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SUMMARY

Recently, Repair and Rehabilitation of structures increasingly constructed in this
country with the increased construction of highways, high-speed railways and subways
and so on. Shotcreting is one of the major precesses in the repair and rehabilitation of
structures. Many problems, however, exist in the current shotcreting practice. The
purpose of the present study 1is, therefore, to explore the High performance
Shooting(HS) mortar and concrete in the current shotcreting practice, to derive an
optimum mix for efficient shotcreting, to develop high—quality shotcreting systems for
repair, and finally to develop hydro-demolition as a method for removing concrete as a
part of the structure rehabilitation process for high economical efficiency. Optimum
shotcreting system with high quality and economy will be derived and the sulfate
resistance cement shotcrete developed in the present study will be expected much lower
rebound rate.

The pre-mixed concrete shotcrete, which can pre-bag the shotcrete materials and
thus can save considerable labor activity, will be developed through extensive
experiments. The proposed pre-mixed High performance Shooting(HS) mortar and
concrete and shotcrete system included hydro-demolition will be verified though field
tests in actual repair and rehabilitation construction sites. The main advantages of High
performance Shooting(HS) mortar and concrete and shotcrete system will be also
explored.

the summary is expressed as

1. Title

The Development of Slope and Pipe Structure System Repair Method using

Automatic Hydro-demolition and Shotcrete Equipment.

II. Objective
This research will focus on developing of the High performance Shooting(HS)
mortar and concrete by laboratory test and evaluating of site application by field test

using new automatic Hydro—-demolition and Shotcrete equipment.



M. Contents and Scopes

Scopes of Research Contents of Research

@® Laboratory test for Material Development

-Test of Fresh Properties
Development of HS
-Test of Strength and Dry-shrinkage
Mortar and Concrete
-Test of Durability

-Test of Sulfate resistant

Improvement and @® Improvement and Development of Equipment on Slope
Development of and Pipe System
Hydro-demolition and |- Hydro-demolition (Cutting over bcm, Automation, )

Shotcrete Equipment |- Shotcrete (Shotcrete Spin Headunlimited Move)
@® Optimum of Equipment System

Optimum of Repair - Suitable Equipment Selection

Method - Equipment Combination

- Field Application Test

IV. Results
Result 1 : Development of High performance and Sulfate resistant Shooting Mortar
and Concrete
Result 2 : Improvement and Development of Automatic Hydro-demolition and
Shotcrete Equipment for Repaired Structure

Result 3 : Make out Standards and Guidelines for Site Application

V .FuturePlan
If extension and application of various concrete structure is carried out, it will can

be possible to innovate on the repaired method and material.
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A Dry-mix process Alkali quid High performance W/C ratio < 0.4 using

Microsilica 12 wet—mix
powsr process

INCRESE IN SPRAYED CONCRETE QUALITY

with highly accelerators wet-mix process with ~ “Hypemlasticisers™

alkaline power replace powers low dosages of liquid
accelerators in dry process accelerator and use ‘?
B M of steel fibers .

* Higher outputs

+ Greater mechanisation

+ Faster setting times for
water problems in tunnel

» Alkali~free accelerators
» Microsilica slurry

» Steel fibre reinforcement
« W/C ratio < 0.43

» Robotic spraying amns
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- AHE

AAMEE ) SAHlA Aass WA Ed 2E d8 VES-CementE AM4-3HS)
om Ao ALEH VES-Cement®] =4 A& ofef e}

<VES-Cement9] &2]3}&4 54>

Chemical Composition (%) blaine specific

Cement type . ]
SiOz Ale:g Fezo:g CaO Mg O SO:% (Cm/ g) gr aVlty

VES-Cement | 102 | 167 | 13 | 508 | 14 | 155 5,400 2.95

_ %]H

|

Fe @At HAAE 10mmel AH A4S o] §3AT, FFAE 354, 5E

AL 6EAL Q] AR AT ZAl B2 4L KS

o,
=
Lo
rob
>
jaei}

|

S Eolo] A 2 FAZ B2 AHs Agsgdoen T A vF 2

Type Max. size (DryGéi\ggi]tion) FM
35 AL 2.59 -
Fine aggregate 53 A} 2.57 -
6 A} 2.55 -

