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A Fundamental Study for Beneficial Use of Dredged Material as a Concrete Admixture
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Abstract

Recently dredged material generation has a tendency to increase since harbor construction are under progress. In this
study, an experiment had been carried out which replacement of dredged material of Busan and Ulsan port as concrete
mixing material. For this experiment, physical and chemical test of dredged material was carried out, and compressive
strength test of mortal specimen with dredged material in scale, as aggregate replacement, was carried out. Compressive
strength of Busan and Ulsan was both increased when the ratio of mixing materials was 10%. Compressive strength of
Dredged material from Busan with about 70% of mineral silt showed increse when the ratio of aggregate replacement in
30%. In addition, in the result of the ICP test, both dredged materials satisfied the waste's marine discharge treatment
and soil contamination concern and measures criterion on that using dredged material as a concrete material can influence

on application of concrete positively.
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Table 1 Physical properties of cement

‘ Soundness Time of Setting Compressive strength
Blaine (Autoclave [MPa]
lem¥g] | Expansion) | [nitial | Final
(%] i) | el | £ 28
20.10 5.50 3.00 64.30 24.8 33.5 46.1

Table 2 Chemical properties of cement

Si0Z2 | AI203 | Fe203 | CaO | MgO | AO3 LOI | Insol—re'
(%] (%] [%] (%] (%] [%] [%] (%]

20.10 | 550 | 3.00 | 64.30 | 1.00 | 250 | 240 0.20
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Table 3 Basic physical properties of Dredged Material
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ICP(CP spectrometer) 2 SEM(AA AN FAPAA}
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Testing method Busan dredged material Ulsan dredged material

Unified Soil Classification System ASTM D2487 ML SM
Percentage of aggregate KS F 2502 - 1.79
Percentage of sand KS F 2502 18.40 70.71
Percentage of silt and clay KS F 2502 81.60 27.50
Passing #200 Sieve, [%] KS F 2511 80.68 28.97
Liquid limit, [%] KS F 2303 46.62 27.08
Plastic limit, [%] KS F 2304 33.31 -

Specific cravity, [t/m3] KS F 2308”, KS F 25047 249" 2.62°
Fineness modulus, [FM] KS F 2502 - 2.19
Loss ingition, [%] KS F 2104 14.45 19.53

1) Busan Dredged Material, 2) Ulsan Dredged Material
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Table 4 Mineralogical identification of Dredged Material samples, by X—ray diffraction

Mineral Busan” Busan” Busan” Ulsan"” Ulsan” Ulsan”
Quartz SiO2 XXX XXX XXX XXX XXX XXX
Aragonite CaCos XX - - XX - -
Corundum Al:O3 X - - X - -
Albite NaAlSiOs - XX XX - XX XX
Calcite CaCOs - b'¢ X - X -
Kaolinite AlSizOs (OH) 4 - X - - X -
Biotite K(Mg,Fe)3AlSiz010(OH) 2 - X - - - -
Hematite FesO3 - - X - X X
Gehlenite CazAlSiO; - - - - - X

1) xxx : major components, 2) XX :

Table 5 ICP spectrometer analysis result

secondary components, 3) X : minority component or possible.

Element Natural DM 200T plastic DM 900T plastic DM
[mg/kg] Busan Ulsan Busan Ulsan Busan Ulsan
Cr, <4, <10?, <80 0.03 - 30.30 0.87 20.80 1355
7Zn, <300", <7007, <410” 89.90 66.67 96.10 63.80 13.75 62.25
Ni, 40", <1007, <35” 24.63 8.27 21.35 2.70 7.00 3.10

1) Soil pollution concern identification, 2) Soil pollution measure criterion, 3) Marine discharge treatment criterion of waste.
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Table 6 Typical mix proportion of cement mortar included 10%
dredged material as a replacement material

