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Summary

I. Title : Development of Construction Materials
for Agricultural Structures

II. Objectives and Importance of the Research and
Development

Agricultural infrastructures have been constructed over the wide rural
areas, have various forms and conditions, and have used intensively for a
long .time, resulting in difficulties specially in the maintenance of the
functionality and management and maintenance. Due to the lack of durability
and structural defects at the beginning of the construction of the
infrastructures, it is urgently required to reinforce the structures and extend
the durability. And the reinforcement technology must be both technically and
economically viable.

Use of cement concrete in agricultural infrastructures and environmental
facilities has increased and the function of the cement concrete structures has
also increased in rural areas. However, cement concrete structures have many
defects to secure the structural stability and durability in rural areas. And
new construction materials need to be developed for a stable agricultural
production and the maintenance and conservation of rural landscapes fo
supplement the defect of cement concrete structures.

The research team has been engaged in developing new construction

materials with the stone-polymer compound: material which is relatively a
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new material in construction fields. The stone-polymer compound was
developed by this research team and has been tested for field applications for
a long time. The compound showed many advantages over the cement
concrete material and development of new products for agricultural uses with
the stone-polymer compound was proposed in the research. Based on the
research experiences and know-how with the stone-polymer compound, the
research team planned to develope practical stone-polymer compound products
for agricultural production system and to apply the products.

’_I‘he development of stone-polymer compound products was intended to
consider both the production techniques and the design of the products
including colors and shape. Beautiful colors and shapes in addition to strength
and durability are necessary to improve the image and promote the sales of
the products. And because each product may have a different function and
role in rural areas, new functional design concepts on color and shape to
promote functionality and quality were applied. The research implementation
plan was made to meticulously investigate and analyze the characteristics of
each product, to predict and correct problems on the shape and color of each
product and, to consider an effective production process to meet this design
concepts.

Agricultural infrastructures which may be assembled and constructed with
the new construction members and materials developed in this research can
have a less cross-sectional area, bear higher external loads, and have higher
chemical resistance, leading to economically build durable structures. The
colors and shapes of the new materials can be easily changes to go well

with the rural landscapes and thus, contributing to form and conserve rural

_16_



landscapes.

Agricultural infrastructures are a part of public infrastructures and are
closely related to agricultural production. So, maximization of functionality and
effectiveness of maintenance and management of the infrastructures are very
important. Especially, various factors such as strength degradation, fatigue
load, acid rain, salt intrusion, freeze-and-thaw etc cause the function
degradation of the structures. It is required to develope techniques to prevent
the function degradation of the infrastructures. Therefore, the objective of this
research was to develope stone-polymer compound products which can
replace existing cement concrete construction members and materials which
are widely used in rural areas. The new compound products were designed to
have higher strength, easier workability and better functionality than cement

concrete products.
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III. Contents and Scope of the Research and
Development

Of the 4 year-study, the first year was planned to develop new
stone-polymer compound material development and evaluation of the material.
The second year was devoted to develop and assess stone-polymer products
for agricultural hydraulic structures. Newly developed agricultural products
were proved to have better functionality and economic efficiency than cement
concrete products. The third year was to develop stone-polymer compound
products for rural landscape construction. And stone-polymer compound
products for livestock facilities were developed at the last year. The summary

of this research and development was shown in the following table.

Year Research Objective Contents and Scope

* Development of high strength
1st year |- Stone-polymer compound stone-polymer compound material
(1996) development and evaluation * Development of high functionality
: stone-polymer compound material
- Development of flumes

+ Products development for * Development of assemblable drop
2nd year . \
(1997) agricultural hydraulic structures
structures - Development of light weight

stone-polymer compound material
- Development of protection blocks
for erosion control works
* Development of small park utilities

3rd year |- Products development for

(1998) rural landscape construction - Development of durable concrete
material
- Development of floor members for
4th year . Prqducts developrpent for swine and cow housing
(1999) agricultural and livestock . Develc?gment of vs{aste storage tank
facilities * Durability evaluation of flume and
drop structure

_18_



IV. Results of Research and Development and
Suggestions for Application

1. Results of Research and Development

Stone-polymer compound which is a relatively new construction material
was developed and used to develop construction members and materials for
agricultural infrastructures. vEspecia]ly, newly developed polymer compound
members and materials were proven to have far Dbetter strength
characteristics, assemblage and functionality than cement concrete ones which
are used and supplied to rural areas to build agricultural infrastructures and

rural environment. Major research results are summarized below.

A. Development and evaluation of stone-polymer compound material

Characteristics of stone-polymer compound material was evaluated with
respect to field applicability and factory productivity while maintaining high
strength, long durability, and small cross-sectional area of the construction
members to reduce the weight. The test showed very favorable physical
characteristics with average specific gravity of 2.34, adsorptidn of 0.41%,
average life time of 63 minutes, average workability of 29%. Average
compfessive and flexural strengths were very high and measured 1,212
kgf/cm2 and 224 kgf/cmz, respectively. Compressive and flexural strengths
cured in both a room temperature (20 C) and a high temperature (70 C)
were similar each other, respectively, which proves as a good material for
factory products. Stone-polymer compound material also showed a good
physical properties in unit weight, drying shrinkage, thermal expansion, elastic

modulus, impact strength and adhesive strength, and was proven to be an
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effective material for agricultural infrastructures.

B. Product development for agricultural hydraulic structures

(1) For the development of a flume and a drop structure, physical

()

properties of thin polymer concrete plates were prepared and tested.
20 to 30 mm thick polymer concrete plates which are 1/2 to 1/2.3 in
thickness of existing cement concrete plates can be easily made to
the official size of 200 to 700 as specified in KS. A flume developed
in this study with 50X32X2 cm in cross-sectional size and 200 cm
long in length weighed only 1/3 of an existing cement concrete flume
of the same flow capacity. The newly developed stone-polymer
concrete flume is light weight and water tight and thus, has an

advantage in transportation and field application.

Enginec_ering properties of polymer concrete with artificial lightweight
fine and coarse aggregates were tested for use in agricultural
hydraulic structures. In a sefies of unit weight, compressive strength
and flexural strength tests, flexural strength were significantly
improved with the lightweight aggregates. It was thought that the
physical and mechanical properties of polymer resin which is a high
molecule material contributed to the strength increase. Ultrasonic
vibration velocity, static elastic modulus, durability were all proven to

be very favorable.
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C. Product development for rural landscape facilities

(1) Physical and mechanical properties of material for polymer concrete

(2

erosion control blocks were experimentally tested. Adsorption of the
material was 0.87% which is very small compared to cement concrete
material. The material is practically water-tight. Freeze-thaw
resistance of the material was proven to be very high by dynamic
elastic modulus tests. Compressive, tensile and flexural strengths Were
also high and impact strength was about 4 times higher than that of
cement coﬁcrete material, indicating an excelient adoptability to a
harsh rural environment. It was also proven that the material could
reduce the cross-sectional size of many products, indicating a high
practical value in easy application, minimization of landscape disruption

and others.

For rural park utilities, village information panels, park benches, trash

drums, and border stones were developed. These polymer concrete

. park utilities can complement the defects of cement concrete utilities of

(3)

heavy weight, corrosion, weakness in freeze-and-thaw, resulting in
difficulties in management, construction and protection of breakage.
The new park utilities are light-weight, water-tight, durable and thus,
transportation, handling and field application are relatively easy and

maintenance and management are also very effective.

Engineering properties of durable cement concrete made of portland

cement, natural aggregates and rice straw ash were experimentally
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tested. The unit weight of the concrete ranged between 2,250 and
2,335 kgf/m’, which is 1 to 5 % less than that of normal portland
cement concrete. However, compressive and flexural strengths and
durability were improved. It was concluded that the properties of rice
straw ash concrete were better than those of normal cement concrete

and thus, can contribute to reuse of agricultural byproducts.

D. Product development for agricultural and livestock facilities

6))

(2)

Stone-polymer compound floor members for cow and swine housing
were developed and the properties were tested. FRP reinforced polymer
mortar was used to develop the floor members. Because of the low
adsorption, water-tightness property of the members was excellent.
Compressive, split tensile and flexural strengths of the polymer mortar
were 1,095 kgf/cm® 112 kgf/cm® and 231 kgf/cm’, respectively. The
floor members are less heavier than existing cement concrete ones,
have low adsorption and high impact strength. The weight of _the
members are about 1/3 of the existing members. Because of the

lightweight, field application was relatively easy.

Stone-polymer compound manure storage tank was developed and the
tank material was tested with respect to physical and mechanical
properties. Compressive, split tensile and flexural strengths and elastic
modulus were very high. Because of the use of FRP reinforced
polymer concrete, lightweight but high flexural moment storage tank

could be developed.
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E. Evaluation of durability and economic efficiency

(1) Watertightness and freeze-and-thaw resistance were very 'excellent
and resistence to acid, alkali and salt was also strong. Heat and fire
resistances are weak compared to cement concrete products. However,
considering that these stone-polymer compound products are placed
outside in the fields or where there is no fire or heat source, heat and

fire resistances may not be a problem in applying the products.

(2) The analysis of economic efficiency of stone-polymer compound and
conventional cement concrete mortar in which production cost,
maintenance and repairing cost, durability and field life were assessed
showed that stone-polymer Compound products were very competitive
to or better than existing cement concrete products. Therefore, it was
thought that if the analysis is applied to the stone-polymer compound
products developed in this study, the economic efficiency of the

products may be favorably analyzed.

2. Suggestions for Application

Agricultural infrastructures can be classified to 2 categories; structures for
improvement of agricultural production and facilities for improvement of rural
life and environment. Structures for agricultural production are necessary to
secure international competitiveness in producing food and fiber and thus, the
condition of construction, maintenance and management and use of the
structures may directly affect agricultural productivity. Also, because

agricultural development and rural life improvement are closely related each
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other, facilities for rural life improvement should be continuously and
effectively improved.

According the results studied by this research team for the past 4 years,
stone-polymer compound which is used to develop the agricultural
infrastructures has all the properties that a structure should has such as
physical and mechanical properties, durability, and watertightness. These
properties were proven to be far better than those of existing cement
concrete mortar. Because stone-polymer compounds are widely used in other
construction areas, applicability and economic efficiency of these products are
considered to be good.

As can be seen research and development results, those stone-polymer
products for agricultural infrastructures, rural landscape, and rural life and
livestock facilities possesses a good properties. Once installed or constructed,
these products can last very long, maintenance and management are easy,
aﬁd econonﬁé efficiency is also very competitive. Therefore, it was suggested
that application of these products need to be politically boosted by the central
and local governments and supports for the advancement and improvement of

these products be continuously made.
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g dAzx+E _

Axz4% 4¥oe Ohama-Demura $H& ol&stdom, APl Ar|E= 7
X7X32cm 2 Pom, APL 25 12~16T, 5 50~60%2A P2 A
dAEAT FE5FL Fx719 A 3.7, 14, 28Y914 = QYo)

ol QY FAF

HeAa2A 71& E3Es} Jdo] Fold Re ALEsd do] o B3
TFY Zol7t A EFAREN 48S AYE 2T 95 dd wHy B A
Follde E839S wimy) A8 2 APA9 Strain gauge® 2T F &%
Feol We dBFATE g Nl osto et

a=¢el4T
e @ QYAAF
e 1 ¥¥E

4T @ EEW3L(TC)
vl &, ¥ 9 AR A=

AEE 3, 7, 14, 892 9 AW 4F, B, TAAZRE YL sgon
FENYE KS F 477(Een] AJdE 22Ee] ZEA8u)e] 78 o] o
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& AAstgd. EF AFAY Arvle EAE L ARAE Aol FT75X
15cm, 7% Alg80°) 6X6xX24cm AT

AL ARA AlF R EopeH]

SAAs R Fol&HlE KS F 43B(ZTIAYE AF IAAL AdGAST 2 X
ofH] Aol HAE 27HA] WE F ghojo] 2EH AAYE o] & T
st AeAATe FH5Fe 40%7A HEHog i doljl §H-¥FY L
549 712712 FE QoA ADEAFE sien, AFAY AFE= ¢75X15cm

ol, AHgE 2EdQ Al°lA¢ 27| 30mmA Tt

oh. FH%E

F472E APEYolE KSE 27HA #FA) Aoy, F2 F&Ag U
Aoz aE HEol Erlesitt. uwaty & AFdME Frdaed 9
il AR 3.7 14. 28994 AP, AP LT 6X6X24cm, BT
2AE lkgo 2 agh

oldl #H7ZE(kgf - cm/em’)E AT FA(kg) X GatECl(cm)+ FATEH

(emH o2 F3goh

A

FAZE AYS AU A F5FFAY, § ASTM C 832E
e A ZA FA 9 FAZE APl AANE WL AHgEAT. AP
o AHgE AFAe ERF AL AT 6xX6x24cm A7 ZrFHolU, A
744 ¢EF% Ag8e A4S ¢75x15cm 2719 FFoIUk. AALE BE
¥EAo AWE R2EE FW Bt 28U FAAY F, Eon AdE &
ZH & BAstd AHEG, 7, 14, 289)2 AR FAZEE FEWM/2),
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AEF=(P/AE &3 A FYd oz Faden Exddzye gn
2 NP AL 36cm’, FEEEY AL 9lem’olU

4. 2% % 2%
7t 83 &4
) BT HF R EFTE

98 4FF 2 Fodo @ AgATSE F 2-199 22, o] we Ay &
55 2022 T At

o] Aol B o SHLHFFL AME T 27}l 2251kef/m’, SBR 22
B7} 2,257kgt/m®, EVAR 2 E|7} 2248kgf/m’22 A9 Z& e Ry ¥4
£ AWE EZEH7 89%, SBR Z2E 7 253%, EVA 2E2H7 805%2A
SBR 2=2E7} %3 EVA R2E & AE Z2He vfd g8 2, SBR 2
29 Aol +5Ee & 5 A

E 2-19. Yo ANHE ZaES 2984 TF L FTE

BH44%5F (et/m) 8 00
5
AME 22H
2251 2259 2242 | 2251 | 912 855903 | 890
(UM)
ZE
SB]?L—:LA) ] 2,249 2,263 2,260 2257 | 237 258264 253
EVA Z2¢ 2046 2,249 2250 | 2248 | 807 784824 | BO6
(EM)
(2) §ZANZ

$ANZLE ARolMY A87ts NBE BAR=Y UM e F2F 8
szt @ 4 Qb YwHoz AWEE 23 AR 2 2x gEd oRe
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rir
>
()

do7l7l ot Iy o9} 1e WMEEE E¢ 289
T4, 7124 Agxd, gAY AHE F - Fo e & 4Fs ¢e
¥ 2-202 AUYL2E 12~16 C, % 50~60%A Mgy &4 AFLE =3

o

& Ao 27] §AATO] AWE REZEI 4208, SBR E2EH7} 4808, EVA
Z2E7t 3608010, HF $FANS AWE 229 SBR REE7L 7208,
EVA EZE7 6002224 EVA R2E7 A|dE E2€ 9 SBR ZEE H
A 25 B $EANLE JdEA.

¥ 2-20. 29 AWME E3ES A

5 271 ¢AANTHE) HF S AANZHE)
AHE T ¥
420 720
(UM)
SBR R EE
1 480 720
(LM)
A==
EVA 22H 360 600
(EM)

dutA oz AME AT GFTAEA, 2 FEHEY AITF EE BRABT
2 Fole #aAart F3EH o Az s IR {7 AR 2
F& Folein st 2AR FYo] B £5& dod. EAYEY Az

FZo) JFL VA 82EME AYNEFY T4, TADHE F4 193 99

S IV, AUy € A9 BRgR A7) 5& & £ U
¥ 2-21& AUex 12~16 C, % 50~60 %% ’éﬁ’é Yol A Az 4
24282 2% AfsM AWE 227 91%x107 SBR Z2E 7} 7.8%x107

EVA 2287 104x10° 22 Jeh} SBR E__ELEV} 743 AL HiH EVA B
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Ju

He AWE Z2eRc ok 2A deit, o/t SBR #H2g AL E AS
goi-Adlenle Frbo) we} Ax4E0] Fasht, EVAY VA/VeoVASH @
FSUAE AL Wols Za-AuEN] Z7ld me @izE
st EVA %969 39 Eavl-AdEn] 20%Yd o dzFZo] o 20x10°
o olgths A7 Ye BAYo YT ¥ 4 YA

gy BEady F9uA ESAE 2oy Axd ALY fot Ads
S2H9 v AX4EFL REE PNE FPARE ol wIH T Ao
=

e
o

-

rlo

B 2-21. £ AIME EAE9 UEXFE

A (Y)
zs 3 7 14 28
AHE wE§
0.00025 0.00063 0.00082 0.00091
(UM)
SBR EZE
1 0.00019 0.00036 0.00065 0.00078
(LM)
2E :
EW(\EI\%I) 1 0.00028 0.00075 0.00086 0.00104

(4) @B ZAS

TEE UM T F2E AANG 2L ARE o)FAAIGH 2E¥F o
o #dd B, 5L dod Aot U FRES olF3 UE 23
EY E2Hs AHE, 2, A4, T34 F& £ BEAY) W A4
Aee TF, A5l F4, Mgy T =t dB9ZAS SSAA o ¢
EFEAE2AM dh%0] & AEE AMEAAE ASoe BEREo] fole 2
ol oAl o] eAde § HEAR2MY AFE A ReA "tk

F 2-222 2EWstd WE HYEET FAT AAZ o8 ol & ARFAF



& 78 Aot o) Z3}g nY AWE 22} 117x10°%T, SBR 22
7t 137X10%/T , EVA 2287 151109 C2A Balv) NdE w2ge o
BRAS ANE R2H GRFASEY 4 24 Yede & & Aok

¥ 2-22. £ NWE a9 dGFAS

5 g3 A (X10-5/T)
NWE 22§ 17
(UM) )
SBR R E2H
1.37
(LM)
=
EVA R2F¥ 151
(EM) _

g, dad 54

1) &%, &, AFA=

Zagee 483 E4& el F5ds A7 et 2 FelA
dEAHQA Aol Fret & % Q. AMyoz AWE FaYE FEudd
e zdczME Ao FA, gd, FAxH, IV, AH, ATEH F
o] ¢irt.

