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Strength Characteristic and Economical Mixing

Ratio Proposal by Tunnel Shotcrete Accelerators Type

Jin, Chang Deok

Interdisciplinary Program of Construction Engineering and Management

Graduate School Pukyong National University
Abstract

Since the 1980s, the NATM method(New austrian Tunneling
Method) has been wused in highway tunnels, subways,
underground joints and so on. Since 1997, wet shotcrete has
been applied to reduce rebound.

The types of accelerators for shotcrete used in domestic
tunnels are aluminate system, alkali-free system, and cement
mineral system. But, in this study, alkali - free and cement
mineral systems, which are increasing in use, are used.

The purpose of this study is to analyze the shotcrete strength
characteristics and to present an economical mixing ratio in the
design of highway tunnels shotcrete using accelerator type and
amount of cement as variables.

The specimens were produced at a standard mixing ratio of
480kg/m' for the highway construction work. 460kg/m and

470kg/m’ were also prepared. The specimen was made of

_Vi_



shotcrete machine. The compressive strength, bending strength
and flexural toughness test were carried out using specimens
and the following conclusions were obtained.

The alkali-free system is advantageous in terms of
environmental management, and the cement mineral system is
advantageous in terms of strength. It was confirmed that these
two types of accelerators can achieve the performance
satisfying the specifications even when the standard cement
amount of 480kg/m' is reduced by 20kgm'. This can reduce the
cost of tunnel construction by 13,000,000 won per kilometer.
Also, it is suggested that a new design method reflecting the
mechanical properties of high  performance admixture
development should be presented through more testing and

verification.

Key Word : Shotcrete accelerator, Shotcrete strength characteristic,

Eeconomical mixing
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A3Z As R AE

31 A &

311 AW E

gL
2} v8 NRZEE @4 A 7)E NEd % H| 3L
3Y MPa 12.50]% 26.9
Rl AR 7Y MPa 22.50]% 385
28 MPa 42,5012 56.8
24 = /g 2,800°]% 3,415
A= % 0.8°]3} 0.15
AHE
SANIHZA) = 600°]7 225
SANZHEFA) Al ZE 100] 3} 5:30
MgO % 5.00] &} 2.70
SO3 % 3.50] 3} 2.30
AR % 3.00]3} 1.60
312 =4

TIAYUE BEAYAL F2A FE JES USSe AR AHNE AAAE

AH50% S FeREl50% S Aol 2PEo] 25803, WE 258g/ai, F4E 1.33%<
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A L @ | Awde | Q3 | ke
AAzd= kg/m 2,5000] 7% 2,600
FTE % 3.00]3} 1.49
A % 10°] 3} 2.9
Bemg 0.08mm | 5 7} 2 % 40]8} 22
ARG AB LA E % 550] 7% 57.1
&7t E A3 A % BAE0.1%0] T 0.07
L EERL R v W
R 33 AAAEIAN ATIE R AR
2} v8 ANEEE @9 A7E A @4 3 H] 31
HEY ol % 1.0013} NPET}
0.08mmA % 3}k % || wedgene 2% 20eia 15
Z|eke] ¢ 5.00]3
BI= % 0.040] 3} 0.003
B - | mzangaga | TR
AAAEIAY | ERAZZSFEHUE | g/on - 2.58
ARz HE = g/cm 2.50]% 2.55
FTE % 3.00]3} 1.12
24 4 (Na2SO4) % 10°]s}t 2.9
AgAEg @ g | % | SiasE EaY At 0.00

050138} 71eke] 739~ 1.0013¢
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31.3 F53HA

1EER AR FAVIE1ANA) e e FEIAIE ARSI

AA v3 NEFE @9 A& ANEg4d
Egd ot mut / o’ 10]3} 0.24
AN (ZA) min -30~+90 +30
SAANHFA) min -30~+90 +40
*EFA=H|(3Y) % 9001 96
AESAE=8(7Y) % 90017 97
UE4 =1 (28Y) % 90017 99
&34
ol 3| % 1200] 3} 102
A8 A % 90°] 4 97
Hj o] 2= 80+10 90
&9 mm
&3}k 200+10 195
] o] 2~ 6.0£0.5 5.8
371 %
&3}t 6.0£0.5 5.6
AA L7 F % 0.3°]3} 0.06
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d : FAAY A F(mm)
322 FAEAE

