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Characteristics of concrete debris as rubble in marine construction

Jun-ichi MIZUKAMI*
Yoshiaki KIKUCHI**
Hiroyuki YOSHINO***

Synopsis

The quantity of construction byproducts has recently been increasing with an increase in
maintenance and demolition works for structures built in the 1960’s of Japanese economic
growth. On the other hand, natural resources for construction materials have been depleted
which are considered to be conserved. Because of these background, the effective reuse of
the construction byproducts is strongly needed.

This paper describes the engineering properties of concrete debris which occupies a
large proportion of the byproducts, in the aspect of its use for marine construction as rubbles.
The strength parameters of the debris and the influence of contained alkaline components on
sea water were particularly focused on in this paper.

A series of large scale triaxial tests (consolidated/drained) were carried out to
examine the strength parameters of three types of the debris. Specimens used were 30cm
diameter and 60cm high. These specimens were prepared in loose conditions because the
density of the debris was difficult to control in the marine construction. Elution tests were
also conducted to characterize debris leachate in terms of pH and 33 chemical species.
Concrete debris was soaked for 60 days in tanks containing two different liquids; fresh water
(FW) and sea water (SW).

The main conclusions are as follows:

(1)The variation of internal friction angle ¢, with confining pressure o; compared with the
¢, values of several materials obtained in the previous studies by the authors for comparison
purposes. In this study, the ¢, values are calculated under a condition that cohesion was nil. A
proportional relation between ¢, and o; is generally observed for all the materials. The
compression strength of Mortar A and sandstone is lower than 30MPa whereas that of mortar B,
granite and limestone exceeds 30MPa. The ¢, values of concrete debris are as same as those of
sandstone.

(2)The results of elution tests indicate that test chemical species do not exceed the water
quality guideline of Japan in concentration. The pH values measured with sea water decrease
less than 9. The pH values measured with fresh water exceeds 12 and are larger than those
with sea water.
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RANF U LRI EDIEY 0.05 <0.05
3B|7x/—NVE 0.02 <0.02
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ft&-1 BFRERBZMRRAIEDOIDNHTRBGER LR THER

T IVE 1kgf /cm? 2kgf/cm’ 4kgf /cm?
(mm) INEEIRR (3) (%) (%) (%)
53 100 100 100 100
37.5 98.6 98.9 99.5 99.4
26.5 89.9 91.3 91.6 93.7
19.0 76.7 78.1 77.7 82.3
9.5 47.1 49.0 49.9 55.4
4.75 21 23.2 24.6 31.1
2.0 0 4.4 6.2 14.0
B FRPEER(3) 4.4 6.9 14.0
F&-2 —BREAB=Z#RRNEDIDINHITHRBER LR TRHRR
T IVE 1kgf/cm? 2kgf /cm’ 4kgf /cm?
(mm) TELEIBE (3) (%) (3) (%)
53 100 100 100 100
37.5 98.4 98.7 99.1 99.0
26.5 85.2 85.2 86.0 86.5
19.0 66.5 66.2 66.9 67.1
9.5 34.3 35.0 35.1 38.7
4.75 13.5 14.8 15.2 16.1
2.0 0 2.2 2.4 3.9
PLFRERER (%) 2.8 2.8 6.4
F%-3 —BRAB AU -HRBIEDOLIDINWDTHRBRER R FHRR
b TK23 BRI R
tIVE 1kgf/cm? 2kgf /cm? 4kgf /cm?
(mm) IREIRE (3) (%) (%) (%)
53 100 100 100 100
37.5 99.2 99.1 99.2 99.5
26.5 91.1 91.6 92.3 92.5
19.0 78.3 76.5 75.4 79.2
9.5 42.3 43.7 44.5 47.8
4.75 15.6 18.5 19.4 22.5
2.0 0 3.2 4.6 7.2
hTFREBRE (2) 5.6 8.7 7.7




f1&R-4 —BRHPHZ#HRRAIEDOID2VFTRRER SR TR (BAKRRE 19. omm. #REED)

TRES BRI HERR
tIVE 1kgf/cm? 2kgf/cm? 4kgf /cm?
(mm) INFLEIEBER (%) (%) (%) (%)
19.0 100 100 100 100
9.5 84.8 85.2 83.6 84.9
4.75 49.0 50.3 50. 4 51.8
2.0 15.9 18.2 19.6 21.3
0.85 0 2.4 3.5 4.9
BTFHRR(3) 2.4 4.9 5.4

f1&-5 —BABPREZEMRBRINEDSDVFTRBRBER SN THER (BXKE 19. omm. EiED)

KR B BRI B
tVIE 1kgf/cm® 2kgf /cm® 4kgf /cm?

(mm) TNBUEIRZE (3) (%) (%) (%)
19.0 100 100 100 100
9.5 . 84.8 84.4 84.0 84.9
4.75 49.0 49.0 49.5 49.7
2.0 15.9 17.5 18.3 21.1
0.85 0 2.6 3.6 5.4

B PR (%) 3.0 4.4 5.4

f1&-6 —RAMPUZMRRAEDOSDVHTRBER SR TFHBBRE (RAKIE 26. 5mm. HEFED)

RS Bl HERTR
: Y IVE 1kgf/cm? 2kgf/cm? 4kgf /cm®

(mm) HIORCEIRE (3) (%) (%) (%)
26.5 100 100 100 100
19.0 98.4 98.4 98.9 98.6
9.5 66.5 68.7 70.4 71.1
4.75 34.3 37.5 38.3 38.3
2.0 10.0 13.9 13.9 17.7
0.85 0 1.9 2.2 4.1