2 AFoAM AlgE T2 AHE ¢4F P € TIAZAE AFE AA
§ Asle B 2-23, 2-24 € 2-25¢} o

&A= AYAAE Bd AHRE REZEJ 2644kgf/cm2?1d] v A EVA
z22g7 1.841% 479.3kgf/cm2, SBR EE2E & 14v] HEQ 3786kgl/cm2o 2
Uelwn, 87459 ASols AMAE R2E7 399kgf/cm2d Hls SBR 2=
Bl7F 2399 926kgf/cm2, EVA E28E 21ulQ] 824kgf/em2o 2 vEbgtow,
FIAZAEE AWE F2E 7} 275kgl/cm2d H#A SBR ZZE7F 194
4% 519kgf/cm2, EVA Z2EE 15¥ HEQ 481kgfem2oz uUehitch.
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Ao & o 44 107K F= Lo FRPoY 4 10¢ ol FRH
t AE277t 8903, ARl o 4] Aot YA AY 8IS 71Z
o2 & o A 104 F=& 4 80% FEE Yebtcl

o] Aol ¥ W d&FxE EVA R2E7 /1% A3, Holy FAEAAZAYH
=ML SBR Z2H7 713 & &g 2ded, ol EIW-AHEY 10%Y
4 EVA 2287 457 =7 SBR 228 90% A%, YAEE 80% FEae
AgaT Ao ?—ﬂﬂ?ﬂ ged. F, £ dFdE EVA 22E7} SBR 22H
o AEFEE 21, YAEE 0% FEZ Yebged o) @ A= EVA B
ZE7} pre-mix FHE ZFEFIAZE F7AEHA7] AU Aoz Bddo

E 2-23 o] AWE E3YES Y& = ANEEH
(29 : kgf/femd)

A= (L) .
== 3 7 14 28
ANHE BEY '
] z=2H 773 1885 241.3 2644
. (UM) - _ : - B
SBR ®.E2E
o 1 1503 - |. 284.7 . 3473 378.6
(LM) .
2F ) . N -
EVA 28 2083 - "365.0 4309 479.3
(EM)
600

o
(=]

ABUSE ( kgi/cm?
- N oW o

S & o

o & &

——UM M —4+—EM

14 28
X ¥(¥)

[=]
w
~

39 2-3 AHE IR ARSH ASFES dA
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F 2-24. 221 A

HE E3EY 4% Ag2H
(29 : kgf/em®)

AF()
. 3 7 14 28
ANHE BZE ‘ ; , -
1 %52 31.0 356 399
(UM)
SBR 22§
3538 62,0 794 926
(LM)
A=A = R
EVA 228 296 55.3 70.1 824
(EM)
100
& 80
|3
5
E’ 60
H 40
N}
U1}

—— UM +!_M —a—EM

w

7 14 28
g ()

3% 2-4 AME FH4E AR YAz BA

¥ 2-25 E@n) AdE Zazee S§AAAAE A ¥R

(&9 : kgt/em®)

AH (L)
ES 3 7 14 28
o = .
NAE B2¥ 83 187 246 25
(UM)
SBR =22H 189 365 463 51.9
(LM)
EVA 229 175 326 424 | 481
(EM)
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80
'~ 50
£
O 40
© ,
ﬁ 30
w0 20 —— UM
" 10 —=—LM
~&—EM
0 - . - =
3y 78 14¢ 28¢

ng

a4 2-5. ARIE FRE AFR TEAZFGESS #A

(2) &8 AT R Xojn

dAsE $E-WYE FHog Y FII, Toitule MAREYHEA o
g tzdyggel vz FHAG. @AST 2 Xol&ng 4&AdE E 2-269
Zoh. o] ABANAN 29 P@AASE AHWE 22} 218x10°%kgf/cm’, SBR &
287t 235%10°%kgf/cm®, EVA E2E7} 237X10%kgf/cm’e2 BE 28 E9
3% 4EZE 2 2=V 245 d4AF ZA JdegEs F%a A8 Q0
E3 XojdHle AWME REZEsE 015 SBR REE2E7E 025 EVA E2E 7 0.25
2 Jeisd, o|2e SBR E2EHU EVA REE9 u£@ 400~500kef/cm?
AEe] ¢EFEES 7HQ AWME 2adee @457 3~35kegf/cm’ol T, ¥o}
&7k 02 W AR vz SBR R2E S EVA REEH7F @4AFE &
3 Xolsurt F8 ¢ 4 AWk W IFWFE= ANE RE2ET 000142
g wdl SBR 227} 0.0019, EVA 2287} 000212 & g n4gd. o

& A7 Sz e SBR Z2E9 EVA 2269 Wggde NdE 22 ®Ho 3
gE AL ¢ F dEd, ol E3AL SBR #Hxst EVA #9re A4
71187 QEJ AL g Algdrh
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B 2-26. 29 AHE Z3eee] @AAT € Folen]

B A $=(E, X 10°kst/cr) Fol&H|(y)
R
AgZA Ty A=A gy
AWE D 2E
216 217 221 2.18 015 017 014 0.15
(UM)
BR R E2E
S 1 237 234 235 2.35 024 027 025 0.25
(LM)
REFE
EVA 1 235 237 238 237 025 024 025 0.25
(EM)
(3) #372x

gy oz AAE EaYEE A 4E HAHABEA, FAREE T
Be, 24432 wE AAAe Jx TadcERde 2 53 g AS
Zasht RFARE ASANE FREo|Y EYe Hdd S BUHE S
}omol 2AREE Fast, £ A7 AgE Ry AP FARE A
f2%E E 2273 29, o 29F uY AUE 22dsl $EFEo 083k

5
©

2

f-cm/cm’l Hls] SBR 22 EE 18w 153kef - cm/em®, EVA ZE2HE 13
Ml Lllkgf - cm/em’e 2 A YEREH, ot EFARE AHA @4YFIE
M FFe ReFE AnD ¥ £ Y. 1AL 4F B R YIVIRE
g ohRIIAE G4 1097A9 2ARES $Hol A Ve A 28U 7
zoz @ W o 80% AES] FAZEE By |
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¥ 2-27. Zgn) AWE 3YEY HHYE FAZE NgAH

5 % %(ke) Ae(Y) Fatzol(em)) H(ar) (kjf:i/s;r)
3 175 0.49
i 7 20 056
2y
(UM) 14 2% 069
2 30 083
3 3 097
SBR E.2F 7 475 132
LM) 1 ! ” ” % —
3 55 153
3 215 0.76
EVA E2H 7 325 0.90
(EM) " = py
B 40 111
4) &%=

BEAEES Ao 4 o RAZEr god BEAHE HHY £ QA7
Q2o RAPFEE e Fosch ost Fe FHYL B ATNME ¥R o
24 Eol g¢ PARE AN B TR

BuRRT AgAdE ¥ 2-8% 2o ojFEAE ANEY AYE R2HY
7.0kgt/cm?eldl ®ls) SBR E2HE 53¥Q) 369kgf/cm’, EVA E2EE 354
243kgf/cmio 2 g BA Uey Zeo AdE REEHY RAYE} $5TE
2 4 Utk

ARAAY 5o AHPAL WA A RE AYAY FAARAA 2

-

=]

p
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27t dojkedl, SBR 2289 AgAdAe HE AdE 2y 927} @
o Q.

dW E 2-20% O YFRAZEE AYY AAoY o AFAME
SBR E=FE7} 95.5kgf/cm2, EVA EZ2¥7} 9ldkgf/cm’e2 AWE RZES9
788kgf/cm’l ®l8l A Uehted, #3e 2R AWE 22 Zan 4
WE Rl AWM dojteh olg e RAPEE ¢F, W L ¥IAAR
#Eet vtAkNE AY 28YL V1FECE € u AP 10904 o 80% FEZ
e

ol/del At ol FAAo] AA3 MAHE R EYn
o EAFLEHN v FFo] FAEI co-matrixy FAHoZ Qs xAUF =

4727t 457 q2 Aoz BAg

il

AdE B=F¥

¥ 2-28. 2o AHE ZAYES AELE FFAAE APEHY

7 AP (YD) - REAZE (kef/cr)
3 3.2
7 46
UM-UM
14 6.3
28 7
3 19.1
7 28
UM-LM
14 335
28 36.9
3 154
7 187
UM-EM
14 21.1
28 24.3
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B 2-29. ZEo} AUE Z3EY AU A 4EFARE AN¥EHY

TR B (L) FAZE (ket/cm)
3 335
7 . 601
UM-UM
14 736
28 78.8
3 ' 49.9
7 4
UM-LM
14 885
28 9%.5
3 458
: 7 704
UM-EM
14 875
28 914
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5. 28
7h S eREF% ANPAY AWE RE2E9 uiksiA Jelgod, §58L

ut.

3

o}

SBREZE7} 7H¢ #3 EVA E2EE AWE Z2€9) v<dd gg B
o F4dE NG Bz EAHE ALY F 9= EVA B99 Bg
£ SBR ZHE2E Alg3le Fo] fEd A2 e

245 £43% 27, SBR Z2E7 7Y #FL ¥l EVA EE2Fe
238 AME R2gHEt A ey EVA #9HE AL E o= A
ZFFo avde S FE3 ok @

AYFASE ANdE 227t 117x10°%/C, SBR 22E7 1.37x107°
/C, EVA E2E7} 151x10°%/C22 JYe} SBR ZE2E¢ EVA T2
El7} AME R2grth 47 3 A Y.

. Z5A% A% SBR 2 EVA R2E7 AWE Ragd v& ¢2FEE

14~184, BZ=E 21~234, $EIFZ=E 15~199 2N & @S
LR g

CBAASE AYME 227 218%10%kef/crt, SBR R 2E 7} 2.35% 10°kaf/

oar, EVA ZE2E 7} 237x10%kef/crr@ 2, Eol&HlE AAE 2 2EL 015,
SBR Z2E7} 025 EVA 22€7 0252 et

2737 NPATD AHE RZE 9 083 kg - enf/eroll Hl&l SBR E2¥
= 1.8u}Ql 153 kg - emf/er, EVA 228 & 1.38Q 111 kg - cnf/er Q2
A versoh

Bazde APds ANE Z2¥e 083 kg - enf/arfell Hlsl SBR Z 2
7} 534, EVA 228+ 354 AER oj¢ IAA Jelgn, dizdd 4%
2ARTAAE g vls) SBR 229 EVA 2287 o =4
webwtoh

ol4e ARz RE FTREY AAARA v AHE R2HY ol§2
ERHYE &Y  F AAH
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H3Z sHTeAMME HENL

A1E A &

$eue 5ol AN $98 A5yl AANE AR T BEAQ
S4UBES oo AUAE AT A %7, BA1HY $Ue4
Bu ojdo] WA LFHE shed, YoBE J|E AL KEHOE 0§
g 4 Ut TSNS A - e AEY ALE B¢ 58 FUTEEY
FAA AFE AAZ dFEHD A,

sYSUNAE sEolde BUAT Ado] B5YY Yz Ad=En Yo
Moz 712 ol ggel wek 754 #A 2 AR 58 AL UE
W A 58, AF 27UAREH 43 Al Yy oA ANdES
24% 24 2 UTH SRE A 714% SN A3Ho2 Az}
g Aol ek

2 Q7eME HT ALAZ 24 AFE 21 At HA-EIY 2gad)
2 Agde SYTYANAE BF R HATL A A sz AWE
2adEE A4 BF ¥ 3ATL FEAS, 94, 528 5 AsAs
Gepe £48 Be¥ez A4 . ussed @A dein A & 97
Aol d ALe AA-Fen BgaAE 994 54, UFY, WY SO 7]
29 7224 AZnY dus S5 AXY Fad GAHA Y= 43 5
de FANLEEL WFAol $5e R AAYe] U AFLZ WA SHEd
Fd4Ae B8 5287 AHIE sl 5 vk
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A28 EBF 2 IR

1. A&

ol

7b. X3 E8lo2H £

7N

L

2¥38 ZgoAH 4= (unsaturated polyester resin)@ I FAEZQA Ry

o (monomer)7t Al 2H2 A%o T F¥s 1A FFEBL T
2 4YoN ALE Y BE3 ZolaH 4AE Ful AALY & A8 (ortho

type) &2 ZWEA A3}t

ZA(Co0c)7t 715 deH, JEL 39 &

3-13 .
E 3-1. BE¥3} Egd2E A9 A4
) I R
G A = R 298 3F
(207C) (20C, mPa " s) (%)
1.13 325 16.9 38.0
. 7R A Al

A7 Frte B35 FNLEH A AAAT HIHHE Fgge] dojd
9. AAAelE £3%, 2238, AAF 3FF7F At Sl AL AlFeEA

MEKPO 55 %, DMP 45 %Z 74¥ ET733E 7/JAAE AHSss, 2 43L& ¥ 3-2

st 2,
E 3-2 AAAe) 43
74 W F (250) R
0,
MEKPO 55% 112 100
DMP 45%
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23 Zad2H $AE ASA 7~10% AL £5& dodA Hed,
5o} 9E 2Ed 2o (styrene monomer)e| FHFol u}

g Hggag. olHd £5& ZAAY At Aty EFaEAdE &€
x

¥ 3-3. F&uLA 432

= Zg2Ed R S 9 @
(25T, Pa - s) (%) (%) -

35 36 64 % 9
g T3

2AAE 271824 F440] Dol v, vlmH 1A Eadviel Abg
ge o 2xoz A&dt. YdAIANE 1~30m FE, ELEE 2500~3,000

cm¥g, FEEZ 01 % vTY AE A

¥ 3-4. A9 44

e o 4 | mEas | amaa
e (gr/cc) (%) P 27 m | A%
HC-1 075 0.30]3} 8.3 13 0.03
|
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Y] FAYEME AL RYPE o2 e AL AdWE EIJFYE
ubrR| o)t OBt E AFFAE mrtolA T 24 AL EHE A9F
24 + o SFE5HA Argdd. HASA AHFzALS AW
o Zo do. oW, F5go]l AANY FErh Ase] dEe] AdHez A
ZANA FEol 03%0187 HEE stojof §rt

Zeo] 2AYER ASAE E59 FRYE ALY F oy #7] EEE
S FH3A otk &, FEo] 01%0lFtolojof Ft,

2 AdgdA AEd MEAT Fd=: F4FAA AAE &A zegoin, =2
A ZAe 2dx 29 @AM 4JUEDn e ¥F 13mmolst 33

HMolth, olE WP A YFY ANFE AIAE H 3-5¢% Tl

# 35 4 293 A2

|
S A< .
57 A7) v F FF- %28 & W
ZZA 13 mm 262 0.62 6.42
A=A - 2.60 0.75 2.73

2. NEA AR

EF89 FAT 25T H A o3 FAHESE KSol A=A Ao o
ZH4 B d79ME 2§ AANE AREA g1 ANIAE Az NFde
28 A 4EFAE, A, AT € dEAF T & 73 Hs)
@75x15cm 27|19 AFHH 6xX6X2AUcmA7] ZAFE AIFAE Aztstgd,

olg} e A|FAE &7} 25+3Tolx, §57 60:5%U TGN 7
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U FYANLFE AP Ach

¥ 3-6. 279 ZAYE wjgy]

(29 : wt.%)

2
28 A z 2 A
4 A 2 g
150 15.0 30 40
E 3-7. A% 24
2y EdoaE $4| £2PaA CoOc MEKPO
80% 20% F29] 05% 9] 1%
E 3-8 BAY AGAY MY
| (29 mm)
= = 4 o 2 | =4| zzxes | 2% 27
D20-93.2 500 300 20 32 100 X100
D20-94.0 500 300 20 40 100 <100
D20-26.0 500 300 20 6.0 100X 100
D25-93.2 500 300 25 3.2 100100
D25-04.0 500 300 25 40 100X 100
D25-96.0 500 300 25 6.0 100X 100
D30-®3.2 500 300 30 3.2 100 <100
D30-94.0 500 300 30 40 100<100
' D30-96.0 500 300 30 6.0 100 %100
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straingauge R=1.5

g‘l straingauge f g)

249 3-1.3% ¥ A¥ AeE

3. Ngu

4, EUH, ¥ £ @445 NP KS F 2481, KS F 2480, KS F 2482
2 KS F 24389) #3te] AAsdh,

dH BYAEA F NP 29 3-13 Zo] A2 Bem(a/d=6 o)HE E
F 837t dolUEE o, 2 ALY AYAY ¢& 2L A =
o 2zt 2EUAACINE RHastd MY S Q.

