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This research aims at entering the final stage of building the optimum system for the high
strength urethane-modified asphalt by systemizing its equipments and specifications, which have
been developed through the first, second, and third research period. Portable 2-way gun crack
maintenance possesses its convenience advantage. While the existing maintenance cost is KRW
12,000/m, it is only KRW 5,000/m bhased on this research. The binder sprayer, aggregate sprayer,
and aggregate mixer have been developed into a simplified automatic system in this system,
allowing only 172 people to carry out the task. Additionally, the traffic opening time can be
adjusted at will in consideration of the traffic flow. It is also advantageous from the perspective
minimum required thickness of the pavement. Thus, its applicability is expected to be greatly
enhanced owing to its rapid construction and convenient opening for traffic, especially for the
maintenance of aged road of frequent and heavy traffic.

The research result is to be systemized in more detail to ensure its product safety through
performance tracking and a great deal of test constructions. This will result in acquiring the
efficient and practical maintenance method to bring about an innovative change not only in
ordinary private pavement market and small apartment-complex pavement market but also in
existing aged pavement maintenance market.
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Key words Maintenance, Urethane, Modified Asphalt, Asphalt
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RESEARCH SUMMARY

I. Title

Maintenance of aged pavement surface - Development of the material and
method for the maintenance of asphalt concrete pavement using urethane—-modified
asphalt binder

II. Overview of the Research and Development Task

1. Purpose of the research & development
O  Development of the method of wusing urethane-modified asphalt and
evaluation of its applicability
O Development and improvement on 2Z-components system urethane-modified
asphalt construction
O Examination of the technique for applying urethane-modified asphalt binder

O Improvement on the field applicability

2. Necessity for the research & development

O Current trend of shortening the period necessary for the maintenance of
aged pavement or its re-pavement: Domestic road pavements are directly
exposed to repetitive heavy traffic volume and sudden weather change due
to the increase in the number of vehicles and heavier vehicles, and they are
frequently damaged.

O Effective use of the budget is necessary due to the reduction in the
pavement maintenance budget: The maintenance period for new pavement is
5 years and possesses inherent problem of having to repair or maintain 10%6
of total road pavements, i.e. 8183 Km, annually. It is also current situation
that local governments and the Ministry of Land, Infrastructure, and
Transport are concentrating temporary measure of partial repairing (filling
the potholes) high-risk and severely damaged pavement only due to
insufficient SOC budget.

O Necessity for the development of emergency maintenance material against
cracking: Cracking of the pavement makes it possible the infiltration of
moisture into the pavement and accelerates such damages as pot holes and
fatigue cracking due to the contraction and expansion of the pavement in
response to the weather change. However, the main material for the
pavement maintenance depends on import, and the development of effective
maintenance method and the pavement equipment is necessary.

O The necessity for the development of maintenance material appropriate for



domestic environment: Domestic modified asphalt emulsion has low softening
point and weak physical properties, and it is not used widely due to its
stickiness after drying. Nonetheless, urethane asphalt binder allows various
maintenance methods depending on the condition and pattern of the cracks
as well as the adjustment of the hardening time appropriate for the traffic
volume of the maintenance area and the characteristics of the surrounding
environment, enabling the opening of the road pavement for traffic as

desired.

M. Contents and Results of the Research & Development Performance

1. Status of domestic road pavement

O There are 38 Expressways and 51 national roads, and they stretch 4,765.6
km as of 2010 and 14,224 km as of 2005, respectively.

O Road pavement maintenance budget has increased to about 5.5% during 10
vears, and the budget has been increasing by 0.5% annually without a

noticeable change.

2. Result of investigating patent related to domstic pavement maintenance

3.

O Existing patents suggest such pavement maintenance methods as cut-back
asphalt, addition of emulsifier and acid as well as emulsified asphalt and
materials with polyethylene.

O Existing patents suggest modified mixture with rubber, oxidized blown
asphalt, and blown asphalt with softner and reaction additive as well as
oxidation.

O Materials using such a variety of admixture with rubber and epoxy,
poly—ester, polyol resin, MMA, EVA(Ethylene Vinyl Acetate), colorless
binder for asphalt and coloring, emulsifier, agitated polymer plastic, asphalt
binder with styrene—butadiene, waste tire, and waste styrofoam, epoxy resin,
and isocyanate resin are being applied.

