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Table 1 Packing model and void ratio of glass ball

Packing Number of[Void ratio(¥),| 40% of the |IVoid ratio(¥), |Largest radius
mode contact without voids filled {[critical point|of independent
point filling, with paste of (F-2)range,| air (R')
- (e8] (F-1), (2) 3) (4)
Simple -
cubic 6 47.64 28.58 19.75 0. 7238
Simple |CCOOD
stagger (00) 8 39.54 23.72 8.89 0. 528R
s lass 7
Schematic explanation oR !
of filling condition :ER ball .- -:.‘,-.ZR'
of voids Ge paste
Note; F-1: First range of funicular, F-2: Second range of funicular
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T4 L3, EXatWE, EWIKL3DEROFARENE
ErERITHE, AIHEOERATEEL 7 — 215D T
BRESNB&EICEBRS.
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4) NFC 2{ERS 2 M OBE/ RE L L ONHE
EYRICB RITTRE (4.1, 4.2).

5) EHEEPWOERE (4.3).
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Table 2 Specimens and interior surface area of NFC (40% of
the voids filled with paste)

Packing|Balt Interior surface $15%30cm . specimen Thickness:10cm specimen
model  |size area (cm?/1)
interior {ratio of sur-|interior (ratio of sur-
(nm)|  O%* | F-2°7| 40% |S.A.(ce’) [face area®** [S.A.(cm?)*|face area**
Simple | 10 | 3141 1642 2116 11,217 6.34 19,044 2118
cubic g
5 | 6282 3284 1232 22,433 12.68 38,088 42.32
Simple | 10 | 3627 1011 2m 12,080 6.83 20, 493 2.1
st 2!
s | rama [eoz [ assa | aaime | 136 10,985 45.54

" 0% filling, ** At the critical point of F-2
* 30x30X10cm specimen

S.A.: Surface area,
** interior S.A. /exterior S.A.,
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Table 3 Physical properties and chemical analysis of cement
and silica fume

Physical Tests Chemical Analysis :
c<t CB*> CN CB  SP*

Fineness-Blaine m*/kg 329 341 linsoluble residue 0.20 0.1 —
Silicon dioxideESiOz) 22.2 26.195.8

Specific gravity 3.16 3.03 {Aluminum oxide (Al20s) 5.5 9.1 —
Setting time, min Ferric oxide (Fe.02) 3.1 1.9 —
- Initial 160 160 {Calcium oxide (Ca0) 63.6 54.1 0,14

- Final 259 226 |[Magnesium oxide (Ng0) 1.6 3.4 —
Compressive strength Sulphur trioxide (S0,) 1.9 2.2 —
MPa: 7-day 24.3 22.0 |[Sodium oxide (Na,0) = — 0.22 0.13

28-day 41.0 43.1 ||Potassium oxide (K:0) — 0.50 0.42

Flexural strength Carbon (C — 0.58 1.8
MPa:  7-day 5.3 4.7 |[Phosphorus oxide{P:0s) — (.11 0.16

28-day 7.3 7.8 j|Loss on ignition 0.7 1.1 1.8

¥l CN: Normal portland cement
%2 CB: Portland blast-furnace slag cement
¥3 SF: Silica fume

Table4 Physical properties of aggregate

Class of crughed|Size(mm)|Unit weight|Specific|Void ratio
stone (No. (kg/m°§ gravity (¢9

6 5-13 1540 2.69 42.7

Table5 Mix proportions of NFC

Kixing (Kind of [SF/(C+SF){¥/(C+SF) Unit Weight (kg/m*)
Type | Binder [¢3] [¢3] ¥ C SF G Sp
A CN - 25 74.0 | 286 | — | 1540 | 2.96
B CB — 25 72.5 | 290 | — | 1540 | 2.18
c CN+SF 20 25 69.5 | 222 | 55.6] 1540 | 5.8
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Paste mixer

Mixing Lime : 3min)
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[ Pan type mixer |
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woist curing : 20417)

alter 48 hours
Wet curing

{20%1C until testing age)

Fig.1 Mixing and fabrication of the specimen
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Table 6 Water quality at experiment sites

Date *89.09. 01§ 89.12. 01| 90. 03, 05]°80. 06. 04| 90. 09. 03
Temp, (C) 26.0 17.5 11.0 18.2 26.5

DO(H) 82 93 93 98 91

ot -~ {8.12 8.23 8.28 8.14 8.10
NH, (sg at/1)] 1.4 0.4 2.6 1.3 2.2
aDIN(pg at/1)] 7.1 13.2 12.5 4.5 5.3
P04 (48 at/1)]0.63 0.73 0.37 0.18 0.33
TCHL (sg/1) 1.4 1.4 L1 0.9 3.6

Note; DO:dissolved oxygen(saturation rate), NH,:NH.-N, NO,:NO,-N,
NOa:NO,-N, aDIN: NH,+NO,+NOs,” POs: PO,-P,
TCHL: CHL(chlorophyll)+PHAE(phaeophyt1n)
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Table 7 Compressive strenght of NFC

Mixing Compressive Strength (MPa)
Type T days 28 days 56 days
A 14.8 18.6 20.5
B 12.2 17.5 20.1
C 13.5 20.4 21.8

HOTBERFICH 20MPallEd 5 2 ESEE L.