1) AlENsa
SAA 3EEA stee AACE Astste HAE wA Y HAWIAA =S Lot

¥ 39 =38 E 4% 7=

4 E(MPa)
7=
1¢ 28
AR 21 45
2) Al @Y

FAE AP 15x15x53cm =55 HESH A9 =38 E wio= ol Az
OS2 14, 289 FAEE KS F 2408(ZFHES] A4S Ao &35t

SAAL] 1ZS wHe] 2awe A 3TERH Atoldd HHHAS we| FA

o=k (213.2)
A7|A, £, . B4 =(MPa)
p - AN@77F et = HWskE(N)
¢ 223 (cm)
b : FAEHS F(cm)
ho: 3@ o] £o](em)

323 FJAHAE
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1) AlENsa

S7HAE ()= A® 28 odolA Al AR o] 2 /150(¢ A2 0], mm)o]
2 w729 8-S BB AT (Flexural Toughness Factor)® XEA|ZH 2o =
H A FAE9Y 68% o]/Folofof gt

%

N\

2) AETH

2 A A FJABAFZIE AHEste 4FESHH 500x500x125mme] A FF 9
£AYES T AP 6o HAHAVIE o] &3t 100x100x350mmE A T3}
NS AFSAY, 71E FAE EE(150x150x530mm) ol 21F Bo] Bo sy F
NGAE A 2g)

SAAE A F Tl FaL, &

ré

Mo 35RH dtES Astste] ofef 1Yol
Uehd ulel o] Aol Aol 23y ol 1/1500] 2 wj7iA o &F-xH FA
ofef o] WA (Tp)S T3t Aol

Ty Sp7kA 2] A2 (kg cm)
Sp - 222 1/1502] A (cm)

_26_



Z 223 (cm)

b : 2 EH] HHZ(cm)

ho: B HHE P HE0](cm)
324 £3IE FulLs AY
1) AENL
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¥ 31101 el BRe} o] S AMERS Z4Zbe] Hjgtel] stAl uAHA 7| Al

1.
EZS WHIAA FAx 9 gupe

[r
A
o,
o
o
12
off
el
32
o

311 =5 54 (kg/m)
44 FF | wlk C W G S TESAF FAANF
044 | 480 211 653 967 C*0.7% C*8%
dzelzel A | 044 | 470 207 668 975 C*0.7% C*8%
044 | 460 202 669 991 C*0.7% C*8%
042 | 480 202 663 979 C*0.7% C*5%
ANWMEZEA | 042 | 470 198 671 990 C*0.7% C*5%
042 | 460 194 676 | 1003 C*0.7% C*5%

B dFodAs @A £2gE HAles ol&ste] A EE A BA
YHlLESS SASEL 244 & g10cme] HZAFHTE sl SH FZolE A

AL SWHZEE AGIMAFE AHEst FDR FokE AFHIA FITIE2

\ —{otl

|
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1Y 33 WiEE AldEr O3 34 =AYE NFEAE A

a9 35 oA 19 3.6 AU FEAE
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3.32 A @I A3

¥ 312 £33 E NG

Oz 5_3'__
o | W | S EAL R ECEAE S
hun
0 (1) (1)
10 ¢ | w| | s #ss 28 2gas @ | O
0.44 480 | 211 | 653 | 967 | 336 | 384 | 40 | 105 | 23
OLZE_]-IU/]
: |0 470 | 207 | 668 | 975 | 329 | 376 | 40 | 100 | 21
0.44 460 | 202 | 669 | 991 | 322 | 368 | 40 | 100 | 25
60
0.42 480 | 202 | 663 | 979 | 336 | 240 | 40 | 100 | 1.9
ARE | g4 470 | 198 | 671 | 990 | 329 | 235 | 40 | 100 | 1.8
FEA
0.42 460 | 194 | 676 | 1003 | 322 | 230 | 40 95 | 21

AN F AT £8Z(100mm+25mm), 7] %0](2.0£1.5%) ZE Wil A 71FE v

3ttt
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NENFEE A4 GA ATe] nEERAGeIA A AgEa e NFES

