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SUMMARY

I . Subject

Development of Low Carbon High Performance Concrete Pontoons

II. Purpose and Need of R&D

Interest toward marine sports is growing rapidly due to increase in national income,
successful introduction of five-day workweek and the government’s recent marina related
policies. Marina’s fundamental function is mooring of pleasure boats, such as yachts, and
thus installation of mooring facilities is essential. As a countermeasure against change of
tides, floating docks or pontoons are generally used for these mooring facilities and
monocoque concrete pontoons are favored for their high stability in the marine environment
and higher capacity to accommodate larger boats.

In 2010, the Ministry of Land, Transport and Maritime Affairs has established the
‘Marina Harbor Development Plan(1st)’ which includes the development plans of 43
marinas spreaded across 10 development zones for the next 10 years. Despite the
enthusiastic drive of the government however, domestic marina related technology standard
is very low, since it is only in its embryonic stage. Especially, pontoon related technologies
rely heavily on that of foreign leading companies although the technology has been
practiced for decades.

Thus, this R&D sets its goal on developing concrete monocoque pontoons to secure
technology independence in the high value-added marina industry. The developed pontoon
will have enhanced functions, durability and aesthetic exterior and will be manufactured
with low-carbon concrete to give it and extra competitive edge. The research also targets
on early commercialization and will produce practical results including standard drawings

of pontoons, specifications and pilot test products.

Ill. Research Scope

The purpose of this research is to develop practical technologies for design and

manufacturing of the low-carbon concrete pontoons. The research is divided into two

_Vi_



categories; development of low-carbon concrete for floating structures and development of

design/manufacturing technologies for the pontoon structure.

The research scope for development of low-carbon concrete for floating structures include
mix design of 24MPa/50MPa low-carbon concrete, general material tests and durability
tests, such as chloride ion penetration test, abrasion resistance test, freeze-thaw test, skid

resistance and carbonation test.

Research scope of the monocoque pontoon design and manufacturing technologies
include enhancement of functionality, durability, constructability, maintainability, and
aesthetic exterior. General design, detailed finite element analysis, model tests and

economic analysis is carried out to fulfill the goal.

IV. Research Results

The goal of this research, which is to develop practical technologies for the low-carbon
concrete pontoons, has been successfully achieved. The developed low-carbon concrete mix
design for floating structures having design strength of 24MPa and 50MPa has been proven
to have outstanding material characteristics, in both strength and durability aspect, while
meeting the predetermined low-carbon criteria. The developed low-carbon concrete, in
which 70% of the ordinary Portland cement(OPC) is substituted with blast furnace slag, has
shown approximately 70% of CO, gas reduction compared to that of the OPC concrete of
same design strength.

The results of durability related tests, including chloride ion penetration test, abrasion
resistance test, freeze-thaw test and carbonation test, also showed excellent material
characteristics and thus it is concluded that very successful development of low-carbon

concrete for floating structures has been achieved.

Developed design of the monocoque concrete pontoons, showed significant enhancement
due to application of a wide range of newly developed technologies. The structural detail
of the pile guide connection and pontoon-to-pontoon connection, which was vulnerable to
deterioration and damage, was newly designed to increase durability of the structure. A
concept of utility channel was adopted to increase the constructability and maintainability
of utility lines compared to that of existing pontoon products. The developed utility channel

also serves as a common access chamber for installing connection parts, solid ballasts, pile
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guide frames and the upper side of the utility channel cover can be covered with wooden
planks to give the pontoon an aesthetic touch. Furthermore, LED lightings and pedestals
can be attached to the utility channel covers making it much easier to install and maintain.
Design of solid ballasts located in the four corners of the pontoon is also a structural detail
developed to increase the durability by eliminating excessive stress in the connections due
to imbalance between the pontoons. By perfectly balancing the pontoons, safety of the

users can also be enhanced.

For verification of the structural validity of the newly developed technologies, detailed
finite element analyses have been conducted and the results showed sufficient structural
capacity. Economic analysis also showed favorable results since cost reduction is expected
due to eliminating the licensing fee and lower cost of blast furnace slag compared to OPC.
Finally, the key technologies were integrated at a practical level and was verified by
fabrication and installation of the prototype pontoons making it possible to achieve early

commercialization.

