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SCC with a 60 Pa yield stress

SCC with a 120 Pa yield siress
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Project Name

APLNG T1
APLNG T2
GLNG T
Gorgon LNG T1-2
QCLNG T2
Caribbean FLNG
Donggi-Senoro LNG
MLNG 9
PFLNG 1
GLNG T2

Gorgon LNG T3

lchthys LNG T1
Sabine Pass T1-2
Whealstone LNG T1

lehthys LNG T2
Prelude FLNG
Wheatstone LNG T2
Yamal LNG T1
Cove Point LNG
Sabine Pass T3-4
PFLNG 2
Yamal LNG T2
Cameron LNG T1-3
Freepaort LNG T1
Yamal LNG T3
Freepart LNG T2

Start
Year
2015
2015
2015
2015
2015
2015
2015
2015
2016
2018

2016

2016
2016
2016

2017
2017
2017
2017
2017
2017
2018
2018
2018
2018
2019
2019

Nameplate
Capacity
(MTPA)

45
4.5
3.9
10.4
4.3
0.5
2
36
1.2
3.8

5.2

4.2
2.0
4.5

42
36
4.5
5.5
525
90
1.5
55
12.0
44
5.5
44

International Gas Union, "World LNG Report," 2015)

Owner:

ConacoPhillips, Origin Energy, Sinopec
ConocoPhillips, Origin Energy, Sinopec
Santos, PETRONAS, TOTAL, KOGAS
Chevron, ExxonMobil, Shell, Osaka Gas, Tokyo Gas, Chubu
Electric
BG, Tokyo Gas
Exmar
Mitsubishi, Pertamina, KOGAS, Medco
PETRONAS
PETRONAS
Santos, PETRONAS, TOTAL, KDGAS
Chevron, ExxonMobil, Shell, Osaka Gas, Tokyo Gas; Chubu

Electric
INPEX, TOTAL, Tokyo Gas, CPC, Osaka Gas, Chubu
Electric, Toho Gas
Cheniere
Chevron, Apache;, Pan Pacific Energy, KUFPEC, Shell,
Kyushu Electric
INPEX, TOTAL, Tokyo Gas, CPC, Osaka Gas, Chubu
Electric, Toho Gas
Shell, INFEX, KOGAS, CPC
Chevron, Apache, Pan Pacific Energy, KUFPEC, Shell,
Kyushu Electric
Novatek, TOTAL, CNPC
Dominion
Cheniere
PETRONAS, MISC, Murphy Qil
Novatek, TOTAL, CNPC
Sempra, Mitsubishi/NYK JV, Mitsui, GDF SUEZ
Freeport LNG, Osaka Gas, Chubu Electric
Novatek, TOTAL, CNPC
Freeport LNG, IFM Investors

8 24, ING 23 SSHE L A=
(3 Z X : International Gas Union, "World LNG Report," 2015)
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H 3. QI UIAIOF LNG Z& At =& H &

F= SAIE / AOIE 2K Erst= IPC‘,*%“BEm%)%‘}(i@) =}

1 Selat Panjang-1 / Riau 20 MW 5.0 k A A

2 Bengkalis / Riau 20 MW 5.0 k ANl HE

3 Tanjung Pinang-2 / Riau 50 MW 12.5 k AAl EH
4 Natuna-2 / Riau 10 MW 2.5 k AAl EHE

5 Dabo Singkep—1 10 MW 2.5 k Al HH

6 Belitung / Bangka Belitung 40 MW 10.0 k A A

7 Tanjung Balai Karimun / Riau 20 MW 5.0 k Al EH

8 Tanjung Batu / Riau 10 MW 2.5 k A 2

9 Pontianak / Kalimantan 100 MW 12.0 k HI &AIR Y™
10 Jambi / Sumatra 100 MW 12.0 k HI &AIE Z&
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DIMENSION Weight BEAM
Inner Tank Dimension Quter Tank Dimension Beam £H 201 ton| BEAM Dimension Beam Z 0|
20 kL |Diameter 3m Diameter 417 m|  [Shell Skin(st) £ 527 ton| 600x200 11/17 1355 m|
Side Height 2Zm Side Height 25 m| Shell Concrete 23| 1793 ton| 400x200 8/13 969 m|
Total Height 28m Total Height 3L7m| |Total 2521 ton|
3276.751981 3477.354
DIMENSION Weight BEAM
Inner Tank Dimension Quter Tank Dimension Beam FH| 234 ton| BEAM Dimension Beam Z!0|
30kL |Diameter 40m Diameter 447 m|  [Shell Skin(st) A 811 ton 600x200 11/17 1602 m|
Side Height 25m Side Height 27.1 m| Shell Concrete 3| 2031 ton| [400x200 8/13 1093 m|
Total Height 28m Total Height 341m| |Total 3076 ton|
3924.849195 4158838
DIMENSION Weight BEAM
Inner Tank Dimension Quter Tank Dimension Beam £ H| 281 ton| BEAM Dimension Beam Z!0|
40 kL |Diameter a4m Diameter 487 m|  [Shell Skin(st) 2# 973 ton|  |600x200 11/17 1928 m|
Side Height 28m Side Height 30m| [shell Concrete 27 2439 ton|  |400x200 8/13 1300 m|
Total Height 34 m Total Height 37.6m| |Total 3692 ton
4712272199 4992888
DIMENSION Weight BEAM
Inner Tank Dimension Outer Tank Dimension Beam £H| 344 ton| BEAM Dimension Beam Z!0|
60 kL |Diameter 48 m Diameter 527 m| |Shell Skin(st) 23 1225 ton|  [600x200 11/17 2312 m
Side Height 3Bsm Side Height 37m| [shell Concrete £ 3095 ton|  |400x200 8/13 1678 m|
Total Height 415 m Total Height 452 m| |Total 4665 ton|
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94,966,000 94,966,000
87,478,000 81,163,000
=7.9% —14.5%
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Price

Table of Conventional Type 60K LNG Storage Tank (Full Containment)

Rev. 0 Nov. 28, 2016
A ; Equipment Discy a::':? & Total
Item Description Unit | Quantity nit Price Unit Price sl Expense sk (usD) Remarks
s | wen) | gey | VSO 0)
(us) (us0) e
1. Inner Tank 9% Ni Steel Ton 1515|3300 4998675 | 2699 4,088,571 240,640 173,000 2,380,570 11,881,456 | @ Full containment LNG $torage tank with
Sub-Total 4998675 4068571 240,640 173,000 2,380,570 11.881456 | earthquake Isolators
Il. Outar Tank (Base Slab+Wall+Roof) 1. Out of scope
1, SCP* + H-beam Carbon Steel Ton - 1,350 < a08 = = E B -| -Electical Equipment, 145, Pining, Pump
(Fab.p | Conerete M3 6,500 200 | 1,320,000 285 1,748,100 817,320 1,032,040 4715480 | 2 Targst area
2. Assembly | Ton * | 489 - - * - - Harsh area
Sub-Total 1,320,000 1,746,100 617,320 1,032,040 4,715,460
. Insulation
1.Glass wool blanket M2 1.500 39 | 288991 46 34,589 8167 82,937 415,000
2.Perlite M3 10,582 16 164,989 129 136,690 48,802 87,615 438,000
3.LD-PUF Mz 8438 48 404,114 245 207 945 152,507 191,142 856,000
4.HD-PUF board w3 1408 15| 1145605 - - - 268,402 1,432,000
5.Periite concrete W3 w0z| 2425 247585 | 517 5276 1,341 §3,551 318,000
B.Leveling concrete M3 ﬂ.ﬁ 158 27,386 1432 25251 3444 14,020 70,000
Sub-Total Ton 1,485 2,278,651 408,751 214281 - 725,666 3,629,000
V. Deslan/PMIQM
1.Design Ton 3325 145 283912 120,978 505,000
2.PMIOM Ton 3,325 137 455,083 13,771 569,000
Sub-Tatal = 938955 - 234,748 1,174,000
V. Others
1. Temporary Tan s 1,856 139,229 2,088 35,330 176 647
2. Painting/Packing & Subsidiary Material 1.096.052 274,013 1.370,000
3. Welding Material Ton 15| 49,000 155,526 8771 196,842 958,140
4. NDE 266,031 66,508 332,539
5. Shop Drawing & Document 81,600 22,900 115,000
6. Earthquake Isalator 1,200,000
Sub-Tatal 1,890,807 366,481 595,592 4,153,325
VI, Conscruction on site 108,878,000
Sub-Total 108,978,000
Total 18,839 0,566,133 7183417 1,072,221 533,491 4,968,617 134,531,000
1% 62 7]1E Stick—built type LNG AAZAEH I (FA] L) FAH] AEAE
Price Table of Modular 60K LNG Storage Tank (Full Containment)
Rev. 0 Jan. 09, 2017
Material G F \ Cost
¥ o Direct .
Deseription | Unit Unit Price L Price Emg:m! Exponsa (3::] Remarks
Pice  wsp) | Phee usp) (Uso) L) '
(usp) (usp)
1 Inner Tank 9% Ni Steel Ton 1521 3300 5019300 | 2,609 4,105,440 240,640 174,048 2,390,390 11,929,818 | @ Full containment LNG storage tank with
Sub-Total 5,018,300 4,105,440 240,640 174,048 2,380,380 11,929,616 |  eanthquake Isolators
Il. Cuter Tank (Base Slab+Wall+Roof) 1. Completely assembled in shop
1. SCP* + H-beam Carbon Steel Ton 3248 1,350 4,385 664 908 2,949,765 145,801 114,060 1,357,518 B.852 804 | 2 Fabrication in Ulsan, Karea
(Fab.) Concrete M3 4,256 200 851,132 285 1,125,880 617,320 504,760 3,099,082 | 3. Perfite material to ba supplied by HHI
2. Assembly Ton 3,248 489 1,587,001 330,880 384,155 2.282,036 | 4. Out of soope
Sub-Total 5.236,7%% 5,662,645 1,084,001 114,060 2,226,434 14,333,937 | - Electrical Equipment, 16C, Piping, Pump
IiL. Insulation 5 Target area
1.Glass wool blanket mz 7.500 39 268,991 44 34,589 8167 82,937 415,000 - Harsh area
2 Perlita M3 10,582 16 164,968 1298 136,690 48,802 87,615 438,000
3.LD-PUF mz B,438 48 404,114 248 207,945 152,507 191,142 956,000
4.HD-PUF bosrd M3 1,406 B15 1,145,606 266,402 1,432,000
5. Porilta concrote W3 02| 2428 247585 517 5,276 1,341 63,551 318,000
&.Loveling concrete M3 176 155 27386 | 1432 25,251 3444 14,020 70,000
Sub-Total Ton 1,485 2278851 409751 214,281 = 725 866 3,629,000
IV, DesignPM/OM
1.0esign Tan 3325 146 483,912 120979 604,550
2.PMIGM Ton 3325 137 456,083 13,771 568,654
Sub-Total - 538,895 - - 234,748 1,174,000
V. Others
1. Temporary Ton 230 1,856 426,969 8,404 108,344 541,718
2. Painting/Packing & Subsidiary Material 1.096052 274,013 1,370,065
3, Welding Material Ton 45| 49,000 2267999 66,613 590,858 2,925,510
4. NDE 748,584 199,648 96,242
5. Shop Drawing & Document 81,600 22,900 114,500
6. Earthquake Isolator 1,200,000
Sub-Total 3.791,020 963,21 1,195,803 7,150,034
V1. Consctruction on site 63,420,500
Sub-Total 3,920,500
Total 16,468 16,325,767 11,116,833 1,548,902 1.251,319 6,773,041 102,137,000
“SCP: Sandwich Concrete Panel
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Price Table of Modular 60K LNG Storage Tank (Full Containment)