4. A¥A+

242 A8E Eday Zeo TaE A% FHd U ANPAH
otk o WAZRE AF FEE AWE a0 v ¥ W] WA
FE 233 A Ugnz, I 9Y&e ANE ZaPEed v 239 F=
A vebgh £ BFAEAN it FAPe s dojy FIEEWES)
KS 7| AAd dEEHE |t}

o] A7}z FE HFIL AEF g E2v FaYgEne 1 T4 (20~
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ImmE A9 2FFo=H vl H& HYH083~325kN -m) o #g=d

22 9% 9ok ok KSel #4Ho) A= EFL ALshed

NoA dHAlge AAd FoF Ag#n & ¢ Y. = ¥ F4 20mmY
A%+ Zo] 200~300mm F 574 25mm¥ F$E Zo] 350~500mm, ¥ T4
0mmY #A S+ Fo] 550~700mm<S TFL Az £ Ao
E 39 Zgy EaYE9 98H E4
AdSAE I 3= ia=: ) b A A A4
(kgf/cm®) (kgf/cm®) (kgf/cm®) ( X 10°kgf/cm?)
750 192 103 2.25
H 3-10. Z3v E=E #Ho| FAY An
KS 74 -
- = g3tz | FERYUE (L=1m)
° (kNf) (kNf - m) Width of Flume |Cracking moment
(mm) (kNf - m)
D20~ 032 13.42 0.83 200 0.74
D20- 0 4.0 11.83 0.74 20 073
300 097
D20- @6.0 1273 0.79
350 1.20
D25- 032 2452 153 400 149
D25- 040 24.81 155 450 1.51
D25- 06.0 98.42 177 500 1.82
550 2.15
D30-?32 4793 299
600 212
D30- 040 49.44 3.09
650 251
D30-96.0 52.09 3.25 700 291
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a4 3-2¢ @FA7 30mm(20, 25, 30mm%F A 30mmTt AE)Q AHA
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A3d BEF &89 23ALE N
AgoldA 5o 24¢ 2aAEE Awas] o] Baug AEA
AZA R ATRZFZSAE ALEE 27 F Z2v 23YE d9FZ 27

=, @UAAEE, 2942545, SEM.(Scanning electron microscope)& ©] &%

HYR AT RE ALBo7] A8 2A2E shdsted 2ol o

1L A&

7b BEX 3 Zalol2g $x

Ex3s Z |28 X (unsaturated polyester resin)@ I FA R Bw
#(monomer)7} d&HE Aoz TP A FFS L TE.

2994 A8 Exs Zdd2H £AE FU AAY 24E Y ortho
type) o 2X ZYEA 738 ZXA(CoOc)?t A7tHO e, 4&8& g ¥
3-113 Z2th

# 3-11. £X3} Egjoll2H £A9 43

U 3 = o 7 293 ¥
(20°C) (20C, mPa - s) (%)
113 325 169 380




. HALA

s

QA7 d7be Bx38 Zejo2E $AE AAAL A Asetgo] dojd
oh. XAl E £3E, EEEEE, A 3FFVE A Ul AA} AFELEA
MEKPO 55 %, DMP 45 %2 TA€ BEFASY 7/MAAE AHgsie], o1 44& ®
3-12¢}F Ztt.

E 3-12. AAAY 42

% M % (25C) 24 2
0,
MEKFPO 55% 1.12 100
DMP  45%
. 24

E 3-13 Q33 % A=A set 24

(&9 1 %)
Sio2 AlOs Fex0s Ca0 MgO Na:0 Ko0
755 15.2 09 0.12 0.08 35 40
B 3-14. AFAHASAY Ay 44
il I SR B ST
0.08 0.15~1.2 =9 7 90 <
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F 3-16. 9383% 2249 &y 42

4 A v F 5 & & L e
2 ¥ &
(mm) (20C) (%) (tf/m’)
8 > 0.68 21 5.60 0.386
2. FAA A =}

7t 23 EARF

2% vl ZaE] WFe YAt Aty FFu 3 139 4 |

3 2% FE sz, A9 wdgul= AT

(=]
= 0T

Ao

AEAet 2ZA 9

W] 511, 411, 31, 211, 115 47 6FFEX & 120go 2 dQon, A7y

o ASAEE 210kgf/cr o1, BABZEE 42kgf/areld, @9 F Fo] 1t/m o]

37 HES & MigdAE Jeud E 3-16 R E 3-17% 2o}

AeFd 37 2 ZAA G4E Agetel EFeE FAS AU 37 2 38

Tz,
¥ 3-16. % EYn] ZaYe9 wPLA
(@9 : wt.%)
5 N AT ZAF A .
L a4 § A A E A = = 7 & A
Bl 75.0 25.0 - 100
B2 75.0 20.8 42 100
B3 75.0 20.0 5.0 100
B4 75.0 188 6.2 100
B5 75.0 16.7 83 100
B6 75.0 125 125 100
B7 80.0 20.0 - 100
B8 80.0 16.7 33 100
B9 80.0 16.0 4.0 100
BI0 80.0 15.0 5.0 100
B11 80.0 13.3 6.7 100
B12 80.0 10.0 10.0 100
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A% Eov 2agded ARE KS F 29Edd282 g3 2ages
ZE AL FAA AP g, Boo) BAY 2IYEE NDE
gasle] £E 01T, §F 60+2%1 AYHNA 289 A7A 717 Fe
Q0.

x3, SEM

A

AL MELS 010x5mm °)3le] e AWo] HEE Ay
omy, FAIA AR BAL AN-37 Zo W, YW ZAYEE A7)
#7] Wl etdo] Ed ¥, FA YME HRJ BRE T E ol4ELZ o}
e =HA A F73e AL 3-10% o
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3. Aguy
g3 & NP KSol #R™ 2y Tad Ay 79 YAsA
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.

A}

YA ANYL 2150X300mme NHAE ALY FFH ANe 7
shod A& 83T
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st ek
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Somme) WE71E Fste] BS 4408 ( T2YES ¢} AFEE 24
gael FRE Pl gt 2y

i)
ol

. SEMiéa% Z10%Smmel3hE ALE AHS T4 39e § F 54

o gad wez 4z 44U

A A, Tolddl, Foldg, FHPE, FHAIL L ¢150x300mmed
ZAA #HZHA vlEl(compresso meter)8t AA®WA vl (extenso
meter)& H#3o] KS F 2438(EZHE AFFAAY AdAAF £ X
of&ul Aol FAHE Wy =k I 3T 40%g 713 2L
<83 F -3y e L FUYPgo 000006 g SHI} HAFES
Z3se FaAch

WEAANEES 2100%200mme} APAE BALHZ 8 H2HHS0.)
5% &% AHF F FAY FHEEL FEE drtolio] EEARYH
Z% atolz WFAHL HEdg EIYEL FFo] B%olY T4
L9 A75E LAY & o= Z(failure limit) & APAA HF Al
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WE gaEs FFo) BYOY FaHAL WE JFoz e zz
o A% ETele 2aed @ WFHE Hlasty) dstd 13U 23
zRson, 99 2IYS A% 1FYut A4S TASA AL
stk

4, A3 9 nF
Zk digage] WE 995 H, dEAE, AR E € 2890AFEE AY

Ase ¥ 3-18% 24
¥ 3-18 AF v 22YE A¥dn
- UHEAHEF | 42 A E | HUFAE |[2E&AUFEE
(tf/m’) (kgf/cm) (kgf/cm) (m/s)
Bl 0.964 619 170 2301
B2 0.925 486 162 2275
B3 0913 376 160 2217
B4 0.909 346 141 2192
B5 0.880 338 134 2165
B6 0.819 271 106 2117
B7 0944 541 127 2158
B3 0.884 418 125 2111
B9 0.876 363 119 2105
B10 0.858 310 110 2093
B11 0.835 289 103 2083
BI12 0.797 250 87 2039
7t G T F ‘
AF2AYES HAFAAN 71F FA8% 84F9 dFUrt dyFHoleln &

& qx

Hl ol AHEEA 9 FF Wiz wet E 2ol Ao

E 3-1894 & # ARel Z wigd dAFTHFS 0.797~0964t/m2A, B ¥

- 95 -



ARE ZAE HAFF 23tH/me] 35~42%2 M 58~65%2 ©F o] 7t

AFUT olsho] ©F o] P2 W F2YAL ATAYG 2IH vE AP

ol
g
fu
)
[m
o
N
AN
b
(2
po
[=]
<
3
S
=z
Kl
K
H1
N
o,
-O'LI
L
ofN
ot

4, 2BA EYF] FHYSE WAF o BadYed, odF A
e AZAE ARAE F4ohs 9E ZTAE Edo] A9 BELZY Pu) of
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YU A=

1) FZ=

ZAEY A AL e dEAJ] A F9 st dE PRl
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2aYES ASYEE ASH AFFBIAY ZE, EEAe] we o
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MEd FEFFEE 2B0~61%gf/areE EEF ANWE ZazEe ¢H

ft

210kgf/cre] 119~294% 2% 19~194%9 4E =7t F7HEAT. oo A
SAE AR E BT BE AME Zaded Zryd 3A Jeld
AL VEEFAZA7L viddoln Zevizt ZEFA A3 7HAY7] Wo
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EE AHE ZAYE 4FAE 210kgf/cn'e] 194%9F 157%7t F7F HA 1, E
Wigtulel A ERFEQ 210kgf/ars AE P, 22A EUFol FHES
£ g2AEE FAHA

¢H, S5 FT YESFEE Had B9, SAFF] FLFE FFPEs}
A dehde 2% B, ol 222 AHSE AFFFTAI Quye
2 AgHE AATARG ZFES FEy) dEd 2 A FEE AU £
Qx, wx AL ARSHT e Sy FAA WMo &y G
o

2) ¥AFE=

AZTZF ASAe ATAF 22AE AL En TIHES HIZAE=
NYZ3E Jeldd B 3-18% o] RE AH Zgn ZIAFYES BF AWE
ZaYdert FJAZZE A Jdeiged, ole AHET g AFTAZF A
ZA7 BgHoz EAHEY WEyt golAyy] WEolst A4

£33, 7 g FAFPEE 87~170kgf/cr .2 BE AWME ZAES ¥
A% A= 42kgf/cnte] 207~404% 2 107~304%<9 HJAFZ =7 F7tE Ao,
RE AdE 2aLed uE $57E9 FrtRg YAFFES FMd 2
A debgted, ol Y9 23YEJ Ze EFE 244 7198 23 A
o},

#9, BARAEE ARAS SAste) wig 315 41 ggo] ATAT A
8% Bi% Broll A 170kgf/cr® 127kgf/ar o2 7b4 27 vhebgton, 22282l
2% AWE 2aYE AZFE 42kgl/arol ¥I3) 227k 304% 9 202%7t 57+
At |

£33, RE uiguloly 2EFEQ 42kgf/ar S 2ujo)d Ao, &%
=9 oA 2 FFHE] EYFo| FUMY & & A ZEE FA3A
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(3) ZxH|

2% EYv] TAYE AZAEY FAAZTY dF wigd F=HE U
B ¥ 3-199 £

ZxHle 93H 4AL FIEsed o A F9 suold. E 3-19944
Be digpgo] B#F EEo FAYEQ ZFEH(0v/050234~0425) BF Ad
E Z3E9 AxHl(gv/0=0125~02) Bt ZA Yelged, ol Axg:
F Edn ZAYEY AFA=7 Brle AW WAAZEI BE AWUE
Zaded ARG AdFez A Jelgts A& @ £ 3t olgdge 9
T8 40 7198 Reg2AM Ed EFaYe
8 #A4o] BF AWE FIYERY Ade RS FHH FE Aot w3,
4% E2lvl E3ES Fxt Edn AAAE 4FE wol FIAY 2
Ao FFE AL S ¢ F AN, BF AHE ZAYEJ nF ¢EA
FT7HROE HAZAE=S T2 A Uey FxEe $8¥€ AS 9
AHEE 7 S Aoz Addd. WA, F& BE FAo AMEEH Ay @
ooty HEAQ AAME B& 25t lg|d.
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E 3-19. 3% Eg9 3YES ZxH|

LIy ob/ac
Bl 0.274
B2 0.333
B3 0.425
B4 0.407
B5 0.3%6
B6 0.391
B7 0.234
B8 0.299
B9 0.327

B10 0.354
B11 0.356
B12 0.348

*or=UEZE (kef/om)
*o =YD= (kgf/el) -

4) 2LANEFEE

2SRUFSE AP uBRANY By dFos 2enE A
2o WA 1 ABAZoREY dojNe APsEd o8 2aded Ay
2 Artste wHoEA SemdlA 4mel FE ol2sAA HeE £ Ao
%, 2d® FzEoY HAS e FzEY UTHL AL $E Ao,
$3rl7le BEE B9 AP EAGE A= ALsE 5 FEAAA o8
g Q& usAAY Pyl

W, A% Bao 2azee 2890VSEE0 O AYARE wzad



® 3-199 29 o] AReN & 4 %ol A% Eels) mages
£EE AFAT ZBAY Fo| 5S4 PAHE AP vegon,
2039~230Im/ss] WAZM, A¥Hoz YAN LE AWE e 2w
AELE 3000m/se] 68~76% A Eolch

olstgol A% Zew 2aES] 2LFVEEES} ZE wgelH 2F A
Me 2azee] ARG A dehd He AF Zelv) 2aYE o Y=
AgEA AR B30 Bol 2878 £EE AHPs] WEolv, ByF
F FERFE, WAFREI T4 28HVESES 2 Yo

o
B
2]
oft

o

3, S.E.M.(Scanning electron microscope @ FAFHAZER] 3)E AlS3ld F
FT2E AHEYE U3 2o

ARR 3-112 4ES 2054 o 500M) ol AF3FF AR ¥ AF E
2y ZAYEBYY FIFTEIH, AbR 3-12& 34.9u81¢F 1006 Hoig AFEH
ZAEAE W ¥ FF FEEo ZTAYEB)Y FIFTF2OlZ, AR 3-13&
100809} 10008} &gk AFZAF =22 FFF 2T

AR 3-11, 3-12, 3-139]A & & v vpsbEo] A EA AA Uz n A
FEBE FTF) ULE B F gloy, 224 AAUWAE AZA AMH T3
94 2 33 &S ¢ F Uk olH¥ FF wEd AF Eeq FTIYEY
ZFHAFTEES SHTZol EF AWE E38EY ALY A JdeEd ¥
12tz & + ot

O
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AR 3-12. SEMol @ 7% Eelo) 2aEBeY FF7E
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gy
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(6) AR A S, Eob&nl R WY&
ZF Zev B APBAASF, Eold], Xoldy FHYE P Py
€0 W AFZ2HE UedE E 3-20% 2o

£ 3-20. 2% E99 ZAYEY HFBASF AN A

g g | BEEAE | zohed | xdes | zaus | guus

(X10%gf/cit)|  (1/m) (m) (x107%) (X107
BI 2.60 0.323 3003 0.365 0118
B2 226 0.302 3304 0380 0115
B3 214 0.300 3324 0.389 0117
B4 210 0.293 3411 0.406 0.119
B5 206 0201 3433 0.412 0120
B6 199 0278 3506 0428 0.119
BY 1.80 032 3059 0517 0.169
B8 168 0.323 3089 0550 0.178
B9 165 0.307 3248 0562 0.173
B10 158 0.301 3313 0570 0172
BII 154 0.295 3382 0575 0.170
B12 151 0.290 3437 0581 0.169

h B AF

¥ 3-2001M @4 lEol A% Zev Zaee] FJEAASFE Bi~Bo 3
£ 210x10°~260% 10°%kgf/crr®] 100~123% 39 ol23 o] MPAo] e
Ae & § 9on, Bs-Bpol ALE 151X10°~206X 10°%kgf/cre 2 BE AWE

23NEY T2~BUAEZAN BE AWE ZIAES AHT Zo} MFP o] v
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AHR 3-148 BB AFE A1g3teE F7A o).