V. Application Plans of R&D Results

Final result of this R&D is a commercialization level product, including standard
drawings of pontoons, specifications, pilot test products and patents. The developed pontoon
will be introduced in the market for implementation to the 43 marina harbor development
projects as outlined in the government’s ‘Marina Harbor Development Plan(1st)’.
Accumulated experience and sales results in the domestic market, superior technology and
low-carbon characteristics are expected to provide sufficient strong points to compete in the
global market. The developed technologies can also be easily tuned to be used for fishery
harbors, floating breakwaters, supporting structures for floating structures and many other

marine structures.
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AAZEE F 7N E F2A2 vy Al ] A S Aol wE Yl ki

£l B 2 kg/m)

s | WB | Sha ° AD=
ZEL o | " . - 5 S (%)

0 159 | 3% 0 859 | 930 05
50 159 | 161 | 161 | 88 | 930 06

509 | 482

60 150 | 1288 | 1932 | 89 | 930 07
70 150 | 96 | 2254 | 89 | o3 08

*BF @ Blast furnace slag
=+AD: Flow mix 3000s DA} X &

E 15, DYE 50MPa b B Hl
Bl B 2H(g/m)

s | WB | Sha ° AD=
b (%) (%) (%)
(%) W C BF+ S G
0 165 455 0 686 1038 0.6
50 165 227.5 227.5 686 1038 0.7

36.26 39.8
60 165 182 273 686 1038 0.8
70 165 136.5 138.5 686 1038 0.8

*BF @ Blast furnace slag
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2Ezi=F| 22T | Sioy, | AlyOs | FesO5 | CaO MgO KyO | Na,O
< (%) | cm2/g)| (%) (%) (%) (%) (%) (%) (%)

29 0.48 4,530 34.4 12.7 0.5 413 593 0.5 0.4

(4) ¥ A7

mhE U ZE0 48 Avs FaYEY A A At E 24MPast S

1

e AR E 50MPa® Agsda MiFEE & 20 9 3% 219 2ok 4 wigd
}
AAFES 7 AR A A2 ey Al e A8 A meEt Y lad o

WAL AN 270 485 A% Roln DPEE Akl ANT ASE

aEste 24 @ FAYES] 9= 3 U2 A=A 120+20mm,

H 20. 24MPa HiE E

kel & 2k(kg/m)

igo W/B Sla AD+
o (%) (%) (%)

(%) w C BF- S G
0 159 332 0 859 930 0.5
50 159 161 161 859 930 0.6
1 50.9 48.2

60 159 128.8 193.2 859 930 0.7
70 159 96.6 2254 859 930 0.8

*BF : Blast furnace slag
*xAD: Flow mix 3000s DAl HIZ
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o FAAE Azete] 28Y, 914 9] AFAA 7hed F2S 0100x50mm= T3l A
A At 2 AR A 271e] FAAE A AeATh Ad & FAIA] -9
2R 715 AAIE HAAClE Qholl Yal IAEHEZE 3A S 2s AT

oA BAAE B2 254717] Askel dAAIEHA B Hol 147 B AR

Stopcock No.1 1) «— Manometer

Stopcock No.2

Vacuum Pump Vacuum Desiccator Water Container

18 33. EFAIS8HS SAIM =8IEA

Aol 03N9 NaOH 448 ¢, (1) ol = S A F FA
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Q)
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o
2

Aol A7 60VE & Hste] 643 5 AFgs SAe A

L
g::::]ﬂ:— —— —31::::E]
—===+F == J3=-==3
1

| 1— specimen

3% NaCl > — |

[ —_— 0.3N NaOH

Wire mesh—

€]

Black to negative Red to positive
terminal (=) terminal (+)