Rev. 0 Hov. 09, 2018
Material Cost Fabrication Cost Tant Indirect:
tem Onscriplon | Unit| Gunly | UMt g, | U g Fagprort | mxpense | PRRESL | T Remarks
wso) M |uep WS uso) st (usp)
1. Inner Tank 9% Ni Steel Ton 1406 3300 4,641,041 28699 3,796,051 240,840 160,889 2,200,855 11,048,276 | @ Full containment LNG. ‘storage tank with
Sub-Total 4,641,041 3,795,051 240,640 160,689 2,209,665 11,048,276 |  earthquake Isalators
Il; Outer Tank (Base Slab+Wall+Roof) 1. Complately assembled in shop
1. SCP* + H-beam Carbon Stasl Ten 2304 | 1350 3110973 ao8 2,092,417 145,801 80,885, 1,357,519 6,787,596 | 2. Fabrication in Ulsan, Korea
(Fab,) Concrate M3 aor 200 603,480 265 798,258 817,320 504,760 2‘523,795 3 Partita material 1o be supplisd by HH|
2. Assembly | Ton 2304 489 1,125,740 330,880 384,155 1,820,775 | 4. Out of scope
Sub-Total 3,714,433 4,016,416 1,084,001 80,885 2,226,434 1,132,168 | - Electrical Equipmant, 1&C, Piping, Pump
1. Insulation 5. Target area
1.Glass wool blanket M2 7.500 3 266,981 46 34,588 8,167 82,937 414,684 | - Harsh area
2.Perlite M3 10562 16 164 969 129 136,690 48,802 B7.615 438076
3.LD-PUF Mz BA438 48 404,114 248 207,945 152,507 191,142 865,708
4.HD-PUF board M3 1,406 815 1,145 606 - - = 286,402 1.432,008
5 Perlite concrete M3 02| 2425 247585 | 517 5,276 1,341 83551 317,763
&.Leveling concrete M3 75 185 27386 | 1432 25,251 3444 14,020 70,101
Sub-Total Ton 1485 22718651 409,751 214,261 ;3 725866 3,5‘28,32‘3
IV, Design/PM/QM
1.Design Ton 3325 148 483,012 120,978 605,000
2.PMIaM Ton 3325 137 455,083 113,771 569,000
Sub-Total 538,995 234,748 1,174,000
V. Others.
1. Temporary Ton 180 1,856 334,150 5012 Ba761 423953
2. Painting/Packing & Subsidiary Material 1,098,052 274,013 1,370,085
3. Welding Material Ton 3| 49,000 1,786,540 51,810 459,587 227,937
4. NDE 621,120 155,282 T8 412
5. Shop Drawing & Document 41,600 22900 114,500
6. Earthquake Isolator 1,200,000
Sub-Total 3216742 769.551 996,573 6,182,866
VI, Consctruction on site 50,898,000
Sub-Total 59,898,000
Total 12,437 13,850,867 8161213 1,548,902 1,011,326 6,393,077 93,064,000

*SCP: Sandwich Concrete Panel
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Price Table of Conventional Type 60K LNG Storage Tank (Full Containment)

Rev. 0 Nov. 28, 2016
Material Cost Fabrication Cost ple Indirect
Itom Description | Unit | Quantity | Unit Prics i Price Expanse Eﬂ:: = t&g
- - el {uso) it :
(usD) (usD) )
1. Inner Tank 9% Ni Steel Ton 1515 3,300 4998675 | 2,890 4.088,571 240,640 173,000 2,380,570 11,881,456 | @ Full contalnment LNG storage tank with
Sub-Total 4998875 4,088,571 240640 173,000 2,380,570 11.861.456 earthquake Isolators
Il Quter Tank (Base Slab+Wall+Roof) 1. Outt of scope
1, SCP* + H-beam Carbon Steel Ton -l 13m0 - 208 - - - - -| - Electrical Equipment, 18C. Piping, Pumg
(Fab.) Concrete M3 8,600 200 1,320,000 265 1,746,100 617,320 1,032,040 4715480 | 2 Targetansa
2. Assembly | Ton J ' 189 J = E | - Norin America / Austraiiia
Sub-Total 1,320,000 1.746,100 617,320 - 1,032,040 4,715,460
M. Insulation
1.Glass waal blanket M2 7,500 a9 268,991 48 34,589 8167 82,937 415,000
ZPeriite 3 10,582 16 164,969 | 129 136,690 48,502 B7,615 438,000
3LD-PUF ] 8438 48 404,114 | 248 207,945 152,507 104,142 956,000
4.HD-PUF board M3 1406 B15 1,145,508 - - - 286,402 1,432,000
& Pariite concrote M3 102 2425 247,585 8§17 5,278 1,541 63,551 318,000
G.Leveling concrete M3 176 165 27.386 1432 25,281 3444 14,020 70,000
Sub-Total Ton 1,485 2278651 408,751 214,261 - 725,668 3,629,000
IV, Design/PM/QM
1.Design Ton 3325 146 483,912 120,878 505,000
ZPMIaM Ton 3,325 137 455,083 113,771 569,000
Sub-Total - 938,995 - - 234,749 1,174,000
V. Others
1. Temporary Ton 75| 1,85 139,229 2,088 35,330 176,647
2. Painting/Packing & Subsidiary Material 1,008,052 274013 1,370,000
3. Welding Material Ton 15 48,000 755,526 6771 196,842 959,140
4. NDE 266,031 6,508 232,538
5. Shop Drawing & Document 91,600 22300 115,000
6. Earthquake Isolator 1,200,000
Sub-Total 1,890,807 366,481 585,582 4,153,325
VI Consctruction on site 69.413,000
Sub-Total 58,413,000
Total 18,839 10,568,133 7,183,417 1,072,221 539,491 4,968,617 94,966,000

*SCP: Sandwich Conerete Panel
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Price Table of Modular 60K LNG Storage Tank (Full Containment)

Rev. 0 Jan. 08, 2017
e e Equipment D E:mlmowwi Total
itom Description | Unit | Quantity Price #{2 § Cost Eg;;’ Foes (usD)
(uso) (usD) (uso) (usD) ; UsD)
1 Inner Tank 9% Ni Steel Ton 1521 5019300 | 2699 4,105,440 240,840 174,048 2,390,390 11,928,818 | @ Full containmant LNG storage tank with
Sub-Total 5,019,300 4,105,440 240,540 174,048 2,380,380 11,920,818 | =arthquake Isolatars
II. Outer Tank (Base Slab+Wall+Roof) 1. Completely assembled in shop
1, SCP* + H-beam Carbon Stasl Tan 3249 1,350 4,385 664 908 2,949,765 145,801 114,060 1,357,519 8,852,800 | 2 Fabrication in Ulsan, Korsa
(Fab.) Concrete M3 4,256 200 B51,132 285 1,125,880 617,320 504,760 3,009,092 | 3. Periite material to ba supplied by HHI
2. Assembly | Ton 3,249 489 1,587,001 330,880 364,155 2,282,036 | 4. Qut of scope
Sub-Total 5236798 5,662,646 1,094,001 114,060 222641 14,333,937 | - Electrical Equipment, 1&C, Piging, Pump
. Insulation 5. Targel area
1.Glass wool bianket M2 7.500 3 288 981 4.8 34,588 8167 B2.937 415,000 | - North America | Austrailia
2 Perlite M3 10582 16 164,968 128 138,690 48,802 BT 815 438,000
3LD-PUF M2 B438 48 404,114 248 207,945 152,507 101,142 958,000
4 HD-PUF board M3 1,408 815 1,145 606 - - - 286,402 1,432,000
5.Periite concrete M3 102| 2425 247585 517 5,276 1,341 63,551 318,000
6.Levaling concrete M3 176 155 27,388 1432 25251 3,444 14,020 70,000
Sub-Total 1485 22788651 409,781 214,281 - 725,666 3.629,000
V. Design/PM/QM
1.Deslgn Ton 3325 148 483,912 120,875 804,860
2.PMIOM Ton 3325 137 455,083 113,771 568,854
Sub-Total - 538,995 - - 234749 1,174,000
V. Others
1. Temporary Ton 230 1,856 426 969 BA404 108,344 541,718
2. Painting/Packing & Subsidiary Material 1,095,052 274,013 1,370,065
3. Welding Material Ton 46| 45,000 2,267,989 66,513 580,598 2925510
4. NDE 798,584 199,648 998,242
5. Shop Drawing & Document 31,600 22,300 114,500
8. Earthquake Isolator 1,200,000
Sub-Total 3791020 963,211 1,195,803 7,150,034
VI. Consetruetion on site 40,261,375
Sub-Total 49,261,375
Total 16,468 16.325,767 11,116,833 1,548,902 1,251,319 6,773,041 87,478,000