B PR (%) 3.9 4.0 8.3

f1&-7 BFRKPRERBRB=G@HBRINEZDOISIDZVHITHBRER LR THRER (HEAEE)

KRS BRI HEE
tIVE 1kgf/cm? 2kgf/cm? 4kgf /cm?
(mm) INFLERE (%) (%) (%) (%)
53 100 100 100 100
37.5 98.6 98.9 98.2 99.1
26.5 89.9 91.4 90.8 92.3.
19.0 76.7 79.4 78.8 80.8
9.5 47.1 50.1 51.2 53.4
4.75 21.0 23.7 25.7 28.7
2.0 0 3.7 5.9 9.3
FFREZE (%) 4.0 6.3 9.3




f1&R-8 —RAKPEERHARMZMRRINEDOSDVWHITRBGER LR TFHERR (LIVE 4kgf/cm?)

b 7K BT HER R
BHkEE HKEE
(mm) INFERIBE (3) (%) (2)
53 100 100 100
37.5 99.2 99.6 99.8
26.5 91.1 92.3 93.9
19.0 78.3 80.9 82.7
9.5 42.3 48.6 54.1
4.75 15.6 24.0 31.7
2.0 0 8.6 20.0
B PR (3) 8.6 20.0

f1&R-9 BTREARBMZBRRNEDOSDVHITRRBREMTHERR (LIVE akgf/cm®. EiED)

LIRS HERTI HERTE
(mm) INFGEIBER (%) (%)
53 100 100
37.5 98.6 99.4
26.5 89.9 94.0
19.0 76.7 83.9
9.5 47.1 58.8
4.75 21.0 32.6
2.0 0 11.5
BIFREREER (%) 11.7
f1&R-10 PRI =B ER
(HELEEEI 2. 050)
BAWR | 28R | k& i UREE FEIBs b
HEl E)):] EEE )8t EE® Eb] EEH®
(mm) (g) (cm®) (cm®) (cm®) (g/cm’) (g/cm®)
B 19.6 1841.6 36.18 | 1495.8 | 1459.6 1.231 1.262 0.665 0.625
B2 19.6 1867.9 65.82 | 1474.6 | 1408.8 1.267 1.326 0.618 0.546
iBEE 4 19.6 1918.2 73.17 | 1499.4 | 1426.2 1.279 1.345 0.602 0.524
i1 19.6 2354.8 15.97 | 1533.0 | 1517.0 1.536 1.552 0.334 0.321
EEE 2 19.6 2326.4 25.45 | 1530.0 | 1504.5 1.521 1.546 0.348 0.326
Ei 4 19.6 2339.5 41.00 | 1523.9 | 1482.9 1.535 1.578 0.335 | 0.300
Bt 26.5 1962.6 20.83 | 1395.7 | 1374.9 1.406 1.427 0.458 | 0.436
KB 2 26.5 1961.2 37.79 | 1449.0 | 1411.2 1.353 1.390 0.515 0.475
B q 26.5 1962.9 71.57 | 1437.9 | 1366.3 1.365 1.437 0.502 | 0.430




1% -10 BHARICE TS HE K

(B4 : mg/1)
SR R AMSEED | Y HERE ALY
. PRI
O Z VDOV C A |(OFEBE@ET VA (D8 E WIZW U A |O3E7K ¥ S TS
CORAZDOHEG T ORARAOBREOT | '
NS ENRT DD NS5 ENDT DD
B L= D ICHELZbHD
1| 7V FIIVKEILEY AR i da AR AR
AKBXITEDEY 0.005 0.025 0.005 0.0005
3|41 BRI U LXRBEDIESY 0.3 0.1 0.3 0.01
4{gaX 3T Dk E 1 1 0.3 0.01
5| BB LS Y 1 1 1 gNdae]
6|2 O LEEY 1.5 0.5 1.5 0.05
HFEX I DB 0.3 0.15 0.3 0.01
8|7 ke 1 1 1 ARH
9[pCB 0.003 0.003 0.003 AR
0frYZooxrFL > 0.3 0.3 0.3 0.03
l|F+Z700LF L 0.1 0.1 0.1 0.01
121700 Ay > 0.2 0.2 0.2 0.02
13| Utk (b ik 5 0.02 0.02 0.02 0.002
14]1,2-Yyopxry >~ 0.04 0.04 0.04 0.004
15|11, 1- onxFL > 0.2 0.2 0.2 0.02
16| A~-1,2-Y7onxrFL > 0.4 - 0.4 0.4 0.04
17{1,1,1-kyynoozxy > 3 3 3 1
181, 1, 2-ry ooy > 0.06 0.06 0.06 0.006
191, 3->r7no 7o 0.02 0.02 0.02 0.002
20| F T 5 A 0.06 0.06 0.06 0.006
AT 0.03 0.03 0.03 0.003
L|FARANT 0.2 0.2 0.2 0.02
234X 0.1 0.1 0.1 0.01
24| O XIFEDIEYH 0.3 0.1 0.3 0.01
B|FREREY 4 1
26188 13T DILEH 10 0.14
2N|ERXII T DIEY) 20 0.8
2 Eicki/ 15 3
29| g AXIZEDEY 2.5 0.25
3017 o AXFE DAY 2 0.2
3N = T NXITEDILEY 1.2 0.12
32ANF T LAXIBZ DILEY 1.5 0.15
B|7x/—IVE 20 0.2

DB EEBELREYORLYE (EEYNEE) $F12KEIE
= [EEYONERNERICETIEEMTS) £25202 &)
= [ERYOIME R UERICE T BEEETEE) £15402 (&)

2) ERBEEYOULDOERE

= SBRE*BVEERBEYICRDINEEELEDDIREN T REFFEST
: P
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