AERBRICHEHL Y7 ) — N OKPEREREICE T
B0 & FEREDBE R dTable 7 1IR3, EaMoORE
B DIHE (Table5 5H8) ICL2FERRS L, ABRS
BBl A Y FOFHFHBESDOEF A v bEFERAL
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YA T 2~ AEBAL 2 CHA OERRE SIS
TEBERAELEH#THDH, MK 28 ALKEE 25 &M
NOWE LN BEL BB EERT. ThIEHEY OME
A& RIS RS VRIBICE B DTH 5.

A Y M bESSAKRE 2 KEBITER T A EICE
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», TOBRHBREED Y 7)) — MBS R
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BHENISBIAHELH 52, 25 7HHmE (B
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% 40%) EUHBEDNFC OBEAGEKIZ, #hEh
12.4, 12.6, 12.5 mm/sec & 75 V), {Ah O bR DK
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HERiE 2y 7 ) — MTR 48 KFRIEKREI L, M7
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HEEOMS & EMEEREOBRIE, M4 154 RiITBNT
A:12.5,B:11.4, C : 14.5MPa & /50, Table7 D
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THBEVOEAZRLE. IhHs0BEEEBERO LS T
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REIMICSEEM ORI S EYBEOER L —BER & &
T NFC #» & O AKOEH Mk h 2 Mm% 7R
9. )
(2) EIERBRER

a) BREX

K—F 23V 7)) — hAOBEEMORE L, RE (9
B) 17 A%2EBLIEE, 1) Y- KT, R
Bk Ic g & 72 B EMELSTER 2 h, BEN
IZT A7 VY RGEDRENS Stz 1) REEAK
B U i —ER DN IE#R RIS 7 7 3 Y O 4hik
NESH BNz, BEBOWEE, WIhLNEDR
B ohiahoi.

37 A%, (1) HRKERBELUZEABEEEST L7
VY RIZEONEIL T ORE EMNEDE L B2 BEWN
EPEICgEbN TV, (i) BEICRE L 2RI
kKEBELEERD>NE VA, BERAORIGEE
CHMBEOABNESRD LN, BL TLSORE
OEMEIEETH - 12, EBAm AN S FEYIEER
DTN, EYBEERHRIURREN S O 2 VO HEE
1, NEYBL2< 55 EARRANS:. AEFEY
AV MEROWEEROIZOEET Y 7)) — b ADORER
e 2E, BENIZT A7 VY EBNET 1RE
THO, ZOMWRICKE ZHEHENH S 2 PR SN

67 A%, (i) MAOHAIhORBLLENSTHTY
YR, BF¥, A A THDLR, BiIZEFOEREERNME
Yo 5ENEYE TN T WL, FETERIC
BESEOINBNBLTO. B OEGTEOEEE
BRINEBEMIC L VEEINTVD LD ITHZIY, B
BRERICE T AAE (79 TH L) PEER—EY 2 0F
BT 20 FBBEEEL T, BE-AmEE, FEPO
FTRENLULMNEDOBAE S bE. (i) #
ROFEESL S I FONE L BRAOHBIIT &5
IREEIABEHORENESRD bhr.

9~12 4 Ak, (i) #HROo&EFERTZA T4, 2,
AAAY, by, eI LVEOREBRENS DN,
EEBRPERINTVS > IZ8Kan. (i) #
HOEFEBOLMPNI LT IVR, LA XY, HFE
TEDOLN, F—E8ORPHIT Ty, ax/))0D%
FoOKBHENA LN, FHEHEAIIZ BT 385 B
A SRELUVAYEOERERL, RBEES~7
cmDIFITAL R AR R h VF Y OBERH ¢15X
30 cm HAFOEREIL < KL L, FLERE TR S hi.
INBHXEMESEL 35 A EMERL, PN
FHROBFEEVEEICEEET2DLELHNS.
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Photo.1 Specimens after 1 month immersion in seawater
(Awaji site)

Photo.2 Specimens after 3 months immersion in seawater
(Awaji site) .

b) HBEBEONERR

1) HFREREFEE

Fig.2 i3, SHEEICHBLCMERO > bEELT
BREEME 2 HFRETHET 2IFRERBERERE
3TYAE1IFEBChI VRN U EERER U MEKRE R
I, ZOEE, S, TFRERBFEEME I, 2lichD
ZRBINEBL, LrbEAD (i) HSoNEE (80~
480X 10° cells/cm?) ITEE_BIWM O H 5 (i) MmOt
KD FEMEIZ 1 1100~ 3 200 X 10%ells/cm?> D & 5 X %
<, FRWE3IFAUND» SRHERICLERLTVS
ZERRT. ZOHRBEOKE S I CEEDOHEREE
BrEERIE, RSB IOCNTERS T 2ERERT.
Z OB 3B 5 AR ERE S KBBEY O 28U
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Table 8 Number of epilithic organisms (unicellular algae), unit : 10% cells/cm?

