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An Experimental Study on Applicability of Heavy Weight Concrete to Port Structures
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Synopsis

This paper presents the applicability of heavy weight concrete (HWC) to port structures,
especially to gravity-type concrete structures as caisson. Breakwater, one of the gravity-type
concrete structures, needs to be heavy enough to resist external forces by their own weight. Use of
filling materials with high density is a general way to increase the weight of the caisson. Another
possible way is to apply HWC to the structures. In recent years, new types of concretes using barite
and/or artificial heavy weight aggregate (AHWA) have been developed. In this paper, mechanical
properties and durability of these new types of HWCs were investigated. Structural performance of
RC beams using HWCs was also evaluated through loading tests. One interesting result showed that
the fracture energy of concrete using barite (HWC3.4) is approximately 60 % lower than that of
normal concrete. The mechanical properties of HWC3.4 can be improved by incorporating short
fiber. AHWA contains a certain amount of metallic iron so that rust stain due to corrosion of the
aggregate appeared on the surface of concrete using AHWA (HWC3.8) when HWC3.8 was exposed
to seawater splashing zone. On the contrary, HWC3.8 showed small corrosion content of AHWA
when exposed in tidal zone. This result indicates one possibility that HWC3.8 can be applied to the
structures serviced in tidal or submerged zone. Loading test results showed that the flexural load
capacity of RC beam using HWC can be almost the same as that using normal concrete. RC beam
using HWC3.8 showed similar shear carrying capacity to that using normal concrete while that
using HWC3.4 was 60 -70 % of normal concrete. Incorporating short fiber to HWC3.4 is a

promising way to improve the shear carrying capacity of the RC beam.
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CMOD, : TEWIFED OOVEIIVBE 027 (mm)
®-3.312a> 7 U— MO X LX—%RT. 723,
X FOMEE 4 AOFEEEEZ R LTS, K&, E@=
Y7 U—FDON23 LR L T, BRI Y U— h Ok
THRAFX—[ZNEZNZ ERNDND. RIKSIE, i kI—J
BRI X L X =B 51T - TRV, ZoO/E, &
:V&U~F&%$LT,E%E%%mk:y7v~b
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VI U—ME86%E o TVD D AFHTIE, N2.3 DR
B 3 LX —Zx LT, HWC3.4 1359 43 %, HWC3.8 I
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IVE NN LHBEL-EFTOmEMEE F TR K
=3.5 Iz U — MKEEIZ 31T D HLE M ORI RE
T, P, WTRoa s Y — MIBWT bk
Wk 2 HE M O HEFEEIAIL 30~36 % Tho7-. KLY,
HWC3.4 | Téﬁﬂﬁ@w%%%irﬂhjﬂﬁ%
%ﬂot HWC3.8 IZ31F 2B O EIL N2.3 &
FIEFREECTH -7, Fiz, THh) OEFEENEWVIZE 2
V&U~F®MEEXW¥~ﬁméﬂok.
(3) AT FMBERICE S HWCIADMEE T 3L X —
TR
B-3. 6 |[ZE A OmLBEMEEHG 2R, KLY, E
£ (Bar) OfEEERLCIEBRE A Z W GEERED . Fiz,

(b) HWC3.4
K-3.4 =27 V— MikWrm

(c) HWC3.8
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N2.3 HWC3.4 HWC3.8
Concrete type

®-3.5 =27 U— MEWEIZI T D HEM OBIEERE

HREREFICB W TIHE L8y (V) 4B bh
é.:n%mﬁ%#%,ﬁﬁfiﬁmm%%wﬁé#m
BTV LOEEZ BND. £, HEEAORKBE A
WIEERE GRGRHD) BEEL WD

TN OBEORRNDG, BEELADEAFHFFEE L
T, BHAOHFEESCR TR A O S PETF oD, L
2o T, Rk U7z B O BB 4 3l = L 5 —3k
BRicBiF 2207 Y — MEWTE OMEHM OEh, OnT
IXHWC3.4 OET= XV F—NEWFK & e > Tnd b
DEEBZDZENTED.