O This research aims at developing admixture and urethane-modified asphalt

binder and males it possible to differentiate each material.

Result of examining the storage safety of urethane—-modified asphalt

binder

O  The quantity of process oil to maintain the optimum viscosity of
urethane—-modified asphalt binder is found to be more than 30% of the mass
of the asphalt hinder admixture.

O Aroma oil exhibited inferior performance improvement effect in comparison
to other process oils.

O Although the main material for urethane-modified asphalt binder with TDI



surpassed the emulsified asphalt viscosity standard of Korea and USA, that
with MDI passed the standard only for a certain process oil A. Thus,
adding TDI to produce the main binder material is more advantageous in
satisfying the viscosity standard and maintaining the optimum workability.

O It 1s deemed that the urethane-modified asphalt binder so produced can

manifest storage safety for 6 months at the least,

4. Result of test production of urethane-modified asphalt binder

O Three test productions were carried out to verify the productivity of the
extension of the production facility. The test productions produced 1.5 ton
composed of 0.5 ton of main material and 1.0 ton of softner with the ratio
of the main material to softener to bhe 0.5:1.0. The production started to
make the ratio of main material to softner to be 1:1 through improvement
on physical properties.

O Examining the efficiency of the facility revealed a little increased production
time because of the manual process of adding raw materials. Thus, an
automatic production line is necessary in preparation of mass production in
the future.

O Examination of the product revealed less than 196 loss ratio of the material,

and the quality inspection revealed the same quality as the standard.

5. Result of the development of the material and method of maintenance
sealing against small-scale cracking

O Improvement activity to enhance the anti-crack sealing equipment, which

was developed in preliminary research and target research, was carried out

in order to investigate the sealing performance of the developed

urethane—-modified asphalt binder against mid-scale and small-scale cracking.

O Improvement on the efficiency and safety of the automated crack sealing

equipment was achieved through the improvement on transfer pump, and the

head mixer form of the portable crack sealing euipment was changed into a

lattice net structure to reduce the length of the head mixer by 50%6.

6. Result of the development of urethane-modified asphalt admixture for
pothole maintenance
O After 5 repetitive freeze-thaw tests of urethane-modified asphalt pothole
maintenance material in comparison to other admixture werecarried out,
indirect tensile strength test was performed at 25C. The conventional
pothole maintenance materials kept at room temperature exhibited only 36%
and 1296, respectively, of the strength performance of urethane-modified
pothole maintenance material.
O There are three types (A/B/C) of the developed urethane-modified asphalt



pothole maintenance admixture by the target air void ratio, and they all
satisfied the Marshall test standard for pothole maintenance materials of

Seoul city.

7. Result of test construction of the urethane—-modified asphalt binder for its
crack sealing performance

O A total of three test constructions of the small-scale crack sealing
equipment with urethane-modified asphalt binder were carried out at four
places.

O After 7 months of the test construction and service performance, cracking
was observed at two places around some crack sealing maintenance area
during field inspection.

O This was reasoned that the strength of the developed asphalt binder is too
high to result in cracking around it. Thus, a test to reduce the strength

was carried out and resulted in performance improvement.

8. Result of developing chip seal and slurry seal admixtures and the
construction equipment
O Fabrication of chip seal and slurry seal construction equipment for the
application of urethane-modified asphalt binder and admixture
O A laboratory test was performed with urethane-modified asphalt slurry seal
admixture, and its Cantabro loss ratio was superior to MMA admixture or
emulsified asphalt admixture. Its skid resistance was adequate to bhe applied

to ordinary asphalt concrete pavement.

9. Test construction of urethane-modified asphalt chip seal and its field
performance result
O LFWD test showed that application of chip seal method resulted in
decreased deflection by about 50 gm in comparison to existing pavement, and
the elasticity coefficient was about 20 MPa higher.
O Skid resistance test showed improved skid resistance after the application of

chip seal pavement based on the increased BPN from 51 to 69.