B} i

AP 3-14. ABAZATAYE 34

b EoleHl 2 Eojis

TGS U FAY S
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SH, E 3-20001M RE

olx, ¥ F&A8 2 A

uhsiztel A% Een ZaYee Toleti
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27159 AsA 49 71&7e A28 2A dEloy 33 g x
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6) W4

A% v ZIYEY WTAP AP 157 Y0 28] FAFon, AR
TAAME A 5%&dol 35¢, 70Y, 1059, M Fo FIHPL: NIAAE
HetdE # 3-21% Zo.

¥ 3-21. 34 5%&de] ZIAE FAAE AHF Fo FF FAF%)
43 71 % (&)
35 70 105

Bl - - -
B2 - - _

vy &

B7 - - -

B9 - - , -
B10 - - -
Bl1 - - -
BI12 - '
% -9 713% A% Zav Zadee FEFAI 098 UEY,

¥ 3-21914 B vietzo]l AF Zow EAHEY WFTAHLS A 5%8 9

o 10593 AHstA® FFEH] UL, ole K AR FAYEY ME

2 2 FEH Yool BE AFH AT BE AUE ETAYEE P 5%F

o FAF F 219 HxFF 26%c1F0] AAsHAtds AFZ A} Bl
g o yrgdol e ¢ Aoz AFHUG,

getM, WP S 8Fste wd5E AEE F2ES A¥AEFH W7 e o

=

74 4oz dte A A FERE € & A= BFHE 3= 234
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B 2899 BEF ANYE E3IHE HPAZZE 42kegf/aroll w3 24 304%
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FE YAAAEE A28
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dx7xe] F7tEcdes AZZEY 7171 A Jdelwed, ojd 3

@2 Qg vl £8 - A%H 44 /A AAG & +
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FE&EE g Ad =e} 2039~2301m/sS] HAZAN BF A
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zazee AR ti 2AA Yeon, SEME A8sd 73
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A,

2,

=& A WEelets Ao YFHAU.

AvAAsE A wat 151x10°~260x 10%kgf/arA =2 HE A
WEEAYES 72~123%2 W ZFo] AA Yelgon molEw
£ Z2aEAA 7 I3, FolErs EE wjFdA 30~358=
2 BE AHE E3E 6~128Y IA dEiEY.

+-¥g & FHUL §8 Frhek A 71&7171 -F7ete] 93§ o)
A9 =g3d $Yo| FF3 #Zade AFE deguded, 2739
AsA F9 7]&7€ 273 2A. YEgoy, B Lo YA
Dol Ao 71&71E A GeEbskh

LWL & 5%8 Yl 1059 ol FAHE FFFA7 YeH, B

SAHME ZAAEEL 29T B%OIYY FFRA7F ANH A wm
g M A% Een) 2B YEEE B ST Ao AFHAL.

A% Ego) £2EE BTHE YRS 3 ¥P5 AUE FREY
AFES FFE R WFAE 2TFHE FEE VEE SAE 8T 4

A& Extoolye, ZAAHY FHAME B 7IdE T & U Aolth
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Haz =SEZTAMEZ2 HENY

A1d A 2

Zen magE Ge AAARC Hae 27 ¥e ZES $dm, AH
A, 94, MHEY, WOHEY 2 WEREHN Fol ST 2D o, 33
AZAAE AANA 2 2DA Aoy 7HLol oo ARATE ©E
+ 9ol AEYY Aol BT dFAN] Each By Zn me
2agdE 7229 BELoZRY FAAE AZL o227 AX 1§
7} 24 Bgasol st 249 Qod, oo HAtsd AFAX AWE 22
JEZ AgSole A HIAE BN IS AYY £ e Ao B
agt,

NEe AdnzA 3 #F 2IAAEEL Fhsgely NdE R2HE
ogse] AZHT Ao, EG2= HE F¢ AU o BesE B9t

gon AWE Zze AE 94 9 ksu 4ol o FAV $EE
So] mE Eygo] WA, ZAL AFOT ds) AE olFee FE Boh
o BAe Aavt 29 AAVAL HANE 5 BE EAYE WEa ok
2 dFdHe ARE R2HY EIAYEES A AERIAC Hld 13
com, Awels, $AEN AWHe) $49 BN 2=HE AP ARNE
49502 FHSAT

e

Ao FEFY AFE ML 21 FAEE
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A2 AMEREA AR

1. A8 2 ¥y

7t A gAE

NdE 22E ARRIAE AFAA 55 FAAEL TS AgEg
oz o7lA4E Teel RaE AMREEA ARA ALLE AR QaMT &

g

(1) 2¢A
AgAZAE 44 233 Z2H £AWUP) 42 2HA 2o

(St), ZAA 2 2gi FALE 8%E 3+ mineral turpentine £ 94(CoOc), 7§
A A 24 methyl ethyl ketone peroxide(MEKPO)& A7}sto AL&3%t) A}
£8 AARES Eolal $X9 AL E 4-1% goh,

E 4-1. EX3 Zed2H A9 43

W % 3= o 7 2Eld ¥
- (20C) | (20C, mPa-s) < (%)
113 35 16.9 38.0

(2) 2324 £ A

2% 7tBe) HEEL FUol o FARLLAF(CaCO)E AHE3
den, FAe FHAZAA AAG ZEAE ALESAGY. olE FAAH R F
Aol $F&e 0.1% o3 stPen, 2 H4EL & 4-2 ¢ Ao,
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® 4-2.° A4S 2A9 43

% = 3 4 o7 g5e oo

s (mm) (20C) (%) frlgcd

237 <25x10% | . 27 <0.1 aqe
=2 oAa | <12 | 2.6 <01 AL
SRS

(1) 2289 g

Zow meed 95 AY wiule 239 dANIY Y FES AL 4 U=
HeUelN ZA FHA Fe HU Hu AFAY Bene ge Aarsse
Aol 71 AAA|th U olgt g uFu|E AWE REEd Mgt go] 7FF
Ho] QA gomg B APolMt wEAYe od dojd ARE AgHAoH,

A€ wigle E 4-3% 2o,

p:4 4—3. Zgv Z2E9 ujgy
’ ( &9 wt% )

43 A
2¥3st ZNLEH| 22z AAA A A2 A
A (UP) (SR) (*phus)
135 15 20 15 70

Note, *phus : Parts per hundred parts of UP and SR

@) AgAe A%
NRg AEREAY NEE E¥e 22Ee ZEs AME B2 ZES
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o 4u) o)4g Yed + e AL 1Y FAY dBE 5xX10cmZ FAT-
Z2le 229 HdWele ZA4Y HME AHEAR, RN ElojE HiolH
#°)El(3,000 vpm)E AH&3t . %“3% AULE 2022CA AFAdolA 244
7 A4S sk 29 ¥, STAN 1547 7t G4 3ok
Azg NgAe 4 a9 415 oo, APHY AFd e FFE E 449
2o,

Block

/
Joint
/ 100

3 (Unit : mm)

1Y 41, ZEv 2E2¥ ApRBEAe Hey

F 44 ARRIAY A5

z = b X h X ¢ (mm)
P.DB. 50 x 100 x 1000
CDB. 120 x 130 x 1000

Note, P.D.B. : Polymer mortar defensive block
CDB. : Cement mortar defensive block

-116-



() 289 22He 88 - 434 54N
S Oh I R FEE

HE 2 F5E€ A2 KS F 25618 (HA9] HF 2 & ANgwi)od 3
o 44 gden, ol AFAE APHA A8 5 A7 v EH4L 9
8 Zelv R2H AlRERERe AFDE R2E AlHR s dRES 37 5%5
x10cm 2 Adste ALgaot

() FHARAI 2L

7HAFAIZEE KS F 2484(Z8lll2H #3 EAE Y ALE7Fs A $3 )
AN EE By 2 AEY & BEstd FAHSAUT old FHAAILS A
A AMNAMEKPO)E 7S we AARE A Zolny, APA 2
WeEE 20T, RolEEE 60%30

(th $2§8 ALAY

2Ags AYAYL KS F AUI5(F£ 52880 dig 38 A A Y
Bu)e) o8 AP, APAE 210x20em 2719 938 AYAES AL
sQom, AtelE & 30082 s

() &%, ¥, Q3=

e ¢EAE, $AE 2 ARBEE FAHNF 2y, 42 KS F 2481(FH
e Ay SIYE ¢HFE NPT, KS F 2482 (Fl&HzE #F 23
dE BZE NYPH), KS F480(ZEeo2d2 #2 EaEY AAZE A
e FAE Wl o8 AASA

ol AlFAE 4EF % UBFEROZ ¢75X15cm A7) YFPFE, =L
L2 6X6X24cm 271 AF Y& AU
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(oh) BHAS R Fetew]

B4AS % Zoleuls KSF 4B (2AdE 47Y FAAY AusAs 3
Zobeul Aol FHY B % 2ojo] 2 AelA(wire strain gauge) ¥
o) 3o} Faigich

4) AEEEA] FTF 2 =AY

b F

APARE A FFL 1055ColM 24A13 AZY £ AZo Z3e A Fsty
A&t

W) $AZ=

FAZE ANFWUE KSoll F7HA 9 FHo] AAFH o, ol 2 F&
Agol g RezA & AgAode FHEo] BEsst gy E APMs
a¥ 4-29 Zo] Frdad o SHsgen, En a2y AldREA ¥
AME 28 AlARz Aol dis] AgAel dal 227 33 AASG. oluf A}
&8 F9 FAE 67kgfoln FatEols SemE FMANA LD, 2ARE ( kef
‘cm/em’ )& AT RAkgh) X YEolcm) + HABPH(cmHo B T8
=3
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6.7kgf

e

¥ 42 2A%E AYe AgE

(xh) BA4
KS F 4006 (23 E ZAEH) #38€ ol Fstdd 482 sden, A
FFA Y AFee 1Y 4-38 2.

P
AlE XA i

[ N
\ ‘o a

i
%

|

i

!

£ } i i
() @

I L/3 I L/3 I L/3 '

a9 43 A% ANEY ge

i
!
|
i
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o 2% 2 u#

() Felo) 22E Be - 488 4

h g R F5e

Zelo) REE AERsA 2 AWE Deg AUusde g ME 2 &4
& AN¥EFE B 45 2 E 4-63 ok o] BN B o Zar m=g A
nEAde MFe 22024 AAE BEw AR s Hal oz BA viebyk
o =%, F5EE vud Ay Zdn =g AMHREAY F48L 087%2
A AYE Bey ARREAe 775% 2o Y8 4 e HAT olRe B
W Z2g AuRsAel wegol $58E Yshl 2= A%A A& A4
£ R2d ARBEAY Y B BAYY $AEA ¢ B9 &4 ¥

g 4 e Aoz g,

E 45 uEAY AR

z 7 24 ‘ 3 3
PDB. 2.28 228 2.30 2.29
CDB. 2.26 231 233 | 230
E2-6. FReNY A%
(&9l : %)
T W £ 3 A B A
PDB. | 08 |° 08 0.88 087
CDB. 756 767 801 6.75
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) ZEARAIZE

YwHoz Edo Ry AMAZRS AWE R 2o AYAZ ALE
g 2xs B aE 44, ANA, 224 59 Yl 2 JPe we
JAL AN BX Beld2H FA FHRLo £2 Fo BEH A
3 sEldRwostel 273 gd g8 stast dgugos Jojun of wee
AAASG ZoAe ol Ha 1 ST Aol Q7| MBI olAF Aol
C 2 Az AolE AAeA HEz AFAToY FHAE Azol 4
st Aok Bk | |

2 Agoia Algd AAAMEKPO)S ¥& AFAZFY 2%°18 2% 20T, 4
HSE 60%ol A EM mEHel AR SFAYL v, AAARE o 30
B Az 2 ey

(ch SA¢s) AFH -

39 445 Z A"AC) W FASH APL ANRS Ao FRAASE
239 Aol

o] AselA ME Ay SVAASE Faw AAE ZEee 37} 30040l
2o 028%UNTAANF )Ron, AWE 22He H4E 1204k A

BIKATHAS 492 Fev) AUE m2est Ads 2eEd ws $dE
A ARol $HTE & 4 ANSW, RS Ag Am FHEN VPE B
At e Rz X&'&%E}.

r\o

-121 -



120

100
& |
5 N PDB,
w6 BB
o e
=
z ©

2

0 P

0 H 0 1® W 20 2 AW
SZ8HALIZ

a3y 4-4. FOAAFY TASHACIEY BA

() 4=, 8§ 2 A=
gAnsAs Ao 2eeldl AR ¢F ¥ R APAE Y BHE B 4T
3 g

E 4-7. 2% #=AY 2%

(B © kef/em)
dE2= B 2= GEURAE
&R B A A3 BT 32 o 2|
1025 214 98
1042 1042 216 217 100 101
1060 220 105

o] AN 2 o N R2H9 ¢FFE % Hokgf/cml el B3] & AT

oA At ZEW 22H 4EFEE 104%kgf/cm* o 2 < 4u) A= & g
e ugon 8 L QAR ALAE AME 2 vl I =L &
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€ Jebdd. -
ol Z#Z RE 7€ AWE REH EE ZIdAEH AZE AL AlHRS

Ao ZAGAY 220l o zAFe Fast ASTS ¢ 5 A}

(oh) BAASF R Toj&ul

B AFoA AlgE EEn REHe @444 2 Toleue AY¥An: ¥
4-8% ok AWE 22He @AAF7 218x10° kgf/em® A=Y HE Zg
¥ REHE 172 kgf/om’2 F& 2 g Hgon ¥oleud gloAE 015
J BE AWE =g ud 02022 tha 2 Yehyc

E 4-8. @A Xolsu A¥EAH

SAAS .
(E, % 10° kgf/cm?) X¥ot&H] (v)
1.68 0.18
1.73 1.72 0.20 0.20
1.75 ' 0.21

(2) AlHE S A Z3F D PEEA
b AAEE A FF
Zgu 2 NWE REf AUREAY 22AY AR o9 ¥ 4-99 7

o
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E 4-9. AHHESA S FHuw

F T % (kg)
P.D.B. 11.2
CDB. 304

ol 232 FH v R2ZH AUREAE AUE R2E AlHER I A b
8 2 FFo] o 034u0Z ]S AFoln], o2 s LW L A TAY WAL

ERE £ ASE ¢ F U

(W) AMHBE S A g FARZE

E 4-108Z80 228 9 AE R2g AUEIA 2ARE Ay Ao
o o] AFdlM B o) Zev] R2H AURIPE ANE BEg APHEE A )
Hl3te] SAZETL o 4u) FE7 &) ol ZEn Ry AlHERIAY} R
FH8ZFo A Aol HoldE BeFE A & 4 U

¥ 4-10. ANEEZAY FARE APdH

A %227%0| (cm)
T 7 bXhX ¢ A= 2
(mm) 27 x) CES (kgf + cm/cm®)
40
ppB | P 11:%00: ;900 40 417 5.59
45
30
12(3;_135? 1000 30 300 1.29
= cm 30
C.DB. P
130 %150 X 1000
‘1501 35 367 126
A=195cm 40
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(th) AMRBEAY 83

Zeo 228 9 AHE 2 AAEsA9 YAY Ads ¥ 4-11F 2o

Egv] R2F AIHERSAE AWUE 2 AMEES A vl EATGAEL o
132 %23 E 7382 Hd FEZANE gto] 20900 kgf -cmo 2 AHE =
2 AlHEE A9} H&E e By

ol A3z Hol B ATA sidd Ev 2 AlAEIAE RS A
Aol & EQUEQ & dFde Y LEZA 7D AlFol BHHSEME S

B AEE AWE ¥ ol FADGEY F42 Jd BAFHs stEEn, =&

gdg Fo 4478} 2548 olFedE FUstn wad,
E 41l AREEAS BZE NgEH
A & %83 (kef) _
HE
T W bxhx ¢ Al @ =ds
(mm) 243 3 (et - cm)
1993 ‘
P.D.B. 50>100% 1000 1995 2080 20,900
2282
1510
120 <130 % 1000 1787 1740 20,300
1923
CDB. 2004
130 < 1501000 2289 2310 25,030
2637
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(8}) 71& AR 39 2A4H
71E9 E328 9 NADEAEE AHL3l AFH AlHB IR s

B4zAske] & uh olgoh 2o Be EAMe] U= Aoz vehgo)
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A 4-2.