L7z o C, OUEINERIER TR S 2 ikl T
ISRV T, A L D E MBS B aE s &
DHIFT 2 Z LT TERY. 20X D RBBARELE
BHICR LTI, WREEOSEBERMLELEEZDLND.

3.2 REEMMEAICKIERALTRAWN OV )—F
DAZFEHEDR
(1) JEMEIREE R & OF RS
X-3. T\ HEHE 2 IR A L 7= HWC3.4 OIEMFRE R L O
MR E AT, B, IPICEEBREAOEZAE D
HWC3.4 DOEMEIRE (R 36 ZOFBMERE (—mH
W) EHbEORT. KLY, WTFhoBEMHEZIREAL
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(2) =R ¥—
X-3. 8 (2 kHE 2B A L 7= HWC3.4 DO E-CMOD #h
WMaERT. MEV, EHEIEA (K-3.2) L#EL T

RIS KO AR LA D ZE B3 B M R r -~ 7z,

HWC3.4-PVA Ti, £ TOURMETRAMED 4.8kN
BETHY, EMHEZRA Ly — 20O T b KED
Stz Fim, BR P E—2Z 1280 KR U
IZHFEME T 525, CMOD 202 mm 825 &, 4
TAE DTN RN L > TRFEAHEI L 72. CMOD 2349 2.0
mm KV bRELRDEMENHEMLT LA, CMOD
40mmiCBNTH 12~24 kN OFTEMMEFESNATEY
B O KR 72 8B 03580 7z, HWC3.4-PP Cldif KA
HN42~4.6 kKN TH Y, R RXKWEHDOTNICKEL >
o, F, BAFE—=Z12BWTE, RMEEZ
IZHFEME T 528, CMOD 02 mm XY B k&< 7%
A&, ENSEIMERIZZ: > 72, CMOD 7% 4.0 mm O
BOMEIXZ HWC34-PVA L0 b K& EE R L7,
HWC3.4-PE Ti¥, HAME4.0~49 kN &, o
LEER, HWC34 X0 b Rz R Lz, KfrE
DBIZAMICIENME T LZb 00, HWC3.4 L0 bR
A ME—=ZIZBWTHELZREF L, CMOD 3% 3.0 mm
DOFF S THRENY R LTz,

X-3. 9 (2 JEAHE A TR A L7 HWC3.4 DR EE = %)L ¥ —
EoRT. ek, WEI XL —0HEAEICHZ- TiX
CMOD 7% 4.0 mm ¥ TOmMEEZ KD, (1), Q)FHNT
R L. F£, Hpizixg@mE=r27 I —F (N23) @
MR R L% HbLETRLTNS.

MLV, ElfErRBALZa 7 U — O 3L
F—lInIFhbF@Ear 7V —r0ZEN LY HEREL A
HWC34 OfFEx= x V¥ — LT 5 &,
HWC3.4-PVA T 21 i, HWC3.4-PP T 19 £%, HWC3.4-PE
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Compressive strength (N/mm?)
Young's modulus (kN/mm?)
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FEIRMEZ IR LT HWC3.4 DJEMGTREE I L O
MEAR%KL

X-3.7

T3 5O 2L X —DOUCEZ AR b iz,
HWC3.4-PE DB R DM ELRHME £ 0 HARWEh &
L C, PE MiHEOMHER N2 &, F IR AR AN
SV ERFETOLND. ZROLOFEENS, OOEIILE
BT DBMEBAIRO/NS B, ThbbEAAD
O ITNENIC BB 2 BT 2 B EHnwica 7Y
— M3 L CTEBHEAIRAT 2 2 & T, BERLF—
ERIBICHETEDLZ EBNHL Mo T,

4. EEY ) - +OBFRRICE T HMAL

ARETIE, EEa 7Y — FOWEHERREICE T DA
PEICHNT, RERBROMRE EICTERT 5.