"SCP; Sandwich Concrete Panel

1% 66 2EY LNG AZRA(LAE) A ASAE 237D

Price Table of Modular 60K LNG Storage Tank (Full Containment)

Rev. 0 Nov. 09, 2018
Material Cost Fabrication Cost Fuh‘lnltbn i
Ttem Doscription | Unit | Guantity | Unit | o umie | EURment | pppng, A Remaris
e i e '
I Inner Tank 8% Ni Steel Ton 1406 | 3300 4641041 | 2699 3,796,051 240,640 160,585 2209655 11,048,276 | g Full containment LNG storage tank with
Sub-Total | 4,641,041 3,796,051 240,640 180,880 2,209 655 11,048 276 earthquake Isolators
IL. Outer Tank (Base Slab+Wall+Roof) 1. Compietely assembled in shap
1. SCP* + H-beam Carbon Steal Ton 2304 | 1380 3110473 | 808 2,082,417 145,501 50,685 1357514 6,787 586 | 2. Fabrication in Ulsan, Korea
(Fab) Concrate M3 3017 200 603 460 265 798,250 617,320 504,760 2,523,798 | 3. Parfite material to be supplied by HH|
2 Assembly | Ton 2304 480 1,125,740 330,880 384,155 1,820,775 | 4. Out of scope
Sub-Total 3,714,433 4016416 1,084,001 50,885 2,226,434 11,132168 | - Electica! Equipment, 1&C, Piping, Pump
1 Insulation 5. Target area
1.Glass wool blanket M2 7,500 3 258,991 446 34,589 8187 82,937 414684 | - Nonh Amerca | Australia
2.Perlite M3 10,582 16| 164,968 | 129 136,690 48,802 87,615 438,076
3.LD-PUF ] 8.438 48 404114 | 244 207,945 152,507 191,142 955,708
4.HD-PUF board M3 1,406 815 1,145,608 = E + 286,402 1,432,008
5.Perlite concrete M3 102 2425 ] 247,585 517 5,276 1541 63,551 317,753
&.Laveling concrate M3 176 155 27,386 | 1432 25,261 3444 14,020 7010
Sub-Total 1,485 2,278,651 408,751 214,261 - 725 665 3,626,328
IV, Design/PM/QM
1.Design Ton 3325 106 463,912 120,878 604,890
2.PMiamM Ton 3325 137 455,083 113371 568,654
Sub-Total - 938,995 254,749 1173744
V. Others.
1. Temporary Ton 80| 186 | 334,150 5012 84,791 423,953
2. Painting/Packing & Subsidiary Material 1,086,052 274,013 1,370,065
3. Welding Material Ton 36 49,000 1,786,540 51,810 459 587 2,207 937
4. NDE 621,129 155,282 T4tz
5. Shop Drawing & Decument 81,600 22,800 114,500
6. Earthquake Isolator 1,200,000
Sub-Total 3,216,742 789,551 996,573 5,182,866
Vi, Consciruction on site 47,338,000
Sub-Total 47,598,000
Total 12.437 13,850,867 8,161,213 1.548,802 1.011,326 6,393,077 81,163,000

*SCP: Sandwich Concrete Pansl
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— Cost #4
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Cost & Schedule Curve: India (At-Shore location) Cost & Schedule Curve: USA (Al-Shore location)
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Cost & Schedule Curve: Qatar (At-Shore location) Cost & Schedule Curve: Indonesia (Remote location)
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Relative Cost & Schedule Outlock: Single Vs Double Containment

Constucton of fulle contanment incresse coat try 30% und schedue by £ monts

9T AR SETRCWIDULE | DOUELE CONTARSITHT

Relative Cost & Schedule outlook: At-Shore Vs Remote/Harsh

- P o e by cosd by $-5% & harshia Rittinr infiates <5 10 24-25% basad on I Lantage fyoe

o ROmatpnens SmOACTS M iehiguls by & month whele Rarh comdton ncnises UD 1o T-12 montis. bassd on tankage

SOSTRCAILLY PRCLE OF $2.558 A1 AT B V5. MARSH
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COATALTULY PUDALE ¥ BL 3w 4 AT-AHRE VS NEMETR

Relative Cost & Schedule outleok: Single Vs Full Containment

b Commtructon of Ful contiineest incraane cost by 50% hnd schodule by 7 mertn

= Full contammon mraates boih el s comaracion
b Cobal meatage 4e I lecations (omadénnd 1o il comaanbon
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Relative Cost & Schedule Qutiook: Location
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a4 69 HEd

 IHS Markit

Full Containment

Conventional | HHI Modular
Cost Items,
Storage Storage

Cost Comparison of Conventional Vs HHI Modular LNG Storage for

2 FA @ FA7)7F A3 (Single, Double, Full containment)

Modular

© FOLS 1S Marsit K Egety Boserved

A) Super structure
— C kage cosl Is significantly higher than modular as modular tankage
F‘I)Englmaenng& 35 12 design and f; ion can ba dardize for tha respeactive tank. H
Ma et : : conventional design is more in-situ and more h avery
nage time a design is performed.
The overall material and iated ion of modular tank is
2) Procurement & 361 258 Wwbelwaflhm ional set-up. Hi - it needs to be observed as
Construction 2 : HHI has not reported “erection” mnlnmmm&dmdu&aﬁnm
slill be seen even including erection cosls.
3) Others 1.5 6.6 Non-comparable items are listed in others
Sub Total (A) 414 33.6 The overall superstructure cost of HHI is lower than conventional tankage
Modul k b cost is d to be similar to that of conventional
B) Substructure 123 Not Available set-up since modulenzahnn of tankage still need on site location erection and
commissioning
Total Cost (A+B) 534 459 The overall construction & installation cost of HHI modular storage

tankage is expected to be lower conventional tankage

« Conventional Storage of cost Is considered for Singapore location
» Comparison to be viewed on overall basis as the individual cost breaks are not similar in nature between conventional Vs

« HHI Cost doesn't include any logistics & commissioning cost involved at carryout the job at project location

13 70 7]& stick—built type B9 EEZ LNG AZE A FAH] v)w (Full containment)
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Australia and US to position next to Qatar in lerms of LNG exporis
volumes in the medium term

Global LNG Outlook

-
w
"

|
||
,,l i 4|\||i|4.|i il

R

1 ':l' l"“"
5 «—','mﬁﬁll'*m!“”‘!
! |

PI— . T

FELT | Peir=yrey e

Non OECD Asia Pacific and North America will have significant MNan QECD Asia Pacific 1o drive incremental global LNG demand
additions in LNG trade activity through 2030 through 2030

A .

- "

; o ”I"“"I Lol .|.|;|.. I l[[ll
bmlliilililliiiIl;::wlllilill H .

@
Vo © o

S Pttt BT
PEEEE B
88 8 8 2 B 8 8

% 71 AlA LNG A1 A

gt

FTA2E LNG & F2 ofAo} A oA & 297} 4E

HMLSTS] 7k4 3 FA13F Aol at—shore f1A oA E W= §loH,

@ A](Canada) ¥ %A](Indonesia) oA °F 15~20% 2 2~371€ 7152 o] Ho]
R

=% (Russia) @] 2% HMLSTS] 742 9 FA717be] dial oF 35% 2 1171€
7}31:9] ﬁxgx?ﬂ 01 0

|
ofN

Bunkering El7] 22 A% Singapores °F 15% / Rotterdam? A% 20% 2
7VA 7Aool Jloy, FAZIFAAAE o] FHo] gl
7SSl Usk 7140 AAY SR E sk WUk e Q%




(1h)

TEY LNG A" A1

(O ABSG consulting 7| 244 AZA 8=

Statement of Fact
Design Compliance and Verification:

Hyundai Heavy Industries - HMLST

Report #: 3027043-T-12-02-2016

Prepared By: ABSG Consulting, Inc.

ABS Group

30708 3QTBET-I22006_Houston TX, USA Lsssed 24 0t 2016
REPORT OF ACTIVITY.

Desigs Review of HHLHMLST evaluating e
| e

01 Dec 2015 thwough 31 May 2016

usa
Contsctsy  Benjamin Waggion

ABSGC: Cllent.

Name: ‘ABSG Coniia. Iné Name:  Hyundei Heavy Indosties Co. Lig

Addeessi 16933 Norehare Or. Address: 1000, Bargcojinssabwan-dora,
Hlauston, TX 73060,

Bomprgs Ul 682300

Caatscts): Dongyu Shin PAD

HHIHMLST Moduler LNG Siorage Sysiem

completed by ABSG Consiling.
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HYUNDAI KEAVY INDUSTRY - LNG STORAGE TANK
TQ Feasibility Report for HHI
Modular LNG Storage Tank

Hyundai Heavy Industries Ca., Ltd.