Al

E

AEE AHEE 71& AlH RS A G (2)
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(3) ArRRE A FAE R AT
(7h) AR RS9 FAY

AAREEAE v E2HE ARAUE Al 71&€9 AHME EIES]

n

28 nestmzA E 4129 2ol F0 22 AdusAs 0
49¢ @ + ek

nE 1/2~1/32 Zr&7F hestt. watA dde S425732 A8HY FH e
A

=

B 4-12 AIERIAY AAY Bt

v & ~ PMB CMB

1. AgH| ] ’ A | A
2. A% O N
3. 44 A X
4. A1&H] A X
5. HF - Tute £o|y | O X
6. Hl&AF AFIHSH O A
7. @78 O X
R AR sER A A

F O A
(W) AAHE S A A3
Nz Hes Zgo 22 AAUREAY AFHEL V&9 AdE maH

AR EF A Fe AERIEAe ZJE 7t w2 gleo] X gukd FA
S 719 2 wa nj&ABA AT BULEL FRoU, Fan m=g A
MusdE 2YE FED BERES mE AR wF ANA REE 3
o) e zwETh A 4-1, 4-2% JEe) AREEAL F:FHolw, AH

43 A2 e Z9e 2oE ARusge NEFRRS dehd ot

i
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Ak



gt

B

T~

28

ATl ZEv EE2EHE o]&F ABEIAE ML LA WG E

A, A%tz 54 % AZY 45 49402 TRHAY o, doj AIE 2
oFate thg 3t 2k,

1)

(2)

(3

(4)

Zeor R HFL 22924 AHE Z2go dia)] %z zee B

Fod, FFEL 087%=2A 7.75%2] AWE R2H Ho AN e s

Bl MEY FEgde] $4EE ¢ F UMY = FEAFHNE A
0 EEAASE Zd9 AME 2289 7971 30080} FolA 92.8%(
FREASE 93), AWE E2E 9 3¢ 12040 S0l M 483%(WHTFAHAF 49)
2 gy ZEo AHE R2E7 AYE Z2gd bld A& AYA
d M E s & & AU

GEAEE 1042%kgf/em?o2 AME 2289 o 4ATY 5 BERS
Bgon, 3 9 AARE UAgME g 217kgf/c‘m2, 101kgf/cm® .2
e S HED E¢ AINE 22H @A F7 218%X10° kg/em*A T
Ao vl Zanje 1.72x10° kgf/em’E 2& FE Bolm lom, Foi
o] oM E 0158 RE AHME 2o Hls) 02002 F& e UE
A,

Eer R2f AIRERI A 3o FHAFEE AWME REFH AHERIAR
o o 40} @E‘iv ¥ol W REE AHREA Y FASFT A@ A

Mol 488 ¥4 AT

Zo 228 AMEESAY Hd FAYEWBE %& 20,900 kef - cmo}
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H AHE REE AMHBSAE TG A o] 3uld o 20,300 kgf - cm, 480
d o 25030 kgf - cmE FAGHA LS 1B3HAER 221582 ¢ F A

At

ol’del dutz Ry FEH REE AHBIAE AWE R2ZE A4

P 19

BAo) vla e F4ETH £ 2AZE L BAYRAE @S 2=
oz veh} Zge &

g FAe AFE 1/B3AER S92 HYF ANFHE 1Y F+ AN

28 AdREAY A5 94 Q& At E

2, FAe g H42 AAPFuY &8 AL F £ Ue F 2 HE

H 77t W 0D @ 4 Aok
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A" FETY AF AL

L obg ARIEE

AAuEel 449 ARt AEREH AR TS, WEvie E 4130
2.

¥ 4-13. v 2Eg iy

(Unit : wt%)
(
2 % A Y s
2¥3 Zad2H | $24dA | MEKPO A A
= Z](UP) {SR) A4 | =g
136 14 1.0 {phus”) 15 i 0| 490 |

Note, *+ phus | Parts per hundred parts of UP and SR

ARl o] dHe 70X5cm, 50X5cmE EFLE 30, Peol& 250cmelth.

o]l AFE JES AA AABEZ} 24 D 2Ho) o HehAYol Ysu
Be) 2ABH ZHE |TES A Hoo, Ao HAomZ F4e
A7t Q1 FES} ¥ol B9 Fa A,
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R S R S 1o

&
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2. 598 94X
TUE WAl ALEE ARE ABRTA A8 FTUs, uiPgu|= B 4-14
¢z
¥ 4-14. ZYH 2EH 9 wjy)

(Unit : wt%)
el ?{} - A
2¥3 Zeol28| £%4%4 | MEKPO A = A
FZ(UP) (SR)
136 14 1.0 (phus®) 15 70

Note, * phus : Parts per hundred parts of UP and SR

71E ZAUE A Fol FAY AFo| BHs L, EF FHAFH AYAo) s
AZol dA &4sed v of AFLE WTAHY WEAgol $535te vy 7

olm, FFol 7hig) Lura| AFo] Wl
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3. 98 FAF

THE FAFA ALE AR AUERIA A FYse, wigue E
ks

H 4-15. 28] Z2E 9 uigy]

(Unit @ wt%)

4 3 A
2¥8 Zeo2E| $2:24 | MEKPO FAA Tz A
42| (UP) (SR)
136 14 | 1.0 (phus®) 15 70

" Note, * phus : Parts per hundred parts of UP and SR

ARE 2L FAE A2 E P40cm~ Z60cmol ™, Zol= 100cmo] T,

o] MEL 7IE

X

AEol 4A FA=AY geged v Ansn, FAH

i)

3 258 0|8 4 on, ZFo] /WY Luty A|Fo] H s},

- 135 -



4 FAE AAA
 F98 AANA AHEE AE: AUREA AsS FU&Y waus= @
4-16% 2o

2 AT Y TAYEE o] §ite] Mu AAHLE 7E AZo] B
He 383 2% + Y1, B FE 2L $4¢ YSAFHHL AU
FPAGANE ALE THsets, FHRR W 43R Py Aztso] Awm
NEHe) $4¢ AFo2 BAd ARd Eov Tage FAMe mo
AR 4-8% 2o, |

# 4-16. Eeiv] Z2E 9 uin)
| (Unit : wt%)

_ 2 % A
X3} ZA2H | 5ARA MEKPO F A AAZ A 22
+2(UP) ‘ (SR)
10.6 14 1.0 (phus®) 12 40 36

Note, * phus : Parts per hundred parts of UP and SR

AR 4-7. 344 BAAH
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42 W74 3HE A=A

Ee 25209 AL RET + Yow, WP $4¥ e
g gy ot ANEFY ¥ BEoz RIAT EYE YA 2329
Eo waEY, VE2E, BUE, AVAAT, FHYE, YuE, Toew, ¥
kg, SU-NYE BAS L UTH 59 THY S4¢ 4¥Hoz 7Ny
. S8, £ AFE 4% £aHEg N4E 29 ohud 53 WTHE 23E
FUESTRZ(3ASY AR, 544 E2TRE $)5 AHLdds] dsto

1L A8 € ¥d

7b. AEAE

(1) AHE

AMEE SEAL AFL B LEAS AUEE g en, 12 S8gEe
¥ 4-17% 2t

E 4-17. A1 E AUES] 3EE
(29 %)

Si0; ALO; | CaO MgO 803 K:0 | NaO | Fe0s

21.09 484 63.85 3.32 3.09 1.13 0.29 2.39

2 = A

22HY ASTAE FAFGAL AAT FASAE AL, A =
Ao Qurd YAE E 4-18% 2rh
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E 4-18 AHSE AREAY 99A 43
B ~ A% RSP ey .
2 A4 s (mm) (kgf/mt) o | THE
zz4 | 264 | 475~10 }.449 262 728
AzA | 262 | 0595~475 1471 235 235
@) 22

YL 99 272 04 A4S BEF ARHE &9 LR, 1
23 44 2 FSHEE § 4-19 £ E 4-20% 2ok

E 4-19. RIA EF 44

¢ 7 (mm) 4AFF (kgf/m)

0.15> 275

¥ 4-20. HAAY HEHE

(&9 @ %)
SiOz CaO MgO KZO N azO
’r 88.6 0.85 0.73 6.20 3.58

- 138 - .



AR 4-8. ¥F HS$E 37
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2. EAA AZ

7} 2aze Wy

R e Nge FEE ndstd RAA] AP qPE FY
onf, Mg8T 4 & ZEE Usue A 1E AdE adenyg 945
@ UTHE SHY £ Ae N ST, oot Be WYl 5 ARE,
RYA, A2 R A S NPNES 2RRAT NAAE AUE gz
0%, 2.5%, 5%, 7.5%, 10%, 12.5%, 15% &7 Si, Sz, Ss, S4, Ss, Ss, S7 T 7 7t
A 259 WPHE HQEL, SYTE 8x1emE FRoH, MTHAE E 4-21%
zo

% 4-21, RAA) 2ae U

(49 : wt %)

g | A= | A | zeA | waA | E-AgAn | SO
S) 16.62 3333 | 5005 0.00 53
Sa 16.07 3341 | 50.12 0.40 54
Sa 1525 3361 | 5034 0.80 55
S | 1441 3377 | 5052 1.30 60 81
Ss 1366 3389 | 5075 1.70 65
Se 12.93 3403 | 5094 2.10 71
St 12.20 3415 | 5115 250 78

U, FAA A 2G4
WA Fade9 AFAE KS F 2405 (Z3HEL] ¢FZE AR &
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st At AZTAE 2 AT e AAES RAAE FUsE M= 3

Rew, Exd Bdd 2AYEE FYFAQIT, 5 BE20)NA UL 3
A % ggstel 249 AR £FFPQ0E1T)E e

3. Ay
ohe3h 22 A KSl FAE wol Fakel ™ 280) Aok
- TET AL

SASFAYL 2 MFuEZ 0150x300mm A gA NAF LA A
Hg Zgstel HEsch

U4 3 % AFA=AY

YSFZEAELS 0150%X300mm, BZEAEL 60X60X240mme AlE A

=2

a2

Ajztste] KS F 2405 (22 EQ 4FZ= AFWd)9t KS F 2408
(F3E9 7= AFEH) 738 W £3o 2FsAot

o @AAS 2 Topz
AEdAFd EodulEs  0150%X300mme Al E A

2E# A A o)x
(67Tmm)E H-&sle KS F 2438(Z=adE

FFAAY ABAAS 2
ojen] AWl FHE Wol ek TsE 40%E s AL

$93 F - YUYE 2 FUYEC] 00000697 £ YUYES
FHste] BYAST) THEHE T

g WFAEAE

WEYANPE AY 2898 0100x200mme] AYAE EARHZ 5l
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BHHS0.) 5% 8 Aol FAY F 2FULE 159 23], o o]F2E

Y BAE BEHE FEE2 Holdo] EHAzINH Y FHAolE W

TAE HuEAch FAUEE FTFol BRI FasH A As
o

S 23T £ glornz BE ANWE FZAYE F o] 25%0l4 1A}
o

9e WE 71202 s, 429 RAA £ g WIHL )
wagon, gde FALE sl 13Yvith Sl wAG A3
et

4. A% ¢ 1%

= S

RHAA SAYEE ALAZe dFE S5 Zo] 7/HE HIAAZ A8
7l Wl @TFel FastA Ho, 7 wiFddye ©E dAFsH AgEAns
Hzstd ® 4-229 2ok

ofi

E 4-22004 BE uieh ol WAA 2AYEE HE AUE 2aYEe ©
A% % 2365kg/me] B~NPER 1~5%HE Z2HQE, ol 2L wAR
F gae Fo AW AYAY AR UNFPo 4S5 e RIS

ANgAs] WM WA Mg o] BE4E AA Bast: AL mAT

R 4-22. HEA S2YES GAFH

W @9 Z % (kg/m*)
S 2,365
Sy 2,335
Ss 2,308
S4 2,302
Ss 2,282
Se 2,265
S7 2,250
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. 7 =
1) 4x%=
FEREE 29 FH Egzdd w dau, 2aHee gy 42
dele dEAA R F9 suolth £8, FEFZEE NFAAY 7o)
g B9 olug ARAE, YAE, BYAS, UTH 5¢ 23 4 Yz, g4
A AEY AANZE AAE £ Ak 71Fo) Yok BE AWME ages
Qatn gdol i TE RIA ZAYES YEFEE FYAY £YF o
@ ceA dehes, Z Wiy we ¢EZE A¥ARE vz ¥
4-237 2t} |

E 4-2304 BE uish gol WA 2aUE YFAEE 217~32kgl/cr
2 Y3 Ae EJF wiet & Aol g BAY.

fijo

% RYA TANEE UE AWE TaEs] FEFE 27dkgi/arel ¥l
S29 Se7b AA UErRod, AR 8z RAAE 125%018 T Seot
Sre ZA e oA RAAE AYABY YR ALY AL EYBLS
AAsed e 2% dve T 4 Ak '

@7, AT AR RYAE 5% YD SolH FSAES A% 2A
e, BE AdE Eaed ¢5FERG 17%3E 2A Jehded, B
@ Age w7 AW F3L ANFZ FEF Vol Aeisy] WEolm, w
£ ANdE 2adERt 4EF 7 FA Udehd Sedt Sre A@ ol Qe R
Ao Egol Wty WE] FEst AsHUckn oo |
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E 4-23. RAA 2TAYEY 3=

Z = (kgf/cm?)
W & ——
& & ¥
S 274 61
Sz 285 65
S3 320 ' 74
S4 272 58
Ss 255 _ 54
Se 249 53
S 217 47
(2 4=

HAA E29EY PFE ANYAFE vmetd B 4-2304 BE uie} go)
YFEE RE FRANN GEFES AT TS Y

E%, BE AYME 3 E9 JRE 6lkgf/orel s Sp9) Sz= =A e
Wi Seet Sre FAA Jebc

9, 227 71 2A JEbd Sz Tdkgf/ar 0.2, BE AWE Z3agE
o HBAERT 2%HE A delted, ol o] WIAE AFALe 5%
EYd WA ETIYEE AFAEE FASAT YRS o 2A Z5L
&+ .

(3) Z =

ZEHE EaEe doty 4Yg FHHE o WP 843F9 sty
2AA EAYES YEFEe PP U WP FEEE JYsu" =
4-24%} o}, EBolA HE uls} o] BE AWE E3E BErRY 3A Y
Bhd Sp9} S3¢] FEH|(ow/oc = 0228~0231)E HE ANUE EAYES 7
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E¥l(oy/o. = 020080 2A UYegon) ME AdE 2agee FEmd
FA Jehd Sy, Ss, Se, 19 ZEH (0w o = 0211~0216) BF ANWE 23
deel gEHun 4 dehted, dde At IS A8% £UE &
azEe] 2%, RE AUE ZaEd Ha YFPFEE F/HHAT BFES
77t 4ddeg 2A dedoe R¢ ¢ 4 Ao

$W, S5, So Su S Se & £22 GEFES WAES A et BE 2
£ 722 8F AF 1T AU BEY & 9 Aoz AR, 9
Asl g 2Rel F28 427 4 A A -

E 4-24. HIA TIAYES FEy|

HH ﬁ' o b/ Oc
S : 0.222
Sz , 0.228
S3 0.231
Sy - ' 0.213
Ss 0.211
Se 0.212
S, 0.216

¥ 0. = Y= E (kgf/ed), ob = BRE (kgf/cor)

o AR AL Topeu]
VHASE ZE Y o, AR d%d 4L dEUE 849 shiz
dAHoZ ByAST oW AR WYY AtE AL vl
TaEY GHATE EAYEES} AR, FV1F0l HEFE SAA
& ARG,
A4 Taeel YyASs Tordud WE ANYARE dgud E
4-25% #Zo.
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E 425 QA 2 AL AP

i AR AS Folé& w) Tole 4
Bl g '

(X 10°kg/ct) (1/m) {m)
Si 3.01 : 0.160 6250
Sz 3.06 0.164 6.094
S3 3.35 0.236 4235
S 2.93 0.170 5.882
Ss 2.79 0.225 4452
Se 274 0.154 6.507
Sz 2.68 0.151 6.604

(1) A+

"E 4-25914 R v} gol HAA 2AAES FUAATE S9 S0 A
+ 306%10°~335x10°kgt/ar2 24, 2% AWE BazEs FBHYAF 301x
10%kgt/crt®] 102~111% FEo] o]23 glo] ¥ Ak AL ¢ £ Yo,
Se~S19l A4t 268x10°~2.74x10%kgf/c22 RE AWE ZaFES] 89~
IIUAEEZN HE A}éﬂz ZAYERY A Yeht ¥gye] vy e
Ae ¢ & A E¥, FVHASE BAFY, YSVE L WU 242 =2

A et o

(2) Xolu] _ N |

S GE o) A B Hol FPFoz LW, 1 o] Fgale
B FEF VR ok, PYFol= WYl Arled, FAFE e I
&9 H|§ Xol&H|(Poisson's ratio)gti 39, v E& i/mi EAE1, me
FotEgoln, BE FE&ARY ANE TAYES me 77 3~49 6~12 A=
ojc}.
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@8, E 4-25004 BE vhsh Qo) WA EATNES TolEAE 4266 3
E2 BE NUE FAES Xohd&s 62RT dARLE AA YegEd, o
A s TUNEN YUYES AYERAN T & AT s Lol BE
NdE @ased v WA TAdEE FRYSH d@ FAYSe w7l
23, 42838 YPPoz 7Y dst FYLOE Y Wun 39 L
G @ol wold WHEel 2A Ushy] WEoldn @k

£¢, WAA 2adEL 2F AWE EadEug 4% RANE £
% 49 YRBEE FASAY, BAEY 37 O 24 e AE Topes
s} A Jehd 9013 & & ATk

3 go-uyE BAS

A7k 9de wow Wse] P43k N5rh Wk o WHFL WYHe
A5she HE WHEl s, AN T
94%s deUd ¥ 4-263 23, $Y-H¥E
2o ® 4-26% 29 4-50lM B uleh Zo] TAYEE Sk HE AA et
31, Seol WATol st A UrhEd, ola@ Ane WP Wy F
2% AE7 € ¢ AT FA
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¥ 4-26. RIAA E2YES] ¥YE

- ' HEE (X109
Z 3
S 0.425 0.068
Sa 0.390 0.064.-
Ss 0.343 0.081
Sq 0.400 0.068
Ss 0.325 0073
Se ' 0475 0.073
Sz 0.350 0.053
400
S3
200 | S2
S1
S4
= 20
“Ep 200
&£ S7
i
olo
100 }-
0 | 1 1
0.000 0.001 0.002 0.003
Wy g

a9 45 HAA TAEY H-UYE

1
o

A=
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A 4-9. B AF Zotew AY 37

oh W74
HYA 2aYEY WTY AYE 156 28 2Asgon, uE AWE 22

PEQ S, RYAE AYAFY 5%F EAW S, 10% EAW S5 @ 15%F &

U S0 FFFAE 25% o142 de] NYASHE VEiY B 4-27% 2o,

E 4-27. B 5% & 2AE FAAE Y ¥ FFHLE (%)

- AANZ (D)
W 20 23 29 32

Si 25.10 35.07 46.52 57.85
Sy 2297 30.49 43.09 5361
S3 20.81 2784 40.00 48.78
Sq 16.83 24.69 36.50 43.12
Ss 11.96 18.00 27.31 35.38
Se 11.01 13.63 23.09 30.05
S 7.74 11.00 19.36 25.69
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£ 4-2704 BE vieh Zo] UTHL HFAY EUFol BEFE Z/EY
on, HAYE EYIA ¥ BE-AWE.ZIAYEE A 5%8%0 FA 3
F 209V Hz FFe| B%olPol Z2AAL, RYANE 5% EYF RIA
ZaEE 237, EYE PIYA TAYEE 299D, 15% EYF A
A7) 2aYE: 3294,@611»35%-%94 25% ol Aol Zasteitt.