41 BEEaLVY— +rOBRIEMA T UITRHT DIRE
3
B-4. NCH LA AMIC B 5 2 27 U — b Oy
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Concrete type Depth from surface (cm)
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AFVRESFERT. WTROREGIZBWTHHELIL
AL A AV IRES A E R L TCND Z RN D, g
LIS bV a7 U — MRED D OB X45 mmD
WAL AV REICERET D L, N2303 R b/hEL, K
VWWTHWC3.8, HWC34DJNEE o> TW5 . 72k, Wi
DiELG b THE O OHAN Lo R - FfFD) IR
U2 SRR £ 38 TR FE €y =2.0 kg/mP L 1) B R X L
B-4. 2127k o v U — BB ST BT DA A A R
A &R, MK v U —RBHICBNTH, W
DA [FEE DAL A A IRE AT R LT D 23,
a7 ) — NERENDDOHESAS5 cmDHL A A RE
EN2323 e b/ & <, RWTHWC3.4, HWC3.8THh 5.
HWC3.435 L OHWC3 8IZERFNL EIZ 31T Db A A
PEERC, =2.0kgm’ LD b REL o7z

-4 1zar 7 ) — O A A KT B LR
BoORLERERT. T, ABFETIEE AL MR
ANV KT REA L FERHWTWAR, BEAL N7
YReEAVNEAWEZaY I ) — N OPEEARE A T
HAUTMBREN TRV, LL, AL FT U RE
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Chloride ion content (kg/m?3)
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Depth from surface (cm)

X-4.2 AW A RRESAT (KT ¥ U — TR
F-4.1 HLWA AT B ILER S (BAAL : cm/4E)
FHAveE WK ¥ U —
KAl =Y
N2.3 7.25 1.01
HWC3.4 14.92 1.67
HWC3.8 5.68 1.83
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Corrosion area ratio ( %)
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N2.3 HWC3.4 HWC3.8
Concrete type

H-4.3 =227V — NMIHEE L -85 08 AR

AL REWEARLFNT U R AL T, HYBBES
ICKRENRNZ ERRESNTNEY). 22T, 2ED-
W, TA%Ea VI ) — MERETREE [REHR] 22%
12, WAL RT U REAY M EHANVEW/C=50 %0 2
7 ) — N OYEAREEFHRE LTI 24, 05 emETH -
T WBKY ¥ U — RGBT R DI A i B &
WTNOBABFHFMEEIY b REREER-oTHD. &
7o, HAIHEAE CIEEHRE DO 10500 ERE < Aotz

KBTI T DILHARBOBENNZE R T 5 &, HWC34
DOYLERIIIN23DZN LY b 1.6~ 2fERERE D o7
HWC3.8 D YL AR ER 13T B LR AR 2BV TIEN2.3 L D
HINE o, WKY v U —RBHIZB O CTIEN2.3D
HIL8METH - 72. HWC3.8 £ N23IZ B 1) B IEBAREL D K/
IZHONWT, BEBEREEOBEWNICE > TET 2BHIC DN
THFFICERTERVD, BlRkT 2 k51, Hufi
KA CIZHWC3.8D =2 7 U — M RMIZH T OVEIN
DRBOOLNTZZ ENFELTCWDHHREELEZLND.

EBRECHDOMKRT ¥ UV —BBHOBERNOERT D
E, BRI ) — NOEAA A NTKT DIEHURE
A 7 U — N O2ET & AT 2 & AL EE
T& 5. 12120, AR THELNIZFBRITLSFE L WO T
BAENRORERRN LB/ ONZLOTHD. 207
U — h DA A A ATk D IEBARE IR o &
EBITNEL RBIERMSENTNWSY, £/, HWC3.8
OHFE, EHMORETIZar 7 U — FRIOLL A
BRI R T B LA LT o aletEb H D, HEa Y
7V — hOEAY A & KT DIEHUREIZ OV T, 4
#% BRI 2R EZITY TETHD.

