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Fundamental study on resistance to seawater of the Modified-Sulfur Concrete
using by-products

Yoshikazu AKIRA *
Hideyuki HORII **
Hidenori HAMADA ***
Toru YAMAJI *%%*

Synopsis

This report shows the modified-sulfur concrete’s fundamental properties and applicability to
port and harbor structures. The modified-sulfur concrete of this report is made of
modified-sulfur, by-product’s aggregate, and filler like fly-ash. This report focuses on the
resistance to seawater of one-year old modified-sulfur concrete under some marine
environments (marine atmosphere, submerged zone, tidal zone, splash zone), and accelerated
environments using 40°C seawater. The main results are as follows,

(1) The modified-sulfur concrete’s compressive strength doesn’t decrease under seawater and
40°C seawater environment. Compressive strength of all specimens was higher than
18N/mm”* of design strength. Also the modified-sulfur concrete has good affinity for
living organisms. Therefore, the modified-sulfur concrete has the applicability to
non-reinforced concrete structures such as algae reef and marine block.

(2) The modified-sulfur concrete’s flexural strength was decreased under the acceleration test
using 40°C seawater. Therefore, if the modified-sulfur concrete is applied to the structure
that the bending stress is loaded, it is necessary to design the mix proportion and material

selection in consideration of load conditions.
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DWAIREE A T B 7212, KB ~DRERER %
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KIEARER b DO L AR DT THT o7, b, R
7 7 RbiE E LRI R EICEE O MG L Tnicize, 7%
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(2)  REMEFREWEIZONT

RIS TIE, CaCO; & Si0, A S h, 0t
X BROSHTIL S, S, Al, Ca, Fe St &N 7=. CaCOs
A2 T B HEOLOTH Y, Si0,, AllHiETME
MHPOARRICHEET SO THD. £, S IIHHET
MEMFORMFICHKT D LD TH Y, Feldh ¥ 7 Hik
EHRIRICHETHHDOTHD. LR T, AR
B, w27 HBRmEREEKICERT 2D TH
HrEZLND.

(3) IKIEMFEEWEIZOWT

£—10 [2F ¥ 7 ARRMEELAOREIZHEE LT
W O DALy BT RART LI h
N h (Ca®h) ERERA A (SO&) DIFIEEIG N4
W AT RIS T HBHEO AN T A THD &
Ezohb. £z, WA A IIREEA LR~ ORI
{LAREE O 212 L DHERBRILSUSIC X o THECIZ b D &
Eiohb.

L7ZRoT, WA A DN T RIS L, flg

XMS : RETRES

o B A ML, MSHI(T #=634kg/m3
-+ BEARD, MSHAL #=634kg/m3
< BEARD, MSHAL #=759%g/m3
= MSHL{K

o
[o)}
T

% 7k % (mass%)
o o
[\ N

0.0
0.2
0 20 40 60 80 100
R B (R)
B—51 &% 7 ARAisERORAKSR
(BBEREL : 20°C/KIEAKT)
£—10 FEEWEOHEBEOLERKY
R RO
Na Ca Mg Cl SO,
R 18 25 3 21 28
FRIKEB 34 200 7 44 420
T 11 32 2 12 53
H 2K | 10000 | 470 | 1500 | 18200 | 2500
Na'% 1 & L7 ot
R | Nat | Ca® | Mg | CI' | SO~
R 1 139 | 0.17 | 1.16 1.5
FREIARF 1 588 | 0.21 129 | 12.35
Tl 0 1 291 | 018 | 1.09 | 4.81
H #RifEK 1 0.047 | 0.15 | 1.82 | 0.25
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XYV, NTFYX ) aX ) e NERTHEY O AT E
DOBTIIHIBBIESH. &k LT, L1 FERiR%
0% 2.7 BB O PR EDOFEN L L, i
BRI OEEIEICED DI YA v arTOEENE N
EWR D, ERET vy 7 OMEROWEESE, HEEO
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HoT.