GeA, 98 RIUES WPHE BE AUE TaAEuT RAHE 5%
Eaw mazies Lisd, 10% Y% 2IAES 1450, 165% EYE Tage

£ 16W AE 27 dEd) 4B RANE EYS] TAAES AZ ALY
e WTFHEL vRY B qotd 4o ¢4 AYEE Az + UL
9 AREoR AT FAA SWANE Be SldE @

AR 4-10. WY NFE BAAL dsE mE
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=
-4
o¥X
H
ju
i)
hl
Lo
of
.
2
Jm
oX
o
nx
ook
o
lo
[
-
ol
o
Y,
lo
fru
=
o
2
-+
[
ofn

7h, @Y FEFS 2,250~2,335kgf/m' ALY HWHEHN HE AWE EZAEo
8 1~5% A= ZaHAd

U & 35 HRAAE A2SAZ 5%2 EYT IAYEANAN 7 3A Y
Eitom, 5% AWE ZFAEJ dld] AdEFEE 17%, AEE 21%
Z71=E Ao}

. AVAASE 268%X10°~335% 10%kgl/cidE2 BE ANdE ZIES &
AbsLAl JElt oo, HAAAE 5% EQS TAYEAA 71 T A el
I, ¥ol&rE BE AWHE Fadedt gidg 3z os A4 ey

gt W7AEE HAA EdFel BE4E F7=AeH, HAAE 5% EYT
Za2ESt 10% R 15% EJEH TAHYEL] W74 BF AWE 3
ZER T k2 1164, 14580 % 169 B= A YeEbxto.

of, AR Fe YPAANE EYsto TAYEE AT Z L, wIA E23YEY
- day gdo) NE AWE TaYEuT $5% 2w oiud,

=R
FAEY AZEoz AT AAH FUANE B 7|9E & F e

2 o

(o]

-—

oy

ot

- 151 -






A 5 A

s FAAAE AEFNE
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H5Z& =« [LHAMLE HEHH
A1 A E

Adel e @4 sFddd JAME AAEE Eolv ﬂ?‘fﬂ B2 =88
71goli o, AANEH AAHE AHAE FATF o]Fo A3 %lﬁ}. ol g
N F Y sturt A $ALZ A, 71E9 EAF 2 A vigAE A A
22 & o|&dtd AZHIL Joy, AL Fs FHo] He EAFH] e,
AdE REEE oo oatn F4gol gol 57l SRS mE &4

5~

o] A, BAL AFo2 A AFY LS A 5 B FAFES U
x5tz 9ot
E dFdAes Ad ZEU ZAPEE A}LE EA L SA} ulgA]d

e wAECl:, A, $AEH APl +4¢ FIv 2 A8
AR S wiEAE Agsn 1 54 AgHes THd
23EE o§std ARtz A
353 Qo AME 2adEs F4 el FAT FHE0) wol $H7I0
FAgs0 G &40 Y4HE § B FAYL WEsH Yok EF Fiol
N gdEe S48 WEEHd UE APl 2 F, AME AAEZ: 2
N FAH7) Ee Agelnh

getd, B AFNE AME TAYES AT Bx APzl vs) 1=
o)z, A@olW, SASH APl $4dtel, WFEHE /MY Eav] R2gE
A4 Bx AREE NEEE 2 S4E 4¥¥es TR

¥4, 71E9 ¥ AZE

s

Al

-

lul
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A2Ad EAL A vtg A 2 F 5 g
1. EAatg A A

7t Ay £ Uy

(1) AR

o AEA

ANz A4 EX3 Eda"H FAMUP) H4AR 28 2

(St), EAAZ &4 IHE 8%E ## 3 mineral turpentine -§4(CoOc), 7H

A A 24 methyl ethyl ketone peroxide(MEKPO)E #H7lsld A}R31 o} Alg

9 AQBEH T 2E £A9 4AE ¥ 515 2oh

E 51 BExXst Ego2E A9 44

b F 3 = O NG
(20C) (20T, mPa - s) e (%)
1.13 1325 16.9 38.0

(W) 244 D =R

2AA= 7HAo] AFstn FYol Lold FAVALEF(CaCO) e AHE3IF L
HZAE ZHRAA QAT ARAE ALFFHU. o5 FAA L A I

£& 01%018t2 stgon, 1 HEL ¥ 5-29

B 5-2. 34 £ A4 42

) & b F g o ~m
T W (mm) (20C) (%) FETE
ZF34 <25%10™ 2.7 <0.1 NS
= A <12 26 <0.1 AL
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(h fFedH

¥ @794 FRPZ A48 faddfel €214 44L& & 5-3% %o

® 5-3. FEdfe Ed4 43

H] = B = AFEA A W
° (kgf/mm?) (kgf/mm?) -
2.55 350 7,400
(2) AgUd

h Z89 22€9 Hig

z2v magd Ao AR wgHE 249 dANHEYG FEE AL F
A AN FAY FAA FS HAYZE stn AFAJA F2HY & F
28ksE Aol 7% AAA ot zEu ol gL wigHlE AWE R2EHdA
o} o] AH QA gonz B AFqME NEAYPA o3 QoY ARE
gt on, 24€ Wigels ¥ 5-4¢9 2o

E 5-4. 29 RE€o ujgy|
| (Unit : wt%)

a2 & A
B¥3 Eeol2H | $%A4%A | MEKPO F2A Z e A
A (UP) (SR)
12.6 1.4 1.0 (phus®) 17 69

Note, * phus : Parts per hundred parts of UP and SR
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(W4 Al A9 Az

EAF X9 483 ENS HESHI] st 500X 150mm A HME A
10, 20, 30, 40mm= WA A Zo) R2¥ ANYAE A F3lo, FRP(Fiberglass
Reinforced Plastics)2 57 1~9mm7tA Imm A 22 WIAIA B F o
3 548 d¥¥oz FHsgd.

NEA AFdls ZAH JME AE81, dPodE HolE ulolH oy
(3000 vpm)E A&t om, AL AUSE 20£2CYU AYAYA 2447
e G F BTAA 1547 7149 FA A FAo) BY AFAE= AA
5-13 & FRP A X714 & °| &34 FRPEZ 5L HAAZ

AR ANPA] A4 29 5-1% goo, A+ AYH4E= § 5-59 7
o},
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ALR 5-1. FRP A z717
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AH7 5-2. FRP B4% AZ%7
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strain gage

(Unit : mm)

150 le

a9 5-1. APA g

% 55 A@A Az

FRP H 757
Zolo] R 1mm |Z2mm [3mm |[4mm |5inm

H S

6mm

7mm

8mm

9mm

10mm

20mm

30mm

40mm
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AR 5-4. B A @& AEA
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() Zgo} 22ele 23 - 98y 54 gy

DHZE 2 FFE

HE R 48 NS KS F BIBAHAY HF R §5¢ AP 23
o] QAEATH

2) 7HARAIZE

7FALAIZEE KS F 2484(Zelol 2H #3F 3 EQ AHS7HeAT S
ol AAE $HF BYY L BHPL H&3td AP old AR o
s ANAMEKPOYE H7HHE Wl AZRE F3E Roln, AFAY
AYLEE 20T, FUFEE 60%Rd.

3 4%, 8, A=

ZEE GEFE, 8725 2 AAZEE Ao, 44 KS F 2481(F2
dag dN 2AJE FEZE APWH), KS F 2482 (Fd=HE W 23
gEe ¥FE AFPH), KS F480(Z o2 d4x EAJES AZZ=E A
el 78 W g8 AAsA

ol APME 4% R AYAEE22 ¢975x156cm 27|18 IFFE, YEES
22 6x6x24cm 2719 ZFYE AHEIAG.

4) @AAF R EoteH]

SAAS 2 Fol&HlE KS F 4B (Z2aJE 933y FAAY FdAs R
Foleul g FAE WY F olo} 2EQA Ao]X(wire strain gauge)Hel
Fatd AT
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5) H7A |

#e v A T2 45 dehd: ARAEDL §F-Ndel BA=
dehie 2AAY PEI YRAE-TE2 dehie 384 Pyl ok &
ATNME ote) 4 ()% Zo| YRAE-TE THe Tlz WAHENS e
sioh,

714 ot dido] WYL Yoz wWe FEEA AFEZH FF o
strain gauge® RAstel WAL S 2AY £ 4 0 9 TAAG.
DAk

IK

2(p) - £4.9174 et (2)
(3 B2 2 2&
b EeW zEde 2o - g8y 43
DEE R EFSE
B AYe] A% Zov T BF % §48 NEEARE K562 %
5-75 Zth o] AdeA £ W Ev] E2H HF L 229, FFEL 087%R
A gwtdel AdE Peg Ho B4 3e e wdd

® 5-6. ¥1F AY 23

F 3 A 3T

2.98 ( 228 2.30 229
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¥ 5-7. &€ ANY 2%

(Unit : %)
E A A Y
0.85 0.87 0.88 0.87

2) ZHARAIZE
Ae FgPoz v R2H AFEL Azde AH M FLE R F9

o

S

==

vzt FAAAZEY Aot & ZRAAIEE AFe A, A7), AAT
A Rolgrol st Za RaEe A 30~508 =7t AAH o &
ok olebE e FRARAIZEE EHJA R AANAY HIFH 2= JFE TeEd
ey Hud FYE 222 2HE 5 e F2olW, AT 4Fd w2} s}
AR 2ol JhEaith B AN A€ Fv R sMAE B

99} 2.
E 5-8 Zaln] m2E< FIAAI AlE 2
¢ 9 = A F ¥
Al () 48 50, 52 50

3 AEAE, WA= B AAAE

é ?";7“’“"1: AH4E EE9 REE 4F 3 2 ATAE ANEE AT 2
3= E 599 2o B A7M Agd Zan mage ?J%’JE%
1095kgf/cm’ S 2 A £e ZE#S Ron, ¥ 2 AFFEE 438 ¥ &g

ekt
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S 5-9. ZEAE A

T gERE gaAAE 8 s
(kgf/cm®) (kgf/cm®) (kgf/cm®)

N 37 % A4 A i & 3 A B

1085, 1095, 1105 | 1095 108, 112, 116 112 232, 230, 231 231

4) @A 2 EoleH|
2 A7 ALgE Eeo R2E Y d@AAAS % Foleu Y ANFEF(E X
119 Zrf.
E 5-10. @4AF £ Xolesu] AF 23

g A A F
. .y
(E, X10°%kgf/cm? Foj&n] (v)
== A X g7 = 3 3 .
2.01, 2.06, 2.02 2.03 0.19, 0.21, 0.20 0.20

(b FRP 1% Zalv 2zHe Jad 43

D 2= A¥E

¥ 5-119l% FRP B7Z Eev 22y 3= A92% Jd JRAEE A
Aaed AANFHE Yed 4o T L BREAE BE BHoz EASY
=3

o] AA2RE HUZE AFAM BFAZE 10, 20mm YW FRP ERZFAE
3mm vl gto] A @éin], #F7 30, 40mm Y9 FRP RZFHAE 5mm ©itol &
FE & 5 AN
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X 5-11 AEgAE 83x 824
(Unit © kgf - cm)

FRP 27 7
Zgo 2 T3 Imm | 2mm | 3mm | 4mm | 5mm
g %7
10mm 631 | 1193 | 2742 |
20mm 92754 | 3281 | 5439
30mm 5175 | 6540 | 8548 | 11,700 | 19,438 | 2
40mm 10,189 | 11,300 | 12,500 | 17,717 | 21.917
2 BHA A9
g2 e FA9 7T2H 45 Usis BPNE HF-AF BAZ

Bt 2AAY D YEdE-TE2 dehls AWHY wHol o 2 4
' g I Tz ML T
¥ 5-1281% FRP RZFA] @& FRP. 273 Zaw 22gel Id =4

E9 TEE YRR Aol -
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ARl 5-5. 8724 Y 2

AR 5-6. AEA st e
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® 5-12. FRP 2.7 Ao W& Hd YRAES} I§

2 » Ad gEAE Ad Z&

| B (kgf - cm) (x10°1/cm)
T30 6,400 593
T30-R3 10,200.. 3,137
T30-R4 17,200 6,251
T40 10,300 453
T40-R3 17,000 3,063
T40-R4 20,900 4223

a9 5-29 39 532 §9% $AE %
uFFAe] g URAE-FE Aol BA

20~30% AEAANE A AU

+ FRP 7 Zgn 2289 FRP
g Ugd Rez 7Y

g 29t 4714 F34LS Hlusd

=2
go

A7 Z708d BRAE Zrbstd, side] FAZ 340 ol U A

2 Hees ¢ F Y £, 597 FAE & #Hd9 FRP 2B FA

of o) §A4ol FATES AU

olsz e AT mol EYRA AolN FRP BATAL F71% F2
9 meye H4H 43¢ AR ALE ¢ F Ak g 2 AT

z7}

£

e

sxae EAle] %909 ARZ FRP 27 E30l R2eE A8gos X

29 AME ZIAYE AF " AFeln $5¢ B RIE FA IHE A

= AEAZ H5@ Ao Uk
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Bending moment {kgf-cm)

20000

18000 t

16000
14000

Bending moment{kgftm)

12000 t
10000 }
8000 |
6000 f
4000 1
2000

A i 4 A 1

1000 2000 3000 4000 5000 6000 7000
Curvature (*107%1/cm)

o

a9 5-2. AEA FA 3cm 49 FRP. 27 FA0 @& HrdE

2g3e) B

25000
20000 t
15000 t
10000 |
- wayg
5000 & 3mmu7t
—o~ Amm®.%
o 1 1 A A
0 1000 2000 3000 4000 5000

Curvature (*107%1/cm)

34 5-3. A¥A ¥4 4cm 49 FRP 27 FAd wg YEAE

SEF #A
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oA FRP 7% Zgn E?:EM 4 953 EAo| dgHoez UFEH
At B AFoAE o]k FRP 7 Zajn) REEHE AlRstd A 7% A

=
fu

ZAYE AF) H& DS 4 ANFLZH FFPLE B8 e o

lo
hu
2

e WAEE 7hAw, AT $5% EAS vieA) AWE SHoz

H A3k

ax

ok
tjo

(4) A8 eF9Hd 48 A%

71E EAME AWE EAE £FEHEE FRP 27 &g E_E.Eiri:."]%ﬁ}
of A%AE AF oAvlshA FAE 200kgR 7HAH SR, AlHE ZAYE A FEo)
e FA7F 10cmeld, 2% Z2Hd FRPES 3mmE 2738 2SS FAE
35cmZEY F JANHE ZAYESY 13 E FAY) 5T 234 gE9
HTdol &2 Zﬂ%% Az ¢ e FHol AES & & AV

% 5-4, 5-5v €AHS utE Ao AzEMet EAME vt F4

N

1+8
WERRR L, AL 573 5-8ol EARS vietAle AEAL 7D @48 v
A BFg uehie, A2 5-9& FRPZ M7 a4 vebich

[ a8 wie 2oz J

L

Ero Fgv 22§ B4

l

[ Az Zeiw Eab wbae) J
0 é

f

Z
1320 FRP ®.7%}

1

FRPE ¥7+9 ulgx) B<£3

\.