4.2 a2y )— FREOHBERMEIK
X-4. iz B bR EAME BT 27 U — R OWNERIC
HER Lo BREERE Y. KL0, SHoEa

(d) HWC3.8, K> v U —#i&Ys

(e) HWC3.8, WE/KIGER AN
X-4.4 =27 ) —FORMIKKE

HREEIZOWT, SEARIZBW U AERERNS~13 %
FRE L REITRO SN ol D5 H, HWC3 A0
H/hE L, W THWC3.8, N23DJETH - 7-.

—F, Wk v U —RBHICHRELZa 7 U — M
SVT, HWC3.43 K UHWC3.8 TIHH R L= 8k &
BRI AR N

IS OFERNG, HWC3 ATt A 4 v DYz
D@7 ) —hED HL~2EREREVITHL D
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LT, SHERICT AT ERE VRS,
AT, ZOAI=XLEZWALNITDHZ LILTE R
Moleh, SHFAELZMRBEICED L TETH D.
HWC38IZOWT, iz 7V — FTHDHN23L 0 bk
B DAL A A BREREWICHEDL L@ v
7V —=MEDLEREBERN NS o, ZOBEBEEL
T, NLEEFMICERT 2B EMRO /et 4 e <
5. fBlzE, SRR 2 U — MY ABEED
BFZEIC LAUE, SEREHE SRR OB & B L, N
BB OBREPIH SN Z ERHMEEN TS, LR
>C, L O&REBEEATI2HWCIBICH N TS, Ak
DOBBRNE U TREMEN D 5.

4.3 BEE2a Y )—tO%HEHEK

-4 M BBERBRK THROa 7 ) — boRmikkz
AT KEY, N23B X UCHWC3 40 a7 U — MREIC
OV SR oo, —0,
HWC3.8IZ2\WTliE, =27 U — MRENZEH DR S
7o, ZOTITHWCISIZE EN A AN D EREM ORI
BRTLIHOEEZOND. BBTLHLIIC, b
ANTHEEMNLOHEHOERIZa Y7 ) — NREOHK
MOOEINRELBEELTND.

HWC3.8D 2> 7 J — FREMERICOWT, ZEBEwBRS
HOBENIERT D L, HIBEAE T 55828
ETHY, NLEEFMOBEMEE SN b0 & Hig
INbd. Fie, WK v U —FBES TIEAIROEH 235
ELTWDH00, WARTERAKEIZEN XK ¥ U
— B L0 LN DRVORbNS. TOEBEL
T, iV TmROMEENR DN EREZS
na.

B-4.5(2¥ K> v U — BB 250 L /- HWC3.81T 8
T D WHIOONEIN DI AR PO R IR 2 EH 27, e
B, 2BICCR#HLZEY, 227 Y — oM
IR E S AT IERRE DR UBIEEZ &R LTS
O, MO UEREE 2> 7 U — MNEL O RS U BHE

(b) Wi 2
®-4.5 =7 U — bIHERERAEOHEFOOENIARI (HWC3.8, KT v U —5i#H)
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Top surface

(c) Wrim 3

BENZERLTWD. Um0t (REs) X0k
BLIOMEOBICEAELEZLOTHD. N23B LW
HWC3.4122W\ T, WTFNORBRBREIEICHENTY, O
VCEITHER SR h- 72, KLY, HWC3 8D tE A F
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WCOEINDHERTERNI END, 27— 0K
HOOEI AL OFE AR IHRITAE T o 2 MLE O & T
bHo LTS, Aok, MKTERAKMOTHEREICRE
#% L72HWC3.BIZ B W TIERE ISR O OVEI IR A L
TWRWDS, LSRR ORE R 3 5D TR TR Sz,
Plbky, BREABISEORKRICES L, EAG%E
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U—b (HWC3.8) IITRIKH SSRGSy DB A 52 D8R
RICBWTALEZEMICERT 2EBREOBENKES
o0, BIEMEEODRVERE, T72b0b M0
FEICBWCITEATE SRR ZE L NS, £
AFFROERNS, HBM THIERAT 7 REMITIE
BRENERSN otz LER-T, BMEEICED
ary U — NOPHEMETS7=01I20%, 27 U —h
DN AR REIT3 A BREIE T2 oo, g
g A FIcEBEM 2RI —D2D
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WERERTHY, SBRIHFREICB T 2EEa 7 ) —
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mAERHWEa 7 U — MToWT, SR L 5
RCIZ Y O AW /) D= R % 7R 7.

