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SUMMARY

I. Title

A Study of Development of Mortar for Tunnel Repairs and Reinforcement Using
Domestic Fly Ash (Bottom Ash Included)

II. Objectives and necessities

Fly ash is an industrial by-product which is produced in the processing of
generating power in power plants. While it can be used as a cement implant,
recycling is only about 10-20% and the remainder is buried. This paper has attempted
to develop durable, rapid-cure and high-fluidity products after manufacturing
resource-recycling and functional repair and reinforcement mortar by adding bottom
ash to ultra-rapid hardening cement for both the reduction of fly ash disposal costs
and environmental conservation.

It would appear that this new technology will be efficient in many tunnels and

hydraulic structures that require rapid repair and reinforcement in poor environments.

ITI. Content and scope

High-quality, rapid curing repair/reinforcement mortar is developed by mixing
domestic industrial wastes (fly ash) which has had poor rates of recycling with ultra
rapid hardening cement. With the goal of implanting more than 10% of total amounts
of fly ash (in fly ash) or more than 30% of total developed products (in fly ash +
slag), a product which meets the basic properties of repair/reinforcement mortar is

developed.



1. At 20T

Category Target Evaluation Method
Settling flow 250mm or more Settling flow test in the cement physical property test
Initial .
. 30 min. or more
Setting test setting . .
. Concrete setting time test
(Min.) .
Final
] 80 min. or less
setting
Compressive strength 50N/mr or greater Concrete compressive strength test
Tension test 4N/mr or greater Concrete splitting tensile strength test
Bond strength 25N/mr or greater | Floor covering bond strength test
Flexural strength 6N/mr or greater Concrete flexural strength test
Shear test S5N/mr' or greater Steel fiber-reinforced concrete shear test
6X1074 or less
Length change rates RH 80% Mortar and concrete length change test

2. When temperature was 5C

- Basic conditions ; Bottom ash (10% or more), Fly ash + slag (30% or more implant)

5C or below, For filling

- 3-hour compressive strength ; 6N/mm?” or greater (forms can be removed in 2-4
hours)

Long-term compressive strength ; 40N/mm?® or greater

Bond strength ; 2N/mm?® or greater

Fluidity: Self flow (flow when no vibration is applied) 250mm or more
Initial setting (40 min. or more)

-There should be no cracking from drying (6x1074 or less: R.H 80%)

IV. Results

In this paper, a mortar for tunnel repair and reinforcement (15% Taean fly ash +



15% granulated slag based on 35% of water and cement ratio) has been developed
and the goals have been met. The target values and achievements are stated in the

table below.

1. At 20
Category Unit Target Achievements
Flow mm 250 or more 260 + 10
Initial
Setting . 30 or more 35 + 5
setting
test Min.
(Min.) Final setting 80 or less 45 + 5
Flexural = strength (28
6 or greater 8.60
days)
N/ mf
Compressive strength (28
50 or greater 55.83
days)
Standard
. 2.5 or greater 25
B o t h | conditions
strength (7 Heatin g N/H]le
days) &  cooling - 2.0
repetition
Tension  test N/ mn 4 or greater 49
Shear test MPA 5 or greater 74
6X1074 or less B
Length change rates % 5X1074
; RH 80%
2. At 5T
Category Unit Target Achievements
Flow mm 250 or more 260 + 10
Setting time (initial .
] Min. 40 or more 48 + 5
setting)
Compressi 3 hours 6 or greater 6.64
v e N/ mr
strength 28  days 40 or greater 44.38
Both strength (7 days) N/ mn 2.0 or greater 2.0




3. Goals and achievements

Performance | Weighted Achieveme )
Goal o Target Title
indicator value nt(s)
Prototype 0.2 1 or more several Prototype
Field Mock-up
L 0.2 3 or more 3
application test
Commercializ
) 0.2 1 or more 1 Product
ation
Specificati
Manual 0.1 1 or more 1
Development of mortar for tunnel on
repair and reinforcement . Academic
Academic
2 or more
conference 0.1 5
conference
paper
paper
Journal 1 Journal
. 0.1 1 or more .
article (schedule) article
Patent
o 0.2 1 or more 1 Patent
application
Total 1.0 10 10 -

V. Use of the results

We have undertaken joint research with the Kajima Construction Technology
Research institute since early 2000. We are going to share the results of this paper
with the Kajima Corporation and expand its application in the domestic market. In
terms of the use of the results of Japanese papers, these included the development
and construction of ultra rapid hardening flooring using industrial wastes (fly ash +
slag) in 2004 and the development and application of mortar for repair and
reinforcement of the Fuji Mountaintunnel rain path in 2006. Japanese fly ash was used
in both mock-up tests. Domestic fly ash is less preferred than the Japanese product.
This paper will contribute to the high-value recycling of domestic industrial wastes by
commercializing mortar for tunnel repairs and reinforcement made of do mestic fly

ash (Taean).

_10_
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T o1-1. Az Iy MEts] 2 (XA AR, 2006)

T8 1992 1994 1996 1998 2000 2006
ToAg 948 864 970 980 1026 1026
e 920 1,564 2,150 2,830 3,390 4,687
7 1,868 2,428 3,120 3,810 4,416 5,713
Fo1-2. MES| UM 3 eE dg 2 EY g dY
T 1997 | 1998 | 1999 | 2000 | 2001 | 2006 | 2010
Fly Ash 2558 | 2930 | 3162 | 3549 | 3931 | 4481 | 5,600
Bottom Ash 640 733 790 887 983 1,232 | 1,400
AMers] A g 869 1178 | 1,678 | 2420 | 3,09 | 4,020 | 5,000
A gg H&(%) 27.2 322 | 425 54.6 63.2 70.4 75

T bAoA LA EE AES] = Fly Ash(eF 80% A8)$t Bottom Ash(F 20%)°]
02, A7 AR 80208 A &5t A=
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EBdE ESf(Particle Size Distribution of Aggregates) 4 A H(Date): 2009-05-19
Sieve Sieve Fesiduslw)

hMesh Size{mm) #3 #4 #& #G #7 =l BE
4 475 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 2.36 0.2 0.2 0.0 0.0 0.0 276 2.3
16 1.18 78.3 98.2 0.7 0.0 0.0 29.3 286
20 0,85 20.6 16 41.0 0.0 0.0 0.0 85
30 0,65 06 0.1 41,4 0,0 0.3 19.1 14.1
A0 0.425 0.3 0.0 15.3 11.6 1.2 0.0 [SH=]
50 0.3 00 oo 1.3 453 12.2 9.3 1533
100 0,15 00 0o 02 36.8 71.4 6.7 16.6
200 0,074 00 0.0 0.1 53 12.3 4.7 37
Pan 0 0.0 0.0 0.0 1.0 2.6 3.3 1.5
£&t 100,00 100.0 100.0 100.0 100.0 100.0 100,0