41 7|ENMFREAEEE AEAFA FE7E, Alext 71A)

bk 9 A A F(kg/m') &9 E3HA) F(kg/m')
4 FzL il H] 3L
(MPa) E AHE | ZHF | A=A g 24 | 534
;}é fo=4.5 211 480 37 962 659 24.0 4.80
F 42 7|8 ASAE (B
B A BA % cax D3 Ed%
5.63 6.12 591 6.18 4.94 5.0
=24 AHESZEA | &Ze|=2 A | AHEZEA &2 o] EA

= Rugos 24d JE Fugel zon FRuUelEAe] At mnd =

_tlb_
T ElA AR

@ AES] o] T Zloz B
282 BT
7 612 591 618
6 4.94 5
5
45 7
3
2
1
0
A BEI & cal RS ES %

a9 41 71 ASAE AEE
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¥ 43 71E018e] A

£3YE 28Y¢ IZ=(MPa)

Ll AEF B3 % caz Dd% Ed%
ANHMEZEA | &ZE=gA | AMEFZEA | EFHO|EA | &FHV0|EA
1 6.2 5.8 6.3 4.6 49
2 6.4 5.6 6.5 51 5
3 5.9 55 53 5.2 4.7
4 6.5 54 5.7 4.8 4.6
5 6.1 59 6.6 4.7 53
6 6 5.6 6.8 4.6 5.2
7 5.8 5.8 6.5 4.5 5
8 5.8 59 6.6 4.7 53
9 5.9 5.9 6.5 4.8 54
10 6.1 6 6.2 5 5
11 6.2 6.1 5.6 51 4.8
12 6 6.2 6.5 ) 4.7
13 5.7 6.3 B1o 4.9 49
14 6.4 6.2 6.1 4.8 5
15 5.6 6.5 6.3 5. 51
16 6.3 6.3 6.4 48 4.5
17 6.5 59 6.1 4.7 4.7
18 6.4 Q. 7- 6.1 5.2 5
19 5.6 6.6 6.2 53 51
20 6.2 6.5 5.8 51 5.2
21 6.5 55 5.7 51 54
22 6.6 6.1 6.6 5.6 5.2
23 6.2 6.3 5.6 4.9 51
24 55 5.7 6.5 49 5
25 6.5 5.6 59 4.8 53
26 6.1 55 6.4 51 4.8
27 5.6 55 5.6 5 4.7
28 6.5 54 59 5.2 4.6
29 6.7 6.3 6.6 49 53
30 5.9 5.6 6.5 4.8 51
ks 6.12 5.91 6.18 4.94 5.00
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30.7
480kg

27.6
470kg

25.5

460kg

35
30
25
20
15
10

o} o] UEpgT).




¥ 44 d=AE SAEA (&8 zYA, C 460kg)

] - L]
WE | Z2UA | UAMpa) | BES | WsAs | 2 /‘;Mfif{ .
(Mpa) (Mpa) Ha ol (7h) (%) s}k 3t
25.5 0.89 23.5 27.1 30 3.5% 25.2 25.8
282 o=2tL (MPa)
-
35 A8l E 2= 4| (460)
301 g4 ;8'7 02 g
015 - i
25 <
20 l;THJ 0.1 - 4
0.05 - F2 o
5 HZ1
05 0 —gjsE
10 gupmamoarng
RS- i -
5
e
0
460kg 470kg 480kg
9 43 445 AFZALGANHANEZEA)
T 45 YEFE EARN AUNEZEA, C 460kg)
- - 95% 4l T
WE | medx | WeMpa) | BEE | AEAS /‘;ij{ .
(Mpa) (Mpa) HAa FH o M) (%) 5}t A}k
26.5 1.23 242 28.8 30 4.6% 26.0 26.9
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¥ 46 A= ANFAR(LZEE=gA)
o)== =
Wz | FEAZF | 4ESHAF | FAAF = e
C : 480 C : 470 C : 460