—WRIZ, VRSO RAE A B e & O A EMIT O
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bl o M EEMBEDOELE R TBBENH S 2
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18R A RS/ RHBEEBECAORETAD EPMA @S TR

PUF olifgix, B2 7 726G E g () ORB&EinN HIES T 2mm £ TOHPHO EPMA iR T,
ALFD 3.1(3) ICTRHOR—29 LR UM THD. HtrcFEiE, C, O, Na, Mg, Al, Si, S, Cl, Ca, Fe TH 2.
ST L, FMEECANTE TICED L 5 R THOBENITRD L.

S Dleca o

—10aMrm
R4G

HE
ARRERNE, RO « PR IR — L 205D
DFTEE, S EIToD, FOY—ILINE ST
HLOTHD.

C Lv 0 Lv Ha Lv Hg Lv Al Lv 5i Lv 5 Lv Cl Lv Ca Lv Fe Lv
500 200 20 20 200 1000 1000 28 1500 20

437 175 17 17 175 875 875 17 1312 17

| 375 | 150 | 15 | 13 | 156 | 750 | 750 | 15 | 1125 | 15
312 125 12 12 125 625 625 12 37 12
250 160 16 10 100 500 500 16 750 18

187 75 7 7 75 375 375 s a62 7

125 50 5 5 50 250 250 5 375 5

| 62 | 25 | 2 | 2 | 25 | 125 | 125 | 2 | 187 | 2
0 ¢} 0 0 0 0 @ o o

®—A.3 EPMA s (RUA2 T 7 Rl B, FREREREL « iiEhim)
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IR Omi# I, AR T 7 RZEEELA (Q0CH/KRE) ORFBRD LIRS HFIHET 2mm £ TOHPEO EPMA HH
FERT, AP0 3103) ICRHEOR—29 LR UL THDH. HToe#ElE, C, O, Na, Mg, Al, Si, S, Cl, Ca, Fe
THD. S TRICEL, WHEBELENEE CICES X 5 2 oR0BEIRD 5.

—1808Pn
x40

K—A4 —% %1% (40 C/ffak{xﬁ)

HE
ARRERNE, RO « PR IR — L 205D
DFTEE, S EIToD, FOY—ILINE ST
HLOTHD.

5080 um
C Lv 0 Lv Ha Lv Hg Lw Al Lv S5i Lv 5 Lv [l Lw Ca Lv Fe Lw
500 200 20 20 200 1600 1600 20 1560 20
437 175 17 17 175 875 875 17 1312 17
| 375 | 156 | 15 | 15 | 158 | 758 | 758 | 15 | 1125 | 15
312 125 12 12 125 625 625 12 937 12
259 168 16 16 168 568 568 16 750 16
187 75 7 7 79 375 375 7 562 7
125 50 5 5 50 250 250 5 375 5
| 62 | 25 | 2 | 2 | 25 | 125 | 125 | 2 | 187 | 2
a a a a a a a 5] <] o

B—A. 6 EPMA [HisHT (RUA2 T 7 Rl B, FREREREL : 40CilEKIR )
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1. [ZC®»IZ

VBB 2 i L 7o BRI CORBRBIER, F ¥ 7 B RmMEEL RO i FHEIMR T2 R4 2 & bhoiz.
HERTOERND 1oL LT, m¥THBOBERTAEZ LN, AT HREAROBEICET 2 EOHEE LT
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xt- D@ T A R TR, 3 RIITREBR AT o7, — R 2 TiE, o EHRICEIN L=k 7 Hiksx, —F
DR ZEMER~NRIESE, b~ HFIXRIEOLBIRET, 40 AKEL, ZT0O% 3 sl 21TV, MKRECOFIIZL D
WA L. 7ok, MEEEOBHMICHNTWS & & T Bk & AR 3R 2 it 58 2 7 ARk & TiaT
%, BRERR D2, 2 2 TIRIKIREIC L DI OZE LA FR ISR 5 o T 7.

