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A Study on The Holding Capacity of Anchors

Haruo SATO

Abstract

The holding capacity of three types of anchor was examined in relation to the sand content of the seabed.
Experiments were performed using three stockless type anchors (JIS type, AC-14 type and DA-1 type). These
anchors were pulled using the Research Vessels, HOKUTO (19t). The tension force was measured using a loadcell
connected to the towing rope. The sand content of the seabed was chosen as an index property, and was correlated
to the holding capacity. The experimental results indicated that the DA-1 type-stockless anchor showed the highest
resistance against pulling for clayey and good holding capacity for sandy soils, and the AC-14 type-stockless anchor
showed the highest resistance against pulling for sandy and sandy clay soils. The DA-1 type-stockless anchor can

be used for anchoring vessels.
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LEOEECT 570, Hy, (RAEEEGD 2 W @o
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WEROEEC X 208N RS D (KH, 1986). %

NIC X 2 E4HE SRR, SHlE (St.1~5) »3bE +
WOEHED 67~100%), 4HI:5 (St.6~9) HIEwE 1
(WoEH =D 25~50%) LWiRE+ WoEHFED 50~
67%), 5 #HlS (St.10~14) EL WOEHEED 0~
25%) ThHD., KX Tl EL EWREL 2 F DT
WRELE LTS 2LicT 5, SS5EHOHEIE 25
T 279 H,/W 1 & JEE & OFRZ g Lz, 20
FRETOHMRZ/IOTRE S 5. RB14HKIE, #HE
WIEBEMIMTONTWAHFEFRICTH S Z L o5

03} _
02 .
14 /
01k 11 il
35N} ]
1l .
138°30'E 31 32

Fig.1 Experimental sites.
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Fig.2 JIS-A (JIS) type anchor.
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Table 1 IZH#FEICFE S W2 EEOMTRER 2R (e
B, 1989). St.1~ St.5 »HPE £, St.6~ St. 9 2 bJeE
+, St.10 ~ St. 14 R E Lo TH 5, Khogklt
W JISA 1203 DA L DR, SR, GAKHLERK
DR R v, 3K &z 63um OREHERE 7 v 4 TH
7, BoltbORWE L TR 2 ERILET
KTz, BLESTIE, MRS (R 63um 2LF) 3R
v NEET, MRS VAL (ZvAH0.125, 0.25, 0.5,
1.0, 2.0, 4.0mm) 43C &k 2 Hgkz v, SRR
Hox, WENTWORTH kifEX 45 (Wentworth, 1922)
12, KRUMBEIN 2 k> TEE SNz ¢ A7 — VDA

b, EAKED 45~50% L/hE v, St.10~St. 14 DeE
F0 5 B AT EEPR A A 5.95~6.50, KifEAS 1/64~1/
128mm DOHPHIZH % )V b DR T H PR OREDEE T
bbb, GAKIE 104~129% &R E <, ]S pLHE & v
Z5.

Table 2 I & O SED H,/ WEZRT., 22 Tw
5 H, 1E, #83[ENC o — P2 THIE X iz %
L O — 8 — 8 7o A OHEEHE TR O o R IEEE ST
EThHb, WIEEHOEThERTH S, Hy)/W HITHRK
YT Hy, 280 ZehER W TRLUIETH 5.

Table3 & #HoWEL, WiREL, BELICBT 3
H,/W EOF¥E 81 5 #l5, WieE i 4 85,
B 413 5 B OFHE) &RT.