2 34. AV.Cell (Applied Voltage Cell)
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"
—
5
.E m 7day
o B 14day
=]
< 28day
plain Slag 50% Slag 60%
Type of concrete
8 36, et2dE D2 HES
H 22 ot OI2MES
Type of Concrete Curing Time Abrasion (g/cm) Mean
7days 0.0897 0.0887 0.0892
Plain 14days 0.0477 0.0687 0.0582
28days 0.0173 0.0185 0.0179
7days 0.0925 0.0965 0.0945
Slag 50% 14days 0.0482 0.0513 0.0498
28days 0.0245 0.0375 0.0310
7days 0.1247 0.1002 0.1125
Slag 60% 14days 0.0731 0.0735 0.0733
28days 0.0566 0.0545 0.0556
7days 0.1107 0.1325 0.1216
Slag 70% 14days 0.0894 0.0836 0.0865
28days 0.0662 0.0772 0.0717
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E
—-—
2
.E m 7day
© = 14day
5
< 28day
plain Slag 50% Slag 60% Slag 70%
Type of concrete
08 37. DS OI2HEH
H 23, 2% OI2NHEH
Type of Concrete Curing Time Abrasion (g/em) Mean
7days 0.0786 0.0827 0.0807
Plain 14days 0.0367 0.0459 0.0413
28days 0.0174 0.0159 0.0167
7days 0.0942 0.0917 0.0930
Slag 50% 14days 0.0457 0.0531 0.0494
28days 0.0294 0.0162 0.0228
7days 0.1006 0.1147 0.1077
Slag 60% 14days 0.0731 0.0771 0.0751
28days 0.0354 0.0462 0.0408
7days 0.1211 0.1225 0.1218
Slag 70% 14days 0.0794 0.0786 0.0790
28days 0.0552 0.0572 0.0562
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Wt oh A s e AT A e ol A2 12EY1E AFEToEA A
E QIRAatol o] m At S BAaAA AWHME F3kA o TS xWetA dto] F 3
o] g9le] HE FE HFE JAFYE 7] WEd Aoz dAdH
H 24, 2SN MUHSEFEH (%)
N 0 30 60 90 120 150 180 210 240 270 300
Plain 100 | 98.07 | 96.21 | 93.97 | 91.87 | 90.85 | 89.94 | 8897 | 87.93 | 87.00 | 86.71
Slag 50% 100 | 99.35 | 98,57 | 97.38 | 3527 | 93.95 | 91.91 | 90.67 | 90.21 | 89.63 | 89.24
Slag 60% 100 | 99.21 | 97.80 | 96.79 | 95.74 | 94.40 | 9346 | 9287 | 92.14 | 91.12 | 90.59
Slag 70% 100 | 99.30 | 98.60 | 97.95 | 96.97 | 95.88 | 94.62 | 94.16 | 92.95 | 92.07 | 91.50
105
— Pl = e Slgp 0%  e—Slar p0% cccccs Slag 7%

SIS TS A (%)

85

B0

0 30 60 50 120 150 180 210 240 270
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N 0 30 60 90 120 150 180 210 240 270 300

Plain 100 | 99.67 | 99.23 | 9894 | 9846 | 979 | 97.52 | 97.01 | 96.69 | 96.15 | 95.90

Slag 50% 100 | 99.78 | 99.59 | 99.27 | 989 | 98.43 | 98.0 | 97.82 | 97.53 | 97.28 | 97.06

Slag 60% 100 | 99.85 | 99.58 | 99.32 | 99.06 | 98.65 | 98.39 | 98.09 | 97.83 | 97.65 | 97.27

Slag 70% 100 | 99.37 | 99.07 | 98.82 | 98.56 | 98.41 | 98.23 | 97.94 | 97.68 | 97.57 | 97.46

105

——plain = = Slag50%  =————Slag60% ccceee Slag 70%

100

95

80

SIS EAA 5 (%)

85

B0

] 30 60 S0 120 150 180 210 240 270 300
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50% A g3t wighe] A e 28U olA High' F45 YA 1251 70% YL
+ Low'®] TS HoAFAY. AAMe] AHEY 12&T 70% > L2EY