Site Awaji Toban
Immersed age 3 months|6 months|9 months| 1 year [3 months|6 months)|9 months} 1 year
Sns 13 22 18 29 5 10 1 31
A Type
Acns 23.04 | 200.92 55. 99 13,04 0.67 | 132,36 2.00 4.05
Sns 17 23 18 28 9 15 9 30
B Type
Acns 29,95 33.04 84.28 11.44 2.69 | 93.78 5,53 2.28
Sns 9 14 19 27 4 18 11 29
¢ Type
Acns 2.59 | 310.02 | 104.88 14,82 0.77 | 452.42 6.28 | 54.85
* Sns : Species numbers, Acns : Amount of cell numbers

CThzngs, twEREREmsSPEEs2L0BF0 374
M5 67 ANEREOZBICENEMTS. LhLEA
VgD USHELOBEL A 5N EEH2RY. £72
HEEONBIEARY 6 7 AL CulmMlAE b, &
LT OBERAOHBERICHENSE<H oM. &t
B MEEE LR & RERE X, NERZERADNEE
DHFEFI A ZDOVERZR T I LT, AEOEX
BtbZxoh, BREOVSTH VBRERNBTH 5.
L E iR » 5 NFC D2 & Eft U 2 NERZEIR A D
HEBEOMNBZ L3 7 ANNORIBIZETL, LAbER
HRBREMEZ & UBLNBRIE cIE8 4 2 Sy
B LUHEBEA SRR -> THFRHER TKEBE 2 IMET 5
AREEERL, EHMEEBTHIRTIRD 2 5HEE
THE S T NS T2 ARLT NS,

c) BMilsEgEEorE

Biegs, BESLEBRER (20— FIMEE
PHSEE CERERDEE DM UIZLD) ZHART
BUBKLET 5. oL IHEMREEOSBNE TS
B O—REBDH /2 53T WKPIBETT HREBITAD
BEEHHFSTS.

Table 8 IZILERM % 3~12 7 B & L i BMaE
DD BERM (Cyanophyceae) & HEH (Bacil-
lariophyceae) # & C###M (Chlorophyceae) D &TE
HrEtlilaoNBEE 2 RT.

205 bNET ZBEOBRIEER S AR 2 Lo
TWaAY, Wi EHOBERE, (1), (i) &
P28 L 20BEE S, MIREOEMIIE, shEn
11.4~14.8X10% 2.3~54.8 X 10%clls/cm? & /2 V), B
HEFAKRD D DBHICEBE L HHRETREE L ERR
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Table 9 Number of epilithic small animals, unit : inds/cm?

Site Awaji Toban
Months 3 6 9 12 3 6 9 12
* 5 10 5 6 3 2 2 5
£} 1041700 9.21120] 1.4| 5.0 06} 3.2
3 4 6 5 4 6 2 4
+x] 9.6]20.0] 87] 33} 1.0[150} 0.9 | 2.2

5 8 4 4 1 3 4 2
6.8]3.0| 92| 80 02130} 50/ 1.1

s : species number
+« : amount of individual numbers

A

Table 10 Weight analyses of macro algae, unit : g/specimen

Site Awaji Toban
Months 3 [ 9 12 3 6 9 12
5 4 4 1 2 4 "3 2
xs] 0.11 [ 4.70 |68.00 | 1.80 [ 0.10 | 0.59 | 2.00 | 0.05
1 2 4 3 4 4 2 9
L 000|230 ]0.11 (0.21 11,00 ] 2.10 | 1.90 | 1.90
4 7 7 2 3|1 3 4
< 0.22 | 4.70 (38,00 { 2.10 | 0.09 [ 0.06 | 5.20 | 5.20

R

« : species number, .. : g/specimen
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Fig.6 Dry weight of adhered matter vs. immersion time
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Fig.7 Changes of epilithic organisms on the NFC
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CHANGES OF MARINE EPILITHIC ORGANISMS ON THE CONCRETE WITH

CONTINUOUS VOIDS

Motoharu TAMAI and Akira KAWAIL

Changes of marine epilithic organisms are examined to the surface of the concrete with
continuous voids (NFC) which may be effective in the prompt establishment of biologi-
cally favorable environments. When NFC is immersed in the seawater, its continuous
interior voids as well as its rough surface are fully exposed to the water and rapidly
neutralized. This then leads to the attachment and growth of marine microbes and
eventually to the formation of a layer of biotic membranes. As a result, decomposition
and mineralization of the marine organic matters and the growth of algae, attached
bacteria and animals are accelerated. Thus, this type of concrete may be useful in the
establishment of well-balanced biological environment.
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