—

.

29 5-4. AL vtEAl 9] AZREA
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8cm
A wiAwA wiwe 3.5cm
4 6cm
cm —
2ecm 3.5¢cm
l - 9cm
18Qcm
o 8cm 10cm
non
74cm 76cm
U U
9cm
50cm

I A WA A W |

39 55 EALS uhebAe ¥4 2 A%
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AHR 5-8, Az EARE whetA
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A 5-9. FRPE R 7}@ wpeba]
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b 2 &

B A7oAN ¥ R2HE o]§% SAHE HlgAE Agsdn 24 R
EE - 4%y 54 2 AT 45& dPHeE THING 6, Ao FRE
234 the 3 2.

n E89 22 ulFE 22924 AYE 22 H§ ot F2ge
BPoy F5EL 087%EA 7.75%9) AHE R2g Hg g8 Fe
ge 2o AFY Aol £5FE ¢ F AU

(W4) FRP H7 Zg9 229 =RAZ AlSd EFIv E2He 45A:
1,095kgf/crt, FRAARAAE 112kef/e, VAT 23lkgf/er, BAAS 2.03%10°
kgf/ent & YERATH

(ch) #FA7} 10, 20mm A FRP AT7AE 3mm vidto] Agsn, #57
30, 40mm ¥ FRP 27257%E 5mm vlwe] Agee & + At

(@) FYEA Ao A FRPY HAFAZN 718 £58 Z2v =g HAFH

532 a4 AYe ¢ & sk
b @eAd B AFelAs FRP n7 Edv R26¥ AgezA A9

NAE 23aAE AFo) vl AFel $+¢ ¥ 2UE FY AFHE

=5 1483 A7 d$ BohE ¥ 4 U
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2. b whebA] A

7k As R By

(1) AHgA &

hH 2AZEA

AgAeAE WY EXs Zgd2g FA(UP) J4AE 2gHd Rin
(St), £JA=2 S8 ZLE 8%E T3l mineral turpentine € %(CoOc), 7K
Al A ZA methyl ethyl ketone peroxide(MEKPO)g #7}ste] ALgstgith. Abg
g 43ExXs Zod2H $x9 43L& ¥ 5-13% 2o,

¥ 5-13. EX3 Zgday $£x9 H3F

v % 4 OE & A 2E A 3
(20C) (20C, mPa - s) v (%)
1.13 325 169 380

(b 224 2 2

F2AAE Aol AWsHL FUol Fol# FAVUBE(CaCONE AHEHRYO
WA FHRNN AN FRAS ASSHAT oF 21A L BAY 4
22 01%ol32 9o, 7 44 ¥ 5-149 2o

¥ 5-14. 3234 € A9 42

2 v 3 g o
T W (mm) (20C) (%) #rlEse
33 <25x107° 2.7 <0.1 s
Z A <12 2.6 <01 NS
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(th 2x¥ Zg2€A
2 AFNA AbEE ¥ ZYP2EAS =Y o] o AzE HEW 43 o
o, KSeol 4" I §4L & 5-159 #rh

¥ 5-15. KSol 39 2¢E Ze2gle 43

IAEE R
_ | ¥ | WEes | 3U%E |(W43A=| &% | 07
T F 3y | o+ 2 2 2| (77 25mm%
(kg/m°) | 20£57C, kal/{ (kgf/cm®) | (kgf/cm®) {{g/100cm") g
g/m® - h - mmHg)
m-+h-T)
13 | 30014 | 0031013 | 35014 | 16014 0.07°] 8
vew 2% 25014 | 0032013 | 3004 | 120]4 | 1 o} 0.01°] &
T 7133 120004 | 0034018 | 22014 | 0.80]4 0.120] 8}
143 | 15014 | 0037918t | 15014 | 05014 | 15 olat 0.140] &
(2) A1gury

b Ed9 =¥ wjg

Za9 Z2Ed o HA wigule 29 dAUYE ) FEE A& +
E HAYAA A FAA 4E HAR 31 AFAQ TP FE Hx
sttt Aol 7bF AAHelI iy ol 22 wWiFHlE AWE Ra2HAAMY
Zol Aol UA gFomz B AFdMEs UEAY g3 Ao AFHE A}
g3tgon, 244 e E 5-16% £

¥ 5-16. E2i9 R2H uj{y]
(Unit : wt%)

2 % A ‘
E¥3 Z2loxy | FEFAZA MEKPO Z 3 A ZE A
FA(UP) (SR)
126 1.4 1.0 (phus®) 17 69

Note, * phus : Parts per hundred parts of UP and SR
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b ANEAY A

AL v A gH e 50X50cmeE 57 3eme] X FY2EHA QW) lem
o Z2in] RE2EE gAdsto AR 2 5-6& A wiRAe] d4 R A
& veErdd.

\ay Tt x \D} 8=

a9 56 $AF sreAle] 3y R HS

(th) A wpetagel Algw
A w22 AEHE Eg0 Z2HA ddAE @AM 2E 71EAEE

ARon, A7ME B 49 TR0 #F AFS AMEs Aoz I

DHE R FFE

HZF 2 F4¢ A9 KS F 2618449 ulF % F5¢€ A3l &3t
of AAstRen, A3 FANZ FEEHAT
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2 24%%

2A%5 Nge AYAE FFUsEel o5 SFsdon, AR 2o A
£ 67kg, 43tEolt semv 2 F/MNATG $FRE ( kef « em/em® )E BT
ZAkg) x 23Elem) + HATHH(cmHLoZ. FaQh

3) 23 % 2%

h HF 2 F5e

2 Ao ALgE Zev R2He uF % F5E ANYAIE E 5-17 ¢
® 5-18% #Zth o] AN ¥ o Fev maEY HFE 165 F5E
095%2A dwrAQ AdE R2f B g4 e e By ooz dd
nAY o2 BE FY2EAL ABFHAE FFEL WYl UsE @

T AU

[}
-

fio

® 5-17. "HlF Ad 23

% A A 3 &

1.66 1.67 1.62 1.65

E 5-18. &€& A¥ 2%

(Unit : %)
2 3 2 3@
0.92 0.96 097 0.95
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(h) A vt 2ARE

E 5-19% 2 Z2E A vgAY 247 AYATGo|d)

of AN & w Zejy Z2g A vgAe AWE R2E B2 uls
o F4ZE o ole EYY 2aE $A uigdAst 9 274 Z4 g
Aol HoldS HFE A} & 5 o

E 5-19. $AF vt A9 FAZE ANQAH

Az’ ' 3 ol R
TH axXbXh . (cm) A= 2
_(em) 233 e (kgf - cm/em?)
” A=50cm’ 17 '
30x30%3 20
C.MB 2 20 21‘7 1.6
A=90cm 25 .

* Note. PMB : £8 v 22 3 CMB: AWE w2 &g

stelM FEH ZE2E 5 4 EHo] 4gHos YFHUL £ o
ToAME olgge Fev R2HE AHE3te AFAA AHME E3E A Fol

Hld @S F4 AZFZA FHPLE BE L 9d

lo

2 5& FEABEE

AW, A B0l S5E $AS vidA AL BRoz APE ANsG
() A wretAl AE Az

2% 5-7& S48 ugAe AFEHE Yeda, AbR 5-108 94" A
shebziel okg vebdl Aoltt,
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$AHg vt EEFY

l

EE0) lemFHAZ Ee9
R2¥ €4

|

By Fel2Ed X

—

BE Zelagds BEe
¥ ¢ B B2dE
A gt

a9 5-7. $AHE vEA e AlFEA

AR 5-10. $AF vheta)
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5 2 &

T d7NA EYY ZE2HE o8¢ FAME vlIAE Awstn 24 g
28 - 983 54 2 AT A%S 4¥9¥oz FHSHA v, dojn e
s%3d dS 2.

(h E2v REZE9 HFL 16524 AWE mZEo] uls) < egte
BYoy, FFEL 095%2A 7.75%2 AHE R2g ®Bo IR e
@e B AFY PFHo ¢S & £ AU

1) &2 228 S48 vigAle FAG = ARE R2y wgdguc o
154 EA vdeht FAH5Fo e Aol F& ¢ F AU

(th ol el A#E He EY9 REE AR uigdAds ANE Z2g $4}
& vtgAo vl ¥ FFEH 5 Y gL FE Aoz Yy
F9 Z2¥ A gAY dFol $4Ee & & Utk E=F E2A
o A5 1BAER 9oz Y NIPE $8E F AUZ, F
AYF A2 29X Z2EAS AYTo2A o= Axe FANE 7Y
g & Qo BAo uE 22 AdZBY &4 Hog ¥ £ Qe
T 2 A4 A ¢ gdn ¥ § o
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3. 74 e
ool 88 ARE EAL $A v AR FYsE, MPUE E 5-20
3 gt

¥ 5-20. Zgv 2269 vl
(Unit : wt%)

a4 & A
= s 2 % 2

2 (UP) (SR)
126 1.4 1.0 (phus’) 17 69

Note, * phus : Parts per hundred parts of UP and SR

Ffo dugge wdFozN vige] 1AL TN} A AFHUG.

Wr g gl S48 iAo, FFo] YT 2YPHAR
7 PR 2ol AU, F440l 81 A+

7t 4o AHR 5-112 ¢A4E T/E Yl Zoin.
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A7 5-11. 74
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CA3E Bx AFE A

1L A8 2 3y
7h A A S
(1) 2

AgAzNEe 4 EXS £

i)

A28 FAUP)Y FHAZ 2EA Eixv

(St), X A2 et FILYE §

X
]

383l = mineral turpentine & %(CoOc), 7}
N A ZA methyl ethyl ketone peroxide(MEKPO)& Arbstd ALgstgTh ALE
g AR ZedAE £X9 AFE ¥ 5-217% EH.

E 5-21. BX3 Egd2H F£A9 42

W% 4 0= . 7 g %3
(20°C) (20C, mPa - s) - (%)
1.13 325 16.9 380

¥ 5-22. 334 ¢ 249 44

2 v F gor& :

i G BEE
® W (mm) (20C) (%) #rlgcd
A <25x10% | 27 <01 e
Z A <12 26 <0.1 AL
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(3

FAYH

¥ @7A FRPZ AH8d faid#e €218 42L& & 5-233 2o

¥ 5-23. FIAHF] 3 44

. - VIR = NG A S W
N (kgf/mm?) (kgf/mm®) -
255 350 7,400
o Al gy

(1) Z29 2289 wg

Eeo BaEd o] HH wmiFgnle LAY AL g d¢ F
AE HHAUHAN SAg 2249 FE Az 2 ZFAY Zeivie ¥& F
IR RS éd°1 7t AA Aol 2y ol e wgHlE AHME ZaHAAM
gt ol FAEH YA ¥orng B AFdME HEAY o3 dojz ARE
Abgston, A3 wWiduls E 5-249 Zrh

B 5-24. F2v] 229 wigy]

(Unit : wt%)

[ 2 @ A |
223 Eol28 [$£54ZA| MEKPO | T I A FF A
A (UP) (SR) _
126 14 1.0 (phus) 17 69
Note, * phus : Parts per hundred parts of UP and SR '
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@ NFAS A

2x AFze] %Y S4E FESHY) st 500x150mm NUAE T
0, 2, 30, 40mme AHAA Bolo 2oE AYAE AR, o
Reinforced Plastics)2 57 1~5mm7A] Ilmm ZtF o2 #HAA B33 & o
94 54 4gHez FRSAL.

AGA AAAE FAH GAE ASHLD, AL Hol# vholneolE]
(3000 vpm)E APESROH, FAS HULE 20420 JYAWelH 24A T
Be B4 % 85TAN 1542 712 F4 stk FAol BY APAE AR 1
5 2& FRP AZ7|A€ ol§35te] FRPEZEE F4AAL.

AE NEAe F4e 1Y 583 Lo, N4Y NYASE E 5259 2
o,

strain gage

i K '!r“ :""‘J

150 [ 150 .

7~y ]

po——— 500 ——
-« 450 —>

ayg 5-8. A8A NEE
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& 5-25. A1@A 9 A%

FRP B.7} 57
Z£g9 ZaE 1mm |2mm |3mm |4mm |5mm |6mm |7mm {8mim [9mm
48 54
10mm
20mm
30mm §
40mm

(3) EgH Z2E 9 &g - 98y EAYAY

onH HFE R e

HE 2 &€ AYL KSF BIBAAY HF R FFE PP T
o AAEh

(W) 7habAIzE

FHAIAZEE KS F 2484(Z ol 28 el Za2)Ee] AE7ISAZ SR
o ANE $UFT BYE L BEUE WEAd SR old AAbAIEE
520l AAAMEKPO)E #7He del NA¥e 23Y Aoiw, NYAs
AUeEE 20T, FUFEE 60%A

(h &%, ¥, B2 =

FEE $5HE, A= € ARBEE FAHsHoH, 44 KS F 2481(E ¥
A8 W EAUE ¢FHAE AFLY), KS F 2482 (Ed2Hze2 gy &3
2 EY IFA= AFW), KS F2480(Z o2 2 #3 E3HE AZAE A
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gad)e] 7A€ Wy g HAAFAL
ol AgAE 4% L AAREL o2 §75x15cm 279 UFHE, YAES
02 6X6x24cm A7)9 ZFF L AL A

(@ @aAE 2 Eolen]

S4A% 3 Toleule KSF 4B (2aAE 458 IAA) 34AS 2
Zobeul AgEyel FAE Y F sholo] 2=dl AllA(wire strain gauge) 8 &
ol g5t Tt

. (mh 8734

#e e A9 72A 452 Jeuis BHEDE #3-H3e BA=
Gehis BEel win YRAE-2E2 dede APHQ Pyl ok &
AFAME ok 4 ()7 o] WEAE-TE Z4e) P2 BRHEDE e
W,

EI = M/¢ Mt tatens asaaetontassaaneanort aseant aasaannasass anatasenraenee st ansine ey (1)
AN o Fdol WYL YoHAL wWo I A AFET FEZ
strain gauge® R & dtod WL S AT F 4 (2 28 FHAHT
ne . BENESAAASWIEE
1= < B = T -

(1) Zgv R2Ee 239 - 488 44

b HF £ EFE

2 Agd Agd Zav 2z uF ¥ 48 A¥9FATHE B 52 ¥
¥ 5-27% 2. o Anod B o Euo mene uFe 220, 58S
087%24 AwrHe NHE Ry ur ¥4 Fe e uyoh
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¥ 5-26. ¥lT ANY 2%

F A A q &

2.28 2.28 2.30 2.29

B 5-27. F& N8 29

(Unit : %)
F A X g
0.85 0.87 0.88 0.87

© (W) FHARAIZE

B AP EYn R2Y AFL AZRSE S, MY 28 R F9
37 ZEAMAIZES] AR olt & FHAMAREE AEL ¥4, 2], AAIFH Fo
A3 Aoltol s, Een R A9 30~508 HE=rt dAH o ¢
o olgbg e FHARAIZEE £RA4 R ANAY WNFH &R dFS Wi
sy Blay FEE S22 2HE £ Ue F2olW, AT N wel s}
AR 2ol Zhsdith B APolN 2RE Zan mage sMAAGE ¥
5-28% Zo.