DNV-GL
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48.5
2 5:5 7:2:1
3 (0.334) 73
4 3:7
51
5 5:5 70201
6 (0.317) 7.3
7 3:7
53.5
8 ) 5:5 7:2:1
5 (0.301) s
10 3:7
56
11 _ 5:5 721
12 (0.285) 773
13 6 :2:2
14 8:2:0
15 51 s 6:4:0
16 (0.317) ' 8:0:2
17 5:4:1
18 4 14 2

# HAYAF 13 mme FSIA A

I 14 27% Z349E wWIdE (kg/m®)

W C | Slag | F/A S CS G | SPA
165 | 301 | 86 43 | 247 | 572 | 884 | 6.45
165 | 301 | 86 43 | 412 | 408 | 884 | 6.45
165 | 301 | 86 43 | 576 | 245 | 884 | 6.45
165 | 301 | 86 43 | 260 | 601 | 841 | 6.45
165 | 301 | 86 43 | 433 | 429 | 841 | 6.45
165 | 301 | 86 43 | 606 | 258 | 841 | 6.45
165 | 301 | 86 43 | 272 | 631 | 798 | 6.45
165 | 301 | 86 43 | 454 | 450 | 798 | 6.45
165 | 301 | 86 43 | 636 | 270 | 798 | 6.45
165 | 301 | 86 43 | 285 | 660 | 755 | 6.45
165 | 301 86 43 | 475 | 472 | 755 | 6.45
165 | 301 | 86 43 | 665 | 283 | 755 | 6.45
165 | 258 | 86 86 | 429 | 426 | 833 | 6.45
165 | 344 | 86 0 437 | 433 | 849 | 6.45
165 | 258 | 172 0 435 | 432 | 846 | 6.45
165 | 344 0 86 | 430 | 427 | 836 | 6.45
165 | 215 | 172 | 43 | 431 | 428 | 838 | 6.45

# SPA|-ZE] 22 1143 A1 (3000S), AFA viH] 1.5% AHE

1

1

1

1

e e S e e e e 5 -
\]G)m%wm,_otom\l@m%wmwﬂm
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- ZA8E BEAANY

=4 ko FZaPE BA A¥: FV)% =4 (KS F 2421), €92 Z2 (KSF

2594), 500 mm E% A7+ (KS F 2594), U-Box (JSCE-F511), L—Box
(BS EN 12350-10)
v ZAYE 24948 d=AE (KS F 2405) — 74, 28<)

- AEAE U FA 2HE 9T FU)
Tz A& (S/a) 48.5%014 A 2HES 71E 3704 7:302 WHAARNES
LY Z Z727) ¢k 18% F7tets AEdS B9
S/a7b 51%%1 A5 €9 ZxA I=A g E&o] 55U W FEdol 7+
Fratoer, €92 Z27F 600 mmel EEE
FHZAEC] 53.5% °1F T7FE AF AHALY] BlEo] =5 uwl fEAdo] FFEH
= Aow Yehd
500 mm TEAZFS &YX Z2 Ayl FIdI AFow YEIGOH, S/a
48.5%M A A AL} FER ] v go] 7:30|908 W 7.25%% 7MF FA e
=1
S/a 56%°4 FF=A FHEo] 7:39 W £HE FZE+ 380 mm=E, 500 mm
TS SR &3

T I 182

S/a = 53.5%
L

37 55 73

(a) S/a = 48.5%  (b) S/a=51%  (c) S/a=53.5%  (d)

37 55 73 37 55 73

(a) S/a = 48.5%

&5 A =-"r

(b ) S/a = 51%

1% 75 U-box

& A =-"r

( ) S/a = 53.5%

ol 74 A3}

73
g o)

(d ) S/a = 5GA

% 74 500 mm £ A7 =4 A7
ZEAE W AEA FHEo| WE SCP 4 ZAagES A2 B34 9 29X
S 3elst7] 98] L—box % U-—box A¥S AysR o, S/a 51, 53.5%°l A4
b b9 AEFS ek
48 5% 3 1 557
v 24
-3 9 5 20 = 5 . P
i 7,/}) — I‘/ ; i -~ " ) _1_.3 JC
8 - i - o~ i 8BS __— — ® __ o
g i . 12 10



31 S/a = 51% S/a = 53.59 3 573 = 569
g 30 % __— 0 == g0 ¢ AN
= / £ £ s =
At / I m20 b A S | N
9 ; 19 18 19 : — 0 s % 2 .
X 1 15 14 41 .
0 d/ ! i 10 3
/ S/a = 4859
o i 1 ; . : o ; .
37 55 73 7 5 7:3 37 55 7 3 37 55 7:3
THEM EYE ME =agp =g “o

5
12 (A £ BET TR (HHA: £e22 BET ZUE (A FemE)

51% (c) S/a = 53 5% (d) S/a = 56%

3
(a) S/a=48.5  (b) S/a
1% 76 L—box do] =% Ay}

W A A Eo| e SCP AS ZAYES 37| 54 A3 2~4.2%9)

10 10 10 10
S/a = 48.5% 8 S/a = 51% 3 S$/a = 53.5% s | S/a = 56%

£ 6 g 6 S 5
T nd il 1]
o 4 mAT ﬂ a4 ﬂ = 4

0 0 [ ] L [ ] L 0 1 1 i

37 55 7:3 7
T2 FUS WA EEny 2% T2E( A\ Y r.—frr S T8 O e "‘-h :E'I HA 2 pRE

(a) S/a = 48.5% (b) Sla = 51% (e) Sfa=53.5% (d) S/a = 56%

a8 77 ¥71% 54 47

Jl

A AFA v EoA FEAE UL FA 2HE E SCP A4 FAYE
o] 289 ¢t=4% =4 A S/avt 51%Y w 2HE 3:7 2 55904 M &
= Pa, 47.8 MPa) E e

t
o
oo
=

37 5:5 73

AT THE (HEM : REE) DA TUE (424 e

(c) S/a = 53.5% (d) S/a = 56%

g A3 (A" 289)

&
o
\]
(0e]
)
o
o
ki
[\

700 00 700 700 0
2 60 260 //635 20 | T — g
E 05 £ 610 £ = £
p 3 51 a 570
L) | e ) % 50 a0 wn
” s a o 455 | 4 s i85
E
1 400 200 1 400 200 w0
S/a= 514 S/a =51 S/a =517 S/a =519 S/a =51%
3w s w 50 " " 0 . s w0 - 30 : :
820 721 622 640 541 442 802 622 442 721 541 820 64:0 802

ZET H|E (CPC: BFS:FA) Z87) t| 2 (OFC: BFS: FA) ZEN b8 (CPC:BFS:FA) ZB7} H|E (0PC: BFS: FA) ZHN H/ (OPC: BFS:FA)

(a) OPCFA e43}  (b) OPC-FA H48  (c) OPC-SLAG %43} (d) OPC-SLAG 8} (e) 2MEH H|T
(SLAG 20% D&)  (SLAG 40% 1X)  (FA 20% IX) (FA 10% TH)

=2
)= et

sl
%

¥ 79 <

>

=



500 mm =%

294 7

& 290N
0 N i P o
il 188

@

a-sw &

(d) OPC-SLAG 445}
(FA 10% 1)

sl (b) OPC-FA B3}  (c) OPC-SLAG &=}
(FA 20% &)

(a) OPC-FA Ei3
(SLAG 40% D)
=g AR 574 Ast

(SLAG 20% %)
2% 80 500mm =9
< ‘ 3 51! a : . = 51% ) S/a=51% N S/a = 51%
(b) CPCFA 913 () OPC-SLAG 034 (0) Sy (6) A=A 1]

(a) OPC-FA 5}
(SLAG 40% ) (FA 20% &) (FA 10% &)

(SLAG 20% 11%)
19 81 U-box %o &4 A3
U-Box % L-Box oM E AWME A¥o] HA AFTA 80%E A 735
AZ3 Ass UER
(a) OPC-FA #3}  (b) OPC-FA L sy (c) PO-SLAG 3} (d) OPC-SLAG M3} (e) 2ME 74I BT
(SLAG 20% ) (SLAG 40% ) (FA 20% 1) (FA 10% TA)
198 82 U-box do] =4 Az}
AZA) vl go] wE SCP A ZAES] 371" 54 A3 3.4~3.9% 54
/a 1 B 3 = 514 : S/a = 51% l;‘ S/a = 51%
OPCFA B2} (c) OPC-SLAG =1 (d) OPC-SLAG ®
(FA 10% TA)

(a) OPC-FA 31 (b)

(SLAG 20% &) ) (FA 20% 1)

(SLAG 40% T

1-[‘1

ANHE 80%, 12L& 1 20%2] BlEoNA LF7
6; ghA) eko] FAtslAY AdA =

=7} 48MPa ©o|3t=Z AT



(a) OPC-FA M3} (b) OPC-FA W3} (c) OPC-SLAG W3} (d) OPC-SLAG s}
(SLAG 20% 1A (SLAG 40% 17 (FA 20% D2d) (FA 10% 7))