(Krumbein, 1934) % fv»C, INMAN and CHAMBERLAIN Table 2. I,/W of each anchor.
O FHE X (Inman and Chamberlain, 1956) 7 &5, Hide St. No JIS AC-14 DA
REEAE Mdy, FEEIREE My B & OWEIKE 05 B3R D72, St 1 12.0 13.0 14.0
"B MM 3I~41%, KEHN1/8~1/16mm D fflwd T St. 2 10.0 8.0 10.7
BHY, 4~8 1%, BEH1/16~1/256mm D > L b TH 3 9.3 4.7 2.0
5. FRUCRIERAE & IR E RO FIMET, ok 2 iEF St 4 93 147 10.7
WAEDS 3¢ THATHEE 1/8mm DL EDEN RIS L T St.5 73 14 3 157
50% #2052 L EEWT 5, FIIRIRME & IIRE 2K St 6 =3 10.0 10.0
MR O FE T, RIS L T16% DREZLHD S ¢ HE 7 -3 133 3
84% DEEEHD S ¢ HELEL T2 CH-ETH S, s 13 o7 3
IWE L 3L ONZREORS Y BEEE2RT O THEI/NI W S0 -3 07 00
, W—oREOLTHE VR B, : : :
Table 155 b5 £ 512, St.1~St.5 DWE L0 5 St 10 2.1 8.3 12.0
A I YR S 3.05~3.40 &, S 1/8~1/16mm St 3.3 8.0 10.3
DM DEE T, &K S 33~39% L /&, St 6~ St.12 47 1.3 12.7
St. 9 DS YBE + D4 5 13 AR B 45 3.95~5.10, i St.13 3.7 6.3 10.3
A8 1/16~1/32mm O #H THMHE D O vV NEE T St. 14 5.3 6.7 9.7
Table 1. Results of soil analysis.
St. No | Lat. (N) | Long. (E) | Dep. (m) Md, M, o WCR (%) | SCR (%)
St 1 35-02.90 | 138-32.00 6.0 3.50 3.40 0.40 39.0 92.6
St. 2 35-02.83 | 138-32.05 8.0 3.30 3.25 0.55 36.0 92.6
St. 3 35-02.77 | 138-32.12 11.0 3.30 3.30 0.50 35.0 90.1
St. 4 35-02.49 | 138-31.70 10.0 3.10 3.05 0.55 33.0 94.3
St.5 35-02.64 | 138-31.90 10.0 3.20 3.15 0.45 35.0 87.7
St. 6 35-01.52 | 138-31.52 27.0 3.90 3.95 3.25 45.0 54.8
St. 7 35-01.84 | 138-31.79 25.0 3.90 4.05 0.75 49.0 48.3
St. 8 35-01.60 | 138-32.00 35.0 4.00 5.00 1.90 50.0 47.1
St.9 35-01.59 | 138-32.13 40.0 4.00 5.10 2.10 46.0 51.2
St. 10 35-01.10 | 138-30.65 28.0 6.50 6.15 0.55 129.0 1.2
St. 11 35-00.97 | 138-30.66 27.0 6.50 6.15 0.55 123.0 1.2
St. 12 35-00.92 | 138-30.70 27.0 6.30 6.10 0.60 113.0 1.6
St. 13 35-00.95 | 138-30.77 27.0 6.40 5.95 0.75 113.0 4.5
St. 14 35-01.16 | 138-30.25 24.0 5.90 6.50 1.80 104.0 5.8
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Table 3. Means of H,/W for each anchor.

SO MEEMEREIC B3 5 —F %

Ssndy soil SS;Tdy clay Clayey soil
JIS type 9.6 5.1 3.9
AC-14 type 12.9 10.7 8.1
DA-1 type 12.6 8.7 11.0

Fig. 512 JIS B H,/W & & ERVROBIfR 2 7R 7,
Mo EEH I,

H,/W=0.0635-Sc+3.2152 (1)

L%, 22T, Scl3EWERTHS.
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BOEESEVIEEN 2522 2 n8bhr b, £/ ]IS
Bighix, AC-14 Bigh> DARISE L ny, ygELodT
LSLUDES CEWENKRT, WMIKEOHWEY T
H,/W i’k =\ (Table 2 2I8).
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I E 23 0as, SRS 2 1o THEEIR
BIAKEL A EAMTIEEATE S E 25,

¥ 7 ECoKMESEETIX JIS BgIERE S S 180
EREET 2HEENE SN0, SEIZEEROERTH >
7oz JISEGEWHE CRKIEL Tz D) R END D Z &
XTI »roiz.

Fig. 6 1z AC-14 & H,/W i & SR OBGR2 =3,
Ko EE= I,

=

H,/W=0.0531-Sc+8.0199 (2)

L b,

AC-14E1$513, Table3 XV b»d ko CHE LTI
H, /W EDOF¥IEN 12.9 EE L, #IEN LV L 2R
3. ¥/ Fig 6 3 H/WHEIZEZLDIESOX1EH 26D
DEWENKE L 125138 AC-148550 H,/W EHK &
BT EERLTWS, ZOMEAIZ JIS #sE r EfET
bV, POEIUEWHETHS St.1 & St.2 ZEENTH St. 1
D Hy/W DK &\, %72, WEETAC-14 B0 H,/W
A WHE & U CELEROBRSIHE LR X AHS
WIRTH B Z e3Fzoh%, UL, Table3 5 b
bd k3512 AC-14 HsH » DA RS L & E 1+ T3,
Hy/W DY EMZ N2 12.9 £ 12.6 LIZIZFE U &
S kfER R, THIETH L bEORIE I A
HBOIEIREL TWE Enwz b, LR ->T, WELOWE

14 - JIS type anchor

8 - Hp/W = 0.0635Sc + 3.2152
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Fig.5 The relationship between seabed and H,/W of JIS-A (JIS) type anchor.
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16 - AC-14 type anchor
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Fig.6 The relationship between seabed and H,/W of JIS-B (AC-14) type anchor.