1 30.3 27.7 255
2 31.5 26.5 27.1
3 32.3 28.6 253
4 30.9 29.4 25.6
5 29.7 27.5 26.8
6 29.6 27.6 245
7 33.1 29.4 235
8 33.6 28.6 27.1
9 33.5 27.6 263
10 31.2 25.8 25.2
11 29.8 27.9 25.6
12 29.9 30.1 243
13 30.6 29.6 26.5
14 30.4 274 24.7
15 anzzbr| | ol - 30.2 28.6 253
16 31.6 25.9 26.1
17 32.4 26.3 25.4
18 33.1 259 25.3
19 30.6 26.4 27.1
20 30.5 27.5 26.8
21 31.6 26.8 25.6
22 27.6 26.7 253
23 28.9 28.6 243
24 30.1 27.5 25.6
25 28.6 29.1 25.8
26 27.4 27.3 26.1
27 30.2 26.4 24.6
28 31.2 26.8 241
29 30.6 25.9 25.1
30 29.8 28.6 25.7
P 30.7 27.6 25.5
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£ 46 dSHE ANTEAIAHNEFZEA)
N 3ot ¢57=(MPa)
HE | F4A 57 | 53 AE | SEAAF
C : 480 C: 470 C : 460
1 31.2 283 26.7
2 33.2 275 25.4
3 30.6 29.2 26.8
4 33.7 26.9 26.7
5 31.1 30.1 27.9
6 32.6 30.6 25.8
7 33.5 29.8 243
8 31.2 27.6 28.1
9 30.6 26.8 26.3
10 28.6 294 24.2
11 30.1 28.6 28.6
12 31.5 30.1 26.9
13 30.6 30.6 26.7
14 32.6 312 25.8
15 29.8 294 28.3
A d E J-EA C*0.7% C*5%
16 30.2 28.7 28.8
17 33.6 295 26.2
18 31.2 30.6 25.7
19 30.6 284 25.6
20 32.1 26.7 28.1
21 30.8 274 26.5
22 30.7 284 24.6
23 30.6 28.6 24.8
24 31.6 279 26.3
25 324 25.9 271
26 32.6 29.5 26.5
27 30.6 283 253
28 29.6 29.1 26.9
29 34.1 27.6 273
30 29.6 281 25.9
B 314 28.7 26.5
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EA= AHNEFS 5% 5 AME3IR o T FRT AHNETF 460kgoll X FwEI 7
Hao] Hlom AWERZEA FAAES AL A A= i gHold Ao
BRI e

AAFE AddEo tist 735 AFdZAF= ol F 493 19 44, 45949
o] Yehyith

282 & 2L (MPa)
O7ka| T 2
== E|£E|7=||(l|",1_|5cf460)

7

5 <|_ 0.15 - ]

4.5] - [ !

N \ 05 | )

3 . : : A %1

2 TERR

454.64.74.84.95.05.15.25.35.45.55.6
1 -
0 B &7 (M)
460kg 470kg 480kg
O9 44 745 AFA(LZZgA)
47 JAE FAEA (EEYZ YA, C 460kg)
N 04l }

W7 | mzdq | @eMpy) | BES | WsAS 95/‘;Mfaf“’- Wz

(Mpa) | (Mpa) Ha | A (M) (%) Eiais i

5.10 0.25 4.5 56 30 4.9% 496 5.14
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LS

NHEZZA(NHER 460

021
¢ U5

u

01 1
1005 -

5.6

5.1

470kg 480kg

460kg

N~ ©

W ® o — ©

AIH A A EZEA)

&
=

9 45 I35 A

A, C: 460kg)

5.17

5.01

4.4%

(7H)

30

A

D/

4.6

(Mpa)

0.23

(Mpa)

5.09
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49 7= ANEg4A3)

A=

HE | FEA FF | AVNEF | F53AF | SEAF (MPa)
149 28
1 2.8 6.1
2 2.7 5.7
3 2.5 6.0
4 2.9 5.9
5 3.1 5.8
6 2.6 5.8
7 2.9 6.0
8 2.8 6.0
9 2.9 6.2
10 3.0 6.3
11 3.1 6.2
12 3.2 5.9
13 2.8 6.5
14 Py 5.9
L dZe Z A 480 C*0.7% C*8% /31 6.
16 2.6 6.1
17 2.7 6.1
18 2.9 6.3
19 3.0 6.2
20 3.1 5.9
21 3.3 5.8
22 2.9 5.9
23 2.7 6.0
24 2.8 6.1
25 2.6 5.7
26 2.9 5.5
27 3.0 6.0
28 3.1 6.1
29 3.0 6.2
30 2.9 6.0
303 JF 2.9 6.0
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49 7= ANEAIH2)