60% > 1Z2EH 1 50% > plain MlFS o2 FHAZPAol EUdr 1A
Arta 287 2AYE W) J9E AWFE o 2L FFe nolw wRHd
50% < Wl ‘Moderate’®] F3/d5 HolFal Utk FFe AR 12 as &9
ol Ee] B w2 Ao RFRAZAHS BHded ol nr2Esdae] =2 2
L2 Qe A9 FEE WA o] AlREF o] 2ES}L aAjALo] o] A S A
A AT AaE VAR Aem Adddn
Plain W32 n2& 15 Y3 wlFS ASTMeIA AAIE F7h7] =2} v sk
28 AR FHAFA o ouff o] o] FAH T2 Hes EHst= Aow u
Eh ot
H 26, 24012 SWAIE HIIED
Coulombs Chloride ion permeablility
> 4000 High
4000 - 2000 Moderate
2000 - 1000 Low
1000 - 100 Very low
< 100 Negligible
2 27. 02Ut EEE MEA 28 232E gA0I2FHHetd A 21t
4% | Te of | Gosomd -
(MPa) TR Mean Evaluation
1 2
Plain 8061 8832 8447 High
Slag 50% 4126 4758 4442 High
- Slag 60% 3923 3961 3943 Moderate
Slag 70% 1972 2027 1975 Low
Plain 5764 5241 5506 High
Slag 50% 2104 2758 2431 Moderate
0 Slag 60% 1596 1702 1649 Low
Slag 70% 974 811 893 Very Low
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Slag 60% - ‘ Slag %

8 42. et E 24MPa sdatdetd 11t

#

Slag 60% Slag 70%

8 43. D&k 50MPa sdatdetd 11t
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Slag 60% Slag 70%

08 44, LBIZE 24MPa SHS MBS 4T

Slag 60% Slag 70%

8 45, DA E 50MPa sdatMetd 41t
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Slag 60% Slag 70%

8 46. Et2 T 24MPa SdstMEd 85Xt

Slag 70%

thetd 834t

_68_



Plain Slag 50%
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Plain

Slag 60% Slag 70%

8 50. Et2E 24MPa SdstMed 26Xt

Slag 60% Slag 70%

8 51, A% 50MPa sHstMetd 2654t
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of wel ke wpEAFIE AstE ], o= Aol tol| A= w1i ol o3¢ Alalef] =
294 Ak kA oY EE mwel el ntRASFE 2AekY] AR 2
Z5tefof gt} AUk, FUo A= 7o) 9lo] nd A Hrbs R A ALE
& 7%l dskel Wrhsharh

T2 o] AZa ol 3 HAste wpHEe wEeo 75 TE ¥ wERA uwil
zus Hi vp@As ZERd =2 9wl wel R2E 517549 470 5
F(S 5o ® 613 po] BEagn®

o] 7|FHANAM APEE 35 H2E EFT AL ol WmE AL AR EE e
7] SIgtelw, Swol E&FE muyd 9% Atarp WHEd Aotk

BPN(Britishi Pendulum Number)> w115 #}## 35 BPT(British Pendulum
Tester)E ol &3ate] A3tk gro=z o] o] F45 np#EHo] Z Zo|th. SN(Skid
Number)& ASTM E 274"V [Standard Test Method for Skid Resistance of Paved
Surface Using a Full-scale Tire] A& ol whel K J.LawAFoll A A 2FHeE =29 M1290