DM. in 10% Flow | C | S |DM+w [g]
by mass of aggregate (mm] | [g] | &l |DM | w
Ulsan D.M. plastic limit 20.6
583.11] 41.9
Ulsan D.M. dry(1:2.37) -
Ulsan D.M. dry(1:2.45) 562.5| 62.5 -
55~60 | 255
Busan D.M. liquid limt 11.9
574.5] 50.5
Busan D.M dry(1:2.40) -
Busan D.M dry (1:2.45) 562.5| 62.5
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Fig. 1 Flow test result
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Table 7 Compressive Strength test mix proportion
aic=1:2.45 w [gl
Series wie | Flow c S Total Remarks
[%] | [mm)] s D.M Ulsan | Busan D.MD
[%) (%]
AN-B,U-A100 Washing
120 - - 306 306
AN-B,U-B100 100 255 - 625 B
Natural condition
AN-B,U—-C100 - |55~60| - 79 110
RN-B,U-AO0 100 - 0 0 625 -
RN-B,U-A5 95 5 25 21 594 31
RN-B,U-A10 90 10 51 42 562 63 B
45 - 255 Natural condition
RN-B,U-A30 70 30 152 126 437 188
RN-B,U-A50 50 50 251 209 312 313
RN-B,U-A70 30 70 354 293 187 438
RN-B,U-B0 100 - 0 0 625 -
RN-B,U-B5 95 5 25 21 594 31
RN-B,U-B10 90 10 51 42 562 63
- | 55~60 255 Natural condition
RN-B,U-B30 70 30 152 126 437 188
As a replacement ™07 s 15 pa 50 | 50 | 251 | 209 312 313
material I ———
RN-B,U-B70 30 70 354 293 187 438
RN-B,U-C10 90 10 51 42 562 63
- | 55~60 255 Polycarboxlate
RN-B,U-C30 70 30 152 126 437 188
Agent
RN-B,U-D10 90 10 51 42 562 63
- 155~60 255 Naphthelene
RN-B,U-D10 70 30 152 126 437 188
RN-B,U-E30 90 10 51 42 562 63
- |55~60 255 Agent Naphthelene
RN-BU-E10 70 | 30 152 | 126 437 188 for
RN-B,U-F30 90 10 51 42 562 63 high
- | 55~60 255 Stregnth | Polycarboxlate
RN-B,U-F10 70 30 152 126 437 188
RT-B,U-A10 90 10 51 42 562 63
- | 55~60 255 Calcination [900C]
RT-B,U-A30 70 30 152 126 437 188
RT-B,U-B10 90 10 51 42 562 63
- |55~60 255 Calcination [2007C]
RT-B,U-B30 70 30 152 126 437 188
NF-B,U-A5 95 5 12.8 12.8 12.8
Asggtemlr’i‘;fre NF-BU-AI0 | — |55-60| 90 | 10 | 255 | 255 | 255 | 625 255 Dried DM,
NF-B,U-A30 70 30 76.5 76.5 76.5
1) ex) RNRT-BU-A5
Dredged material
Total DM Dry DM v liquid limit [%] Plastic limit [%]
lgl [g] [g]
Ulsan 31.0 20.68 10.32 27.08 -
Busan 31.0 22.61 8.39 — 33.31
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Table 8 Compressive strength of cement mortar

o &3l o} W o) M= TFHA) 2.00S 298h=
A= JeERQItl FAEES A& ko] Z=A) thA| A ZA
100% 918t AN-B-A100S FAHES AHsH] &