=

S | FEA FF7F | AVEF | F53AF | FEAAF (MPa)
19 28
1 2.6 5.6
2 2.7 5.8
3 2.9 5.5
4 2.5 5.6
5 2.4 5.5
6 2.6 5.8
7 2.7 5.7
8 2.5 5.6
9 2.9 5.4
10 2.7 5.5
11 2.8 5.8
12 2.9 5.9
13 2.6 5.9
14 24 6.0
L dZe Z A 470 C*0.7% C*8% /31 >7
16 2.3 5.5
17 2.5 5.6
18 2.6 5.5
19 2.7 5.4
20 2.7 5.5
21 2.5 5.9
22 2.6 5.7
23 2.8 6.0
24 2.9 6.1
25 2.5 5.4
26 2.6 5.6
27 2.4 5.5
28 2.5 5.7
29 2.6 5.9
30 2.5 6.0
303 HH 2.6 5.7
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® 49 7= ANE4AI0)
=
S | FEA FF7F | AVEF | F53AF | FEAAF (MPa)

149 28

1 2.3 5.3
2 2.5 5.2
3 2.4 5
4 2.6 4.9
5 2.1 4.7
6 2.0 48
7 2.3 5
8 2.3 5.1
9 2.5 5.3
10 2.1 5
11 2.5 4.9
12 2.3 5.5
13 2.2 5.3
14 2.0 5.3
L dZe Z A 460 C*0.7% C*8% ry 9
16 2.3 48
17 2.2 5.2
18 2.0 5
19 1.8 5.1
20 2.0 5.5
21 2.2 45
22 25 5.6
23 2.1 49
24 2.0 5
25 2.3 5.2
26 2.2 48
27 2.0 49
28 1.9 49
29 2.2 5.2
30 2.5 4.8
303 HH 2.2 5.1
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E 49 7= ANFA9)

=

HE HEF | #53AF | FAAZ (MPa)
149 28
1 33 6.2
2 3.5 6.7
3 32 6.3
4 3.0 6.0
5 3.4 6.4
6 31 6.6
7 32 59
8 29 6.2
9 2.8 5.9
10 31 6.6
11 33 6.6
12 3.0 6.4
13 3.2 6.3
14 31 6.3
15 3.5 6.2

480 C*0.7% C*5%

16 3.6 6.5
17 3.4 59
18 32 6.5
19 3.6 6.3
20 31 6.5
21 35 6.5
22 3.7 6.4
23 3.4 6.6
24 35 6.8
25 33 59
26 34 6.0
27 32 6.1
28 29 6.2
29 3.1 6.3
30 32 6.5
3035 33 6.3
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49 BRE ARDAIE)

A=

HE HEF | #53AF | FAAZ (MPa)
1¢ 28<
1 3.1 5.6
2 33 55
3 3.1 5.6
4 3.1 5.9
5 29 5.4
6 28 55
7 3.0 55
8 33 5.6
9 3.4 6.0
10 3.1 5.7
11 3.1 54
12 3.0 53
13 2.9 55
14 32 5.6
15 33 55

470 C*0.7% C*5%

16 33 5.6
17 3.4 5.8
18 3.0 5.7
19 29 54
20 29 5.6
21 2.7 55
22 28 5.8
23 3.1 5.7
24 3.2 55
25 33 5.6
26 3.0 55
27 29 5.8
28 28 5.1
29 29 53
30 3.0 5.6
303]% & 31 5.6
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E 49 7= ANFA7Ke)

A=

W | F4A FF | NWEF | 453AF | FEAF (MPa)
19 28
1 2.7 5.1
2 2.9 5.0
3 2.6 5.2
4 2.7 5.3
5 2.6 5.5
6 25 5.1
7 2.9 4.9
8 2.6 48
9 24 4.6
10 2.6 4.9
11 2.7 5.2
12 2.6 5.3
13 2.9 5.0
14 25 5.0
15 2.8 5.1