o AEA MnAAY FH71E o dolAE vuy AGHOE o go] F5E vl

Hx 27 ojEAS
T = g e BT | g3 | flas | HIZ
1 2 | 3
1) &2 £& 60kmh ol&tel 2o WEMT EE
FoeE gos
s D) TAl Ko ze| DEAS, HCTE Ei b|RE
op&He sl Mg
sk o7 | 9 5% olatel Ualet lold 2 wiol smaey | 7 | 6 | 77| BPN
Eoe 77h | PZAIM JlEol mE FAoIM HE ghuct A
AMAE 2
4) DEERENM 29 1), 2] siEske Tt
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1) AA £= 60kmh O|&0| == E22M JM vkdo]|
“TRo| PE-AIM J|Fo| et FROIM H3E ZHECH
S2 A MA= R
(opat &I} 2) 5% o|&te| Uiz|at ZAZE 100m ofAakel X 47 57 67 BPN
=28k7h 3) N2 A"zt
4) MAE X}ZAF WESF0| 250Ti/AH=/Y ojakel =22
FQ Witz HZH
M e ZM HHdo| 2 FZtezAM of=20l siEEE
3 =2
(WRxA) 1) T ZMER s XSk MEE2 32 47 57 BPN
ST 2) MAHE XSA WSZFo| 250CH/RtZ/Y oAkl
stz
S4
(oFE=o] mE2| M2 Tzo| dt &AM 27 32 42 47 BPN
Eed))
Al Flel e Fge) ASAE Fu) 93 BY EAvkE 4L Y5
Astel MnAAFY ANRL AAG don, B AT g Avs EE
ZAgEY AAE A AEte] KS F 2375(32) [=He] m1re] #3+4 Al &4 (BPT)]
o] #3&to] BPT(Britishi Pendulum Tester)® w}&%]4(BPN)E =43t}
g 52, 0l nEME =8 &
(OF) 01hd Mets
a9 621 ¥ 9 6.22¢ EFY O] 2 vy AIAHS RS 918 Stamp
A83 AlgA 2 nAL F@ AFA 253 BPT(Britishi Pendulum Tester)2]
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Britishi Pendulum Number(BPN)
T2
1 2 3 Mean
Stamp 76 80 69 75
Plain 88 84 75 82.3
(L) Jisd BEdoxel got
Zls Aol S zkE vlEly EES Aws s ZagES xW Ay

Heolo 2= STAMP CONCRETEZ} 9tk STAMP CONCRETEE HEHE SAlol=

TR,

(d) Bt ©

18 55. STAMP CONCRETE AlZAtdl
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v oty 258 Aedh ZIAYEY 33 9T HUt

(1) h&.
18243 d=+9] Joseph Aspdine] ZEHUE AJWHE A xo] #3 QP52 EFE B
ol g 180 o] H= AIXFESE A AN AHE B FAZEE 90% °ol& A=
2 7104 Ak dojA g B7HAS Alsoltt ol g AMEE 1,450T 9] -2 A

A3 (CaCoy)s 227d3to] Alzsw ofwf 434 fedntg o taFe] COs A

A COAS Sold+= 90| A5 Atk 53] 2005 249 149 wE o HAM7}

waso] OECD 310 §oF F/H5€ 87 ¥3t Agg As) edrts 45 o9 g 2
Falof b ol $eueb 2013WRE 2L AEdck s 23 ool
B ool MYB o] A Hi WF BE AQ Rokd AH WEA 2A7bA
= gEslof wrh 58 ANME A5 AA Aol COp M E ] 44%E A5
5 eAtsE E

ofof gt T8 o= o] FHal St olH T Wetoe R HF
el n2sd2s thAlste] AHEF oz = 288kgel of4bs)

Stoll olatsteba AZha A% SHolA p

4

mhelnh

(2) AFME AZA CO; HiEF A

AE AZA COAFS du7|dd duA7|dez Bid 4 don =57
COz= A 3|4 o] gt o 2 HE A 4= otk a o #1719 e] COx= 3
AAdzet A7 EAR FE3te 78 F Avk Fd AVIEAY COxe #H7ES Al
EAZ AUA AZA o]&dte Aoz WAt Aol thE AlAo A Azt ¢

2

8 ARE Aol E CO WA o] 2726 ute Aoz e S
Rolgid. wmad a7t ool o Al the AddAe 27 A w7l7ka Ay

Ao YAR o mE FARAE AAT F QAW A e FAsA @
E

W CO, W% ARE eh

:1ru
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H 30. CO, HIZ &2 (29 : g/kg)®"
T ZEUCAUE DRLYIAUE BE
M3l A EFERM T( @ 454.6 2735
SIMA R AT 303.4 196.5
H7|& & AXT|¥ 36.2 21.6
AZtE2 0 o $F Azt -36.2 -21.6
2 A 758 470

FEA=AWMEN &) n2EU 2 240 Aoyt g AUE Az Qo) 6y
A, Aol zuol Hol oA debg & 4 gl A% FA6 43|49 &
Rl R Ame) 24elA JAe olatsteiae] mEFS ARAL F 9

uCO, — GO + CO, 1
(100) (56)  (44) (A=)