Coarse aggregate 13mm 2.73 5.70
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5 it t |
> . - —e—composite aggregate
a 200 4+------ RSyt e p_ _gg_] g :,,
g - - - - Grading Limit for Coarse Agg. |
o o
0.0 - — - —_—
0.1 1 10 100
Grain Size(mm)
<EgEAe) dETa>
3 s
FARE B ARAt A Eddee] EHARE AASFAL AHE

<A 7} & (Silica Fume)?] &% E4>

Chemical Composition (%) Blaine’s Specific
Si0; Ca0 (cn'/g) Gravity
85797 <1 150,0007300,000 2.22

<Z 7 ™ (Polymer)o &% EA>

Typical General Characteristics Value
Solids Content (%) 98 - 100

Ash Content (%) 9 - 13
Bulk Density (kg/m?) 490 - 590

Appearance

white powder

Protective Colloid/Emulsifier System

Polyvinyl alcohol

Particle Size (um)

Max.4% over 400

Predominant Particle Size Redispersion (um)

05 -8

Minimum film forming temperature (C)

4

Film properties of the redispersion

Cloudy, Touch-Elastic
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I

F3d 1+ (Synthetic Fiber)e] =224 4A>

Typical General characteristics

Specification

Material

10096 Nylon

23 Microns, denier range 2-7

Filament Diameter
Specific Gravity 1.16
Fiber Length (mm) 12
Melting Point (°F) 490-510
Tensile Strength (MPa) 890
Youngs Modulus (GPa) 5.10
Toughness (MPa) 107
Thermal Conductivity Low
Electrical Conductivity Low
Acid/Salt Resistance Good
Alkali Resistance Excellent
UV Light Resistance Excellent
Water Absorption (ml/m?) 20
Concrete Surface Smooth, Nonhairy
Absorption (%) 475
Color Natural

<aLA 5 74 A| (Superplasticizer) ¢ =812 &4 >

Typical General Characteristics

Value

Brownish Powder

Colour
pH(5% solution) 6.5+1.0
Dry Content (%) Min. 96
Equivalent Na20 (%) Max. 6
Max. 0.05

Chloride Content (%)

Active Component

Polycarboxylater Polymer

Bulk Density (kg/m?®)

370

_50_




<Z A A (Viscous Admixture)?] &84 EA>

Typical general characteristics Value
Component Hydroxypropyl Methlyl Cellulose
Hydroxypropyl Content(wt%) 7.0712.0
Methoxyl(wt%) 28.0730.0
Ash content(wt%) Not More Than 1.0
Moisture(wt%) Not More Than 5.0
Viscosity (2wt%, solution) 400 MPa.s
pH value(1wt%, solution) neutral
Particle size 98.5%6<100mesh, 1002%<80mesh
Charring temperature 2807300°C
Bulk density(g/cm?) 0.2570.7(Usually around 0.5)
Real specific gravity 1.2671.31
<AEA 9] =84 54>
Value

Typical general characteristics

Sulfonate Silica Powder

Composition
Appearance Light Ivory of Powder
Moisture (wt%) Not More Than 2
pH Value(1wt%, solution) 7.0
Bulk Density (g/cm?) 09 "1.2

Bowge FAME BAxAel o 3@ u9ARAFL 450Kg/m3o R

sto] F=A&S 65% A 24 ¥ EIFARE ok wigEel 2ol 9353

W/
S Sand Super
B (ty/j; VES | S/F an Cosrs Polymer | Fiber |Visco/A i
(%) CM | 7% | =z |33 | 534 | 634 6% | 02% | 03% |
Agg. 0%
45 | 65 |4185] 315 | 9749 | 263.7 | 3114 | 399.8 [ 5582 | 27.00 | 090 | 1.35 | 225
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3. 1A%

oy

4 £AYE (FEY2-W) ARALS 9% AWAPEF
AR 2 MFE

(D) A=

AMEE S SAtelA] AAdHE BE XEAE AUNES ALEstlon A

<AMES B34, BH 54>

Chemical Composition (%)

Blaine’s Specific
Si0y | ALOs | Fex0s | CaO | MgO | S0, | (a/g) | Gravity
20.8 6.3 3.2 61.2 3.3 2.3 3200 3.15
_ _TEL;(H

Fe #AE ARAF 10mmel AH ANS ol gsda, ABTAE AN Fuds
§

At

stk 2A9 MF L 2HED AEIFHL ohug 2

<zAle =eEA dE>

) Gravity
Type Max. size (SSD) F.M
Fine Aggregate - 2.57 2.66
Coarse Aggregate 10mm 2.65 5.70
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100.0

90.0
80.0
70.0 A
60.0 -
50.0
40.0
30.0 A

Percent Passing by Weight(%6)

20.0 A
10.0 A

0.0

—<&—Fine Agg.
= = = Grading Limit for Fine Agg.
—&— Cosrse Agg.