RS 0% 20% 20% 20% 10% 30% 100,0%

BEEEHRES(Particle Size

ETOH Distribution of Combined Aggregates)
Sieve Residue Residue Fassing
Size(mm) (%) Acc (%) Acc (%) 100.0 e
0 1.5 100.0 0.0 % 90.0 |
0.074 3.7 98.6 156 £ 800 |
0,15 16.6 94.8 5.2 & o F
0.3 18,8 78,3 21.7 & eno |
0.65 22.6 59.5 40.6 2 goo |
1.18 25,6 36.9 63,1 T ano
236 83 83 91.7 2 L
175 0.0 0.0 100.0 5 28'3 I
10 0,000 0.0 100,0 g 10'0 L
Total 100.0 0.0
0 0074 016 03 065 1.18 236 475 10
Sieve Size(®)
FEEE:
O 3-7. Salidh MEts| =2 xEAlY 2ot
SEHE ESf(Particle Size Distribution of Aggregates) I H B {Date): 2009-05-21
Sleve Sleve Residuet )
hdesh Sizemm) #3 #4 f35) #6 *7 Efch pTa=1
4 4,76 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 2,36 0.2 0.2 0.0 0.0 0.0 13.1 4.0
16 1.18 78.3 98.2 0.7 0.0 0.0 21.7 25,3
20 0,86 20,8 1.5 41.0 0.0 0.0 0.0 85
30 0,66 0.6 0,1 41,4 0.0 0,3 28,4 6.9
40 0,426 0.3 0,0 16.3 11.6 1.2 18,1 10,9
[s14] 0.3 0.0 0,0 1.3 AR.3 12,2 0,0 10,5
100 0,16 0.0 0,0 0.2 36.8 714 87 17.2
200 0,074 0.0 0,0 0,1 5.3 12.3 3.2 3.3
Fan 0 0.0 0.0 0.0 1.0 2.6 6.8 25
&&t 100.,0 100,0 100.,0 100.,0 100,0 100.0 100,00
EEEE 0% 20% 20% 20% 10% 30% 100,0%
SESEHEEST(Particle Size Distribution of Combined Aggregates)
Sieve Fesidue Fesidue Fassing
Size(mm) (%) Acc.(%) Acc.(%) 100.0
0 25 100.,0 0,0 E 900
0,074 3.3 a7.b 25 _g 80,0
0.15 17.2 94,2 5.8 & 700
0.3 215 77.1 22.9 & oo L
0.65 26,4 BE.6 44.4 2 500 |
1.18 26.3 30.3 59.7 B w0 b
2,36 4.0 4.0 98,0 g 30'0 L
4,76 0.0 0.0 100,0 3 20'0 |
10 0,000 0.0 100.,0 & 10'0 §
Total 100.,0 a0
0 0074 0,15 0.3 ogs 1,18 236 475 10
Sleve Size()
SLEEE
O3 3-8 Effotat MEHS| =2 Alg ZAx)

- 71




BE#AR ES(Particle Size Distribution of Aggregates) A H(Date): 2009-05-28
Sieve Sieve Residue(%)
hesh Sizelmm) #3 #4 f.35) i) 7 eras =
4 4,75 0.0 0.0 0.0 0.0 0.0 Q.0 0.0
3 2,36 0.2 0.2 0.0 0.0 0.0 3.9 2.7
16 1.18 78.3 98 2 0.7 0.0 0.0 15.1 244
20 0,86 20.6 1.5 41.0 0.0 0.0 0.0 12.6
30 0,65 0.6 0,1 41,4 0.0 0.3 19.6 18.4
40 0,425 0.3 0,0 16.3 11.6 1.2 18.0 10.7
50 0.3 0.0 0.0 1.3 A8.3 12.2 0.0 &1
100 0,15 0.0 0.0 0.2 36.8 T1.4 17.0 16.0
200 0,074 0.0 0.0 0.1 5.3 12,3 11.9 54
FPan 4] 0.0 0, 0.0 1.0 26 11.5 3.8
=5t 100.0 100.0 100.0 100.0 100.0 100.0 100.0
pra=yin 0% 20% 30% 10% 10% 30% 100,0%
B TR ESM(Particle Size Distribution of Combined Aggregates)
Sieve Residue Residue Fassing
Sizetmm &3] Acc (%) | Acc (%) 100.0 -
0 3.8 100.0 0.0 = 900
0.074 5.4 96.2 3.8 2 s00 F
0,15 16,0 90,8 9.2 o700
0.3 16.3 74.9 25,2 & 800 |
0.65 31.0 58.0 42,0 2 oo | -
118 24.4 27,1 72.9 E a0 |
2,38 2.7 2.7 97,3 2 a00 |
475 0.0 0.0 100.0 3 20'0 L
10 0.000 0.0 100.0 é 10'0 | - ’
Total 100,00 a0
0] 0.074 015 03 0Bk 1182 236 475 10
Sieve Size(%)
SLEEE
O3 3-9. MAEEAM MES] AR ExAlY AL
BEHEESH(Particle Size Distribution of Aggregates) #F A H(Date: 2009-06-01
Sieve Sieve Besidus()
Mesh Size{mm) #3 #4l #5 #5 #7 MA A=
4 4,75 0.0 0.0 0.0 0.0 0.0 0.0 0.0
g 2,36 0.2 02 0.0 0.0 0.0 15.4 47
16 1.18 783 98.2 0.7 Q.0 0.0 18.1 36.0
20 0,86 20,6 16 41.0 0.0 0.0 0.0 8.7
30 0,65 0.6 0,1 41,4 0.0 0.3 14.4 12,7
40 0.425 0.3 0.0 15.5 11.6 1.2 0.0 43
50 0.3 0.0 0.0 1.3 453 2.2 11.8 9.6
100 0,16 0.0 Q.0 0.2 36.8 71.4 16.8 15.9
200 0,074 0.0 0.0 0.1 53 12,3 13.2 b7
Pan 0 0.0 0.0 0.0 1.0 2.6 10.3 3.5
&5t 100.,0 1000 100,0 1000 100,0 1000 100,0
RS 30% 20% 10% 10% 30% 100,0%
Ba&EHEESHm(Particle Size Distribution of Combined Aggregates)
Sieve Residue Residue Passing
Sizetmm) €3] Acc (%) | Acc (%) 100.0 —
0 35 100.0 0.0 o900 t -
0.074 5.7 95.6 35 2 soo0 |
0.15 15.9 a0.8 9.2 2 700 | o
0.3 15.9 74.9 25. 1 & so00 |
0.65 21.3 51.0 39.0 2 500 | s
1.18 35.0 39.7 60.3 £ a0 | L -
2,36 47 4.7 ab.3 g s00 L
4,76 0.0 0.0 100,0 5 20'0 L e
10 0.000 0.0 100.0 2 00 L ~
Total 100.0 P
0 0074 015 0.3 065 1.18 236 475 10
Sieve Size(%)
FhLEEE:
O3 3-10. MM MEHS] A ExAlY 2ot
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3. 247 /AR AMI) 2282 71 2A18(5/C=2/1)

7} 7R THE) KS F 4044-04
10:53 ~ 11:10 0:17
L} —/E:E]j x = E—?—(mm) KS F 4044-'04
300 315 310
o). %75 (N/m) KS F 4042-07
3AIZE
TR 3%(N) 7%= (N/mr) S i
1 42300 26.44
2 50850 31.78
3 51230 32.02
30.2
4 48790 30.49
5 52330 32.71
6 44570 27.86
7Y
TR 32 (N) 7%= (N/mr) S
1 62820 39.26
2 72990 45.62
3 69990 43.74 433
4 70340 43.96
5 68390 42.74
6 71220 4451
28
T8 &F5(N) 7 = (N/mr) Bt
1 70470 44.04
2 72405 45.25
51.6
3 89340 55.84
4 90120 56.33
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5 89240 55.78
6 83420 52.14
YEAE(N/mf) = HA3HS(N) / 1600
2k 7 =(N/mr) KS F 4042-07
3AIZE
T 32 (N) 7} = (N / mr) 73 = (N/ mrr)
1 2130 4.98
2 1980 4.63 48
3 2010 4.70
7Y
T 3% (N) 73 = (N / mr) 73 = (N/ mrr)
1 2410 5.64
2 2640 6.18 6.1
3 2810 6.58
28Y
T 3l5(N) 7 5 (N/ mif) 7+ 5= (N/ mif)
1 3520 8.24
2 3590 8.40 8.2
3 3420 8.00
AR =(N/mr) = sk (N) x  0.00234
oh, 2275 (N/mn KS F 4042-07
xExA
7B 5+ (N) 7} = (N/ i) 35t
1 2350 1.47
2 2520 1.58 15
3 2266 1.42
drzx
TB 3 (N) 7} = (N/ i) 35t
1 2100 1.31
2 2205 1.38 13
3 2020 1.26
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T 3t5(N) 7 5 (N/ mr) H
1 2826 1.77
2 2205 1.38 1.5
3 2210 1.38