AW EFE A 460 C*0.7% C*5%

16 2.6 48
17 2.7 4.9
18 25 4.9
19 25 5.2
20 2.9 5.2
21 2.8 5.1
22 2.8 5.0
23 25 5.3
24 2.6 5.4
25 2.7 4.9
26 2.7 5.7
27 2.6 5.1
28 2.8 5.1
29 25 5.2
30 24 4.9
303 2.7 5.1
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NFAI (L =2 A)

3214 (MPa)
US| FEA T/ | A" | FEAAF
C : 480 C : 470 C : 460

1 3.9 3.5 3.3
2 3.8 3.3 3.1
3 4.0 3.6 3.3
4 3.8 3.2 3.3
5 3.7 31 3.2
6 3.6 3.6 3.4
7 35 3.5 3.2
8 3.6 3.3 3.5
9 34 3.4 3.2
10 35 3.6 3.3
11 3.6 3.2 3.0
12 35 3.6 3.1
13 3.8 3.5 3.2
14 40 3.5 3.2
L g ZEA | C07% C*8% S 3 o4
16 42 3.2 3.2
17 42 3.6 3.2
18 4.0 3.5 3.1
19 3.9 3.4 3.3
20 3.7 3.3 3.1
21 3.9 3.5 3.2
22 41 3.6 3.5
23 42 3.5 3.4
24 4.0 3.7 3.2
25 43 3.5 3.5
26 4.0 3.6 3.5
27 3.9 3.5 3.2
28 3.7 3.4 3.3
29 3.6 3.5 3.2
30 4.0 3.6 3.4
P 38 35 3.3

_47_




E 410 A48 NI EAFRUMEDZA)

3914 (MPa)
N3 TEAF | SAAZF
C : 480 C : 470 C : 460
1 3.8 3.6 3.4
2 3.9 3.5 3.2
3 3.7 3.6 3.5
4 3.5 3.7 3.3
5 3.6 3.5 3.4
6 3.9 3.5 3.2
7 3.8 3.6 3.1
8 3.7 3.3 3.3
9 3.5 3.5 3.5
10 3.6 3.6 3.2
11 3.5 3.7 3.4
12 3.6 3% 3.6
13 3.8 3.4 3.2
14 3.8 5 3.3
15 3.9 3.6 3.4
16 078 - ¥ 3.6 3.5
17 3.9 3% 3.3
18 4.1 3.5 3.1
19 3.9 3.5 3.5
20 3.8 3.6 3.4
21 3.7 3.7 3.2
22 3.5 3.6 3.3
23 3.9 3.5 3.6
24 3.8 3.6 3.4
25 4.0 3.7 3.5
26 3.9 3.8 3.2
27 3.9 3.7 3.3
28 4.0 3.6 3.4
29 3.8 3.5 3.5
30 3.9 3.6 3.4
T 38 3.5 34
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3 w3 gulesAde Ade S44 149 Bl
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Rt Ads AAsielem 1 Ade obef #4119 1F 48, 490049 o] y