ZAYES AAdA ] oA F B CO, EH B7HE A% As= AWE, & F
2ZA, A, 12EY IR FAAEY. 2aE A E CO, WiEHS 237
E wjgtel] AFEEE 72 A ARG AL Al vl EE = CO, 939 E ol &3t 24
E Im34ake] ®Ast= CO; HAFE H7tehalth &£ 312 AibdrAdde] 2t A=
W CO, A FS F7h LCL AP ABRA, ARERSE DBE o] §3to] T4 5510
W QA Aol Aoz A% %7k LCI DB i 2Aaksith.

T 31. 2321E 4 MY CO, iz
CO, i &% (kg- CO2/ Kg)
25
=7} LCI Aol E Q= EE5H3
15 ESAHE 0.931 0.332 0.7466
ErR=a—| 0.004 0.003 0.0028
TS = 0.0013 0.003 0.0037
zg&efa 0.204 0.456 -
AE Z-H| - - 0.25
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Zaget AME, FoTA, 22, BY5E 5 ool X Grso] T
Sojdt). XEACAMES} EQE ZAE WG B Arely AwE A9y

A= ZaYE e COo, wiEds Atstr] fste] 4 AlmEe] CO, M= #F=
i

Arsto] WA ESATh E 329 332 vy} EEE Avx TagEe] WAl
%

H 32. 24MPa HiE & A
o| Xl 2F s
BF | wB | Sa e ESkg/m) AD+
REE | (o (%) (%)
(%) ° ° W © BF~* S G °
0 159 332 0 859 930 0.5
50 159 161 161 859 930 0.6
50.9 48.2
60 159 128.8 193.2 859 930 0.7
70 159 96.6 2254 859 930 0.8
*BF : Blast furnace slag
«AD: Flow mix 3000s DAl M &
H 33. 50MPa HiE & A
BE o we Sla el 2 kg/m) AD++
7tlz._l'E o o o,
% | % (%) w C BF- s G (%)
0 165 455 0 686 1038 0.6
50 165 2275 2275 686 1038 0.7
36.26 39.8
60 165 182 273 686 1038 0.8
70 165 136.5 138.5 686 1038 0.8

*BF : Blast furnace slag
«=AD: Flow mix 3000s DA} M &
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H 34. 24MPa BiE&H 2 CO, BHEE Akt

HH Sto

o

I

CO. i &2+ Al

Plain

C=332kg/m*, S=859%g/m", G=930kg/m’

332kgx0.931(kg-CO2/kg)+859kg=0.0013(kg-CO2/kg)
+930kg>0.004(kg-CO2/kg)
=313.93 (kg- CO /23 B E 1m)

Slag50%

C=161kg/m*, BF=161kg/m*, S=871kg/m", G=936kg/m*

161kg*0.0.931(kg-CO2/kg)+161kgx0.204(kg-COz/kg)
+859kg*x0.0013(kg—CO2/kg)+930kg>0.004(kg—CO2/kg)
=187.57 (kg- CO /2 3B E {m)

Slag60%

C=128.8kg/m*, BF=193.2kg/m*, S=871kg/m", G=936kg/m’

128.8kgx0.931(kg-CO2/kg)+193.2kgx0.204(kg-COz/kg)
+859kg>0.0013(kg-CO2/kg)+930kg*0.004(kg-CO2/kg)
=164.16 kg- COy/23EE 1m)

Slag70%

C=96.6kg/m*, BF=225.4kg/m", S=871kg/m*, G=936kg/m

96.6kg*0.931(kg—CO2/kg)+225.4kg<0.204(kg-COz/kg)
+859kgx0.0013(kg—CO2/kg)+930kg>0.004(kg-CO2/kg)
=140.75 (kg- COz/23EE 1m)

H 35. 50MPa BHEE A2l CO, BHEE ALt

HH SFOq

o

o

CO. B &2 A&t

Plain

C=455kg/m*, S=686kg/™, G=1038kg/m’