10. Second test construction of urethane—modified asphalt slurry seal and its
field application result

O LFWD test showed 4um deflection of the concrete pavement, and its

elasticity coefficient was measureed at 6,600, 7,212 MPa. After the

construction of slurry seal, it did not exhibit any noticeable difference in

deflection with concrete pavement due to the thin 1.5 cm thickness. When

the thickness was increased to 2.5 cm, the deflection was measured at the

minimum of 7um and the maximum of 22um.



O Skid resistance measurement showed that BPN of the concrete pavement
prior to the construction of slurry seal was 81, but it was reduced to 74
after slurry seal construction, attesting for the excellent skid resitance of

slurry seal construction.

IV. Final Achievement and Percentage of Completion of the Research

Annual performance evaluation standard
Core Unit achievement Achieve
achievement Quality target (measuring Achiev
(level 2) Target ment
(level 1) method) ed :
ratio
Proceeding presentation at
. . T i b f
Development 1-1 domestic academic aree r'lum er o 1 2 200%
of presentation papers
thane-mo conference
ure dified Manufacturing/commercializZMixing specification for the
1 asphalt 1-2 ation (urethe'me—modlﬁed production 2—compon§r'1ts 1 9 200%
. asphalt binder and system urethane-modified
material and . .
s admixture) asphalt binder
1 application | 1-3 | Patent registration (Korea) Patent registration 1 2 200%
certificate
vear Sealing Portable crack selaing
. . _ : (0}
equipmentwi| 2-1 Prototype preparation equipment 1 1 100%
th
2 [urethane-mo
dified . Automated crack sealing o
asphalt 2-2 Prototype preparation equipment prototype 1 1 100%
binder
Equi t Bind d . .
3| dupment) 5y Hnder sprayer and Design drawing 2 2 | 100%
design aggregate sprayer design
Binder spraying
Preparation| 1-1 | Binder sprayer prototype performance 1 1 100%
of (Imm or thicker spraying)
urethane—mo Aggregate spraying
v o
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Field Chip sealing method 1 1 100%
application Field test 1 1 100%
) hOf Specification for Specification for chip
urethane—mo ; ;
s sealing method with
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Preparation of
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V. Expectation Effects of the Research

1. Effect of public expectation

O It i1s expected that the safe and performance-secured product developed in
this research will increase the service life of the road pavements to resolve
the uncomfort of the road users caused by traffic congestion due to
repetitive pavement maintenance and the complaint on safety.

O It 1s anticipated that the application of the material with rapid pothole
maintenance capability and safe performance will contribute greatly to the
improvement on traffic safety.

O The quantity of greenhouse gas emission through pavement surface

maintenance at room temperature 1s expected to he reduced.

2. Effect of technical expectation

O The aged pavement maintenance method with urethane asphalt takes the
advantage of harmonious combination of such characteristics of urethane as
tension, internal tearing, and elasticity with the adhesive performance of the
asphalt. Its resistance to pavement failure due to plastic deformation or
cracking is excellent to be a model for the development of similar methods.

O Building of the maintenance system for aged pavement surface is expected
to contribute to the establishment of maintenance specification for domestic

pavement surface.

3. Effect of economic expectation
O This research found a way to reduce the thickness of small-scale pavement
maintenance and to eliminate the need for crack maintenance equipment,
resulting in the reduction of accessorial expense, labor cost, and production
cost.
O The findings of this research is expected to bring about the effect of
replacing imported pavement maintenance materials through the enhancement

of domestic pavement maintenance materials.

VI. Plan for the Use of the Research Achievement

1. Applicability based on the research & development result
O Urethane-modified asphalt possesses excellent performance capability and
can be placed at room temperature without the need for special equipments,
permitting crack maintenance work of the pavement easily by inexperienced
workers.
O Maintenance workers of an architectural complex can easily perform the

pavement maintenance of the complex with a portable sealing equipment,



which is to be commercialized as a purpose of this research, and this
equipment can prevent the pavement damage by rainfall to be used as a

preventive maintenance method for asphalt concrete pavement.

2. Plan for commercialization and marketing strategy

O The main research institute specializes in modified asphalt and pavement
maintenance material, and its technical excellence has been well
acknowledged. The company was founded with the investment of Hudson
Asphalt Group of the USA. It continues research and development endeavors
and is pursuing commercialization of the product developed by its R&D.