A2AE 51% 9 2
Fol3H (&5 AHg ZA)
A AS AwE
OPC:BFS:FA = 7:2:
Ehd
TejLh ZefolelAlg F WEo] Al
ik OPC:BFS:FA = 6:4:09] 4%
B35

oM MEeis EAE HED

O SCP +4¢ a8 E & ajg 7

_ HH-@— E.E
w9l A A 430, 400, 370 kg/m’e @ HEADAA E-HIZ Z2 600

mm o4 FHEE AL BE(IFE)E & o wel 500 mm EREHE,

L—box % U-boxol| 3t EH4S HE

B3 454 5T 40£5 MPaolyt Y wig oA dFBP A8 A7t A

stE= 545 nEste] AWARA 450 E7F 50 MPa 28bs A== ¢
- A¥Wg 9@ AP

o] A= 430, 400, 370 kg/m®

A v&  £H2(10%, 20%, 30%), ANAE: L 1:Zefo]of A (7:2:1)

wole 1 165, 170, 175, 180 kg/m®

A S E (A ARFEEY) 317, 55, 713



EREEE

o | AR A o . S A &
TE | egm? ARAE L om) | EARR R
1 <Y1 0% 165 5:5
2 <71 10% 165 5:5
3 430 <Y1 20% 165 5:5
4 <Y1 30% 165 5:5
5 7:2:1 (C:BFS:FA) 165 5:5
6 <1 20% 165 5:5
7 <1 20% 170 5:5
8 <Y1 20% 175 5:5
9 <Y1 30% 175 5:5
10 400 <Y1 20% 180 5:5
11 <1 20% 180 3:7
12 <1 20% 180 7:3
13 7:2:1 (C:BFS:FA) 165 5:5
14 7:2:1 (C:BFS:FA) 170 5:5
15 7:2:1 (C:BFS:FA) 175 5:5
16 370 <1 20% 165 5:5
17 7:2:1 (C:BFS:FA) 165 5:5

A

SCP $44 Zaze wgE (¢ kg/m’)
W C | Slag S CS G | SPAl
165 | 430 438 | 435 | 852 | 7.10
165 | 387 | 43 437 | 434 | 850 | 7.10
165 | 344 | 86 437 | 433 | 849 | 7.10
165 | 301 | 129 436 | 433 | 847 | 7.10
165 | 301 | 86 433 | 429 | 841 | 7.10
165 | 320 | 80 443 | 440 | 861 | 6.60
170 | 320 | 80 440 | 436 | 855 | 5.20
175 | 320 | 80 436 | 433 | 848 | 4.60
175 | 280 | 120 436 | 432 | 847 | 4.60
180 | 320 | 80 433 | 430 | 842 | 4.60
180 | 320 | 80 260 | 602 | 842 | 4.60
180 | 320 | 80 606 | 258 | 842 | 4.60
165 | 280 | 80 440 | 436 | 854 | 6.60
170 | 280 | 80 436 | 433 | 848 | 5.20
175 | 280 | 80 433 | 430 | 841 | 4.60
165 | 296 | 74 450 | 446 | 874 | 6.11
165 | 259 | 74 37 | 446 | 443 | 867 | 6.11

(@)

IR RS o~ =
SIS SISl Sl Sl

= = | | [ | | [ —H
\]@(ﬂ%w[\DHOQOmﬂ@m%wNHHE

::l,

-

%%f& E-AdAnE A=
kg/m’o 2 e wet &

DM@?MHEE 370 kg/mPellA £¥Z Z2 600 mmE 2A A E3F

A vl & wE £HXE ZF YW J-ring, U-box 443 &1 20% Y

7:2:1(C:BFS:FA) 9] Bl&olA 7Hd 3 ﬂl%ﬂr*ég i=RC)

wrol At e 430 kg/miolA ZAYEQ UEH L7} 55~58 MPaS eyl

webs A AfE FAYUE NS ?4'811 G At FS 400kg/mPow A

%

A EANN AT AZO] 430 kg/mF-H
= ER7 3

Uy

= i

_IN‘ mg



oluf @4 EFS 165 kg/mPollA 180 kg/m?*7HA] WAstY] #&=A 5A4L FH
7Vt At L1 20%, G5 % 180 kg/m*Y 7:2:1 (C:BFS:FA), &9
F 175 kg/m’Q Aol AdHor e FHYEH 50 MPa w9 odF
RS e

L:bt-l - U-box orxt
9 85, ZATE BEAANE

800 800
—<=—Slump flow
750 - T-50: T-50- 750 " —=—J-ring flow
g 700 k- 5:34 4:35 ’g 700 |
g 650 L = T-50: % 650 | V’/G\@
2 8:03 S 600 |
2 600 <5 &
2 550 | g 50F
5 & 500 |
o 500 | . L Content of binder : 430 kg/m3
Binder ratio : Slag 20% 450 L 5
450 | Unit water content : 165 kg/m
Unit water content : 165 kg/m 400 L L L L L
400 1 Slag Slag Slag Slag 7:21
430 400 370 0% 10% 20% 30% (C:BFSIFA)
Content of binder (kg/m®) Binder ratio
% 86, WY ATAT WE YT == a9 87. ATA v go] 4B SYL T
4 T-50 9 J-ring T&



50 =
r=i Content of binder : 430 kg/m® %
E 40 | Unit water content : 165 kg/m3 E’
3 =)
o =
= o
S ®
° o
= =
=2 )
2 o

o
g £
= e}
i (@]
Slag Slag Slag Slag 721
0% 10% 20% 30%  (CBFS:FA)

Binder ratio

. AEA v & & U-box =o]2k

80
70
60
50
40
30
20
10

Unit water content : 165 kg/m3
Unit binder content : 430 kg/m3

72

1
(C:BFS

FA)

Slag0% Slag 10% Slag 20%

Slag 30%
Binder ratio

19 89, ARA wlEe] wE

et

1% 88 1572 (A 2890)
800 . —~ 1 ;
700 : e [ slag 20% :
i e . 2 O £ ogl B CBFSFA=T7:2:1 3
E 600 - T.50: T-50: i T-50: 5 Content of binder : 400 kg.’m3 i
E | 4335 479 T-50: T-50:% 4:19 o :
= 512 372 i = 06 i
S 400 } : =) i
= : o) i
Q. | . = 04} i
£ 300 3 © :
= Unit binder content : 400 kg/m~ s o !
% 200 - : =
—e—Slag 20% : £ o2} i
100 - —=5-C:BFS:FA = 7:2:1 : 3 m ] :
0 1 1 1 1 : 1 E —1 1 1 1 !' /
165 170 175 180 3‘]75 165 170 175 180 5 175
Unit water content (kg/m>) Unit water content (kg/m™)
% 90. &l Hile] mE £HE 2 I% 91. G5 F W] WE L-box
9 T-50 =olH]
800 80 w
© Slag 20% Unit binder content m400 kg/m®
750 - o L
s 0 C:BFS:FA = 7:2:1 .
£ 700 Z 60}l .
£ 650 g 50 | E
3 600 40 | B
—— ﬂ,) n
g 550 | z 30t .
% 500 L Binder ratio : Slag 20% 8 20l .
o Content of binder : 400 kg/m’ g 10 .
i Unit water content : 180 kglm3 8 ;
L 1 1 0 1 L L
SEH 3:7 55 73 165 170 175 180 5 175
Sand ratio (sea sand:crushed sand) Unit water content (kg/m°)
29 2. RTA A gl WE LYE B 7% 93, WS e 0
4 T-50 AHAE=(AE 28Y)
O SCP T4& ZaYE HA wiF &5 S d44d
- W BE
Aol =&d WS EdiZ BPEF 43S 18 SCP 48 &
Eo @3S A 9 HA v AA
N o - -
- AEEs 2 AP
&8 AFAF 400 kg/m®
AA & 0 AMEE Y 1 ETo] of A (6:3:1)
G4 0 180 kg/m®



.tf:_ | i

il Al =
SCP =78 ZoajE MA SCP =T 8 23z7E A Eex S4E}
(0l=Z&t BP) =z g 248t Sl A A&
R

BPEY WA o]&¢ SCP 44 2AUE A 9 A% Ado] mE ez
A 5 B 5
% 489 2AYES AFstgon], oY YT TR BF BE 600 mm

T =
oS B T-502 5% oo W £52 st

L—-box9] Holul= 7+ E3} F7koA] g Mo] WAE x| ka1 53 AsS U
Bl A e AQkgkel 0.5 oS W

U-box?| =olxt= A
A5 ARSI

42.88 MPaZ UElo] =33k

2o
oo

800 800
700 | 700 L
’g 600 === _@T-__@—e,f{__rfs)_o_ _____ /é\ 600 L . A/@
£ T-50:  T-50: T-50: .79 £ E/E./B—/E
< 500 | > 1:70 = -
~ 250 287 266 = o
2 400 |- S 400 | —&—Slump flow
a a —&—J-ring flow
g 300 b g 300 |
& 200 2 200 L
a @ Content of binder : 400 kg/m3
100 | 100 | Unit water content : 180 kg/m3
0 1 1 1 1 0 1 L L L
Number of measured concrete o Num]l-oerﬁoi\m:ﬂasired concrete :
_ — 2 3 =g T e ou
0% 94 AR S5 SYE R Y SE 95 A EE S9R 2R R
T=50 J-ring &%



=y

o
o

o o
N (o]

Blocking ratio of L-box (hzlh1)
o
o

o

50

40

Filling height of U-box (mm)

1

2 3 4

Number of measured concrete

Number of measured concrete

¥ 97. A#

3=

U-box o]z}

% 96. A#3 8 L-box ¥olH] AT
__ 50
Q]
o
|| R P T :
o =y
is)
& 30}
k7]
2 20
(/2]
o
a 10}
£
Q
o 0 1 L
3 7 28
Age (days)
% 98, AHEYE Fd dFAE
Ag A gofF
. » . E AFof A e _ B
49 4% | B A o | BrEE a8 BEn
244 A8 Slump Flow 600 ~ 700 mm 605 mm
T-50 3 ~ 7 sec 3 sec
= J—ring < 100 mm 68 mm
=31 A3 L—box > 0.5 0.71
U-box < 300 mm 21 mm
Rheometer Plastic Viscosity < 100 Pa.s 28 Pa.s
Yield Stress < 30 Pa 0 Pa
PARSR: S Sla=AR 40*x5 MPa 42.88 MPa
SCP 4§ FAES BPAA Az &al 51 454 E #hl 40+5 MPagt
=4 #AYE A8 A jhE vEsielow, AV AuAdd U dAE A9
v o2 SCP F48 ZAE H2 mids ofdigl 2ol =53
SCP #4¢ Zazle 4 IEA m® 715) [T kg/m’]
29 gue | zaa [Egela| 2mA | AR | DT | maa | o
180 235.2 117.6 39.2 8 764.49 | 928.51 4 4
w Z3HA9 A9 AN TE 1Hsle] £YE Z2 600 mme FEE 2dslo] ALg
O SCP $4& ZAYE F4%54 45543 7HSHPB A1¥)
- WEE RS 0@ 4y 452 A8 AzAAdY A 42 A¥A9
SHPB (Split Hopkinson Pressure Bar) A3d&AX] & o] &3} d=EAHS H7}
— A4 AE (Strain rate: 0.000333/s) A9 EHE7F ¢F 49 MPaZ SAEHS S