455kgx0.931(kg—CO2/kg) + 686kgx0.0013(kg—CO2/kg)
+1038kgx0.004(kg-CO2/kg)
= 428.65 (kg- CO,/23EE 1m)

Slagh0%

C=227.5kg/m*, BF=227.5kg/m", S=686kg/m*, G=1038kg/m*

227.5kgx0.931(kg-CO2/kg)+227.5kgx0.204(kg-CO2/kg)
+686kg*0.0013(kg-CO2/kg)+1038kg*0.004(kg-CO2/kg)
= 263.26 (kg- CO /23 EIE {1m)

Slagb0%

C=182kg/m*, BF=273kg/m*, S=686kg/m*, G=1038kg/m’

182kg=0.931(kg-COx/kg) + 273kgx0.204(kg-CO2/kg)
+686kg=0.0013(kg-COy/kg)+1038kg*0.004(kg—CO./kg)
= 230.18 (kg— CO,/23EIE 1m)

Slag70%

C=136.5kg/m*, BF=318.5kg/m", S=686kg/m*, G=1038kg/m*

136.5kg*0.931(kg-CO2/kg) + 318.5kg=0.204(kg-CO2/kg)
+ 767kg*0.0013(kg-CO2/kg) + 955kg=0.004(kg—CO2/kg)

= 197.10 (kg—- CO/Z23EIE {m)
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=2 o o
x| et2 .

— Plain Slag 50% | Slag 60% | Slag 70%
EHE|E MM CO, ek 313.93 (kg- CO/E23IRIE 1m) 187.57 164.16 140.75
AR 2ZF CO, LMEF s - - - -

ZJ|%M 2z AS Tt 250 kg- CO; £ X 104= 25(kg- O04/ #) o= s o

2.5A 24 25(kg- OO #) X 25112t =62.5(kg- OO/ #)
25(kg— CO #) X 4AI1ZF = 100(kg— CO/ 2)
= 2ory ot 25(kg- COY 2) X 5A:7[ = 1§gikg COJZ; - - -
25(kg— COyf £) X 6A1ZF = 150(k ¢ o= 4= o
(4, 5, 6,7 8AIZH kg GO/ 0) g~ 0O
25(kg— COF #) X 7TAIZH = 175(kg- CO/ 2)
25(kg- COA/ #) X 8AIZH = 200(kg- OO/ #)
258tz 72 228 OFF - - - -
BEEUM - - - -
ANZE | 3B01(g-CO/2IEIE 1m) 350.1 326.7 3033
BAIZH 375.1(kg-00/2F2IE 1m) 875.1 351.7 328.3
& COHtM=f BAIZE 400.1(kg-CO/Z3EIE 1m) 400.1 376.7 353.3
TAIZE 425 1(kg-CO/E2FE|E 1m) 4251 401.7 387.3
8A|ZH 450.1(kg-CO/Z232IE 1m) 450.1 426.7 403.3
H 37. 50MPa D&2& CO, ZrMef
A& .

[ Plain Slag 50% | Slag 60% | Slag 70%
EFL|E MMEA CO, ek 428.65 (kg- CO/Z32IE 1m) 263.26 230.18 197.10
Ao G12H CO, SHZF gls - - - -

S| SN 2 AT 250 kg- COJ/ ¢ X 10¢=25(kg- COY/ ¢) o= o= o=

2.5A| 2t 25(kg- COF #) X 25A12F =62.5(kg- COJ/ #)
25(kg— COf #) X 4A12F = 100(kg- CO/ #)
AlZF =
sewura O ke corn | ws | ws | us
(4, 5, 6, 7 ,8A|21)
25(kg- COY 2) X 7A|7F = 175(kg- CO/ #)
25(kg— COA #) X 8AIZF = 200(kg— CO/ #)
25otd 72 228 OFF - - - -
EEAUM - - - -
4A|2H 591.15(kg- CO/Z3EIE 1m) 425,76 392.68 359.6
5A|1ZE 616.15(kg- CO/Z3FRIE 1m) 450.76 417.68 384.6
& CO Mk B6A1ZH 641.15(kg- CO/Z3ZIE 1m) 475.76 442,68 400.6
TAIZE 666.15(kg- CO/EFZE 1m) 500.76 467.68 434.6
8A|ZH 691.15(kg- CO/Z3ZIE 1m) 525.76 492.68 459.6
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Loadcase: 10:Increment 10 Load Factor = 1.00000
Results file: 01_P_toP_08.mys
Entity: Displacement
Component: DZ