<gitE & AT

T 35 (N) & = (N / mi) H
1 2569 1.61
2 1353 0.85 1.2
3 1676 1.05

AL EN/m) = ANSAEFN) / 1600

vh Ao H3}-&(%) KS F 4042-07
28
( 0.001 - 140.151 ) - ( 0.001 - 140.271 ) X100 = 0085
140.151 ‘
( 0.001 - 140.126 ) - ( 0.001 - 140.250 ) X 100 = -0.0885
140.126 o
( 0.001 - 140.113 ) - ( 0.001 - 140.235 )
X 1 = -0.0871
@ 140.113 00 0.08
5t -0.09
Al T () KS F 4042-07
T8 A2 FAl(g) UE5A(g) FT%(g) 1t
1 419831 4204.51 6.20
2 4178.45 4183.69 5.24 6
3 4189.13 4195.67 6.54
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oF. BF4A % (kg/ mh")

KS F 4042-07

T8 1 2 H 1
E5TAT 0.243 0.244 0.24
2} F71 5 HA & [Sd(m)] KS F 4042-'07
1.39 1.36 14
2t HAEK KS F 2608-'06

TO T1 AL/L e a AT
27.3 27.3 0 2 0.000000E-+00 0

27.3 30.2 6 8 2.068966E+00 2.9
27.3 34.3 24 26 3.428571E+00 7

27.3 35.9 38 40 4.418605E+00 8.6
27.3 38.5 62 64 5.535714E+00 11.2
27.3 39.4 75 77 6.198347E+00 12.1
27.3 41.5 97 99 6.830986E+00 14.2
27.3 432 120 122 7.547170E+00 15.9
27.3 44.8 144 146 8.228571E+00 17.5
27.3 46.1 164 166 8.723404E+00 18.8
27.3 47 4 182 184 9.054726E+00 20.1
27.3 49.5 207 209 9.324324E+00 22.2
27.3 51 226 228 9.535865E+00 23.7
27.3 53 250 252 9.727626E+00 25.7
27.3 55.1 273 275 9.820144E+00 27.8
27.3 57.1 303 305 1.016779E+01 29.8
27.3 59.1 330 332 1.037736E+01 31.8
27.3 61.1 355 357 1.050296E+01 33.8
27.3 63.4 382 384 1.058172E+01 36.1
27.3 66 421 423 1.087855E+01 38.7
27.3 68.9 471 473 1.132212E+01 41.6
27.3 71.1 498 500 1.136986E+01 43.8
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500

400

300

200

100

y =10.189x
TTR*=TU0.952T

0 ¢ L
0 10 20 30 40 50
Temperature
7h Wz d Al & S =N/ mr) KS F 4042-'07
TR &FE(N) 7 =(N/ mr) B
1 76239 47.65
2 80120 50.08
3 79340 49.59
4 78120 48.83 496
5 80120 50.08
6 82310 51.44
A EN/wr) = HAAsFN) / 1600
El. 434 A (mm) KS F 4042-07
TR 1 2 3 R: iy B
1.45 1.78 2.05
1 1.66
1.39 1.25 2.01
1.99 2.01 1.25
2 1.71 17
1.87 1.80 1.36
1.60 1.55 1.80
3 1.68
1.80 1.60 1.70
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1. @ 40] 23] FA 34 (coulombs) KS F 4042-'07
T i
s 7 6

# W) ()

=2 & =100 : 35

4. JKR¥FRIH (MT+Slag) 71& Al

227 BAAZRAL 2AW AT MTE B5g 2E4AUE E= wagh2o] o

F Agettta daEY Grbt 7] wEol e A AAA g FEo] H 4 o
G7HE o] AAEdS =o)L, BlE HFo SA e A% TS HAE = A
S2A WY FF4 A= Bl SHIE XS, AHEStY A@EIIR o
JKRUFRIH 2 H g sttt
F 3-34. JKRHIQIH (MT+Slag) 71= AlY o &t
[T2]: m']
. W/C = A T 84 (kg/ m')
(%) (kg/m’) | MT Slag | F&3Al | AAA | A | &=EA
1 30 449 1,496 0 17.95 0.75 0.75 1.50
2 30 449 1,348 150 17.98 0.75 0.75 1.50
3 30 450 1,275 225 18.00 0.75 0.75 1.50
4 30 451 1,202 300 18.02 0.75 0.75 1.50
5 30 451 1,128 376 18.05 0.75 0.75 1.50
6 30 452 1,054 452 18.07 0.75 0.75 1.50
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I 3-35. JKR ZE2EIE Al i &t

BA 74 8 & (kg/ )

No. w/e =
(%) |&&/m) | MT | Slag |58 | AdA | 224 | 234 | 224

1-1 45 286 635 0 7.62 0.32 0.31 0.64 1270
2-1 45 286 572 64 7.63 0.32 0.32 0.64 1272
3-1 45 286 541 95 7.63 0.32 0.32 0.64 1272
4-1 45 287 509 127 7.64 0.32 0.32 0.64 1274
5-1 45 287 478 159 7.64 0.32 0.32 0.64 1274
6-1 45 287 446 191 7.64 0.32 0.32 0.64 1274
1-2 45 325 722 0 8.67 0.36 0.36 0.72 1445
2-2 45 325 650 72 8.67 0.36 0.36 0.72 1445
3-2 45 325 615 108 8.68 0.36 0.36 0.72 1446
4-2 45 325 579 145 8.68 0.36 0.36 0.72 1446
5-2 45 326 543 181 8.69 0.36 0.36 0.72 1448
6-2 45 326 507 217 8.69 0.36 0.36 0.72 1148
1-3 45 376 836 0 10.03 0.42 0.42 0.84 836
2-3 45 377 753 84 10.04 0.42 0.42 0.84 837
3-3 45 377 711 126 10.04 0.42 0.42 0.84 837
4-3 45 377 670 168 10.06 0.42 0.42 0.84 838
5-3 45 377 629 210 10.06 0.42 0.42 0.84 838
6-3 45 378 587 252 10.07 0.42 0.42 0.84 839
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F# 3-36. JKR REEIE Alg Z 1}

[eF$]: N/mr]

AP
s/C No.
3A1 7k 1¥ 7Y 28 fred | $ZAAZE

11 16.70 38.46 46.07 51.84 ® ®

21 14.37 35.57 43.49 49.36 O O

31 12.03 33.50 39.62 46.97 e O
2l 41 10.92 26.45 33.84 40.03 A O

5-1 8.61 2242 27.12 35.87 X A

6-1 4.79 16.58 23.76 30.23 X A

12 17.55 43.64 51.22 58.29 ® ®

22 15.54 41.05 48.54 53.88 O O

32 14.09 37.82 44.89 50.54 e A
b 42 11.36 30.62 37.06 44.12 O A

5-2 9.05 25.77 31.75 39.65 A A

62 6.18 19.81 27.59 35.10 A A

13 19.18 48.65 55.86 64.54 ® O

23 17.64 45.72 53.07 60.90 e A

33 16.01 42.99 49.75 55.67 O A
bl 43 12.77 37.65 41.83 45.12 O A

53 ; 31.53 37.36 42,54 O X

63 _ 22.00 31.55 39.28 A X
*2Ago, HEA, FAFEX
JKR¥FRIE &F k=)o) 7} At vl&s 37| 93t h=A|9 JKRuFRIT & v &S

2:1,15:1,1:1 F 372 AFsAT AFPHS MT A8FH FL3HA 3o
nA7MA 2 F54 AlE 2 3AZE 19, 7Y, 28Y dEAEE =AY AlEdd &9

9] A@go] ALFE §E40] Asalo]

©] 4,000~6,0002.2 wFEEo|H, E&

s

7t

Aoz A
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g 3-17. KReteIH/2=2Et2 ARUE(S/C 1.5:1)

| -—3A|7} —=— 28|
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Slag *| &t& (%)