61 —



‘&l (strain rate: 250~400/s) ¥ " ¥F4E7F 122~171 MPa o=

ke

‘j/‘%ﬂ EHLP 4 B SRR RndEY, 45T

<+ Plain (49 MPa)
— ACI 349
— CEB Model-Plain

100 1000

19 99, SHPB A3 4 O 100. MY E S0 hsA R st s3SI
(\h) HPCPE Za=E w3 AL 2 4% F7t
O HPFRCCH A E 71& aig 7

— uH-a]— 23z
HPCP§ HPFRCC §H574% A4 W9l 100~180 MPa %
180 MPait-& ANFAOIES $83t] AZT 5 Qb 7 #& T2 FF 100

~180 MPaw HPFRCC A3A 74 9 wigtdAe] 7|E/ides &8 oF
— HPFRCCQ 71¥ Azt 4A 7Bd =% (Richard and Cheyrezy, 1995)

TR AFR-S wjAlElo] HPFRCCY #&A ghu

TR dAS aEste] AHEES H4 g

A3 dol7k A& FARET BYe BH AUE A o

— HPFRCC 7] AgA 74
78T Ass AWME, AE7HE, 0.5 mm o8t AEA, TAAZE FAET
b2 FAE.
£l

oX

7} 3}k

HAES talstel FetololAl, ARHU L v
e B-ARAuSNN AR B 45 HRY,

— HPFRCC 71 AgA 4
Richard, P. 59 #7 &9 (packing model) &=
ARG HEE ofe] 7= E7stal 7hsst ZHe] 1E7Fe] HA9E AlF-stete] 4o
ALE F 72 FHdd d509] vl= 13 oA

ARE/ 357 A 9] 0 d &2 (rheology) 54 R4S B8 HHu] 4%
MRS Yolg ) @A) Ade B Fee) A 4%

oH 2R fEdel R U A WEFRE e, B
M WEsl g aRs A4S pAS WEdA Ha7h H5S @ Richard

and Cheyrezy, 1 995)



0.88 —d o/d Water | >

[ T TAUTTIN T FTTTIT &£ T T T T 4 THTTIT

0.1 1 10 100 1000
Silica fume h ¢ i
it
*+ Median particle size ) oy Sand
0203 4m * Median | San

+ Surfacearea:20 mie particle size + Median particle size > 500 um
0.86 . S0, > 96% B 15-25 m . 5i0,>98% .

+ 5% of Cement weight * OPC + 1.1 times of Cement weight

icizer

* Polycarboxylate based
+ Solid content : 30%

Filler

+ Median particle size : 2.0~4.0 ym
+ Surface area:20 m'/g

Steel fiber

0.84 i | Ww/B . ?i%> 96% . Diameter : 0.2mm
0.06 Minimum 0.1 Optimum 0.16 i ’7 o e
2% 101 B-AgANel te grse] W =19 102 HPFRCC 7AA 2 54
— HPFRCC 7]&u3 A4 9
1€ Be LEHNE AYE, A7hE, ZZA, 44 59 712 AFA N 54
FAL 9 nFAE 3092 T EABENA DA SAFAL T4
A5 13 mm$t 19.5 mmE ZH2b ARgste] &A% din] 3 9 A=
FPUFS TAG
ANEGZ27] 90£2TC L2574 397 A
A4
300 © 60 20
e % —=—13 mm steel fiber —=—13 mm steel fiber
%250' o 50 —&—19.5 mm steel fiber E —&=—19.5 mm steel fiber
s 2045 202.7 @ =
83200 S 5 40 =
QL o B
® 150 | = 8
- & %
@ 100 - £ 20 o
8 5 2
g sof T 10 2
3 =
O n (= ' : N " "
13 mm 19.5 mm W "y 1 2 3 4 5 6
steel fiber steel fiber Deflection (mm) Strain (%)
&2tz 204 MPa(13 nm), 202 MPa(19.5 mm) 22T 35 MPal13 mm), 50 MPa{19.5 mm) QIFZ T 13 MPa(13 mm), 16 MPa{19.5 nm)
1% 103 HPFRCC 7] AE Az
HPFRCC 7]&ui g Al Al
&= W/B ARE | ATk | A FAA | 28s ZTA 7
Zdin] (S 0.2 1 0.25 1.1 0.3 0.18 A4l 2%
O HPFRCC #3# g 7
— Wi B3E: SCP TES fAH A5 Wdsy] % HPCP BE ARE 2xow
100 MPaw HPFRCCO HZ wigg 7Idetsion Wsds drnE e Hshé
Mo EQES 2P 45 54 L 9 54 YN
A 2 =4
kg A 0 ZEZ24A(PP) Al
ske A/ =<¢E -0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6% (Z]& ZFAF 2% 174)
A £9E 0,05, 1, 1.5, 2, 25% (712 PP 0.2% 14)
* A A 23E 18 S5EsiA 48 (FHad )



2, L—box, U—-box),

s

=

=, T—50, J-ring
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Q ; ©
%HCQO% W o T o ofF
- w— R B oF N = 3 ) - 5
E L o | e~ o o~ Lo A
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o ESHAIZE| ®=4 M=z =el
(%/B) (nm) LI
Plain 1.6 520 7
A7 A 1.7 530 -
H7HA B 1.6 540 =
A7 C 1.6 545 7
H7H D 1.5 545 =

O 174 A AsHE AE A

(th 1f/+5 Td FAYE 55 =34 AE3)
O 2#% 31 2AYE 55834 48 8 44 2% =%
3
- 1
NAEL FA FE5% NS A8 Fohal A4
A A ZAYES] HAuES o ATA W G wE 25kA s
2 AHY PE
_ A3 74]@'
Aol ok HIMA ME 45FFE Faore] AHd APE F5to] AgE E314
45 A9t =S HE
S3tA Aot HIMAY £ HE A= 34 dae HUbA 955 44
FTYS v & Ao TE T E5kA FEAY HIUMA FEAS E56e
74 AAAA 3 GEE) s A
- F 45708 HIHA BE T E3kAQF £3o] Thedt MES 47HA (H7HAl A, B,
C, D)= AFd Add aisty L3 wighe] H7HA d55 J83to] H5 AE
AA]
Q7 FEFOoEE A ¢ ZATES £HE ZE 4 Agie s FHUME
— Jﬂ7]- S
e EHE SR
Azl St FE
¥ 36. A% AF
T b ShAFSt
Y B+ 2+ = (MPa) 50
W/B(%) 41.3
2 2F(kg/ m*) 400
S/a °o) 5
ZE F=M4(mm) 600+ 100 Of At
HIIH = A, B, C, D

SRLEE

A7l F5 Aske] wE fEAd2 Ea wiEelA 600 mm o] e FEAd =



RO, H7HAl A AT B widelA ARt wAste] HIkAl B,
C. D 3% A% Anwe WA 2 &3 gl Ao AnHr, A7
WE AL AP AREAZ QB WA FE FEYS Fush DA
Row epd
FAE A7 2gl WE §EAS BE WEA 600 mm olge] FEYL
Fustglow, e A4 2F) vstel A7bA AL BEOR RS 3
650 mmell 7M7HE e s SRS 58 Freo] gl Aow vehd
= R Oﬂ?‘ ‘:”H‘Dﬂ Mz 34 98 AS UM AE AS £ ARRSE
E3tA7F SCP T4 ZATES E3A19 AAFCRE A4dT Zox Audg
X 37. 4% A%
B ua e | 254 N8F[ e8| A=ea
(%/B) (mm) | LMo{F
Plain 7| gt 1.6 620 T
Sample A HIM 2 A 1.7 645 -
Sample B HIM €12 B 1.6 610 T
Sample C HIMM |2 C 1.6 650 T
Sample D HIM /12 D 1.5 650 7
Sample E HIM 22 A 1.4 645 -
Sample F HIM €= AB 1.5 590 -
Sample G HIM /2 AMC 1.4 620 -
Sample H HItH A= A+D 1.6 630 -
800 800
750 | 750 |-
il b e T B < S gaﬁo-—: _________________________
Ecol-BEE - - - BN __ e B \%’600" L e e B T T T
z T s50 [
Sl | d 3 i g s
= wl = =] 2 2 50 |
a00 |- _EEI ; ;-EI _; woor
350 | amor
300 €0 Sample Sample F Sample H Sample G
Plain Sample A Sample B Sample C Sample D (Sample A) (Samp\e A+B) (Sample A+C) (Sample A+D)
a9 175, A7 S e AdA 9 176. F7HAl 23 e Add
O Ifrs T4 FIYE 34 Alx 45 A5 2 AdA &l
— XA
= 1
53 FAEGO MP)E Vo2 AFAd d9aEd Mt gE SCP 4
ZagE B4S s}
CAfrE T ZAYES HAWES AT A 2 Gl e 34 A
4 Add AE
- Gk
e EYE 2 (mm)
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|
>