E 5-28 Zelvn LzEel AN AY A%

g 9 & A A q @

Al () 48, 50, 52 50
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(h) d&%=, 2= 2 ARA=E
2 dFdA AHeE v R2EY &, ¥ $ ABBE ANES AT F
¥ 5299 ZAh, & A7eM . AEE EFEY REHeY ¢FAEe

TE
1095kgf/cm’o.2 A & Zxgs Bion, § L AZREE 4933 =L ¢S
e}, '
¥ 5-20 A=AY 43
CgEzE YA E Y 3=
(kgf/cm®) (kgf/cm?) (kgf/cm®)
37

= B3 & A3 A

= 3 4 |uz
232, 230, 231 231

1085, 1095, 1105 | 1095 108, 112, 116 112

() BA4AS L Eol&w
2 a7odA A Zeir] z2ee S4AS R Zoleue AgARE ¥

5;30r+ 2ok
¥ 5-30. ¢A4AF R Fol&n] A ¥ A3
sAAE n
(E, X 10°kgf/cm?) ForeHl (v)
& A X ' B 2 A A k- kg
201, 2.06, 2.02 2.03 0.19, 0.21, 0.20 0.20
(vh) 8 A= AN ¥

¥ 5-31clE FRP 27 Z39 =2 ARE AgEH g YR=ANEE A
deted AATFAE Jded Adel FA R uFFAE Ae gYoz EANR
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o

o] AAZRYH ¥ A= ANYolH FARGES DA Holst g,
ol2 5.8 FRPEZATFE AZFFAAM LHEES & + Uz, AFA7 10,
20mm ¥4 FRP EZFAE 3mm ®To] Ao, #57 30, 40mm Lo
FRP 7€ 5mm vitte] H3ge & &+ AU

¥ 5-31. AgAe Hg @ EWE

(Unit : kg - cm)

FRP. 2.7 54
282 Imm | 2mm | 3mm | 4mm | Smm
Zev) 2EE FH
o | 1193 | 2742 | 5014
10mm 631
o}m 1,285 | 2,880
13%) 3281 | 5439 |'g
20mm 27754
3] 3419 | 5519
o) 6,540 | 8548 19,438 | 24,051
30mm 5,175
D) 6662 | 8629 | 11,923
120%) [ 11,300 | 12500 | 17,717 | 21.917 | 28203
40mm 10,189 .
ofw 11,452 | 12720 | 17,809 | 22,069 |29,307

¥ 5-320]= FRP B757 ¢ W& FRP B7% Zan 29 Hd YEdE

st 382 gy Rolth
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¥ 5-32. FRP B7 FAd W& Hd PrAE F& 34

z = Ho # 2dE Ho & El = M/o
(kgf + cm) (x10°%1/cm) (AR
T10 755 2,410 0.31
T10-R1 1,170 8,321 0.14
T10-R2 2,658 19,214 0.13
T20 2,662 958 | 27
T20-R1 3,247 1,762 1.84
T20-R2 5,439 3,622 1.50
T30 6,400 593 10.79
T30-R3 10,200 3,137 325
T30-R4 17,200 6,251 2.75
T40 10,300 453 22.73
T40-R3 17,000 3,063 5.55
T40-R4 20,900 4,223 495

598 $AE Zt FRP 27 E&v) Z2€9 FRP EAFA & J=H
E-ZF Alole] BAEE veld RoeZ FRP BAFA F7Hed we 8 %

otge Aoz mol FURA AolA FRPY RAFAL 34T £% Ee
o 22He A4H 4Ae a4 AP ¢ F A

gold FRP 27 Eaiv) R2Eel $4¢ 984 540 4¥¥ez U3y
Stk £ AFME olobge FRP 7 Eelv] Z2eE Agstel AFAR A
dE 2ae AT M GHE F& ANYSZA FTFYLE EE Ae vy
oz ¥& YAEE 7AW, AFH $48 Bk A2 AYe 2Ho2 4Y

& ANFaT.
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3 en ARz 4g A%

29 59¢ ¥ AYES Y4 R A4S USD, AR 512dE At
FRP 27} ¥25 228 Bi A%E o ee A38701%, AR 513
CREEETES

flo
e

-]
[}
-}
(-]

o
o
-]
o

3m

Y 5-9, Bx A}z ¥4 2 x5
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AR 5-13. % ARz FHE=9 94E A
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ALY 5-14. 4488 Ex ARz
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(1)

3)

(4)

5

Zv 2299 HT L 22024 AWME RE2H Hf 4t F2Fs B
Aou, FFEE 087%2AM 1.75%°] AHME B2 B 84 22 g

B AFY PFE4ol 5T ¢+ A

o AAZe RAZ A4E Zg9 R2HE 4E4S 1,095kgl/cr, T2
A% 112kgf/cn, AT 231kgf/cw, BAAS 203x10° kgf/er & et

FRP 7 Zelv] R2E9 3 2= AdZF ARG dHR}st I3
o7} §1o] FRPEZ&FHE UZEFAM HedS & ¢ AN, #dFA7L
10, 20mm Y9 FRP 2377 3mm vlo] A3, #F7 30, 40mm
dw FRP ®7F7 <€ 5mm vl 2ol AZHE & + AU

Y%A 4olA FRPS 3577 3748 4% Zeo 2=ee 447
4dg A48 Ahe ¢ £ Atk

wety 2 AFelAME FRP 87 £ E2HE AHE@e2H 239 A
WE ZAHE AFol Hd FFoln ¢+ ¥ ZdE I AHE #
AEAZ7F M A2 UER

rlr
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;q] 6 A+

A A F] WA o
A BT}
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HeE AMHZe WY ¥ HNY Yot

A1E W74 H7t

1L AEwH

3} a9y

+94 24 out put methodol Slete] £ R YWY Yoz B
NA) 7 Bo] WA BAHALE By $EaE Fa 24, 4D $23
o9 BAZYE 2adE 524¢ FHE Aold o H¥e 2IAE F44E AY
$7 A% M3 BARQ PHoE B4 HHE Solaith o] NHol: FEURY
FAA(215%X30cm) & A&3tG ).

U 28 A¥A

FEE APAPE KS F 2456(F % A die TaHEY Ay Agg)ol
& AgstAdon, old APAHE 765X765x356cm 27|19 ZF Yol Alo|EFE
6003 2 3ttt

o WeFEA
g4 AEE A &, d7d 43¢ ZE dEAHY Fdd IHAT F 2
T, 4%, 8FolA e A A FF dsE A AT

et @HEA

WEA AddA = 80T, 100T, 10T Aze oA FAHNE UAT A ¥
el WstE IS qA71H 43 Hste v FTAYE HEFHE ot
371 9@ Aolth EF AFZE R REE S WIS Mgt
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2. 2% 4 1%
7. 494
W AHZe Wel utel glsemolL F4E AE 2me 23 FAA dhato]
600A1t74A 28kg/em’el ¢4 7Hete] 4% AP oY F54FL zerof o
ol TA HAUAF 40mme EF AWE ZIAYENA E-Ad ¥
FA% 40x10"%) 3, g FAASF 50mme] E2EHAA B-AWEH 60%A F
A% 5x107 o wd & o Edv] F3YEY FUHL 2§ Y3 RO
et

U s2&3 A4

Zer] Z3Ed A 600AlE7A Y FAFAHANG S AAstd A FEdA
F& FAT AxE 19 6-1, 28 6-29] UEhd uie} 2o o] AN B o
HEBdATE 600 o] Eel ol2%E W BIF MU%(WTAH AF TEA BF A4
E ZAYE(LYE Tom, E-AIWEH] 64%)Q0 3 & 1204t0] Sl A AdiF &4
7 60% clatd& ALY f Eo ZAYEY FHEH AYHo ws $5EE
& 4 glon, ol AMAEA oA ¢ FHY Aoz Bug

120

=T 80
w60

T 40

20 -1 +2 43

0 . . , s . .
0 60 120 180 240 300 360 420 480 540 600
Mo 2

a9 6-1. Alol 2 Sl B FUFT /AT B3
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+4—0—5*6

0 60 120 180 240 300 360 420 480 540 600
MO|E

a9 6-2. Ato]E ol e FdFEAdAs W

)

ek

AR 10% HO(EA) 8o AHARE A4 Aol Aol me}l gL
e oz WAE A ZA 2P AL 48X Wx F £ e
® 22004 BEol Ao Watx ggtch Gz Ao g WIEH ZAFE 102
NaOH(#413t UES) #8942 AGstdth. AMAD F Azre] AUE 4o 4
guste A dolx wgton, 239 WHE E 6-194 B 4 UFe] A o
ofubAl ¥tk EF AF AR diF NIEY NEL A8 MgSO«(vtavE A
oE)Z ¥stE $4dL Agsgch o AL A wWEE 4. dBIGE P
g ZMoz WAL ¥ F%) FUL A9 dojuA st AWNE F8Eo
FA U 5o Badd F48 Doz FAH Uy W BeFE(S3
A5, A% Sol o# Razgol 4A ol HFe 2w EZn FTazE

=}

q,
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E 6-1. WeFEAN N@EH

(29 : g
AR70 | =A 9z AWy or We e A(Wh - Wo g AW ar We| 4w
2kof S N - Wt or We) ™ - W (8F F)
10% HOl Wa | 132.27 - 147.83 - 161.80 - de
Ajg_ 9 We | 13285 +0.58 147.33 05 16L.01 -0.79 gaow
- W | 13152 075 146.36 -1.47 159.67 213 M3
Wa | 14228 - - | 1877 - 137.82 -
10% _:;OH Wa | 14253 +0.25 16415 +038 | 13855 +053 AgEs
N We | 14087 -0.41 161.64 -231 135.03 -2.79
Wi | 15879 N 13851 - 17163 - ge
H}*Zf&so‘ We | 150.19 04| 1871|026 | 171% 033 | #hen
N Wc | 158.24 -0.55 138.32 -0.19 171.31 -0.32 A
2} dHEA
80T, 100TC, 120CTolA 24A12 71gstod e M4 ¥ss Stoez #Add & gdd

o =% 4E5AEe AL 42k St wa Gy Fasgey 12007
Ax GE7E 1000kg/cm’, YR E 00kg/om’S ABaHE Aoz gy & EAE
92 Aoz 474
ARdoz Ev ZIAUEE Ao ARAF FAAE 120TAAY LE44
elge & WIS HolA gon YHFEY PR wHr} A gL Aoz
Hop AMGAZY WEAYdE A7 81§ A2z Addd. 2 APHE EIZHE
g AS X 20CAAE =7t AstgA geve d74H4 vHus] & W HE
e vtn & £ Ao
sS4 A¥e LPG HES 200TZ 24 FAAE 28T 4P ¥ Fav
E3dEY W3 FAL BFF Ao AN, HE, d4 & FAEAY
Zov ZaYE A4 BICTEA AHNE ZAYESY F$ 2 500THA
BERE 60% ©ldt2 Auts A7ARSG HZH § o, AHE EILE T34
YWy e A Rate FHoz Yeldd.
olghzre Ug - Wgtidol ¥ olft AYAR EEZ EZed2f F£AE AR

£
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7l jEe Eain 2adE: PAAY FAAS TA 0% AE AAsez I
gz, A4z N4AE) 2 FaA St EAYZ AP ol deME
A8 247 4.

®6-2. WeHd NEdH

(@9 : kg/cm?)

AEFE A=
L 5(T) A A
X g A g7 NE-BY B
1240 218
30 1225 1226 223 223 293 g
1215 229
: 1215 221
100 1160 1201 . 215 212 293 gig
1230 200
1050 201
120 1180 1113 202 203 a4 g &
1110 208
34 &
olsl ge AY AH $£U4T AN Aol e $5EAT, A, A7, I

gol g WebEAel Fsayth 2Pn WY % Wge AdE FAYE By
2asgoy, g7 NdAFLRE A7 Y Ao TEHUT
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A2d AAA B7)

1. H719

Al e EREde TUAAHBEAN Biu E& AR
AN Budl me AARHTH ATENOZ TRED. AAENL WA
Ngoz A% dd9g Frb BE Ex w7 AdfEs] BAYel FaAAY
of WAZAAA AoteFold rlageste AAY s, 3 FAREY A
AY Hgde A2E Bolx A2 A5BAY ASRUEAE B8N geo
dE ATEAE A2 2fBAY 2SRWLTE TaAse FARHY 7
$o AR FAREY BEE FAHG ANANY QFAN B ARES
o oFU AQAALHS FAG AYAEY SHE 2B
Colef ol AARMANE AAW HeH 1P ATEHAAE ATH &
240 2 WANEER A8 Atk FAYHE A AUTAY 24N
del S, dm AAE ALE A8 FA: dnmoz BN goisA o
9. Zey A4 b WAERE A S dadE AAEY WE 7
Fa0 w@ et AT g FA4 ALPds Arbum, ol
Quimyl, Falee ey, 2P/ ol Ao 2ed; A4z el wa
AH AAE meehA gE WS ness o) Uk AL AXNE 1
30 B YD neAse PU Aot YUAEE VAL i 2z A
shukel Aololg,

B RSN E AWE mEEg B0 maHe AA4 B94L HE 24
371 A8A AQH AAE naA@ Yhlagd 9% AWPES "eerz
@tk AHlmge Artdoldn se e Lo . 22 FANE HEsHE
o).
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2. Y7143

¥ 6-32 FEFTBANAL AEL dAaoeE ANHE 22 ZI9 REgY
Az 2 ATHARSH 5L wTE Aol AZUMP)E ARHs A
ol T¢d AAAoln, HEFAD)IL WTAFI ATHF Fole XA A

5
H AEHe RALE UF3Y 0922 s, 233, ALFABSFE(S)E

ol
i
2
[
=
fn

33 g 25 5E e Aoz PFH 2aHE FH

>
=
im
ba

2HE 71202 10%(1d0) 2%E 42 AFAYS. EF WIrAS

VL(H(EE 7158 8)& IMFAA ol F T e93ds 50z dAzaE
Hgstolob st 4719 AEL ZAFHNY E= AAF AL A% FA=
RHrstd RATEA 8%E 24z Hgsted ArhE MLEA Sk

H 6-3. AFE AZY/ v EUED)

(29 : 9,4, %

3 m k=1 )‘]D\EE E._E_E'] %E‘D‘] EEE‘]
AE R T = (X) Y)

A = 4 7HP) 1,200 1,900

Z & 71 4(D) 0 0

A} H B F A | AFAESH(S) 24 24

' W 7 d F(n) 10 50

g 9 &34 8 8

A = 9 7HP) 17,000 " 28,280

& 71 A(D) 0 0

g ARQIRE AR A B4 8|(S) 340 340

W 7 d $(n) 10 50

g d &30 8 8

Az 9 HP) 3,870 6,580

& & 7} AD) 0 0

UL WA A A B48[(S) 77 77

W Fd ) 10 50

g A £d) 8 8

A = 9 7KHP) 4,200 7,140

zZ & 71 dD) 0 0

T98 FAE A LA B 48] (S) 84 84

W 3 $=(n) 10 50

g A &3 8 8
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YL Fese] oW NUTAY FAH BFHE HLEHIE A
o @Y Asbdel e WFWEI A4 1093 50deE tas] g,
3 A% AEs7) B gol Azbgelnh. Arbelmgel Arhyel g A

ye gew g

<AE4 >

R =8+ P x {(i(1+)"/(1+)"-1]

4714 ; R = d2574A&
S = ATHARS
P = Az4%
n = Wid4s

i= 8d&(EE 7188
((1+D)7(1+D)"-1] =ABASAF (AL THZG AEAEA)

A71el Aol st AME m2es} ¥v 22y AFE FAH g
A BAE Aoe Bew 2o,

ENAI> . X = AdE B2, Y = E¥9 22§

Wl 2 9 2 : X =77+ 3870 x [0.08(1+0.08)'%(1+0.08)!°-1) = 77 +

3870 X 0.14903
= 654(2)
77 + 6580 X [0.08(1+0.08Y/(1+0.08)°-1] = 77 +

o
1]
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6,580 x 0.08174
= 615(9)

: X -Y =654 -615=39 (&)

Y

Ab®E B 3 A X =24+ 1200 X 014903 = 203(Y4)

2o

¥

A

5

2ol

2o}

Aol

Y =24 + 1,900 X 0.08174 = 179(9)

L X - Y =203 - 179 = 24 ()

............

: X =84 + 4200 x 0.14903 = 710()

Y = 84 + 7,140 X 0.08174 = 668(¢)

340 + 17,000 x 0.14903

X =520 + 26,000 x 0.14903
Y = 520 + 44,100 X 0.08174

t X -Y =710 - 668 = 42 ()

340 + 28280 x 0.08174
D X -Y =2874 - 2651 = 223 (&)

DX - Y =11,494 - 10,744 = 750 ()

2,874(%1)
2,651(¢)

4,395(4)
4,125(9)

DX - Y =439 - 4,125 = 39 ()
X = 1,360 + 68,000 X 0.14903 = 11,494(%1)
Y =

A9 BAARE AFE2 R Rl ® 6-40|0h
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T 244,

TEE FATLE 429

,vhe AUREE 2394 A A2 5 Kol

A g3Ael e Rez EMHAAN. £ 20 Ra2g AFY AFAHY
AL ol FHAEEH T THAHY BALR AAE ¥ E I

E%E 02 AL $E A Rl

a8y, B EMAFE AdG7AY @A&E FAFYY

8% & HE&3tAE

Mol Rrolm, AL 10% ol HEARNE AFlE 1 BHAWA g2
Ge 45 doke gol Fe¥ wert Yok

E 6-4 AHNES Ego] R2H AF9 FAA g3 un
(&4 : )
o (X) () (AAHetZA)
Al B35 A 203 179 24
o & ARJEE 2,874 2,651 223
44 WA 654 615 39
T8 FATF 710 668 42
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YAARANE BEABNLE AFE oz BUsS HRd v, & A7
AdAEo) A2AT M AAY Stgol $48 Aoz vewrh ¥ Hrt
A3E EUz 5U5UANLE AE, SUNE AZY FedE 2e 2HA U
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A F AU
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4. % - 22 A4 L AF g
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