O The developed product is to be commercialized through simultaneously use
of Bottom Up and Top Down methods for public relation and continuous

marketing.
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(4) LFWDA & 23}

LFWD(Light Falling Weight Deflectometer)= FWD(Falling Weight Deflectometer)2] *
HE Aoz dalsls 4350 2 4A HAsE WS S 239 Ay
5 Hriste vgey 2 A wielt LFWDL 19 2333 Zo] 3tz Asty-o SAH49
E ARE 5 e FARHE FAYY o, IFF 7HE gtFel os wAste v

2ZE g ANE FAYE ¥4 X3 AH XAkl de ARSI Lo

o, v ¥FFATHY A AEH (Pavement Management System, PMS)oll A X3 AFe] A o
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LEWD®] A5 A 7= 29 2349 2ow FAF7E 2 &5 7](Buffer) 2 A4
"oy FA FE 10-15 kg A vhgekA Wsk A2
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F Ao, rHelAE 4 gtF A} 3l Folo) WslE Fa 1-25 kN W= 71E
F Aok olw Ftei R FAHEL 19 2340 yER Ad 2ol Aetd(Plate)S S8 dH A
gra, FHoA dojd WS At Fodo] 93 WY A(Geophone)E E3dte] W)

(PDAYE AFHA Fok Askde F/F5 100, 150, 300 mm A F7F7F o, A3 FAHHL
= 01720 mm + 0.02 nm °]t}. LFWD &4 ASTM E2583-07 (Standard Test Method for
Measuring Deflections with a light Weight Deflectometer)ol we} A ¢S 438} v}

" A okAFE A AR Al el disiA 20139 12€ 269, 28%Y LFWDE &
&3t 71E 2@ FJAE 2 24ATY x4 AdE S Y SAAFELS 27 235
o 2ol XA e 5/ AFe Ak 4 AFwivt 3-53] F
olaf 7Fsi A= st oF 7.0 kNo|™, A3t & 300 mmE AF&3F T
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2Hel(m) IRIgt el (m) IRIgt
0.5-1 5.59 23-23.5 2.45
1-1.5 18.42 23.5-24 5
1.5-2 10.08 24-24 .5 2.94
2-2.5 5.4 24 .5-25 0.43
2.5-3 8.5 25-25.5 3.35
3-3.5 5.75 25.5-26 3.33
3.54 5.61 26-26.5 1.48
4-4.5 4.06 26.5-27 5.25
4.55 4.66 27-27 .5 4.59
5-5.5 2.48 27.5-28 0.99
5.5-6 3.42 28-28.5 2.45
6-6.5 4.14 28.5-29 7.78
6.5-7 0.73 29-29.5 11.43
7-7.5 3.26 29.5-30 4.3
7.5-8 6.84 30-30.5 1.71
8-8.5 3.63 30.5-31 8.72
8.5-9 0.72 31.5-32 17.79
9-9.5 0.84 32-32.5 30.31
9.5-10 2.85 32.5-33 23.49
10-10.5 3.1 33-33.5 9.03
10.5-11 2.53 33.5-34 10.99
11-11.5 4.1 34-34.5 16.98
11.5-12 1.98 34.5-35 14.06
12-12.5 0.96 35-35.5 9.9
12.5-13 0.4 35.5-36 7.82
13.5-14 0.43 36-36.5 6.56
14.5-15 2.77 36.5-37 10.2
15-15.5 2.32 37-37.5 4.09
15.5-16 0.54 37.5-38 4.06
16-16.5 0.9 38-38.5 1.85
16.5-17 0.83 38.5-39 6.5
17-17.5 0.49 39-39.5 6.71
17.5-18 2.21 39.5-40 7.11
18-18.5 5.06 40-40.5 4.75
18.5-19 5.43 40.5-41 0.6
19-19.5 5.85 41-41.5 2.49
19.5-20 3.75 41.5-42 2.47
20-20.5 1.09 42-42 .5 0.5
20.5-21 2.92 42 .5-43 4.58
21-21.5 5.74 43-43.5 7.36
21.5-22 4.88 43.5-44 1.91
22-22.5 1.36 44-44 .5 4.08
22 .5-23 0.81 44 . 5-45 5.92