ANEF: Sk #F
=75 (MPa)
3 Az
- AFAE F5d AFe mE wEel 600 mm °]e FEAHS G oL,
ARt E3MAE ARES wigtell A A= Ee7F S g
SCP X ZAZES E3AE AFEst vlgdolA = BS 20% X gt vjgho
fr57dc] 630 mm= tE R FEe Feds TR
Gl e Al Be widded A3 AE fed BrHAAolA
Y5t ™ BS 20% A% wids A Estdls A 600 mm o] FEAAE
gHst o, EAR 400 kg/m' oAl @l aFo] F7hgkel| wet f-E5Ad o)
S7tE = A Eo] vERd
- BAF 380 kg/m'oll A @Y 175 kg/m'e AL &Y A9 610 mm
Feds GRS

HoAE Aol mE dEFAEA EFAF 400 kg/ms A& e

L
i Ho

ol
o1 off

= 44
C BA 380 kg/mollA 5 H 175

(@)
=
ne)
o
o
0%
e
[-Al
i)
32
o &
T

Hjj o] 3

kg/m'& 2G3 wighe] A% H3E M dEe Al A REE T
LNG AZE AN S s T SAUEE A ZN 9 Ts é—%
gt

Mock—up 4 A% A 1§E FA TALUES T 28-S F
Ame 7t Qi Wl B

=3 AE e A5 % AdY Gl

£ 38. W@ A

ar

FF TS
W3 2% (MPa) 50

) BS 20, FA 10%,

AEA (%) OPC:BS:FA (7:2:1)

T (kg/m) 380, 400
G952 (kg/m) 165. 170, 175, 180

S/a (%) 51
E 454 (mm) 6002100 o4
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G . A5 A== (MPa)
1—2‘113": ‘q—_crq/\ €§]—7ﬂ] o = Ha H 170 ( a
AgA |5 T Apgg | T
(kg/ = (mm) | ¥8ol| 14 34 74 284
(%) ; | (%/B) -
m (kg/m') 7
BS 20 1.7 610 r 7.9 25.8 37.9 53.2
BS 20 1.8 630 - 7.1 32.7 43.8 60.5
FA 10 400 165 2.1 610 - 8.2 30.2 46.0 64.0
OPC:BS:F
A (7:2:1) 1.9 610 8.3 35.5 41.6 69.9
165 1.4 600 - 7.8 28.9 45.5 59.1
400 170 1.1 610 - 7.9 27.8 42.6 57.4
BS 20 175 1.1 630 - 7.7 27.2 41.7 58.0
180 1.7 650 - 7.5 27.0 44.5 53.0
380 175 1.1 610 - 6.9 25.7 40.4 51.8
j:: | auec FLOWMIX 3000 SCC 750 |- iﬁﬁ?m iﬁlfg’t/:m
e IS P ——— Eer Skl 5 B R
£ I O e : 600 |~ ==t - - -F=7F--- - - - == -4
z iC 580
E_ g 500
£ ]
BS 20% BS 20% FA 10% OPCBSFA(7:2:1) 165 e l_:_}_?_lg“\l_;j(kg/m') o i
O™ 177 AEA TR 8 AdEd 9 178, S9leEE e AdA
80 ” —a— 165
—=— BS 20% (22P0) ol |—+170
ol |~*-Bs20% —A— 175
—A—FA 10% v 180
i - —¥— OPC-BSFA(7:2:1) 60 - | _g  175(m2380kg/m)

Compressive Strength (MPa)

a3 179. AA

(2}) HPFRCC&
() HPFRCC &

— XA
= =1

E
—

PN

T

- =3k 9w E

= EE

71 AR S8 23k 45 3ERQlel diste] REEE

Age(day, log scale)

A 7ol

5574

G E34 AFS
2 RICERER R
s e AN sl

50

40 |-

30 -

20 |-

Compressive Strength (MPa)

Age(day, log scale)

7% 180. w5 AlE Ave] ©E
HE=

2% =F

HPFRCCE 54 &340 A4 9=
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ASAEE HESH szt b= HPFRCCE Z3H419 s HAE A4

o

X 40. A48 AF

T AT
v &7 = (MPa) 100 o)A+
W/B (%) 20
A= (kg/m’) 1200
=3 {574 (mm) 200 o1
Z35}A AFEF(%/B) 0.75
=34 98 A, B, C
87t B
CREA U ER
EYAZ
CUFAE
% 41. WAL
Tvpe W/B Unit Weight (kg/m’) AD
P (%) B C Zr S | (%/B)
Sample A 0.75
Sample B 20 1200 1080 120 965 0.75
Sample C 0.75
A8 4
- 2= Higtell Al 200 mm oS FEAS FRstaA skglo, E35kA CY
4% 183 mm=E ThE Higtel] H]sto] thih 9@ FE5AS UERE
- BE e EFHAIZRS 150 25 S
CRE gt A A 284 = r= 10

E
o =
av}
Q
o
o
T
o
i)
2
. |o
+
(ot
Loty
x
x>
1o

0 &)
d-9- 135 MPaz® Z3}A4] B, Cel H]|3le] =2 44T &d &9 z;;jm
cupEbA, 2 AT HedM e 54 95 AS HPFRCCE E3HA|e] Alzgo=
AR Row AR, FF 54 9 AEE OS5 AT S8 el 5
F7HA Rl A7h d oo & Aow wdd

=4

% 42 A4

Mini A=A E (MPa)
Type EYAZ | Flow 39 701 9891
(mm)
Sample A 207 120 124.9 135
Sample B 150 201 112 113.7 120.1
Sample C 183 107 109.2 115.6
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300 150

250 |

200

Mini Flow (mm)
Compressive Strength (MPa)
8

150 - —=— Sample A
—e— Sample B

sl —4— Sample C|

' '
100 3 7 28
Sample A Sample B Sample C Age(day, log scale)

T® 181 BAM FEA a9 182, EA AW At
EEEES e SHEYE

O HPFRCC 5 Z3HA4 Al A AT 2 Add &<

A A FF) wWE HPFRCCE S REEE9 EA4S v
23A AFY Hes A5 W A Fal
- A3 A
¥ 43. A% A3
T Hl FA} g}
v &7 5= (MPa) 100 o)A+
W/B (%) 20
A= (kg/m’) 1200
A3 (%) SF A, B, C
=3 54 (mm) 200 o)At
- Bt =
- Y E2
- E-AIZE
AR
X 44. WAt
Tvoe W/B Unit Weight (kg/m’) AD
yP (%) B C SF S | (%/B)
SF A 1115 85 0.7
SF B 20 1200 | 1080 120 965 1.0
SF C 1020 180 0.85
- AE4dy
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(2) 4+ W 43

(7h skeh 3kl AlAlE A2

A A& /A &Y A2 A b R o] o}
FLOWMIX 3000 SCC 18.12.01 TH719E FE719E il SaYE
FLOWMIX 3000 )
19.08.01 TH79E FE79E ZU}Eg ZAYE
HPFRCC
b AEF AAA
AAAM 247
FAANE - AAA A A CMT2018—-4333 Shapof| A X]of| A~ (52)
b wwgd 24
IR 23 7
TAE ZAYE 3T 5 34 AFElwd 2714 (&
HPCP-§& HPFRCC &3}A] Abgwwd TH71Y
@H Ty W FA =g W
HS slol HA T PN HE A P =3
1 st22 32| ESt3| A7HEH 2017.11.02 ol JMHESH cistal=
(hH 53
we | AR SRR =4 i Jolg
- RE 4= 714) ° 2499 299 2993 SEWs | 539 | 539 S=Ws | S=Ws
AR LREH o e g1g 17000 | 1072017 7] [19.04.1] 10-1969
1 ZAYES Z3A e e 9 - o] (%) 0 328 100
A5 v N 0132306 v
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o, 1EA elew) wiEhAlE ofe ARl 2 W 2 V) v

(L A+ W&

AoV HE &3t SCP RE8 A3 1T FAYEREEY 4
- T-50 9 AAAE v A A% #4E& 53 SCP ZE88 13844 ZAE

=4 7rol=ekel AA]

- Flow Curve

e_"/ The Bingham Model

Sl t=r+uy

§ /sz;flastic viscosity (1)

#

1

E \intercept= yield stress (1)

n

£ Shear Rate, 7 (1/s)
7% 185, HerE AY e
- ZAYE 554 54 A%
Slump _ . L—Box U—Box . . Yield
No | Flow | Loo0 [T7F8 ] 1y [F=se] | 20l | SO | gireqs
(Sec) | (mm) (Pa.s)
(mm) ) (mm) (mm) (Pa)