% 3-18. JKREtRIH/22Et2 2FHZE(S/C 1:1)
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5 MT ZEELE 7]& wjg A4 2 A3

7h, ks AAE FFHe U2 7z g Ag

¥ 3-37. 2l 7= g 2 Al Z3t
[T m']
A ELS W/C W MT A3 iﬁ—% 2] A A ZZ0A AEA SFCA
T sc 314 424
o (%) (kg/m) (kg/m') (kg/ m) (ke/ ) (kg/m) (kg/m) (kg/m’) (kg/m’)
45 333 593 0 8.9 0.4 0.7 0.4 0.5 1,100
1 i 2 48 348 580 0 8.7 0.4 0.7 0.4 0.5 1,087
51 361 567 0 85 0.4 0.7 0.4 0.4 1,062
2o SAAZE ] .
gag | =TT | oW ) 7= (N /) %% 74 = (N/m)
(min)
T .
(C) | (mm) |2 [ 28 [ 3nzr | 79 | 289 | 3472 | 79 | 289
21 200 43 49 3.2 7.6 84 104 38.2 46.1
1 kiid 21 214 47 51 3 7.1 8.1 10 37.7 45.6
21 230 52 59 2.7 6.9 7.6 95 37.2 45.2
# 3-38. EETAI AIJIE Al 23
MESH Size 335 A 435 A} 535 A} 63 A} 7S A} A
4 4.75mm 0 0 0 0 0 0
8 2.36mm 0.2 0.2 0 0 0.1
16 1.18mm 78.3 98.2 0.7 0 0 19.2
20 0.85mm 20.6 15 41.0 1.6 0 35.1
30 0.6mm 0.8 0.1 414 0 0.1 11.3
40 0.3mm 0.0 0 15.3 11.6 0.6 11.2
50 0.21mm 0.0 0 1.3 453 2.6 2.3
100 0.15mm 0.0 0 1.2 36.8 33.7 7.7
200 0.075mm 0.0 0 0.1 53 56.2 11.6
PAN 0.0 0 0 1.0 6.8 15
A 100.0 100.0 100.0 100.0 100.0 100.0
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I 3-39. MALE MEES] T xE dfet A Az
[T9]: m']
& .
et wW/C \ MT | A=3 . AAA | FRAA | &2A | SFCA
L. |s/C 37 22 )
e (%) ke/m) | Gg/m) | Geg/m) ] oemy | ke | ke/m) | (eg/m)
(kg/ )
45 328 583 219 8.8 0.4 0.7 0.4 0.5 874
2 | AA 48 342 570 214 8.6 0.4 0.7 0.4 0.5 854
51 356 559 210 8.4 04 0.7 04 04 838
A ATt . .
ey | 2% | Flow (min) 7 = (N/mm) =74 = (N/mm)
7 () (mm)
272 | A | 3A | 79 | 289 | 3AIRE | 7Y | 28¥Y
21 105 25 29 2.8 6.5 77 9.8 36.5 458
2 A3 21 108 29 34 2.7 6.2 74 9.1 34.3 409
21 110 34 38 24 6 7.2 8.5 30.9 38.4
E 3-40. A MERE] M7HE Al Zot
Size
MESH 1 2 3 4 Average
(mm)
4 4.75 0 0% 0 0% 0 0% 0 0% 0 0%
8 2.36 54.2 | 13.5% 659 | 16.1% 66.2 | 15.9% 68.2 | 16.2% 60.2 | 15.4%
16 1.18 739 | 18.4% 70.2 | 17.2% 779 | 18.7% 75.6 | 18.0% 759 | 18.0%
20 0.85 0 0% 0 0% 0 0% 0 0% 0 0%
30 0.6 53.1 | 13.2% 66.3 | 16.2% 54.3 | 13.0% 63.2 | 15.0% 53.7 | 14.4%
50 0.3 472 | 11.7% 51.3 | 12.5% 45.6 | 10.9% 50.2 | 11.9% 464 | 11.8%
70 0.21 0 0% 0 0% 0 0% 0 0% 0 0%
100 0.15 751 | 18.7% 62.3 | 15.2% 72,6 | 17.4% 66.2 | 15.7% 739 | 16.8%
200 | 0.075 56.9 | 14.1% 52.8 | 12.9% 55.6 | 13.3% 539 | 12.8% 56.3 | 13.3%
PAN 421 | 10.5% 403 | 99% 449 | 10.8% 43.1 | 10.3% 435 | 10.3%
& A 402.5 | 100% | 409.1 | 100% | 417.1 | 100% | 420.4 | 100% | 409.8 | 100%
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¥ 341 A EA MERS 7] dHiE 2 AlE ZD
[&91: ]
T ]
o w/C w MT | A3 A AAA | 224 | 2%4 | SFCA
__ |s/c 22
e %) (ke/m) | (ke/m) | (kg/m) , ke/m) | (ke/m) | (ke/m) | (kg/m)
(kg/m’)
45 311 553 207 8.3 0.3 0.7 0.3 0.4 829
3 | ARz | 2 48 325 541 203 8.1 0.3 0.7 0.3 0.4 811
51 335 525 197 7.9 0.3 0.7 0.3 0.4 787
SAAZE ) N
Ae3] | L% | Flow (min) B4 =(N/mr) W=7 =(N/ mr)
min
5 () (mm)
24 | = 3AZE | 79 289 | 34 | 7Y 28Y
21 X 28 31 1.8 54 6.4 8.7 299 | 354
3| AHdx= 21 105 32 36 15 49 6.5 83 369 | 324
21 112 35 42 15 48 6.3 7.9 23.6 | 295
¥ 342, A E A MES| XHIIE AlY 2ot
Size
MESH 1 2 3 4 Average
(mm)
4| 4.75 0 0% 0 0% 0 0% 0 0% 0 0%
8| 236| 423 92% 391 | 87% 369 | 82% 423 92% 39.6 | 8.8%
16| 118| 702 15.3% 66.8 | 14.9% 70.1 | 15.6% 65.3 | 14.2% 70.2 | 15.0%
20| 0.85 0 0% 0 0% 0 0% 0 0% 0 0%
30 06| 926 202% 89.0 | 19.9% 83.9 | 18.6% 90.2 | 19.7% 88.3 | 19.6%
50 03| 7731 16.9% 71.6 | 16.0% 723 | 16.1% 713 | 15.6% 748 | 16.1%
70| 021 0 0% 0 0% 0 0% 0 0% 0 0%
100 | 015| 746 16.3% 79.0 | 17.6% 77.6 | 17.2% 77.6 | 16.9% 76.1 | 17.0%
200 | 0.075| 473 10.3% 56.1 | 12.5% 55. | 12.2% 56.3 | 12.3% 51.2 | 11.8%
PAN 53.6 | 11.7% | 46.2 | 10.3% 543 | 12.1% 55.3 | 12.1% 54.0 | 11.5%
3 Al 4579 | 100% | 447.8 | 100% | 450.1 | 100% | 458.3 | 100% | 454.0 | 100%
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# 3-43. Salf &k MENS| J|= dijgt 2 Al Zaf
[T m']
i _
o w/C w MT | Mg3 | | AAA | Q4 | 2%A4 | SFCA
| s/c A 27
e %) (ke/m) | (ke/m) | (ke/m) (ke/m) | (ke/m) | (ke/m) | (kg/m)
(kg/m)
45 328 582 218 8.7 0.4 0.7 0.4 0.5 873
4 | =3 2 48 342 570 214 8.5 0.4 0.7 0.4 0.4 854
51 355 557 209 8.4 0.3 0.7 0.3 0.4 835
SAAZE i N
2eks] | 2% | Flow (min) 7 =(N/mr) W=7 =(N/ mr)
5 () (mm)
x4 | =4 | 3A% | 7¢ 289 | 3AIZE | 7Y | 28¥Y
21 100 32 37 35 8.7 89 11.3 457 58
4 =3l 21 120 37 41 3.2 8.4 8.5 10.8 408 | 50.7
21 150 39 44 3 8.1 8.1 10.5 38 424
¥ 3-44. sd5lot MEHS| MIEE AlYE Z )
Size
MESH 1 2 3 4 Average
(mm)
4| 475 0 0% 0 0% 0 0% 0 0% 0 0%
8| 236 101.0| 27.2% | 107.2 | 27.7% | 113.5 | 289% | 104.5 | 26.7% | 107.3 | 27.6%
16| 118 | 1132 | 30.5% | 112.3 | 29.0% | 111.1 | 28.3% | 116.0 | 29.7% | 112.2 | 29.4%
20| 0.85 0 0% 0 0% 0 0% 0 0% 0 0%
30 06| 7121 19.2% 75.0 | 19.4% 72.6 | 18.5% 77.6 | 19.9% 719 | 19.2%
50 03| 3701 10.0% 342 | 88% 378 | 9.6% 35.2 | 9.0% 374 | 94%
70| 021 0 0% 0 0% 0 0% 0 0% 0 0%
100 015| 220| 59% 280 | 7.2% 26.6 | 6.8% 273 | 7.0% 243 | 6.7%
200 | 0.075| 161 | 4.3% 175 | 4.5% 16.6 | 4.2% 171 | 4.4% 164 | 4.4%
PAN 11.2 | 3.0% 128 | 335| 146 3.7% 131 | 3.4% 129 | 33%
3 Al 371.7 | 100% | 387.0 | 100% | 392.8 | 100% | 390.8 | 100% | 382.3 | 100%
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F 3-45. Eff oboh MERS| J|E HiE 2 AR AL
[T m']
- ]
et W/C w MT A3 N AAA | FHA | &%A | SFCA
| s/c 2 A2
o (%) (kg/m) | (kg/m) | (kg/m) ] kem) | kg/m) | kg/m) | (kg/m)
(kg/m)
45 324 576 216 8.6 0.4 0.7 04 0.5 864
5 | ENQH 2 48 338 563 211 8.4 04 0.7 04 04 844
51 355 557 209 8.4 0.3 0.7 0.3 04 835
S ATt 3 N
qus) | B2 | Fow | oo AN/ 5= (N/ m)
Rk () (mm)
x4 | 42 | 3AZ | 7Y 289 | 3AIZE | 7Y 28
21 105 29 32 3.3 6.9 7.8 10.7 38.8 47.8
5 1215 21 130 34 38 3.1 6.6 7.2 10 35.6 421
21 150 36 43 3 6.4 6.9 9.5 33.8 37.2
F 3-46. Efj ot MELS| XIS Al Z )
Size
MESH 1 2 4 Average
(mm)
4 4.75 0 0% 0 0% 0 0% 0 0% 0 0%
8 2.36 59.3 | 12.7% 60.4 | 129% 61.2 | 13.3% 62.0 | 13.3% 60.3 | 13.1%
16 1.18 98.0 | 21.0% | 103.5 | 22.1% 994 | 21.6% | 101.6 | 21.9% 98.7 | 21.7%
20 0.85 0 0% 0 0% 0 0% 0 0% 0 0%
30 0.6 | 1392 | 299% | 1295 | 27.7% | 1282 | 27.9% | 130.2 | 28.0% | 133.7 | 28.45
50 0.3 81.1 | 17.4% 81.6 | 17.5% 87.2 | 18.9% 86.9 | 18.7% 842 | 18.1%
70 0.21 0 0% 0 0% 0 0% 0 0% 0 0%
100 0.15 40.0 | 8.6% 415 | 8.9% 394 | 8.6% 402 | 8.7% 397 | 87%
200 | 0.075 150 | 3.2% 17.3 3.7% 15 3.3% 14.6 3.1% 15.0 | 3.3%
PAN 33.2 7.1% 33.5 7.2% 29.8 6.5% 29.0 6.2% 315 | 6.8%
g Al 465.8 | 100% | 467.3 | 100% | 460.2 | 100% | 464.5| 100% | 463.0 | 100%
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2= AT Ao AT Mg