_59_




2) Ag AE L AT A
g T ofATE =5

7val7] f18ke] 20149 69 24U 0l N@N%%ﬁ?@ﬂ%ﬂ:ﬂ@ AL ¥ 4473 2ol 27

o] @ oz AFIP o, Section A= F7 25cm T & £ A TS FFATE Section

B -+ 15cm 33 & ¢4 Aeg Fds oy, Fdg A

Cl %éﬂ 9N Ade ay 2479 2k ¥

222 AlE AR Al Y AR F

LEWDAIE, Pl AZA D o Fed Ade 3l

2.Sch_

1.5¢cm

[AIS & S ] [AIS H & HEH ]

2 247 $UE A okaBE Sy 24 APA A

|2.5cm S AIZT7Z AR Z]
o Z§7|: 200ka/13

o HRelr] : ATH, BXY

o @ @el2la 3N

1.5cm B AT

8% Test(LFWD, BPN Al#) 2.5cm @4 AW

HASH Y

BA £ & =8
(EEAZ 2R I0E - 3R 0=

ZHE IR SN R CHd BFE Test(LFWD, BPN Al8)
R EFY I

29 248 FEE A okaRE Fefeld 22 A A AR 8 A

_60_



4 2 Me A8d AU
QET ARDEEZ ARTUIA 23 LFWD 28& +as9on 23 DEDL 14 ¢
de A ohaBE A AF TR Fdsith 400 Auste] AQEF A5 LA

Al LFWD SA& F8th 492+ 219 2503 2

(b) €32l 4 % F

BE el 24 A AFTFE LFWD 33 w

1d
i)
DO
B
o
)
)
=
S
_CL
>
ik

2§ 250 $HE A okaZE &8 22 A AT LFWD 34 914

T 246% 22 <] A BE4 3 A8 A FaYE ¥ZA=2 e LEWDY HAS =A
5t Aifo|tt ZAYE ¥ Ho] olARE ZAYE EH v & s 1,}5}14401 214 o] A
g1t zlolE Holx )y EAYE XL 4me HFE oW BAASE 6650, 7,212
MPaz Z4 =3t ® 2472 %i’ﬂ% MNA ol~FE &ejg] A ANPAT & of~dE ¥ 9
Nxlo] HFo R 4-22me] vhFe A#E YEFHT 15emE AEE $5R) 249 A¢ &
< FAR QlE ZAYE JXWM AR zpolE AA FRow, 25cmE AlFE HFH(L) A
NA= HAa Tmel A Hol 22m7tA 9] M E Btk /5 ¥4 A 9 A 24FA7
25cm EAEo] FHE ANA o~ E wilr] Y] wkE Akl Ao]&E QlE| Aoldt AiE H Al

o7 Ferg.

_61_



E 246 g A ofA~ZE £ 23 A3 AlFTF LEWD SAH AN )
T 13] 23] 33 43] 53 o 3t
& | Def | EO | Def | EO | Def | EO | Def | EO | Def | EO | Def | EO
o9 m | MPa| m |MPa| m | MPa| m |MPa| m | MPa| ¢m | MPa
L-1 ) o915 4 6440 ) o845 o 6067
L-2 4 6727 ) 5905 ) 0385 4 6359 o 0983 o 0992
L-3 4 6177 4 6766 4 6846 4 6544 4 6583
L-4 4 7171 4 7636 4 7940 4 7582
L-5 4 6331 o o677 4 7558 3 8537 4 7026

i 3t 4 6650

R-1 4 6993 ) 25409 o 0958 4 6190 o 6138
R-2 4 6776 4 7342 4 7244 4 6808 4 7043
R-3 ) o720 4 7547 4 7431 4 6523 4 6805
R-4 4 7245 ) o684 4 7544 4 7642 4 7029
R-5 3 8603 3 8793 3 9384 3 9394 3 9044
i gt 4 7212