Specimen w/c Flow Tdays 28days 90days Specimen w/c Flow Tdays 28days 90days
(%] [mm] [MPa] [MPal [MPa] (%) [mm] [MPa] [MPal [MPa]
AN-B—A100 190 6.47 9.43 11.42 14.72 AN-U-A100 120 18.67 18.90 23.95 28.35
AN-B—B100 8.30 9.34 11.74 16.02 AN-U-B100 31 21.20 17.48 20.61 37.51
AN-B—C100 43 58.48 9.99 11.84 15.42 AN-U-C100 45 57.63 19.43 22.30 26.79
RN-B-A0 17.27 25.01 34.09 RN-U-AO 17.27 25.01 34.09
RN-B-A5 40.10 29.14 33.13 - RN-U-A5 23.20 34.56 35.71 -
RN-B-A10 &5 53.82 26.69 34.03 41.14 RN-U—-A10 &5 43.87 30.98 34.10 39.65
RN-B—-A30 57.87 20.25 24.31 28.48 RN-U—-A30 83.80 25.75 32.61 35.74
RN-B—-A50 57.77 15.36 19.04 23.57 RN-U—-A50 103.8 22.66 25.09 30.09
RN-B-A70 66.03 11.42 14.60 RN-U—-A70 116.6 18.62 19.00
RN-B-B0O 55 58.03 24.59 31.37 - RN-U-BO 55 58.03 24.59 31.37 -
RN-B-B5 51 56.37 26.23 28.78 RN-U-B5 55 57.97 26.90 31.59
RN-B-B10 49 57.73 25.65 25.82 35.72 RN-U-B10 52 59.30 26.67 32.31 38.80
RN-B-B30 44 57.30 25.47 27.45 33.41 RN-U-B30 40 56.73 26.89 30.39 40.03
RN-B-B50 44 57.93 19.28 19.68 23.13 RN-U-B50 34 56.50 26.22 29.79 38.58
RN-B-B70 43 57.67 13.78 15.11 - RN-U-B70 32 57.10 25.68 28.97 -
RN-B-C10 41 57.08 25.70 30.90 34.64 RN-U-C10 41 57.11 26.45 32.49 37.11
RN-B-C30 43 60.13 21.76 2441 29.16 RN-U-C30 37 58.28 23.12 26.34 32.19
RN-B-D10 41 56.13 28.83 35.23 39.15 RN-U-D10 45 58.03 28.79 34.37 40.32
RN-B-D30 35 56.74 24.37 33.19 36.41 RN-U-D30 38 58.89 26.54 33.73 38.59
RN-B-E10 39 57.20 27.96 33.46 38.82 RN-U-E10 43 60.00 28.95 36.94 43.68
RN-B-E30 33 55.70 24.12 30.20 36.34 RN-U-E30 37 59.00 25.98 31.79 38.50
RN-B-F10 37 56.23 27.47 33.78 42.44 RN-U-F10 39 59.60 37.15 40.77 50.60
RN-B-F30 35 55.63 22.55 26.81 36.37 RN-U-F30 32 56.38 29.12 35.20 45.34
RN-B-A10 55 58.63 27.27 34.21 RN-U-A10 54 58.70 26.88 33.60
RN-B—-A30 43 56.94 25.68 34.59 - RN-U—-A30 47 58.70 24.45 35.87 -
RT-B-B10 47 59.17 25.76 32.73 38.36 RT-U-B10 47 57.60 26.87 29.59 38.25
RT-B-B30 43 57.70 20.57 24.82 29.57 RT-U-B30 41 56.03 2712 29.63 34.10
NF-B—A5 55 58.24 23.83 30.29 NF-U-A5 55 59.37 28.25 30.67
NF-B—-A10 56 57.90 24.02 29.59 - NF-U-A10 57 57.20 26.00 28.94 -
NF-B—A30 67 59.57 19.73 23.72 NF-U—-A30 59 57.63 25.38 26.07
o] i Apo] gt AA GFEE A= AR FRly AN-B-B100 Bt} 27|4gel= e S7F Uet
Atk FAE ARS] AH7E AdEYd A Azl A AIE 2897 909 EelMe= sEAlE wkel
FH5E Wit 1R AL vehigon, B s 0 45Ut Sk %S dehisich
g tiAlFelM FAEES] o] Wol dHol AeTH il w/icE 120%° e ¥ SEA @
w/e7b B5 A eIt 55~60mmel 20 A|2st AN-B-C1009] +57%7F
AN-B-B100 Xt} 79, 289 A1zl A5rh Has)
3.1.2 REH 4FE MY SARE 90 HEAECIME S7kshs A3 HERS]
TAES A A, A AEA E]deto] Alaet o gbd 2t SHES 3 AIEAY] A SR
2 AdAe 545 AlE A¥= Table 8ol Lk Aol wE kel w/ce] Wt e Y5 4A
AT, PHFFES] i BFEHEAR= 0.16~2.009] W4 s VPR ekokth w/cE 45%% 118 AL § 5%,

10%, 30%, 50%, 70%°] vl&= F=AE tAst] &
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Fig. 2 The compressive strength results of RN—U,B—A series
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Fig. 4 The compressive strength results of RN—-B—A10,810,C10,
D10,E10,F10 and RT—-B—A10,B1 and NF-B-A10 series
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Fig. 3 The compressive strength results of RN—U,B—B series
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Fig. 5 The compressive strength results of RN—-U—A10,B10,C10,
D10,E10,F10 and RT—U-A10,B1 and NF—B—A10 series
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Table 9 SEM analysis result

Busan Dredged Material Ulsan Dredged Material
(b) 28 days (a) 7 days (b) 28 days

Specimen

- g

RT-B-A10
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RT-U-B10

140 xszrossx A148 M6S(2010. 11)



