36.10
CL-SF-730-3 32.41 4113 37.95

- 155 -



5 7 A= () A& A £ (MPa) |V, (m/sec) R
CH-SF-1460-1 26.90 3.984 35.30
CH-SF-1460-2 30.04 4103 35.00
1460 CH-SF-1460-3 34.90 4.062 35.40
CL-SF-1460-1 30.72 4.126 38.35
SF &9l CL-SF-1460-2 35.92 4.037 39.6
CL-SF-1460-3 3247 4.053 38.45
sogE CH-SF-2555-1 25.32 4.084 32.00
= - CH-SF-2555-2 27.56 4.056 33.05
9555 CH-SF-2555-3 29.00 4.047 32.05
CL-SF-2555-1 28.56 4.021 37.15
CL-SF-2555-2 32.95 4.225 37.65
CL-SF-2555-3 39.01 4.285 38.84
M-PP-7-1 17.29 3.756 27.50
7 M-PP-7-2 19.58 3.616 27.20
M-PP-7-3 17.80 3.583 27.35
M-PP-14-1 19.77 3.795 26.85
14 M-PP-14-2 20.00 3.858 27.25
M-PP-14-3 15.00 3.834 28.30
CH-PP-28-1 29.94 4.206 37.50
CH-PP-28-2 25.00 4.190 34.70
8 CH-PP-28-3 25.49 4179 34.50
CL-PP-28-1 29.94 4.242 35.10
CL-PP-28-2 29.94 4183 34.90
CL-PP-28-3 27.30 4191 36.85
CH-PP-60-1 29.52 4.359 37.70
PP %9 CH-PP-60-2 29.13 4314 35.95
60 CH-PP-60-3 3191 4.333 37.45
aogE CL-PP-60-1 34.02 4334 36.95
= - CL-PP-60-2 33.59 4.278 37.70
CL-PP-60-3 38.73 4.267 36.95
CH-PP-90-1 30.87 4.235 36.70
CH-PP-90-2 34.07 4121 38.50
90 CH-PP-90-3 29.22 4214 35.85
CL-PP-90-1 34.46 4.349 37.95
CL-PP-90-2 34.20 4.367 38.50
CL-PP-90-3 37.62 4.378 35.50
CH-PP-180-1 35.72 4,341 38.70
CH-PP-180-2 32.43 4291 37.60
10 CH-PP-180-3 30.21 4.304 36.85
CL-PP-180-1 35.46 4.357 40.60
CL-PP-180-2 31.54 4.426 40.25
CL-PP-180-3 38.49 4.480 37.40
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T A (L) A& A v £ (MPa) |V, (km/sec) R
CH-PP-365-1 35.46 4.351 39.10
CH-PP-365-2 32.45 4.304 39.85
365 CH-PP-365-3 31.54 4.426 40.30
CL-PP-365-1 35.10 4432 40.90
CL-PP-365-2 34.59 4.480 40.65
CL-PP-365-3 36.78 4.426 41.55
CH-PP-730-1 36.05 4411 41.90
CH-PP-730-2 33.57 4.199 41.05
730 CH-PP-730-3 29.54 4193 40.20
CL-PP-730-1 33.74 4.337 42.10
PP 9 CL-PP-730-2 32.98 4.324 42.40
CL-PP-730-3 35.89 4331 42.00
sagE CH-PP-1460-1 35.66 4.304 48.55
. - CH-PP-1460-2 3341 4.286 47.95
1460 CH-PP-1460-3 29.44 4.300 49.20
CL-PP-1460-1 33.68 4.320 4495
CL-PP-1460-2 33.03 4.364 50.15
CL-PP-1460-3 35.98 4418 44775
CH-PP-2555-1 31.95 4.320 41.80
CH-PP-2555-2 3152 4.364 41.27
o555 CH-PP-2555-3 31.05 4418 42.55
CL-PP-2555-1 33.20 4535 43.05
CL-PP-2555-2 40.59 4.600 45.95
CL-PP-2555-3 48.11 4.637 48.90
M-S-7-1 14.68 3.618 23.30
7 M-S-7-2 13.40 3.612 23.30
M-5-7-3 13.78 3.583 22.40
M-S-14-1 18.94 3.753 26.60
14 M-S-14-2 17.99 3.765 26.20
M-S-14-3 18.18 3.799 26.30
CH-S-28-1 27.98 4.250 36.60
S &9l CH-S-28-2 24.50 4.083 33.95
= 93 CH-S-28-3 25.20 4.156 35.60
sogE CL-S-28-1 23.57 4.139 34.55
= - CL-S-28-2 26.94 4.024 36.75
CL-S-28-3 22.37 4.029 34.65
CH-S-60-1 26.94 4.265 36.25
CH-S-60-2 26.87 4.228 36.95
60 CH-S-60-3 32.88 4274 37.40
CL-S-60-1 2791 4.287 37.85
CL-S-60-2 31.40 4.255 36.50
CL-S5-60-3 35.79 4.287 38.30
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T A (L) A& A v £ (MPa) |V, (km/sec) R
CH-S-90-1 31.30 4.291 38.20
CH-S-90-2 35.58 4.297 38.75
90 CH-S-90-3 31.17 4.277 38.90
CL-S-90-1 32.74 4.318 39.40
CL-S-90-2 31.05 4313 39.50
CL-S-90-3 30.17 4.301 39.65
CH-S-180-1 32.74 4.378 40.10
CH-S-180-2 30.54 4.399 41.20
10 CH-S-180-3 32.96 4.425 41.50
CL-S-180-1 33.14 4.265 41.35
CL-S-180-2 32.84 4.283 41.30
CL-S-180-3 35.69 4274 41.25
CH-S-365-1 32.50 4282 41.30
CH-S-365-2 31.45 4297 42.10
365 CH-S-365-3 31.90 4.277 41.50
CL-S-365-1 32.12 4.321 41.70
S &9 CL-S-365-2 32.62 4.317 41.80
= CL-5-365-3 33.27 4.327 41.75
soaE CH-S-730-1 35.16 4.262 43.20
= - CH-S-730-2 27.73 4.306 42.50
730 CH-S-730-3 31.64 4.297 4275
CL-S-730-1 3245 4.310 43.20
CL-S-730-2 33.54 4.228 4450
CL-5-730-3 39.30 4315 45.20
CH-S-1460-1 34.73 4.394 48.60
CH-S-1460-2 29.29 4413 50.20
1460 CH-S-1460-3 31.19 4.408 50.25
CL-5-1460-1 32.05 4.307 50.30
CL-S5-1460-2 33.13 4.228 49.80
CL-S-1460-3 38.50 4.437 50.55
CH-S-2555-1 32.78 4.425 47.10
CH-S-2555-2 32.41 4.384 45.45
9555 CH-S-2555-3 34.57 4411 46.70
CL-5-2555-1 30.38 4.329 4271
CL-S-2555-2 26.01 4113 44.40
CL-S-2555-3 31.16 4314 43.60
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