5.1 @RIFmEEK

(1) FE-ENR X OOT 5%

B-5. 1 1T & AR DB OBIRZ R, N2.3
TIIME 23 KN IS TOOENR A RAE L, BIESME R L.
D%, WESAKN ICTEMMBERL, WEOHUIE
RMINZTR o T2, BRI 43 mm TR KA E 93.8
KN 2z THMTFXEORCITZY O EficksnwCar
V— bBEELCTHEMET Lz, EEROa 7 ) —
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WICCOEINASAE L. £, OOEINIEAERE O/
TRIPEZ E BITN23 L0 b E T/ NS0 oo EOH%ME
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UDFEA U Tz, OBV AT ORI N2.3 L 1F
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(c) HWC3.8
®-5.2 OOUFINK (dhiFaEm)

FERI%ETH oo, FO%ME 84 kKN I TEH AR L,
RO ODIERCINT R o T2, AT ZEALH) 27 mm
WZBWTEHITXMO RC 1LY O EmlzBnwTayr sy
— MASTEEE LU EME T Lz, SRS 89.8 kN T
bV, JEERFOa 7 ) — FOTHIL 258 1 ThHoTe.
AWFFE TG & Lz RC I o Fiic >\ CEHE
L 7oA 8, FHEEIL 79.6~79.7kN Th v, EBREIXIZIE
FUEERLEZ. o2 G, EEar 7V — b
TN T, F@ar 7 U— ke REOTFETEH
HCT&x2:twWxd., £, EREaVZV—rEHEALE
ar s U— N, RKRMERFOEMD/NE L 72 HEM
DO LT,

(2) OUEIRR AR

-5 2 |2 B T #1238 1T 2 PR RC 13V
DOVENREAERILEZTT. N23ICERTHE, &bl
FE—A 2 FDOREREHITFTXBICBWTEEDOOVE
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200
HW(C3.4: Loading point displacement
—N2.3
150 4 ——HWC3.4
— —HWC3.8
=
53
< 100 -
[
S
50 A
0 L T T T T

0 1 2 3 4 5 6
Mid-span displacement (mm)

-5.3 frE-PORZEAIBISR (AW, a/d=3.4)

400
300 -
z
=3
> 200 -
©
S
100 —N23
——HWC3.4
——HWC3.8
0 T T T T T T

0 2 4 6 8 10 12 14
Mid-span displacement (mm)

-5.4 frE-GHOT MR (EAWMEER, a/d=2.0)



BIEN2.3 L0 v FE Doz b 00, OOEy
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FEIFIEREEORERD D, £, K TlETr—4 %
RLTOWRWA, BAMICERT R O8O
BRIEAEZE O TIZIZFEEOMBIN 2R L.
INHORRNG, EEaL 7 Y — NOUEN S EME

R AR BT 7 ) — FLRERSEEZEAOND.