¥ 247 SHE A ofAZE £ 2% A3 AlFTF LEWD SA AN E F)
T 13] 23] 33 43] 53 o 3t
& | Def | EO | Def | EO | Def | EO | Def | EO | Def | EO | Def | EO
o9 m | MPa| m |MPa| m | MPa| m |MPa| m | MPa| ¢m | MPa
L-1 27 1028 22 1229 18 1500 19 1412 16 1683 20 1370
L-2 9 3103 8 3566 8 3322 8 3350 8 3393 8 3347
L-3 29 932 24 1160 20 1420 17 1634 22 1287
L4 8 3405 7 3833 6 4453 8 3794 7 3977 7 3892
L-5 20 1399 19 1423 18 1480 19 1420 19 1431

o | 15 | 2265
R-1 9 3105 9 3151 10 2659 9 3181 9 2979 9 3015
R-2 4 7804 4 6877 5 6078 4 6684 4 7352 4 6959
R-3 5 5628 4 6527 4 7584 4 6580
R-4 7 4025 6 4738 7 4254 7 4339
R-5 4 7201 4 6999 4 6820 4 7234 4 7064

H | 6 | 5591
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T Y A BF ek v v A A =&ZF(Michigan Department of Transportation)
o wg @] s 2013d%E B A “Cost Effectiveness of the MDOT Preventive
Maintenance Program(Final Report)”el] W& vAlAFE= 1990d W] 2wH5y 73 =& o4
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[ % 2 ] LFWD =% Raw data

% 7|

£ ¥ LFWD Raw data(1z} &4 do]¥ - 2013.12.26.)
Point . Radius Load Stress Deflection Eo
Location Drop .
No. (mm) (kN) (kPa) (Micron) (MPa)
File : normal_1_R Date : 26. December 2013
1 Location 1 1 150 7.2 102 308 85
2 150 7.1 102 280 92
3 150 7.1 101 292 89
4 150 7.1 101 270 95
5 150 7.1 101 299 88
File : normal_1_L Date : 26. December 2013
1 Location 1 1 150 7.2 101 325 80
2 150 7.2 101 293 91
3 150 7.1 101 295 90
File : normal_2 Date : 26. December 2013
1 Location 1 1 150 7.3 102 325 80
2 150 7.2 102 274 95
3 150 7.3 102 270 97
4 150 7.1 101 303 85
File : normal_3 Date : 26. December 2013
1 Location 1 1 150 7.1 101 334 78
2 150 7.1 101 305 85
3 150 7.1 101 290 88
4 150 7.1 101 285 92
File : normal_4 Date : 26. December 2013
1 Location 1 1 150 7.1 101 293 89
2 150 7.0 100 282 93
3 150 7.1 101 290 90
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Z].A)

A4 ¥ xo] LFWD Raw data(1x} =74 HolH - 2013.12.28.)
Point . Radius Load Stress Deflection Eo
Location Drop .

No. (mm) (kN) (kPa) (Micron) (MPa

File : chip_1_R Date : 28. December 2013
1 Location 1 1 150 7.3 103 235 115
2 150 7.3 102 245 108
3 150 7.2 102 250 106

File : chip_1_L Date : 28. December 2013
1 Location 1 1 150 7.0 100 266 101
2 150 7.1 101 253 105
3 150 7.0 100 255 108
4 150 7.0 101 241 112
5 150 7.0 101 252 106

File : chip_2 Date : 28. December 2013
1 Location 1 1 150 7.2 102 254 114
2 150 7.2 102 245 110
3 150 7.2 101 260 115

File : chip_3 Date : 28. December 2013
1 Location 1 1 150 7.1 101 260 103
2 150 7.2 102 238 110
3 150 7.2 102 235 110

File : chip_4 Date : 28. December 2013
1 Location 1 1 150 7.2 102 248 113
2 150 7.2 101 256 112
3 150 7.1 101 266 103
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% 7|