DA-1 type anchor

Hp/W = 0.0015S¢% - 0.1274Sc+ 11.317
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Fig.7 The relationship between seabed and H,/W of DA-1 (DA) type anchor.
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Fig. 712 DA Big o H,/W i L SR OBE%R 2R T.
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H,/W=0.0015Sc?2—0.1274Sc+11.317
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BWEERYT, L LIDRE LTk AC-14 B0 H,/W
EEIVENEE RS, LrLasns, BiELoh Ty
IKEDE, D DERBNEOLES > TWw5 St.6
&St 9 TIRMO2HE X Y AKEWEZ7R$ (Tables1 and
2Z2M). WE+ s X OJRE+ T DA BgsE W Hy/W E
g HEBE LT, DA BFEOHESEOIARIIE 1o
EZAHGL, pORE L TIHEN & 7% 2 8T OZEEEH
REnwhs EFEzonb,

RICEKHERE L OBRTH 223, SEIDFERT H,/W
HEDOFIEDOK = X DIEFHLS, WEL>wiREt > et
DIEIC 7 %8513 JISHISE - AC-14 R Th 5., LhL
DA #IIIE - >RE L >WRE L DOIEE 20, Mo
2 IXEFZ N L, L LS 3o Hy/WE%
T 2 &, DARGHIIRRE L CROE L, AC-1480§51X
WiRE L THRbEL %% (Table3, Fig.8&M). % 7-
JIS BFHIE T R T OEE THO I L Hy /W EME LV,

Hp/W

0 20 40

ZDEITHDOBRIC L > THIE D L WEBNRE LS C
Enbhnd, UL, EEHEIWEICHAEL 2 JIS BAR
Toh— (JISBMRA by 2 VAT »h—, ZEhER 100kg
£ 300kg o 2 fEEH) o H,/W 1%, #ERE L T2~3,
WRELT3I~7, WEETI~5 /& @RI,
1986 ; ¥EH#E, 1991 ; #EH#E, 1992). # nictb~&E o JIS
mgho H,/W fE1x, Table3 23 Lo+ 7T3.9,
WRE+LT5.1, WELTI.6 & JISHKREY >4 —iZth
NEWEZRT., LardbIhnsOfEik AC-14 BigEo e
+ToH,/WHES.1WE LD H,/WHE10.7D# 1/2
Linh, ZOFERE, EED199TERE O T A RREEEHE
BN TEEAZHHL T, SEIO/NYAHIED FEE & [F U
BT o7z NISEIARR Y > 7 — (ZerhE & 300kg) & AC-14
BIKH 7 > 7 — (ZerhEE & 300kg) OIEES] 2 g L 7=
KRS T OHE_ERER (SR 63.9% & 70.7% D 2 Hl )
WZBWT, AC-14BIKRE Y > ) — O i R IBEE IR Fi 4 1%
2550kgf & 2850kgf T, H,/W1EHIZ8.5 9.5 &% b, JIS
BIRB T > 7 — O i KAEE I HTE 1 1290kef & 970kgf
T, Hy/WHEIZ 4.3 £ 3.2 %0, AC-14 BIKEY > 7 —
D Hy/W 2 JISBIKE Y > ) —D Hy/WAEHDH) 2~ 3
fBECTholzZ L ERIUERER S, %72, EIEFoOH
AR AC-14 UK 7 > 7 — (ZerhE & 3240kg) %
LB REEH EE BB L) ¢, AC-14 B KRA T
> J — DOHEEE SR %0 JIS BIARH 7 > A — D HEEE IR EL
Oy 2 fEEHEREIND L OHmE D H D FEFEIZ», 1993).
L7285 T 2 DRI O W TS TE O EERR A KA 7
VH—WHEATE L EZONG, 51, RELICHYE
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Fig.8 The relationship between seabed and H,/W of three type anchors.
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W7 v — a0 —TREATI I EDOWEET V7
—u—7rORTERAENSMEE 55, FEE, EEE
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BERLIRZED VbR T WS (HA/INUAIR A RS,
1998). ZOARSERILETNIEE SR WRETY D
%,

X5z, SEIO/NLT > H —DEBRER AT 5720
I B KA O AC-14 BIgH<> DA RIS 0D L g T 0 EER
WLBETHLEEZ S,

Fiz, SRIOFEBFER, SIEROH L 0 b EEE 180
FAFs 2% 2 2354, WEHLLMIRE Tk AC-14 B »
NR—RAE LR TEEEZZT LI ENTEL LI 5E
ROFENBETHD, BELTIEDARGEEZN—Z L
TZEEEOKRE WV, NTUADENTHOBAENEE N
X9,

4. & ®

A, BAROEZ 2 3 FED/INL T > A — OHEE S %
ET DHEEDE S, SH#OEET L EEOKRE & OR%
UG 2 L83 TE 2, SRIOERTES h-fBR
Mo, BHMOHEE 2EWEROLEPORTE LD S TR
DEIHWk5,

1) WELCcofiR s, AC-14 B >DA B> JIS
BIGEDIE & 72 - 7248, AC-14 B & DA RS O #%h & 1%
EIZECTH 5.

2) RE L TOHR =1, DA B> AC-14 B> JIS
HOEE D, BELTIEDABFHOHEN L v, 7

38

BRObLRELTHNT 25 TEDARHN L W Lk
5.

3) BWRELTOHEE X, AC-14 g >DA B>
JISEGONE & 72 v, AC-14 g O #i%h & 23 DA Bl D
fEEhE L VES,

4) DA gL, WIRE LT AC-14 B & 0 BT830
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KefEowshs 2 H9 5.
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