3]
b FEAE 1: 2 HIEE &9, HEIs XEUEEEE Ao w50l FEA9

o, 398 WEIZ(40x40x160mm) S ARE3t 3AI7E, 7Y, 2899 AT} AEAEE
7438kt
Aeslol &5 Bol HMave 5A4S 1Hste, E-AWE HIE 45%, 48%, 51% = =17t
M A@sAth HA F29 38 23 FHd HAS 150mmeE F& FEAHES AT
T Y W AHEZE 112mm, AHES 110mmE F540] A3 ok ol EF
YEEZAA BT FAo] 5ol dFES mF7] LR BT AN
=

g AAE YUY E-AIRE B 51%, ¥4 289 & 7L

stol wheh Eaj4bat Bkt AR AFschn BeE e ekl Fuake] e ¥
AEsk FFFETE o BOIAATW AL A 2ALCIY, HASD e FE 1

7] el ekt A3 E F AGE AARE AESHE AR SAT

Bd RERZA @A o] F83] &0
of gt} o|F fJate] WY o] APE Bt Ty ZTE 250mm oS HEE
AT MT9 A PSS gRAIEAAd 1:2,1:15 1:137HA A2 A
Aokl B A 11 HEo] APA HolA 7P st MTeF A9 vli= 1

e
2
r
ox,
o
do
Jo
offt
ox,
o
Jo
A
N
2

1=

WA g7l 2457 FAAZTAMDSE FEA, AAE AFstel 2o e 493
FFE AGNA 7P AFSHThT BYE B HEE 10 ~ 35% 744 F7HAAM

77 EQatgnh. theos mEE2 UA7E At ANE BA ol 0% 22



As EAFE STHAIEA = ARMER A W3S FH APsiadn. 13" 3-18.
4 2E AE AAH e dESITh

[T m']
BA T4 Qa(kg/m

N wW/C | E ° (kg/m) Flow
0.

%) |t | M7 | Hers | fEEA | A9A | ZQ04 | 2ZA | SFCA | g2 | mm)

1 | 30 | 323 | 922 - - - - - - 922 | 250

2 | 30 | 318 | 907 | 181 - - - - - 726 | 235

3 | 30 |315| 901 | 270 - - - - - 631 | 205

4 30 | 313 | 894 358 - - - - - 536 200

_93_



5 30 | 310 | 887 443 - - - - - 443 150

6 30 | 308 | 881 528 - - - - - 352 100

7 30 | 306 | 875 612 - - - - - 262 100

8 30 | 311 | 889 356 5.33 0.89 0.89 0.89 0.44 534 140

9 30 | 311 | 888 355 7.10 0.89 0.89 0.89 0.44 533 160
10 30 | 310 | 887 355 8.87 0.89 0.89 0.89 0.44 532 175
11 30 | 310 | 886 354 10.63 0.89 0.89 0.89 0.44 531 190
12 30 | 310 | 884 354 12.38 0.88 0.88 0.88 0.44 530 190
13 30 | 309 | 882 353 14.11 0.88 0.88 0.88 0.44 529 195
14 30 | 311 | 889 356 5.33 0.89 0.44 0.89 0.44 534 135
15 30 | 311 | 888 355 7.10 0.89 0.44 0.89 0.44 533 155
16 30 | 310 | 887 355 8.87 0.89 0.44 0.89 0.44 532 170
17 30 | 310 | 886 354 10.63 0.89 0.44 0.89 0.44 531 190
18 30 | 310 | 884 354 12.38 0.88 0.44 0.88 0.44 530 185
19 30 | 309 | 882 353 14.11 0.88 0.44 0.88 0.44 529 185
20 30 | 311 | 889 356 5.33 0.44 0.89 0.89 0.44 534 170
21 30 | 311 | 888 355 7.10 0.44 0.89 0.89 0.44 533 190
22 30 | 310 | 887 355 8.87 0.44 0.89 0.89 0.44 532 200
23 30 | 310 | 886 354 10.63 0.44 0.89 0.89 0.44 531 210
24 30 | 310 | 884 354 12.38 0.44 0.88 0.88 0.44 530 215
25 30 | 309 | 882 353 14.11 0.44 0.88 0.88 0.44 529 215
26 30 | 311 | 889 356 5.33 0.44 0.89 0.89 0.53 534 175
27 30 | 311 | 888 355 7.10 0.44 0.89 0.89 0.53 533 190
28 30 | 310 | 887 355 8.87 0.44 0.89 0.89 0.53 532 205
29 30 | 310 | 886 354 10.63 0.44 0.89 0.89 0.53 531 220
30 30 | 310 | 884 354 12.38 0.44 0.89 0.89 0.53 530 215
31 30 | 309 | 882 353 14.11 0.44 0.89 0.89 0.53 529 215
32 32 | 291 | 910 364 10.92 0.45 0.91 0.91 0.55 546 240
33 34 | 306 | 893 357 10.71 0.45 0.89 0.89 0.54 536 250
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34 36 | 316 | 877 351 10.53 0.44 0.88 0.88 0.53 526 260