5.2 HAMRmEER

(1) far E-ZNr R

5. 312 a/d=3.4 O AWIHKEERI RC 1X Y OffE-A /X
VHREMEWRE R, 72, HWC3.4 O R R
AR ORREENC L VW EYNCEH TE TV AR - 2720,
Ff R 2 VTN A, N2.3 T E 159kN, frfzs
fi7 4.5 mm IZ TROOOFNAHAEL, F OB
EMNMET Lz, BEREEIR O ERECTH- 2.
HWC3.4 TIIfTE 106 kN, A AZNL 3.3 mm CTRID O
OHINBFAEL, QICHEIME T Lz, PRI
N2.3 LRIBETH o 7-. HWC3.8 TIHfAE 155 kN, Tz
fi7 3.9 mm IZ TRIOOOFINDFHAE L & HIZRAIRITHE
PMEF L, BEEEEIZIN2S LRETH- 7. WTnoR
BRI, BIARERAD, EAEELAS & HICHIR L T otz
B®-5. 412 a/d= 2.0 O AWIHKIER RC 1 0 Off E-H 5
ZALBfR A& 7R N2.3 TIE, ffE 185 kN, H 257 3.0 mm
WICTHROOVENARAE L. UL, MEOKTIXR
HOLNT, ZORGMAMENSEIMN L. HRMAEIT 370 kN
ThHY, TOROHRENL 8.7 mm Th-7-. HWC3.4
TIE, TFE 113 kN, RN 2.2 mm (2 TR OUEIN
MIFA LA, HWC34 [ZBW T HEIO OUEINFE A%
DWEMK FIEERO ONT, TO% AT ES I L.
BARMEIT 340kN TH Y, FARMERFO FIRENIL 8.6
mm T -o7-. HWC3.8 TIE, 7 195kN, HyuZ8(r 2.8
mm (Z TR OOENNIEA LTz, R RMEIL 395 kN,
ERFFEREOPRIENL 8.0 mm THo7z. WTFHoik
BRIRIZIBW T BIBRERR, S & ICRRL Tz
Molz. FTz, ald= 3.4 OFE LKL TRAMIZHT
BB RMEDHEINEN-7223, HWC3.4 DOF AW
EINFEAEREIZ N2.3 BL O HWC3.8 LV 65 60%/)h &
MmoT-.

(2) VDUEIFE AR

B-5. 5 |CHF Bk T#I2B1F 2 AMkER RC 1
D OOVEINFERIZRT. KLY, $fras 53R
ERES L DI AW OOEINDFEA LT DRI D RS
ENd. FNEND ald IZBWT, BAEDEWCE-T
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(a)N2.3, a/d=3.4

| i
(b) HWC3.4, a/d=3.4
| !
dej/jfjﬁ} \ﬁ\ .
(c) HWC3.8, a/d=3.4
.
SRR
T D
(d)N2.3, 2/d=2.0
g i
T@%ﬁw \\\HX\T

(f) HWC3.8, a/d=2.0
®-5.5 OUFINX (& A W)

R5.1 AR L R (4 A
Ko || O] RBRE  e
(kN) (kN)

N2.3 156 159 1.02
HWC34 | 34 153 106 0.69
HWC3.8 161 155 0.96
N2.3 364 370 1.02
HWC34 | 2.0 351 340 0.97
HWC3.8 387 395 1.02

RC IZFAE L2 OEINAB OB NIE TR DO LNLDL B
DD, FAWODENOBRIZOWTIHIZEFRETH D
ZEWOND. ET-, ald= 2.0 TiE, #WEFRMAEICBW
Tay 7 U—rORBENRAE LTz,



(3) EBrfE L FHEE O L
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D BIIRERA I
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b, : XY OlE (mm)
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HEHTREEELT, a/d= 34128115 HWC34 OE
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FOETIE ald PREWIGAICBHETH S, £, Lk
L7z v, HWC3.4 OF AWOOEIN AR EILN2.3 3
FOVHWC3.8 £V b 60 %/hE otz b DFRA &
LT, 3 EBCRLMY, HEbATHOEHOFESR T
MR OMES SIS E= XL X —DIR P BB X2 b
. OUEINERERE TR S 2 EE TERIC B W)
T, ERAICEDBMEBDRITEEEHM L b WIET
LT LEMTERNWEEZEZBND.
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