= = Grading Limit for Coarse Agg.
I I I I T 1 1T

Grain Size(mm)

<AHEEA L PYERE>

EspAEE 2 EIAel Al R e
Aol Eeld 5L ofdiet 2.

<A 87} & (Silica Fume) 2]

£AARE AHSHAL, AHed

geld 54>

Chemical Composition (%) Blaine's Specific
SiO, CaO (cir/g) Gravity
85797 <1 150,0007300,000 2.22

<Z# ™ (Polymer)] &4 EA4>

Typical General Characteristics Value
Solids Content (%) 98 - 100

Ash Content (%) 9 - 13
Bulk Density (kg/m?) 490 - 590

Appearance

white powder

Protective Colloid/Emulsifier System

Polyvinyl alcohol

Particle Size (um)

Max.4% over 400

Predominant Particle Size Redispersion (um)

05 -8

Minimum film forming temperature (C)

4

Film properties of the redispersion

Cloudy, Touch-Elastic
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<

I

F3d 1+ (Synthetic Fiber)e] =224 4A>

Typical General characteristics

Specification

Material

10096 Nylon

23 Microns, denier range 2-7

Filament Diameter
Specific Gravity 1.16
Fiber Length (mm) 12
Melting Point (°F) 490-510
Tensile Strength (MPa) 890
Youngs Modulus (GPa) 5.10
Toughness (MPa) 107
Thermal Conductivity Low
Electrical Conductivity Low
Acid/Salt Resistance Good
Alkali Resistance Excellent
UV Light Resistance Excellent
Water Absorption (ml/m?) 20
Concrete Surface Smooth, Nonhairy
Absorption (%) 475
Color Natural

<aLA 57 Al (Superplasticizer) o] 282 E4>

=

Typical General Characteristics

Value

Brownish Powder

Colour
pH(5% solution) 6.5+1.0
Dry Content (%) Min. 96
Equivalent Na20 (%) Max. 6
Max. 0.05

Chloride Content (%)

Active Component

Polycarboxylater Polymer

Bulk Density (kg/m?®)

370
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<ZA A (Viscous Admixture)e] Zg]2 EA>
Hydroxypropyl Methlyl Cellulose

Value

7.0712.0
28.0730.0

Typical general characteristics
Component

Not More Than 1.0

Not More Than 5.0

Hydroxypropyl Content(wt%)
(0]

400 MPa.s

Methoxyl(wt%)
(6}
(6]

neutral

Ash content(wt%)
Moisture(wt%)

98.5%6<100mesh, 10026<80mesh
2807300°C

Viscosity (2wt%, solution)

pH value(1wt%, solution)
Particle size

0.2570.7(Usually around 0.5)
1.2671.31

Charring temperature
Bulk density(g/cm?®)

Real specific gravity

Value

<AEA 9] &84 E4>

Sulfonate Silica Powder

Light Ivory of Powder

Typical general characteristics

Compositi

ion

Not More Than 2
7.0

nce

Appeara

(wt%)

09 712

Moisture

pH Value(1wt%, solution)
3

Bulk Density (g/cm?)

LA

EEE

120+30mm=
ERC AR B

7l ol A

Al %S 440kg/m3, &<
H

=

E A 714 Hol
Aotk T3 9
=4 H A 10mm, &

vl §+A A

o wsjel  ulel
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<HHMFE 9% )