= o3 g 37 Bottom ash &3 AHES A4 54 @t AEH
A7, seHEbEshE ey, Al24dE, 15, 2008,
pp.101-110.
) FHES Eele] REE 4ERE A A3, #4 3. [@ANRATSS] oA, #4Y, ol&t, olV)F, Bl
_ 15w ez ‘a7zt p3 S =35sk %A_—}EO] Ak
o] A=A Eko o] B o] W2 ol T, A5E, Wed, ‘=9 1 = =
e e el 107 W TS 8 549 gaquadEesled, Asd 18, 2007
S57F S HERISITE B9k thAFe] 30% pp.27—36.
o) A9 o] AERTI} AetEA] o g 4. [BEHAFTAA] AEd, AEF, DEH, IEY 7 2
. AE AGES Hst AHE 23 AFES AFUE §A o
= Egzel Aol 3959 4 ehigic S CSARTRAET, A04. 15, 2006 a7 16
2) 7} A Lol W SEME Eale] 43 Av} 3 5. (@7 @39 A/, oldal, we, 71919,
o Pube ke 9 FUE SR A% AW, SEadY
Zzo) )8} OFlEF FE o] AL uEAE ] 0koko _ . ’
__’Oﬂ '41_ TI_OHL_ OE'J gOL_ ELH ] 15 IA— sk y)eka =5 4189, 3%, 2009, pp.185—-193.
o, &g Ag)Fh jEgef oJgh AujmoFe] A< 6. [Eoko9e712H] Eokoaoe7]E A4z 274
AR T} ER RO EQ] AAJo] wro]| A3l 7] uf 7. [ELSEVIER] C. Huang, J. R. Pan, Y. Liu, “Mixing water
o ; = treatment residual with excavation waste soil in brick
=} ki o . .
Tv:oﬂ ?:]'%701‘—]1:—9] </ ]"E‘ L}]ﬂ'ﬂ 7)4\0131' J&%?lq and artificial aggregate making’, Journal of Environment
3) 3Hoo fﬁﬁﬂ %a :Q}ﬁl-x—] E é% t?:,‘?l’«l 7\]@,@ Engineering, 131, 2005, 1.
_ 8. [ELSEVIER] F. Agostini, F. Skoczlas, Z. Lafhaj,
EX }olo] 2 & 10 zlo]=
- jil]- 60?—'4 o © Oﬂ U:]—Tﬂ— = X}O] = 7;7“ ! “About a possible valorisation in cementitous materials
o}, webe F dUSEAER R 25 B A9 of polluted sediments after tretment”, Cement and
_ Concrete  Composites, vol. 29, Issue 4, 2007
7= zﬂ-x%o] o] o ZEo] A E ’ ’ ’ ’
é“/]"_ X'” U= M——L]', IEE"] Lﬂﬂ# % pp.270—278.
7Vl sk 72T 2A ks Zgrkssk 7 9. [ELSEVIER] Mazen Samara, Soubeir Lafhaj, Christophe
o7 j}_D}_E‘“—;‘I_ Chapiseau, “Valorization of stabillzed river sediments in

fired clay bricks : Factory scale experiment”, Journal
of Hazardous Material 163, 2009, pp.701—-710.

ZtALSl 2 10. [ELSEVIER] Rachid Zenter, Vincent Dubois, Nor Edin
Abriak, “Mechanical behaviour and environment impact
of a test road built with marine sediments”, Resource,

AT AT AR 7 2ATAUAR (2010— Conservation and Recycling, 52, 2008, pp.947—954.
00240853} 2010—0015212) 2] A71] = 23 < 11. Karsten Millrath, “Modifying concrete matrices with
_ beneficiated dredged material or other clayey
Ng]o] o c o 1 2
gEglom, xR ole] TAEHUYT constituents, Columbi university”, 2003.

EHIEH (HadXt - 20104 28 29)

(1xXFe™ELX - 20108 7¢€ 7Y)

L [FREE] A%, HES, B, 998, 95 (oxTaxt - 20104 8% 239)
Bol2 2 o] gdt FAES o]—Xé;‘qE]oﬂ B AT gRER (MAt2t2 Xt - 20104 8¢ 25%)

o

x|

FH AR WARE IFARE Folo] 48] VIR Sl FAlolth wEbA & AelMe AR AR SR
= ZAE ERAR E8e AE A7E S olE flsto] SAES =u4 Ul gk Alds sdegiaL, 11 Ay
5 HoR sl A tAARs SRS AT vER ST BN BE2H AEAY SR Alde sl
A 9 AR AR B EQdElEe] 10%Y W R S Uehigla, 1A AE ARl of 70% FHrE el
S Ak SAES A A=A thAlRe] 30% 2 W AT STk BAdE WERIIE B3 ICP 24 A, F A

= diEAe e BEed Ve 9@ thAVIEel wEehs AakE Uehe] 2AYE ARz ARl 9l

Ao 6(‘) ]q]ﬂ- 2= 010%1:].

A go - AEAE, HEH ARA, SA4E, XRD, ICP, SEM

IxeFcEs|x| M148 ®Mes2010. 1) 141