1 620 7.71 140 0.44 560 160 117.9 0
2 635 7.05 120 0.46 380 335 111.3 0
3 675 5.34 95 0.65 430 270 73.4 9.9
4 695 4.47 130 0.57 395 320 62.6 0.5
5 645 3.91 95 0.41 405 310 56.0 29
6 665 4.35 195 0.35 420 290 57.4 6.2
7 665 4.79 82.5 0.42 600 120 58.0 5.4
8 605 5.12 35 0.4 385 325 57.5 16.2
9 600 3.72 25 0.47 380 330 45.5 19.4
10 635 3.18 20 0.46 605 110 45.7 19.8
11 585 4.47 15 0.46 420 290 50.1 21.6
12 647.5 6.43 107.5 0.35 535 170 67.2 0
13 667.5 3.91 82.5 0.34 465 240 55.4 0
14 670 4.19 60 0.54 465 240 64.2 4.1
15 610 2.5 135 0.66 365 350 27.9 0
16 587.5 8.03 112.5 - 655 65 75.0 0
17 565 7.06 155 — 665 45 52.7 20.4
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— T—50 % Plastic Viscosity &4 =%
- A A wigtell A AlE % 0.585 wHSshE vl A A HY
- L—box Al&elA €704 =gstA] st st A $ 8% 0.85 AH
- U—box $=30]E 200mm ooz HIYE AT A AFHE 0.89 AH
- U—box +F%°]E 300mm o] = WHIE NPT A¢ A% 093 4¥
- T—50 ¥ Plastic Viscosity Hl#d&A oA A% 0.90 oA v =&
10 10
8 8
o @6
S ]
0 (o]
s 4
2 : 2
Rz = 0.58 . R2 = 0.85
° 0.0 30.0 90.0 120.0 150.0 0.0 30.0 60.0 90.0 120.0 150.0
Plact|c V|5003|ty(Pa s) Plactic Viscosity(Pa.s)
10 10
8 8
e w6
8 S .
Te} [Te)
4 s 9
2 F 2 F °
R2:= 0.89 2 =
0.0 30.0 60.0 90.0 120.0 150.0 0.0 30.0 60.0 90.0 120.0 150.0
Plactic Viscosity(Pa.s) Plactic Viscosity(Pa.s)
O #HF SCP 258§ =4 Ag 7lol=agksl #lA|
- _ 71Ed A Xgk H] 31
o] A= bz &)
SR Al Fag CLEED G1EEH)
=AM AlE Slump Flow 600 ~ 700 (mm) | 600 ~ 700 (mm) JSCE
AR ]%
T-50 3 ~ 15 (sec) 3 ~ 7 (mm) JSCE
ST RUDY J—ring < 10 (mm) < 100 (mm) EFNARC
e L—box > 0.8 > 0.5 EN
v U—-box > 300 (mm) > 300 (mm) JSCE
Plastic Viscosity — < 100 (Pa.s) -
Rheometer
Yield Stress - < 30 (Pa) -
(\b) HPCP R &4 HPFRCC T4 4537}
O HPCP R &4 HPFRCC T34 A8 9 534 AldE7)
_ 2A
b |
HerEE F3 HPCP REE HPFRCC §3554 &4
- T-50 ¥ 2A-AE v AA AFE #4&5 &3 HPCP ®5-8 HPFRCC &4
Zhol =kl A A
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Slump _ . _ U—-Box Plastic Yield As
I Flow ’I;SSS)O J(rrfrlr?)g éﬂ]/%hoz); H=10] 9 =100) viscosity stress =4
(mm) (mm) (mm) (Pa.s) (Pa) =
1 plain 960 1.80 70 1.00 350 350 21.4 0.1 0
701—)\‘;1_% _
2 905 2.06 25 1.00 355 345 21.7 2.9 0
0.0%
7 5 5
3 s 900 2.07 30 1.00 360 350 22.3 5.1 0
0.5%
4 A 850 2.17 30 1.00 365 340 29.3 21.8 0
PP 1.0% ) : : ” ) : :
PABEES)
5 0-2% ‘1’ g(;; 770 2.25 140 1.00 360 340 33.6 23.5 X
AR
6 690 2.80 210 0.63 370 335 419 86.5 X
2.0%
AT
7 i 620 3.40 220 0.38 395 310 56.8 197.3 X
2.5%
8 PP 0% 880 1.75 180 1.00 350 355 16.2 22.0 0
9 PP 0.1% 760 2.64 270 0.94 355 350 32.7 29.7 0
10 | 244 | PP 0.2% 690 2.80 210 0.63 370 335 419 86.5 X
11 2% PP 0.3% 560 5.30 170 0.49 410 305 69.7 122.7 X
12 PP 0.4% 500 15.51 150 X 455 250 75.5 305.2 X
13 PP 0.5% 440 X 100 X 480 255 112.1 486.3 X
— T-50 Y Plastic Viscosity &4 &%
A WA AEE 0592 wESH uH w7 AT
‘L—box BgelM B7AX =254 #8 Mg Ag % U-box $5%0]E 300mm
o) [e)
oo r HHE ART AF A% 0.86 AH
- A BT B sk i Aol & AlEE 0.90 A
- T=500 % Plastic Viscosity Bl# @A oA A1F 5= 0.90 vt
=
100 100
% R=0.59 % R=0.86
80 80
70\ 70 - . ’U? 70 1]
& 60 éz 60
= . = .
g @ g =
S @ . < 5 .
% % ).'/ % % 28
e " = 20 -/:
10 10 .
0 T T T T T T 0 T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 0 3 4 5 6 7 8
T-500(5) T-500(s)
(b) L—box EatA] &t wjgt Ale] U

(@) AA =g

100

U-box +==°] 300mm ©]7%

R=0.90
%0
80
5 .
©
L 60
_é‘ L]
§ 50
] /
> 40
]
2 30 "
o
20
10
0 T T T T T T T
0 1 2 3 4 5 6 7 8

- 500(s)
(©) Az T8 wig A8
9. T-500 & plastic viscosity relationship
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O #<% HPCPE HPFRCC &34 9 7t=%34 AldAdd A4

TELEY

A A
19 162. CFD &

R
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e Al<kak Ak ar
A4 A= Pt A3 i (HPCP& ~
A A ° 23k S (SCP¢ #38E)
2K A3 Slump flow 600 ~ 700 (mm) 600 ~ 700 (mm) | 600 ~ 700 (mm)
THE =% T-500 3 ~ 15 (sec) 3 ~ 5 (sec) 3 ~ 7 (sec)
J—ring < 10 (mm) < 250 (mm) < 100 (mm)
TR AE L—box > 0.8 > 0.3 > 0.5
U—-box > 300 (mm) > 300 (mm) > 300 (mm)
Plastic visco - <70 (Pa.s) < 100 (Pa.s)
Rheometer sity
Yield stress - < 200 (Pa) < 30 (Pa)
(h 23FA4 49 3t AFAA TS Ut Ve BE

rate) & E3%t

Yicdd stress (Pa)

.\:".h-.: u:-l‘t’; (F-’u "\‘.‘l

d8d B4 2 ¥

FA4 34
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Jo
offt
i
oX,

a

3 A

=~

ﬁ
e

[¢]

e Shear rate = 100(1/s)

Shear rate = 500(1/s) H

Shear rate = 1000(1/s)

5 .
Sogel WE R854 4%
24
I Yield stress = 1000(Pa) |z Yield stress = 2000(Pa)
. S -
Fu el B fEEA A%
o= E 5 B
2ARERE WE A55A AT 24
= Plastic viscosity = 50(Pa - s) Plastic viscosity = 200(Pa - s)

350801
300801
250801
200801
150001
100801
500802
0006400

Im

50801
100201
50002
0000400

o o
Plastic viscosity = 100(Pa - 8) saear
ol
e
st
e

7

U
ofk

N aray _
=59 | 2 5 W3
findrs -2 = e (SCI/EISCD) AAL = R
AR k4
_ Jote a9 Vol.3| ©ig | @serdst PISSN
¥ +=4 (Standard _ 2017.10 | 1738—380
2 G 3]
Reference 3
Materials) =%
2EY LNG
_ . _ pISSN
A28 . Vol.3| digt |st=rebdel
=] —
Zo9E FANS ERs 3 e 3 2018.08 17383 380
Zhol =gkl A A
2EH LNG
Ve o @
dgwas Vol3| o | @l pISY
T 23T EQ 3 u)= 3 2018.12 | 1738-380
Z3 35387} o 3
Agst A
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O O
a3
=5 JEAE Rk A A9
BRAL | AL | SAL | Ve | F o SR FRE d9dE | aEE | 7lE
2 1} 8h9) 2019 1 1 1
EIoNRIES 2018 1 1 1
gAY €3t 4 AFFsy &
S 43
b AR S 4T T U
-SCP ®E5¢ ZIgE ¥4 F7})
. . - REE LNG AFEAE4 SCP 2AdE AT 7Hol=ekal AlA
— HPCP$§ HPFRCC %4 A% 37}
-CFD #53814& 53 445 371 7=

=
l<lxe) e




21 CFA{c= 0O iy = -
3. =% YAz d A3 Fof 7|0 %
hYA )
7h BE 94 E
(1) A9 HE S (FTE)
O =8 A7 JaAxE 2 48 JoE i -4
T a2 oA AZ AYFAN = 24T
ik (level 1) (level 2) A A% 3 (%)
SCP&if% =R £ YT ZZ:600mm
R )] : 100
sazans | aor | ST |V eage GH7p i 30Pa0l 5t
A oL S Q| 22 ZagE =75 40 MPat5s 100
HPCPH3 & HPCPE3 % orZ=7}%: 100MPa
A= A-2 TA= D2 =2g9E =T e 100
o O [eJre) | A T _— ?l;(o]—%]—l;_ SMPa
RS SaAE
e o #8e =49 3,350kN/m 100
BELL gmn (%89, 32WE) | FRWE: 400kN - m/m
B| x4 coe @ | AgFoly &8 [1.0 100
=z X %]%kﬂ A Eks
B_2 9’]_1_. EZH @ (60,0001’1’1‘57]%) SO% (e] o§]' 100
SCP % HPCP SCP © HPCP
SCPYWHPCP | @ | 9% 7% 4 -~ ) 100
-1l 7z A o AFA e 90% 74 EA
4 #HA3 SCP 9]x7%
A3 @ 443 Stud % 20% =7+ 100
s s
R 151<W/m2 90l
BUNS DY
- J g
= € T VI oz s 100
Z=QLHA 50kg, 45m/s
_ 1) 2 o= g,
C-2 TZ oA ERyEIE e
37} 9 | Avpe o S 100
g CHBEREE:
LEAS WA}
ARre] ¥ Hsh |
| qmnn Ask #A 71E A 100
Mock e RN
—_ Al RF3E A
D| AZZEAL | D-1 Hﬁfcm ;]I; W] A A 2—Way Al 2HE 0
N Pl =78  Guidance 100
EPC EPC _ ,
E Nz A E-1 A @ | EPC d57] A4 | EPC Guidance 100
= == f
EPCH| & 475 ¥
- cule o =A:30%
F-1| A4 37F | @ (60,000m*54] , 100
9 212) 92A:10%
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