35 38 | 328 | 863 345 10.35 0.43 0.86 0.86 0.52 518 265

36 40 | 339 | 847 339 10.17 0.42 0.85 0.85 0.51 508 270

37 42 | 350 | 834 334 10.01 0.42 0.83 0.83 0.50 500 280

HA e H7HA Qlol &4 FIAAGAMD S EA, HEIvs 3t &
AWMEH 30%2 AF3Ath eI = 10 ~ 35%2 5%8 F7HA7IH A ge A3 A
37F F71Eel el e ARHo® Ao X Feke] 30% ode] HA EE
% 100mmoE fF5A8-S HolA shth Alg A Heks|= X 3&0] 20% o shol A
2ol 7hsd fEAde YERHER o5 uE o R ER®XQl 250mm olde] e =F
st7] 98l E3iAlE HUbshe AES AABIZ s

A AA, ZA, LA} EAZAQA SFCAS] H7l#S 1A4sta F53AE 533 ~
1411g 7HA 02%% F7HA171M Al @stdnh ol fEstAls 2% olWolA WSt s
Folatd et YzgAl ARl w9 Ze 7127F Wol dAst AFAd o] el LT
v 7|2 ZAE sdst 5 7717 s HEiAl]]l "WRlE F100® W
Aste] AFstAT 1 A 71z #Ao] go] ZAIEA 58 = ST 1
ZoA BEo]l FEsAZL S el f548 SUIRE ZES @tol Bowouh 14%
FHE O ol F71skAl ¥ AASAY 288 ol ZAastAth o] AR Aol uwhet
FE3AE 10.0g(1.2%) Aol AFsiths 2E8S A& & Ak AAAE 09gl A 04g=
WA A A FSEAA T 2 AtelE HolAE ¥ on, SFCATE 0.44goll4] 0.01% F7HAA
053go 2 WAl A F29gole 4FS T4 B3 oy Eede A3 o5
Atk E3A NE I AFoR FEZ9HS dARE 220mm7bA FUFIR oY HEX|

Ql 250mmel THESHA] E3l7] wiEol E-AIREDR| WHIlE Fo A AlFE-S AAISHS

o|\
e

3
P>

B9 e ZUINAIH AFE R oM (No. 32~37) A2FE =2 Vet B9 ko]
= Z7tslgon, E-AHEH 36%5E = 250mm ©]4e] Fk

=
g 248 & AU T 2-ANEN 38% ol AVIAS Aol ARyl g
& e
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g 3-22. - AlHEB|o mE =2

MK
HU
—0

B @A HeRZd ZAhA Adde AT Fed8T ol TMANE dAT
NZE ol A E o oF BT BE ReHAGA Jad oA 2Fho] o] FojA= B¢

A7) dZol SET TS sk 20T A s 22 307 ol T2

kr

@)
()

o = AHER] 36%°A4 dAsAH. SAAL 2dE st FEdhA, AdA, XA,

AEA S BAALAE o8] /A GO st APSAT £F o /¥ 24
6T olshold SAATe] ofd Pge Wi dolrs] AT AYE AAsArh o

o QoA AWF Aol gt 12%F Agsgon, BeAgAs 2
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A 3744 ZRAA AEE XA

LEE 5CE BFo] AWW AL zAdAe ARe wE2zAY wo Hste S
0] 2 ~ 38 AE AANE AR}E Btk o= LEvb ol me Fapurgoe] A
A3 Agatal Fa4e W] kool Hek SANRE HolAE Ao wlr,

kH

3-48. 2t Azt HEE 9IF SZEAIYE Hi®

(&1 m]
. wiel = A A 84 (kg/m)
() | e/m) | MT | gk8) | f58HAl | A | £20A | £2EA | SFCA | &4
1 36 316 | 877 351 10.5 0.44 0.58 0.88 0.53 526
2 36 316 | 877 351 10.5 0.44 0.73 0.88 0.53 526
3 36 316 | 877 351 10.5 0.44 0.87 0.88 0.53 526
4 36 316 | 877 351 10.5 0.58 0.58 0.88 0.53 526
5 36 316 | 877 351 10.5 0.58 0.73 0.88 0.53 526
6 36 316 | 877 351 10.5 0.58 0.87 0.88 0.53 526
7 36 316 | 877 351 10.5 0.73 0.58 0.88 0.53 526
8 36 316 | 877 351 10.5 0.73 0.73 0.88 0.53 526
9 36 316 | 877 351 10.5 0.73 0.87 0.88 0.53 526
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10 36 316 877 351 10.5 0.87 0.58 0.88 0.53 526
11 36 316 877 351 10.5 0.87 0.73 0.88 0.53 526
12 36 316 877 351 10.5 0.87 0.87 0.88 0.53 526
¥ 349 G AN FRE 3 LANY A
[&H9]: &
N 20C 5C
> =4 4 =4 =4
1 37 41 58 72
2 36 39 55 68
3 34 37 54 63
4 53 56 87 121
5 48 52 80 100
6 45 48 72 94
7 68 72 118 150
8 67 70 104 141
9 64 67 92 132
10 90 97 137 177
11 88 92 125 168
12 84 89 121 158
200
A20°C =2 L20°CEZ
N ops5cxz m5CEZ . L
160 -
[ |
140 - -
120 = - =) o
100 - = - - - ; x
80 - = - =
| m - 2 N

60

40

20

O
] R A 2
3 x A
1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 9 10 11 12
a8 3-24. M ol mE SZEAYE Z3of
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I 3-51. MEte|ef e A&k AlY Higt

[S9 m]
No. | W/C | = EA TR asbke/m)
() | O v | s | slag | #58A | A9A | B4 | 424 | SFCA | 2EA)
1] 3 | 327 | 635 | 0 272 | 1089 | 060 | 091 | 091 | 054 | 907
2| 3 | 325 | 678 | 45 | 226 | 1084 | 060 | 090 | 090 | 054 | 858
3| 3 | 324 | 719 | 9 | 180 | 1079 | 060 | 090 | 090 | 054 | 809
4 | 36 | 32 | 761 | 134 | 134 | 1074 | 060 | 090 | 090 | 054 | 761
5| 3 | 321 | 802 | 178 | 8 | 1070 | 060 | 089 | 089 | 053 | 713
6 | 36 | 320 | 844 | 222 | 44 | 1066 | 060 | 089 | 089 | 053 | 666
7 | 34 | 315 | 647 | 0 277 | 1109 | 062 | 092 | 092 | 055 | 924
8 | 34 | 313 | 689 | 46 | 230 | 11.03 | 061 | 092 | 092 | 055 | 873
9 | 34 | 311 | 732 | 92 | 18 | 1098 | 061 | 092 | 092 | 055 | 824
10 | 34 | 310 | 775 | 137 | 137 | 1094 | 061 | 091 | 091 | 055 | 775
11| 34 | 308 | 816 | 181 | 91 | 1089 | 060 | 091 | 091 | 054 | 726
12| 34 | 307 | 88 | 226 | 45 | 1084 | 060 | 090 | 090 | 054 | 678
E 352 o5ZE 5% ZH
[ N/mn]
20C 5T
No.
3AIZE 14 74 28 3A|ZF 19 74 28
1 11.65 19.90 29.92 43.36 3.74 15.28 27.66 37.11
2 13.33 22.76 33.57 44.89 5.86 19.33 30.48 40.82
3 16.44 26.52 35.31 47.54 6.98 22.61 3291 44.69
4 17.06 28.83 38.88 52.47 8.49 2591 39.83 49.52
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5 18.37 30.05 36.70 49.13 9.16 24.59 34.27 46.64