2. RETEBROFLE
2.1 K2 TRZDER

RETHZE, BROLOTH L7280, MEEOMIZEESCRMBASLEN LS o KMBELTWHHILORHS.
H—B.31CZN5D 1HlZFRT. S RMBHITRED AT Y F~FES L2 L3 H0EZBND. ARiETO BRI,
HEK~NRIESE G EOMELLEFMET 22 L bz, TNLRBODZ2NLEOTIHMET 52 & T, HiRICHE
WEMGRT DN TEDHES %, BRICEDBEANZIT 72,
2.2 Y

K —B.2 IZ/R L= & 9 ICHZRO FLHRICK L TESA~, BERKDOIE2S 10mm 12725 X 5 1cilrd 5. ZZTORET
HBOAM & EROEFRT, F% 7 HBROIMUOEIZIM N> TR AR E L, FOLLBIMIIZIHN-TL, 2, 3 &&EF
AT A, 3FHLRE, RMEBNEL 25720, BERIZITHW W, B—B. 4128l L7eAR& 7 HiaRmd.

| Ao B & 2®5) & 1ommig i< gl |
I

[ Hgommaoc caeni) |
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PLIRORFF iZSEal
20°CT40H | | 20°CT40H
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75 i O RER. HKIEIC L D

i TR~ DR

B—B.1 it 7 v — X

B—B.2 &7 HikoUlli ik

-34-
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X —B. 5 (ZMEEEE 140°C DR O HHRREM & Hik OB BB LA~ 3. B LT D 36 BRI CB B LM
—EZ72 D728, Z 2 TITNERERT 140°C, wLMERRRT 36 e © iRk 2 ol X w7,

3. BHIFERBRAE
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3T RBROMEK A2 R —B. 6 1ZR3. SRR, 80mm & L7z, FOHMEIL, ST HBOELN 1~2mm &
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AR 2 = S 720 X 9 IR 25k 51218, —RICRBR A B S 1okt % OB OEIA A 30~40 L ShTwn
5. IRFBHERIL T T AT > 7 O T RBRTE QIS K 7074) TIERBR A E SISk 5 AR OE|IA % 40 IREL T
W5 (—J, BEEABREIC W T, R 7 AF v va— b - E—AEICE D AT ORBME AKX
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THBOMIPTRBRICB N T, RBAE ST 2 A MEOR A %2540 & L.

AT L 10mm IEIZE 0 L2 HE O Pz v A v—2 81, b9 Mz BRI CEORBN TR EANDSF
ETIT o 7o, B34 1009,/ 5 B & LAY 7 B M L T2 %%, Rana B0 OBEELZE L, BEME LS L.
3.2 #fREOEHAE

HE PR T & TR 2 BT 2 1cbh 72, KO ~KX@ DX o7, —RICANLBNTWAHEINREE 7. £
T, HTBREROE— A N TH LD, BEMESPROWH AN DTN DEHANED LT/, BEEAE & PRo
AR & OEBEA T L, EME CoPE— A MEEM Lz, KIS, BHEE O & JEH A RIE L CWimiekz Kk
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DLN, WEIIES FEICEEZF T > TWAIRTH Y, ERICTOWRREEZEHET 22 ERRETHD. E-T, 4
B3R RIEA & s/ NEHDOSEHEZ VT, WEfRia k-, 7=, HRodthotRZIEBICL->TRAS2, H
FRERORE %K 100~130mm DL DO EFANTNA Z Lnh, MRITIKRELS LDV EEZ, ARITZ DOER% B0
L7

ogx=M,/"Z (1)
Z=bxi’/6 (2)
M=P/2xL 3

TIT, op MUPHRIE, M TRRE— A b, 2 R, b RBREOW, b RBEOITS, PR
W L: 30RO R O B

4. —X 1
4.1 EAXHE

£ —B. 11Tl RBR O B2 7. BRI A A T 3018 (R 2 7 H 10 405y) & L7z, #3213, 4540 109.4N/mm?,
FEA 100.4N/mm? & ) 10% D3ENTd - 7. B—B. T IZAM & MO 7R % T Bk o diF a2 B9 5 B i 24,
FIIWh—Z L Thh, IMECEL OIEAMHTHLIEEZLND.
4.2 REATEBOEHIIHT SEEHRME

B —B. 8 (il FRBRIE (31T D HMF ST A&, B —B. 912K T BB ikin o —fl 2534, K27 B3 LT
578, RIZMORETH M L7 AN T —FERAEZEZ L THRENRELSRD I ENBLLNT. £, %7 HikoWr
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