0.0
3.39703
6.79405
10.1911
13.5881
16.9851
‘ ‘ 20.3822
23.7792
27.1762

Maximum 30.5732 at node 24374
Minimum 0.0 at node 1980
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Component: DZ
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Loadcase: 10:Increment 10 Load Factor = 1.00000
Results file: 01_P_toP_08.mys

Entity: Stress - Solids
Component: S1
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Results file: 02_P_toG_05.mys
Entity: Displacement 2
Component: RSLT

4.69397E-3
9.38793E-3
0.0140819
0.0187759
0.0234698
0.0281638
0.0328578
0.0375517
0.0422457

Maximum 0.0425397 at
Minimum 0.293999E-3 afj
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g 119.

Loadcase: 2:Increment 2 Load Factor = 0.200000
Results file: 02_P_toG_05.mys

Entity: Displacement g
Component: RSLT

4.69397E-3—
9.38793E-3
0.0140819
0.0187759
0.0234698
0.0281638
0.0328578
0.0375517
0.0422457

Maximum 0.0425397 at node 8378
Minimum 0.293999E-3 at node 4
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Loadcase: 2:Increment 2 Load Factor = 0.200000
Results file: 02_P_toG_05.mys
Entity: Stress - Solids
Component: S1
T

0.235601

- 0.471203
0.706804
0.942406
1.17801
- 141361
1.64921

-0.235601

Maximum 1.78805 at node 70
Minimum -0.332362 at node
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Loadcase: 2:Increment 2 Load Factor

Results file: 02_P_toG_05.

.mys

Entity: Stress - Solids
Component: S1

-0.207382
207382
622146
03691
24429
45168

0.
0.
0
0.
0
1
1
1

Maximum 1.53408 at node 61205

Minimum -0.332362 at node ﬁ1340
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egt 2 Load Factor
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oadcase: 2:Inc

Results file: 02_P_toG_{

ys

Entity: Stress - Solids
Component: S1

829529

0.
0.
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1
1
1

Maximum 1.53408 at node 61205

Minimum -0.332362 at node 61340

(===, MPa)
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Resullts file: 01_F
Entity: Stress - §
Component: S1

1.756
3.513
5.269
7.025
8.781
10.54

Maximum 11.7725 at node 29682
Minimum -4.03422 at node 5320
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Loadcase: 10:Increment 10
Results file: 02_P
Entity: Stress -
Component: S1

Maximum 8.940;
Minimum -1.661
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Loadcase: 1:Loadcase 1

Results file: ?2???7?2-7?2?777-4.0.mys

Entity: Displacement
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Loadcase: 1:Increment 1

Entity: Stress - Solids
Component: S1
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Maximum 2.30457E6 at node 4029
Minimum -396.264E3 at node 5862

Loadcase: 1:Increment 1

Entity: Stress (middle) - Thick Shell
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Entity: Stress - Solids
Component: S1

08 161, =& MI0IE HZR A2 (LC 1, =3)

Loadcase: 2:Increment 2

Entity: Stress - Solids
Component: S1
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minimum specified ultimate strength of the connector material

actual ultimate strength of the connector material in the test specimen

. partial safety factor (recommended value=1.25)
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Entity: Stress - Solids o
Component: S1

950.03E3
1.42504E6
1.90006E6
2.37507E6
2.85009E6
3.3251E6

Maximum 3.76755E6 at node 11431
Minimum -507.582E3 at node 9862

08 167, EX&W MAI0IE HELR HAZ D (LC 1, F=3H)

Entity: Stress - Solids v
Component: S1

47.6925E3
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143.078E3
166.924E3

Maximum 189.145E3 at node 11431
Minimum -25.4716E3 at node 9862
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