6 17.40 29.54 34.97 46.56 8.84 23.95 33.86 40.27

7 13.57 27.43 35.66 46.82 5.34 18.28 30.64 37.51

8 16.20 29.56 36.19 48.67 7.75 23.33 33.94 43.96

9 18.34 32.79 40.52 51.24 9.18 24.61 35.62 48.65

10 21.87 35.54 43.30 55.61 10.04 28.54 38.73 50.61

11 22.99 35.93 38.88 52.15 10.22 27.40 37.25 48.25

12 24.17 34.78 37.97 47.68 9.62 26.88 35.68 43.57

I 353 #ZE £ 21

[Z N/mr]

20°C 5C
- 317 19 74 289 | 3AIZE 1Y 74 28
1 2.9 458 5.04 5.61 1.49 3.14 437 6.39
2 3.57 4.98 5.63 6.03 1.62 3.83 452 7.88
3 3.89 5.21 6.22 6.87 1.85 436 5.58 7.62
4 426 6.15 7.34 7.94 2.05 5.58 6.82 8.75
5 450 5.92 7.71 7.86 218 5.64 6.60 8.62
6 416 5.58 6.89 6.75 2.24 5.07 6.17 8.40
7 3.45 432 6.28 6.86 1.53 4.08 5.23 7.43
8 3.89 5.18 6.95 7.25 1.72 475 5.67 8.26
9 413 5.54 7.52 7.91 1.94 553 6.58 8.82
10 492 6.18 8.34 8.85 2.30 6.25 7.86 9.51
11 5.13 6.30 8.10 8.43 2.23 6.43 7.52 8.16
12 4.80 5.83 7.87 8.66 2.27 6.17 7.09 8.95
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—a—No.8
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O 1 1 1
3A|ZH 1< 74 28¢
a2 3-31. ZFEMN "J45x &5 Z1t 0 W/IC 34%
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4 / —e—No.1H
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No.10

—e—No.7
—=—No.8
—4—No.9
—%— No.11
—e— No.12

28

: W/C 34%

3A[ZH

10

ot

o7
o

ol Lol 2ol o

HEE 4ol

s & "art Aot

| 34%0l A 27FA (4 5

o

E B

A7

- 108 -

4y

MT

o YJER) AT

3
(kg/m)

o}zl

(%)

Ww/C

=

=

No.

), 36%0l4 27k (103 11H) =g

a3




4-1 36 322 761 134 134 10.74 0.60 0.90 0.90 0.54 761
4-2 36 322 761 134 134 11.62 0.60 0.90 0.90 0.54 761
4-3 36 322 761 134 134 12.52 0.60 0.90 0.90 0.54 761
5-1 36 321 802 178 89 10.70 0.60 0.89 0.89 0.53 713
5-2 36 321 802 178 89 11.59 0.60 0.89 0.89 0.53 713
5-3 36 321 802 178 89 12.48 0.60 0.89 0.89 0.53 713
10-1 34 310 775 137 137 10.93 0.61 0.91 0.91 0.55 775
10-2 34 310 775 137 137 11.84 0.61 0.91 0.91 0.55 775
10-3 34 310 775 137 137 12.75 0.61 0.91 0.91 0.55 775
11-1 34 308 816 181 91 10.89 0.60 0.91 0.91 0.54 726
11-2 34 308 816 181 91 11.79 0.60 0.91 0.91 0.54 726
11-3 34 308 816 181 91 12.70 0.60 0.91 0.91 0.54 726
# 3-55. MEtE| et SeiTae xlak Al 23t
20C 5C

No. | &3] : Slag Flow SANTHE) Flow SAAHE)

mm) [ za | =za | om) | za | =2
4-1 1:1 250 42 53 252 76 103
4-2 1:1 258 40 46 259 73 100
4-3 1:1 260 39 44 258 78 105
5-1 1:2 239 37 45 241 87 114
5-2 1:2 246 35 39 248 89 109
5-3 1:2 245 36 41 249 90 118
10-1 1:1 243 36 42 244 50 88
10-2 1:1 255 39 44 258 49 86
10-3 1:1 256 38 46 260 48 87
11-1 1:2 235 33 39 241 41 86
11-2 1:2 250 32 37 251 43 83
11-3 1:2 252 34 40 253 44 85
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B olgtr = PVA(H ©] 2 E]) PVA(F-2}#l)
9% 33 HUE SFS 3 SRY MR
¥ 356 % SR0l 02 HLT WEE
[T m]

No. | aasR | VO] o ﬁ_i(N/mmz)

@) | ) | T | A9 | seg | e84 | wEA | 49
1 B2 38 | 327 734 130 130 | 1319 | 734 26
2 ofgr = 38 327 732 129 129 13.15 732 26
3 ] o] 2~ F] 38 327 731 129 129 13.14 731 26
4 | g€ | 38 | 329 731 129 129 | 1314 | 731 26
5 g 38 327 779 130 130 13.19 692 26
6 ofgr = 38 327 775 129 129 13.15 689 26
7 o] 2~ F 38 327 774 129 129 13.15 688 26
8 Tk 38 328 774 129 129 13.15 688 26
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O MPAA(EEZZ) : 25 - 180 - 15

O £¥dZ(cm) : 155/ 153

O F71%(%) : 4.8

# 3-59. =3Z32E Aldoig & &t
no| W/c | s/a Y C S G AD | gy | B9 EE/m 9

D@ | T en | g | ag 56 |
1| 60.6 | 472 | 140 | 231 | 892 | 1,025 0‘?3; 10/10 | 31 | 87 | 148 | 158 | 23715
2| 628 | 472 | 145 | 231 | 892 | 1,025 Ofo/o 11/11 | 28 | 77 | 135 | 143 | 235838
3649 | 472 | 150 | 231 | 892 | 1,025 ;3; 13/14 | 3 | 69 | 124 | 129 | 24894
4671 | 472 | 155 | 231 | 892 | 1,025 Ufsf/o 15/15 | 45 | 61 | 113 | 125 | 23340
51693 | 472 | 160 | 231 | 892 | 1,025 0‘?3; 15/15 | 48 |111|181 | 194 | 23219
6| 714 | 472 | 165 | 231 | 892 | 1,025 Ofgf/o 16/17 | 41 | 53 | 102 | 116 | 2309.7
7 | 584 | 467 | 130 | 224 | 780 | 1,130 053; 8/8 | 33 |99 | 164 | 169 | 26844
8| 602 | 467 | 135 | 224 | 780 | 1,130 OC‘B; 11/12 | 31 | 88 | 150 | 163 | 23714
9| 625 | 467 | 140 | 224 | 780 | 1,130 0‘?3; /11()i.85 45 | 79 | 137 | 150 | 235838
10| 64.7 | 467 | 145 | 224 | 780 | 1,130 OC.S; 14/14 | 38 | 70 | 125 | 126 | 23461
11| 67.0 | 467 | 150 | 224 | 780 | 1,130 Ocﬁf/o 14/15 | 41 | 61 | 113 | 119 | 233338
12| 69.2 | 467 | 155 | 224 | 780 | 1,130 0;); 15/15 | 55 | 53 | 103 | 108 | 23213
13| 725 | 483 | 158 | 218 | 905 | 99 ;2; 15/15 | 29 | 43 | 88 | 95 | 23633
14| 743 | 483 | 162 | 218 | 905 | 996 szf/o 16/16 | 38 |37 | 81 | 99 | 23535
15| 76.1 | 483 | 166 | 218 | 905 | 996 sz; 16175 | 32 |32 | 74 | 86 | 23436
16| 780 | 483 | 170 | 218 | 905 | 99 | .. | 15518 | 43 |27 | 67 | 76 | 23337
17| 800 | 483 | 174 | 218 | 905 | 996 | < | 7° 35 | 22| 61 | 65 | 23239
0.2% /17.5