£ ¥%e] LFWD Raw data(22} =4 dlo|y - 2014.06.24.)
Point . Radius Load Stress Deflection Eo
Location Drop .
No. (mm) (kN) (kPa) (Micron) (MPa)
File : YD_L_01 Date : 24. June 2014
1 Location 1 1 150 7.5 106 5 5915
2 150 7.4 105 4 6640
3 150 7.5 106 5 5845
File : YD_L_02 Date : 24. June 2014
1 Location 1 1 150 7.3 104 4 6727
2 150 7.3 104 5 5905
3 150 7.4 104 5 5385
4 150 7.4 104 4 6359
5 150 7.4 104 5 5583
File : YD_L_03 Date : 24. June 2014
1 Location 1 1 150 7.4 104 4 6177
2 150 7.4 105 4 6766
3 150 7.4 105 5 6846
4 150 7.4 105 4 6544
File : YD_L_04 Date : 24. June 2014
1 Location 1 1 150 7.6 107 4 7171
2 150 7.6 107 4 7636
3 150 7.5 106 4 7940
File : YD_L_05 Date : 24. June 2014
1 Location 1 1 150 7.5 106 4 6331
2 150 7.6 108 5 5677
3 150 7.7 108 4 7558
4 150 7.6 107 3 8537
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Point . Radius Load Stress Deflection Eo
Location Drop .
No. (mm) (kN) (kPa) (Micron) (MPa)
File : YD_R_01 Date : 24. June 2014
1 Location 1 1 150 7.3 103 4 6993
2 150 7.4 105 5 5409
3 150 7.3 103 5 5958
4 150 7.3 104 4 6190
File : YD_R_02 Date : 24. June 2014
1 Location 1 1 150 7.5 106 4 6776
2 150 7.6 107 4 7342
3 150 7.6 107 4 7244
4 150 7.6 108 4 6808
File : YD_R_03 Date : 24. June 2014
1 Location 1 1 150 7.6 107 5 5720
2 150 7.5 106 4 7547
3 150 7.5 107 4 7431
4 150 7.5 107 4 6523
File : YD_R_04 Date : 24. June 2014
1 Location 1 1 150 7.5 106 4 7245
2 150 7.6 107 5 5684
3 150 7.5 106 4 7544
4 150 7.5 106 4 7642
File : YD_R_05 Date : 24. June 2014
1 Location 1 1 150 7.7 108 3 8603
2 150 7.7 108 3 8793
3 150 7.6 108 3 9384
4 150 7.6 108 3 9394
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% =98] A 29 LFWD Raw data(®x =& dolg - 2014.06.24.)

Point No. | Location | Drop | Radius (m) | Load (kN) | Stress (kPa) | Deflection(Micron) | EO (MPa)
File : YO_A_A_L_01 Date : 24. June 2014
1 Location 1 1 150 7.3 104 27 1028
2 150 7.3 103 22 1229
3 150 7.3 103 18 1500
4 150 7.2 102 19 1412
5 150 7.3 103 16 1683
File : YD_A_A_L_02 Date : 24. June 2014
1 Location 1 1 150 7.4 105 9 3103
2 150 7.4 105 8 3566
3 150 7.4 104 8 3322
4 150 7.4 105 8 3350
5 150 7.5 105 8 3393
File : YD_A_A_L_03 Date : 24. June 2014
1 Location 1 1 150 7.4 104 29 932
2 150 7.5 106 24 1160
3 150 7.5 105 20 1420
4 150 7.4 105 17 1634
File : YD_A_A_L 04 Date : 24. June 2014
1 Location 1 1 150 7.6 107 8 3405
2 150 7.6 108 7 3833
3 150 7.7 109 6 4453
4 150 7.7 108 8 3794
5 150 7.6 108 7 3977
File : YD_A_A_L_05 Date : 24. June 2014
1 Location 1 1 150 7.4 104 8 1399
2 150 7.4 105 8 1423
3 150 7.4 105 8 1480
4 150 7.4 105 8 1420
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Point . Radius Load Deflection Eo
Location Drop .
No. (mm) (kN) (Micron) (MPa)
File : YD_A_A_R_O1 Date : 24. June
1 Location 1 1 150 7.3 9 3105
2 150 7.3 9 3151
3 150 7.4 10 2659
4 150 7.4 9 3181
5 150 7.4 9 2979
File : YO_A_A_R_02 Date : 24. June
1 Location 1 1 150 7.5 4 7804
2 150 7.5 4 6877
3 150 7.4 5 6078
4 150 7.4 4 6684
5 150 7.4 4 7352
File : YO_A_A_R_03 Date : 24. June
1 Location 1 1 150 7.3 5 5628
2 150 7.4 4 6527
3 150 7.3 4 7584
File : YO_A_A_R_04 Date : 24. June
1 Location 1 1 150 7.6 7 4025
2 150 7.5 6 4738
3 150 7.6 7 4254
File : YO_A_A_R_05 Date : 24. June
1 Location 1 1 150 7.5 4 7201
2 150 7.5 4 6999
3 150 7.4 4 6820
4 150 7.5 4 7234