I

P AA>

Material Type Remarks
Cement OPC(440kg/m”) Fixed
Coarse Aggregate Gmax = 10mm Fixed
Fine Aggregate S/a = 70% Fixed
Silica Fume 0, 4.5, 9% Varied
AE 0, 0.005% Varied
Superplasticizer As Required Fixed
Fiber 0, 0.2% Varied
Polymer 0, 4% Varied
Viscous Admixture 0, 0.3% Varied
<nf e3>
Gma W/ Unit Weight (kg/m’)
. X |Slump S/a
ME i | (mm) | 2 (%) Poly Vi
0 . oly | Visco.
) (%) W | C| S| G|[SF| AE | S/P |Fiber | °V|'F
120 0 1.012
SFO | 10 +30 435] 70 | 191 | 440 | 1122| 496 (0%) (0.23%)
120 20 1.012
SF45| 10 30 435] 70 [ 191 | 420 | 1118 | 494 (45%) (0.23%)
120 40 1.188
SF9 | 10 30 435|170 [ 191 | 400 | 1113 492 (99%) (0.27%)
. 120 0002|078 | | |
SFOA | 10 +30 435|170 [ 191 | 440 | 1122 | 496 0%) | (0005%) | (0.17%)
SF4.5 120 20 0.022 | 0.836
A 10 +30 435170 1 1911 420 | 1118 494 (45%) | (0.005%) | (0.19%)
. 120 4 | 0022 | 1056 | | |
SF9A | 10 +30 435|170 [ 191 | 400 | 1113 492 99) | (0005%) | (0.24%)
SFI9A 120 40 0.022 1.056 | 0.880
| 10| sg |43 7O 1911 400 |3 A2 g0 | 00505 | (0.24%) | (0.2%6)
SFI9A 120 40 0.022 | 0.528 | 0.880 | 17.6
pp | 10| g [430] 70| 191 400110971485 ) g00) | (0.0050%) [ (0.1296) | (0.29) | (4%)
SF9A 120 40 0.022 | 0.704 | 0.880 | 17.6 | 1.320
-FPV 10 +30 435170 1 191 | 400 | 1110/ 485 (9%) | (0.006%) | (0.16%) | (0.2%) | (4%6) |(0.3%)
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<A mE g e>

SF0 A - F P \%
25_5'1?;;;625;?2 g; None : 0% None : 0% [None : 0% |None : 0%
"~ 0 A : 0.005% R : 02% P 4% V1 0.3%

9 : Silica Fume 9%

v Al A
(1) 2714 A E] 54
A B9 2713 54 Avbe vhga gk opd e} o] F7Fe HA T
Eo17k, SFOA-FPV wo] 73%°o2 A vtk 9= ¥t %%
sojzith. gute= AY A AAHoz & gute= A7t o
AgE #rbes ghde] 600x600x100mme] #& Xl A &3]
wd ojRe Ay Hiu Fol Adada, EE o] vy Fob it ¢
Feklrh ey Amulel] mpE nals Jheste], HlaAst S A
F7he wigtel 7B A vskth 2 FAAIEA Ay 7

3 g FHAS s wigtol 180mm=E 7 AA bk

o
o
I
o
ol
ol
B

<271 A ES SA4AE A

Piston Pressure id-
vix | A | U | e | Rebownd | il
Initial Final (mm)
SFO 4.1 130 50 100 38.80 85
SF4.5 4.3 105 50 50 38.59 110
SF9 4.8 120 40 40 33.64 110
SFOA 6.0 135 40 40 36.62 130
SF4.5A 4.5 130 40 40 35.10 120
SF9A 49 135 40 40 31.18 150
SF;gA 49 105 50 50 30.37 150
[T | ss [ [ o [n ] a0 | w |
ilj:gé 7.3 140 70 100 19.65 180
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SAstAdv. A=S1 Zd¥yE BY, dsAdEs SFIASl Wil A==

SFOA-FPVHjgto]l =LA vttt F+54 A3 SFIA-FP wigro] 7Hd A4 ol

<Ee F xAYE WRTT T2 54>
Entrained Air Entrapped Air
ASTM € 457 ( < 1000pm ) ( > 1000pm )
Mix. Air Slfactmg Air Count Air Count
(%) actor (%) (ca) (%) (ca)
(um)
SFO 2.6 398 19 211 0.7 10
SF4.5 2.8 403 2.2 228 0.6 7
SF9 2.5 392 2 228 0.5 4
SFOA 4.8 236 4.2 519 0.6 5
SF4.5A 4.5 208 3.7 569 0.8 6
SF9A 34 225 2.9 454 0.5 2
SF9A-F 36 289 29 365 0.7 6
SFI9A-FPV 7.2 172 5.3 900 19 18