2l 2E2(%) 2lH2E2(%)
2 10.3 V. ey
10 76 8.9 10
8 8
6 6
4 4
2 2
0 0
460kg 470kg 480kg 460kg 470kg 480kg
19 48 gl d& Ald4dx 19 49 guts g A@4das
(&Ze =) (A ESF=A)
E 411 Yute= AFEZA G
44 7 | C E3AF FAAF 2 v =& (%)
480 C*0.7% C*8% 8.9
G Z YA | 470 C*0.7% C*8% 9.6
460 C*0.7% C*8% 10.3
480 C*0.7% C*5% 9.1
NHEZEA | 470 C*0.7% C*5% 9.9
460 C*0.7% C*5% 10.8
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X 412 HAWTSE
9 A S A-E-FF (kg/m') 9] E3HA F(kg/mr')
sy | bk
(MPa) o = = o3
E ARME | AEF | ZFEA) 24 524 534
=
71ZE | fy=4.5 211 480 37 962 659 24.0 4.80
WA | fu=4.5 194 460 37 1003 676 23.0 3.22
4.3.2 FAHH] A7
I E HAMT S 55t AWMEZFS A4 4 HE 1km<E 3AHH] 133911
4 23T & dom, T3 B Ao A AL&3 FAAY A S=ITE 1m A
A A AEEE Bk obgl 3 4140049 2ol & Aol7) §le AoE HY
® 413 HEAZ @7
HdAZH (23, £3E, oY) | £3HEDs | ANEdGIY | ¥ 3
14091 €Y /km 98,0009 / m' 13,000,000 /km
(& ODOO00xEE=2144 3484 OO1HE Y A9E d=2 A4
E 414 FZ2A @It B (AHNE 480kg E HH)
2w G20 EA Al E 33-E 4 A7t Z ] A W 3
= (C*10%) (C*5%) (C*8%)
A 48kg 24kg 38kg
FAA a7}t 4009 780 5209
1mg 97} 19,200 18,720 19,760
=& 12.0% 9.1% 8.9%

_5‘|_




A5 4 &

il

e

2 g4 A4

ol

o

71

i
ol

N
B

Ho

1

1

=0

_ZT|
OH
B
B
file)
NI

7

1

[

}

A

=
=

el
<7

]

NE, FREANE, FAANE, ZnteA

°]-&, A

el

ol
L

2 A7}t

3L

SHoA L7t

B

B

st = AR

S

A&

@)

noh ge AT AY

460kg/ m'

s

4

480kg/ m' tiH] AWE AMS-TFS 20kg/m A

B oA 2
o FAH 13

1

°
il

el

_52_

Al el et

=

w3, 14%2]



Ll

ysrr A4As FHA7E N (A16A

o
i
H
!
of
_);
P
Md

A A pp.7-18~19

Kl
ox,
off
)
N
é
:10
offt
ot
2

o
\1
[
)
=

rH
o
_,d

[

rH

il
=
~
S
—
<

2011. 06
old=2] 29, "I1EHER HE £IYE wiFEA MAAT dFEFTI ArIcste
3] 2016

Z A9l 5%, “w2A TR WE £AYUE ZAdAe gHstd 547 d=FE2
g ESH3] 7hestat3] =24 2012, pp.239~240

AGIAHNEHS] AFAS<AHE FEA L G FAAE AL 3 ES

_I

S48 a>

2P ESHI] =3 A178335(2005) pp.428~432

_53_



—L

b my A oisty Aol FrksAY oo

22 9)

<)

A

=

27 O
=

ZEAte)

il

Ut siAkst stm 5 vhe] 27

I} HEo A migo® 20174,

=
=

d A<l

AN

M ko

=

=

E

Az

A7t
3 9

d

&4
20179 12€¥

2

st Aol HAe

@)

=7

=

b0l 7k

<)

Al 79 4.
- 54 -

=

s}t

Ao distdel &0 AAZE Al Z2d #@A 2dold AJRbo]

el ol gEE A9l

<)

T

=]
=



	제1장 서론
	1.1 연구배경 및 목적
	1.2 연구방법 및 범위

	제2장 문헌연구
	2.1 재료
	2.2 배합설계에 대한 사례
	2.3 시공장비

	제3장 재료 및 시험
	3.1 재료
	3.2 시험방법
	3.3 시험배합

	제4장 시험결과 및 고찰
	4.1 기존배합 및 고찰
	4.2 개선된 배합 및 고찰
	4.3 경제성분석

	제5장 결론
	참고문헌


<startpage>12
제1장 서론 1
 1.1 연구배경 및 목적 1
 1.2 연구방법 및 범위 2
제2장 문헌연구 3
 2.1 재료 3
 2.2 배합설계에 대한 사례 12
 2.3 시공장비 14
제3장 재료 및 시험 19
 3.1 재료 19
 3.2 시험방법 24
 3.3 시험배합 28
제4장 시험결과 및 고찰 32
 4.1 기존배합 및 고찰 32
 4.2 개선된 배합 및 고찰 34
 4.3 경제성분석 50
제5장 결론 52
참고문헌 53
</body>