18 | 81.7 | 483 | 178 | 218 | 905 | 996 szf/o 18/185 | 43 | 1.8 | 54 | 61 | 23143
19| 711 | 479 | 160 | 225 | 880 | 1,054 szf/o 165/x | 28 | 47 | 94 | 106 | 23651
20| 733 | 47.9 | 165 | 225 | 880 | 1,054 Ofo/o 175/17 | 25 | 40 | 85 | 99 | 23529
21| 755 | 479 | 170 | 225 | 880 | 1,054 | cx | 168 31 |34 | 76 | 81 | 23408

- 115 -




0.2% /175
2| 778 | 479 | 175 | 225 | 880 | 1,054 Oczf/ 17/17 | 25 |27 | 68 | 72 | 23288
23| 808 | 479 | 180 | 225 | 880 | 1,054 | 185 X 22 | 60 | 64 | 23169
0.2% /185
24| 828 | 47.9 | 185 | 225 | 880 | 1,054 Oczf/ 18/19 x | 16 | 53 | 60 | 23052

g 3-37.

Ho=3
-1 O =
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B re =5 Z32ES KR R2Er2e] RN #5hy] 9jate] wg £
ZAYEE AR dA AZste] FE8] FAAGeE o)) BHFZIAYES] Sl &
HE AjRe] FHopa agRINE o] &3ty A APttt o ASAE F FA=
ZSHoA Attt Ao 10H % 119 WP Fx SAHAANFY YT HHeE &
dES AxstY HFZAYE o Exzst Foh 157Y3 ZF:FY (L5 2082C, F
S 65%) 8 A (2% 5T, 5 50%)= 247 AARE & RARGEE S

o

RH3E 24 Yo BAZ AsE BEEadE 9w

I 3-60. FELE A& KR Z=2Et=9| v gt

= A 24k ’
W/C = A T4 (g/m)

(%) | ke/m)

[

MT | A€3] | Slag | f53HA | AAA | A | 23%4 | SFCA

e
i
2

10 | 34 | 310 | 775 137 | 137 | 11.84 0.61 0.91 0.91 0.55 775

11 | 34 | 308 | 816 181 91 11.79 0.60 0.91 0.91 0.54 726
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SAHYE AlF

3-61.

[S9 m]

A

=

775

726

SFCA

0.55

0.54

A A

091

0.91

A

(kg/m)

091

0.91

4
o

0

X
A A A
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0.60

AT

i
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10.94

10.89
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3.5
¢ EEXZ mYuts
8 L 4
*
2.5
||
2 X
1.5
1
0.5
O 1
No.10 No.11
a2 34403 E ALER FARZE £Y Ay

10. S AlF

ARMEE 7202 Ase W Aot & o]9o] Yo e 5L {54 ¢
3 AbgStERE o] B =9 PURHWA FHste EAHAS 7HA Uth wepA] o]
F3le 54 HAUE AAStAY Eol= WMol Basty dvig 5 A=A 4
HE Fotafof stEE FFE AFS AASAT AFEL 1047 11 Fo = st o
A= 4 Ay 5L PHOE JKR ZEELE A9 E(W/C 34%)S st 3
& 548 20 dol AR ot a8 BHE FH EES YEAS AR E
AE2JIS A 6202 #Hol wel A\ 289 7hA] SR
F 362 WEES Al 2t

No. 1¢ 49 59 7Y 8Y 129 19 21 28

x2FS 0.943 0.943 0.946 0.945 0.945 0.947 0.946 0.945 0.947

1.816 1.795 1.786 1.791 1.782 1.794 1.756 1.749 1.731
10
e -0.0005
W3-8 | -0.000118 | -0.000185 | -0.000152 | -0.000202 | -0.000146 | -0.000354 | -0.000388 000
1.779 1.749 1.729 1.743 1.726 1.739 1.692 1.687 1.656
11
W3S | -0.000169 | -0.000281 | -0.000202 | -0.000298 | -0.000225 | -0.000489 | -0.000517 | -0.000691
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ANE A3 CSAAIY AARAS AU e F 450 257 FUAATAY 544
=& A9 A g Aoz Yeth 49, 109, 119 A8 #ZE x5S H250 Y
Blom 33X 015% °lstE EF TSt
A4 A ATF4AH
1. A% A% 37 AE g
O E-AHEH : 34%
O AgFA=E A%E . 30%
: A Ek3)(15%) + &£ L(15%)
E 363 =3 ds 47t Al i
[T m']
BA T4 La(kg/m
W/C s A T4 8a(kg/m)
No.
AAA | ZFA | AZA | SFCA | FZA

o) | &/ i | mas) | Slag | 88

137 137 10.94 0.61 0.91 0.91 0.55 775

10 | 34 310 | 775

2. A8 5 AF

)
ZE 10%°173, He3+&H 1 30% 13 A, 4K 5= °sr|E, &
- BAIZE AEFAE ; 6N/mm?® ©]F(2~4AZE AR €3 ThE)
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<Method For repairing in-Ground Tunnel Structure>
(F7NH S US2005/0095066 Al)
e A HE 7z Hgo] B el #3 AezA, §S A= H

9 PRl METHe GHSE A% o EAs 2 d1e 58

I* 6-1. o &71=(US2005/0095066 Al)el a4l L&

AT A& A7 &

A method for rapairing an in-ground tunnel structure havign an

interior wall surface lined a cementitious liner, comprising the

steps of:
- Ed EW | a) cleaning the cementitious liner
15 HEFEAS b) forming at least one drainage hole in the cementitious linear;
(5%0@) T @A | c) applying a first curable resin to the cementitious liner and
e A allowing the resin to cure to form a resinous liner that is bonded

to the comentitious liner; and

d) introducing a second curable resin into the at leaset one

drainage hole and allowing the resin to cure and seal the hole.
¥ 598 AFE TAHEED 19, T5F 9%
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W3 v FFI/NE3 US20050095066 Al (2005305405%)

E
A 3 %: Method For repairing in-Ground tunnel Structure

Z ¢ <l: Daniel Warren

The present invention provides an improved for repairing in-ground tunnel
structures. The method involves applying a first curable resin over a
cementitious liner which lines the interior wall surfaces of the tunel, drilling

drain age holes in the cementitious liner, and filling the draingage boles

= Nex

with a second curable resin. The resins are allowed to cure and harden. The

ofo oy N, i pe

cured resins seal the wall surfaces and drainage holes to provide a
composite tunnel structure having high mechanical strength and resistance to

fluid leaks

Ww | AE R A EE R g

=
L %7 REEZ Az B | Aold LU &S B

<Solid polyurethane compostions, infrastructure repair
and Geo-stabiliation Processes >
(F7NH S US2007/0093602 Al)
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I* 6-2. t&71=(US2007/0093602 A1)l &l L&

AT A& Al - -8
AT I A A solid polyurethane composition comprising, at least one
13 Zg 8% | polyisocyannate, at least one isocyannate-reactive compound, and
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at least one organic particulate material capable of absorbing heat,
optionally, one or more of waver, surfactants, p pigments,

catalysts, and fillers.

In one of a reaction composition comprising, st least one
polyisocyannate, at least one isocyannate-reactive compound, and
at least one organic particulate material capable of absorbing heat,
optionally, one or more of waver, surfactants, pigments, catalysts,

and fillers.
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