<o ¥ paded 24 5443%>

Mix. Cosrg);‘r(f;;ilve Flexural Strength Permeability
(MPa) (MPa) (Coulombs)
SFO 45.2 6.1 6772
SF4.5 51.5 7.1 9556
SF9 50.3 7.1 1096
SFOA 47.5 5.4 5765
SF4.5A 55.7 6.4 3322
SF9A 57.6 5.7 1095
SF9A-F 51.3 7.9 887
SFOA-FPV 39.9 8.0 399
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Bobcat& o] &3 ZATE H2AF A, 2B HHAE o] &3t daH nlg
AZFRH2AE o83 AAA/E Aol YL BHOR = 77
& A3
- Bobcat® ° ¥ FAE HAb Ad, 2AAL o §F FAW e
TEDALAE o83 AN E A AYL BHOR = 73
& A47-7F
- AYgueolAE ol g3 Zade d L AFEYILAES o g
% Ael Ade BHoR e 77
T % A2t gy T3k e
A 173k bobcat 0.6 x 6.0 x 0.05
A 27-3F bobcat + steel brush 0.6 x 6.0 x 0.05
A3 7F bobcat + spin—jet 0.6 x 6.0 x 0.05
A4-7 o] HAbreaker 0.6 x 2.0 x 0.05
Bobcat 5220 Bobcat S220
o Bobcat $220 + * 0I= Breaker
o + Steel bursh Spin-jet +
. VICE4 + + VIC B A
VICEH A VIC &4
¥
6.0 M 6.0M 6.0M 20M
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AM 9330 [MEZA Bobcat S220
AM 950 (2% 3R A=+ Bobcat S220 B=80cm, t=5cm
AM 10:10 |9 4=
AM 10:35 |23 A 2] A ExF
AM 11:00 |(2="A <=5
AM 11:35 [e1& 3k A2+ Hgo]lA 2t
AEFdHda
PM 12:20 |VC & A%
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PM 12:40 |VC #H 24 m5-g
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PM 2140 |38 E glAnttg
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S AR KZpAR
st% AR w3t st% AR 3t
(kg) (kg/cnf) (kg/c') (kg) (kg/cnf) | (kg/cr)
33940 192.2 1638 49.1
Vib. 41760 236.4 2125 1906 57.2 54.3
Ahr 36880 208.8 1884 56.5
25970 241.3 1818 54.5
Non 29220 279.3 261.8 1626 48.8 53.3
28410 265.0 1884 56.5
50480 285.8 1874 56.2
Vib. 51040 289.0 277.3 1810 54.3 57.7
1day 45400 257.0 2090 62.7
29150 309.7 1822 54.7
Non 30780 300.5 294.1 1836 55.1 54.5
24760 2022 1796 53.9
75316 426.4 2050 61.5
Vib. 75357 426.6 423.9 2220 66.6 571
28da 73948 418.7 1440 43.2
y 38969 398.9 1740 52.2
Non 42938 421.3 395.1 1990 59.7 56.0
34942 365.0
AR
e Pt At
(N) (kg/cm) (kg/cm)
6,049 79
A 17F :
9,352 12.1 10.1
BC+VO) 8018 10.4
8,481 11.0
A 2+7F ’
8,342 10.8 10.6
Aqe |BCHSBHVO) 7,685 10.0
144 11,303 14.7
A 373 ’
11,380 14.8 16.3
(BCSIVO) 15,091 196
3,481 45
A 43 ’
(o12) 11,283 14.6 8.2
4121 5.3
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of Aot dfeHs BrtgdeRs dF4E A9 aeTHE 9

3 AzAne Bgaad g,

AWrA el SfFHIE o] &ste] ZAYE WS 1/49A(0.6cm)  AA S

o

Hydro-demolition(H B A E)S o] &3l AIZI8E 39 FHE =2 AA7|¢
FAES SHshy] 9t 1A FAYEE 1/471/2904(0671.2cm) F7HH o=

AAF 5, dstd Za+7]

[t
s
b
4
Ll
Y
N
P,l',
s
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ot
£

2) ZaHE FH= 93 JEHAE An A 2L Zdsd

AEAES] mQtHEZE 2257370kWe] fAAx oz FAHY XA+ HE
Sl mEt sttt f2E ERle] HEZFAE K 757266L/minol A oF
837138MPa A %=o]t},

e

22} goli A PR
Missouri DOT (29 #1) SHRP-S-336 (9] #2)
~ w927 1/4 inch(0.6cm) + |- 2257370kW 1gbr] 2ol 7l
WE | gEA Au 1/471/2 inch(0.671. | - 75 265L/min.f- %
A 3cm) = 172cm - 837138MPa H:=Z<f
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(3) #hel ek

Y

o] FgyE A EE ol Hydro-demolitione RIS o] &38te] At
olu] sl Waterblasting= 3| &4 Htl= o] &3
TS vy ol FRS AFEHE HEJY fFFel wme wWsls)