% 7|

£ ¥ LFWD Raw data(3zF &4 dlol¥ - 2014.07.09.)
Point . Radius Load Stress Deflection Eo
Location Drop .
No. (mm) (kN) (kPa) (Micron) (MPa)
File : UW_1_1 Date : 09. July 2014
1 Location 1 1 150 7.3 104 314 87
2 150 7.6 107 248 114
3 150 7.5 107 242 116
4 150 7.4 105 258 107
File : UW_1_2 Date : 09. July 2014
1 Location 1 1 150 7.3 104 451 61
2 150 7.4 105 393 70
3 150 7.4 104 500 55
4 150 7.4 105 377 73
File : UW_1_3 Date : 09. July 2014
1 Location 1 1 150 7.3 103 372 73
2 150 7.4 105 328 84
3 150 7.4 105 322 86
4 150 7.4 104 325 84
File : UW_1_4 Date : 09. July 2014
1 Location 1 1 150 7.2 102 377 71
2 150 7.2 102 340 79
3 150 7.2 102 337 79
4 150 7.2 102 332 81
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Point . Radius Load Stress Deflection Eo
Location Drop .
No. (mm) (kN) (kPa) (Micron) (MPa)
File : UW_2_1 Date : 09. July 2014
1 Location 1 1 150 7.4 105 501 55
2 150 7.4 105 433 64
3 150 7.4 105 425 65
4 150 7.5 106 424 66
File : UW_2_2 Date : 09. July 2014
1 Location 1 1 150 7.0 99 1119 23
2 150 7.2 102 932 29
3 150 7.2 102 948 28
4 150 7.3 103 950 28
File : UW_2_3 Date : 09. July 2014
1 Location 1 1 150 6.8 97 976 26
2 150 7.2 102 732 37
3 150 7.2 102 750 36
4 150 7.1 101 690 38
File : UW_2_4 Date : 09. July 2014
1 Location 1 1 150 7.5 106 302 92
2 150 7.4 105 279 99
3 150 7.4 105 268 103
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Point . Load Stress Deflection Eo
Location Drop .
No. (kN) (kPa) (Micron) (MPa)
File : UW_3_1 09. July 2014
1 Location 1 1 7.4 105 125 221
2 7.4 105 118 236
3 7.4 105 121 229
File : UW_3_2 09. July 2014
1 Location 1 1 7.5 106 120 233
2 7.5 105 114 244
3 7.4 105 114 242
File : UW_3_3 09. July 2014
1 Location 1 1 7.6 108 76 373
2 7.6 108 73 388
3 7.6 108 81 352
File : UW_3_4 09. July 2014
1 Location 1 1 7.6 107 36 787
2 7.7 109 34 851
3 7.6 107 38 741
4 7.6 108 35 815
5 7.5 107 33 856




¥ 7] 7] LFWD Raw data(4z} =74 dlo|¥ - 2014.07.19.)
Point . Radius Load Stress Deflection Eo
Location Drop .
No. (mm) (kN) (kPa) (Micron) (MPa)
File : UW_Bigyo_1 Date : 19. July 2014
1 Location 1 1 150 7.4 104 55 495
2 150 7.3 103 56 487
3 150 7.3 103 56 490
File : UW_Bigyo_2 Date : 19. July 2014
1 Location 1 1 150 7.3 103 29 924
2 150 7.3 103 29 927
3 150 7.3 104 29 940
¥ £#g] A ¥79] LFWD Raw data(4x} =4 dlo]¥ - 2014.07.19.)
Point . Radius Load Stress Deflection Eo
Location Drop .
No. (mm) (kN) (kPa) (Micron) (MPa)
File : UW_Uretan_1 Date : 19. July 2014
1 Location 1 1 150 7.2 102 132 203
2 150 7.3 104 117 234
3 150 7.3 103 116 234
File : UW_Uretan_2 Date : 19. July 2014
1 Location 1 1 150 7.4 105 130 212
2 150 7.5 106 129 216
3 150 7.3 103 128 212
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