= A1) #AuE="E = vH(horsepower, hp) o2& T8 4= J o (NLB Corp,

pS
2
A
AC)
s

2007) 3007500hp A =9l =< Hydro-demolition®o] Z Q3+ v ZH 2 2 (Michael
C. 1992), olRt} v+ &¥& zHs 79 Waterblasting 713 o2 H71& 4 Qi)
GPM< PST
_ A ol A
BHP 715 (0370) T 21(1)

o714, GPM< %99 (gallon per minute), psix HZ e o9

(7h) k4=

AEAEE B4 FxAgy), BAgn 2 LRy u 7 FujA Yo upep A5 9 E
Eet2® 9 Hydro-demolition 7|22 &/ = Uth AFE&E9 HHAEES
2 4F71E AFEShH HZb2 ¢F 1007150bar, @S °F 554 /min.9] §Fo=
ES BAME e 2xygeldow FAHEY i 12hpA R FAAUAE Y

gtk AAg, AR dw AH ol HguHr ol Wd ZEAR ARW

<water spray>
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() $1E &8 ~" (Water blasting)

JLQFAF=(water blasting) WH 2 1%t 52 A ZAYE FHo| A5l %

g X 4oz AEHM AHEetAa" Av(Water jet)= HZUH 1,400bar
80 ¢ /min. °o]st=E ARl UA 7} 300hp ©]ake] FH|E A &skal UTh =
oM ALl = Water jet AHl= HEZ ¥ F3Fol weh A1)} 2ol Artd

A9 % Hydro-demolition $JE|EetAglor TH - 4851 g A4olr

<SR W fel wE Fu TR

4 g0 BEH 72 1P ) 31
bar psi Ipm gpm
=o9E o4 1,100 15,730 195 52 474 Hydr.o.—
2,500 35,750 82 22 453 demolition
aF % | 1400 | 2000 | 7 20 | 232 | phater
M 2 EA A 120 1716 55 1.46 1.46 | water spray

<9 H E2~8 1,400bar H x>
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o JEHAE A% F7t

FATE FREY AAAEE HA 21MPa o)dolH HE 28MPaolstz A A H
I o AA s 30MPas @& o] dubkdolt) wElAd, YJEAE AT

HelNE AATEES A4 AEE wASY] lste] 32MPag JEoR WAES
38MPast A4 17MPa £ 2 E A#ste] Aol e Fadold ATsAnt

AA = fck=15MPa fck=30MPa fck=35MPa
S AR 17MPa 32MPa 38MPa

(2) IEHAE #AY
A oA A= - A 851 9lE Hydrodemoliton &H|E =A 271A AlQo
2 FEHY 2 AFodA s F 7HA AHAlY 25 dste AdA HGUEE e

o

sttt AEAES] el A s HEY R FFel M A dFE T

=

o2

l

4o AEAE FH AL s S Alojdts A AEAe] ols It
rR oz ofFolx glom A AFH= odUAES ZRoNA BA=ESS
3 BATdoEA B4 duAryg we ZagE #dd 23& FAdsA dh
AP ES 19 37 2ol A% 2507350mm, 200rpm] &HEE 143 HstEA O
FrEeEs AstA Aok old AlEE s EAbUAE HZS B e R ALt
¥ = v (horsepower) &2 FAHM HEHAE 4H] T Hydrodemoltions =3 s}
7 918lM = 3007500 hpel Z71E 7 oF Srk(Michael C., 1992). Zulo]x 22
E gdlE AR AfHL e Ave I 3 Rl vda Aeole oy

B 4507480hpe] AH|EE Szt Ao 7 ZALE T
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<Hydro-demoltion ZH] #<4>

e W-1 W-2
=ET 27 47
EETAM f(((??i\\\
(Nozzle 2.2mm 0.8mm \ \ i Eii i f f ]
diameter)
=73 = AA
(rotating diameter) 250mm 350mm
S =
R 200 rpm 200 rpm
(rotating speed)
S 110 MP 250 MP
(pump pressure) a a m
-2 ] .
(flow ;ate) 195 L/min 82 L/min \ \ \ ‘;ii a‘ ;' J )
=
(hor;je}p?)wer) 474 hp 453 hp <2 g o)s kA

2. AEAE A% A7 A

(1) == wa gyEA

BEANT= Wil dubAeltt. =W JHAE A= 299 AF Aok
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