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Applicability Study of Pull-out Strength Calculation Formula
to Cast-in-Place Anchors for Mooring Post by 3D FEM Analysis
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SASAKI Hirokazu***
HIRATA Yuma***

Synopsis

Against the background of a recent increase in the size of vessels calling at ports, downsizing of
the head of moorings posts has been studied to improve the efficiency of line-handling work. On the
other hand, an increase in ship traction force due to the increased size of ships also affects the size
of anchors when installing a mooring post. Considering the workability of an anchor, it is desirable
that the anchor of the mooring post be as small as possible.

The standard length of anchor bolts for a mooring post is set based on the pull-out strength
formula assuming that the concrete will break cylindrically when anchors are pulled out. However,
in other typical design guidelines, a pull-out strength formula assuming a cone-shaped fracture is
presented as the fracture form. Therefore, confirmation that the fracture form when the anchors of
mooring posts are pulled out is cone shaped will be helpful in proposing a design method for
downsizing the anchors of mooring posts.

In this paper, the authors conducted a reproduction analysis of an anchor-pulling experiment
using 3D FEM based on the results of previous experiments and investigated the applicability of the
strength-calculation formula used to calculate the pull-out failure form for cast-in-place anchor
strength. In addition, the results of the previous anchor pull-out experiment were referenced, the
actual pull-out bearing strength was estimated by the Bayes prediction interval, and a partial
coefficient for the anchor pull-out strength formula was set as a trial.

As a result, it was validated that the pull-out fracture form of the anchors of a mooring post for
concrete is not the cylindrical fracture assumed in the design of conventional anchor bolts, but the
conical fracture form. In addition, the anchor pull-out strength based on the results of the 3D FEM
analysis was equivalent to the calculation result based on the pull-out strength formula proposed by

the Architectural Institute of Japan when the anchor for the mooring post was installed vertically..
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T8 B BREDT7 > h—5HREERICKH T HINEXM—E

AFEB-4. 1 DERIC BT o TUE, i 7 v I — OB ERFHER B WE SN T D CEREINE L, Y% Cikn s =
— R AR U &R LA, B K OVERSMO K U TSRS O R Z A L2031k /12 10kN % L [A]
DREREHA W, LLFOfR B-1,2 12, CHOIERE R L/ O N EMMEEEZ R~ B-4.1 OfERICB W TE, LUFo
TR BICEIT 5D TREZLIEEIIRIT 281K 1) OB, [THRAWE Pmax) OEEHEHIZT 2> b LTW5.
B, ROOEBSNETF—ZI1L, ERCOWERENR o —  BE TR -7 b0, E7-ITRE2AEOR L2
A L7ZBEOBHLT /3 IOKN L F Db D TH Y, AfEE-4.1 DIERICH W ho 27— 2 Th D, £HTOHE I, U
TOSEBEXME R EAEHESETWDE. £, TUr 7 —HRAMICBWNT, MIZEKE, o IZ68%, DIISIMRERT.

fF3& B-1 el 7 o — 7 KO 53 EBGKE R B 2 BB (1)

aAvoU—t Trh-HE BATE EEEY HARXT Y ByEEES 27 U-—b EREPE _ .
. " . BARle . _ - - P ]

X#tNo.  EfEEEFC d(#s) Pmax BREERE BEER), DRL)  BH H—E /rd Ac BIsRMEE 0, (C& BBIKRMH o
N/mm? mm mm kN mm mm? mm? N/mm? kN B

B-1 235 M 12 120 76.49 21— RIEE 19.6 17 8 1440 51647.8 1.50 77.65 [2-1

B-1 235 M 12 120 83.35 S BT 19.6 17 8 1440 51647.8 1.50 77.65
B-1 235 M 16 160 93.16 —REE 25.4 22 11 2560 91483.2 1.50 137.54

B-1 235 M 16 160 106.89 o —»TEEE 25.4 22 11 2560 91483.2 1.50 137.54 -1
B-2 24.9 ¢ 9 10 314 —rREE R 24 10 90 1068.1 156 1.65 *-1
B-2 24.9 ¢ 9 15 3.53 I— AR R 24 10 135 1837.8 1.55 2.84 *-1
B-2 24.9 ¢ 9 34 10.30 31— AUEIE R 24 10 306 6195.2 156 9.58 *-1
B-2 24.9 ¢ 9 34 10.49 —RIEHE R 24 10 306 6195.2 1.55 9.58 *-1
B-2 24.9 ¢ 9 30 10.10 31— AUEE R 24 10 270 5089.4 1.55 7.87 *-1
B-2 249 ¢ 9 49 22,55 O — AR R 24 10 441 11237.5 1.55 17.38 -1
B-2 24.9 ¢ 9 52 2113 - REE R 24 10 468 12415.6 1.55 19.20 *-1
B-2 24.9 ¢ 9 51 20.20 O—RIEHE R 24 10 459 12016.6 1.55 18.59 *-1
B-2 24.9 ¢ 9 70 24.52 SRERRRMT R 24 10 (630) 20671.7 1.55 31.97 *-1
B-2 24.9 ¢ 9 72 25.10 SRR AT R 24 10 (648) 21714.7 1.55 33.58 -1
B-2 19.7 ¢ 9 27 7.21 o—REE R 24 10 243 4326.0 1.38 5195) -1
B-2 19.7 ¢ 9 29 8.34 I— AR R 24 10 261 4828.6 1.38 6.64 *-1
B-2 19.7 ¢ 9 27 6.52 I—EIEE R 24 10 243 4326.0 1.38 5195 *-1
B-2 19.7 ¢ 9 50 16.96 11— AR R 24 10 450 11623.9 1.38 15.99 *-1
B-2 19.7 ¢ 9 49 18.34 O— > EUEHE R 24 10 441 11237.5 1.38 15.46 -1
B-2 19.7 ¢ 9 47 17.65 —RIE R 24 10 423 10483.5 1.38 14.42 -1
B-2 24.9 ¢ 9 30 9.90 I—EEE R 24 10 270 5089.4 1.55 7.87 -1
B-2 24.9 ¢ 9 30 1172 - RIEE R 24 10 270 5089.4 1.55 7.87 *-1
B-2 24.9 ¢ 9 70 25.40 S BT R 24 10 630 20671.7 1.55 31.97 *-1
B-2 24.9 D 10 30 9.02 11— AEE R 24 10 300 5089.4 1.55 7.87 *-1
B-2 24.9 D 10 32 10.84 —REEE R 24 10 320 5629.7 1.55 8.71 -1
B-2 24.9 D 10 30 8.14 I—AUEE R 24 10 300 5089.4 156 7.87 *-1
B-2 249 D 10 70 38.98 SR BT R 24 10 700 20671.7 1.55 31.97 *-1
B-2 24.9 ¢ 13 31 10.98 I— > AUEIE R 24 10 403 5356.4 L5 8.28 *-1
B-2 24.9 ¢ 13 32 9.56 I—AUEIE R 24 10 416 5629.7 1.55 8.71 *-1
B-2 24.9 ¢ 13 31 7.94 I— AR R 24 10 403 5356.4 156 8.28 *-1
B-2 24.9 ¢ 13 70 38.64 O—EEE R 24 10 910 20671.7 1.55 31.97 -1
B-2 24.9 ¢ 13 70 39.13 a—rREEE R 24 10 910 20671.7 1.55 31.97 *-1
B-2 24.9 ¢ 13 70 31.87 a—REIE R 24 10 910 20671.7 1.55 31.97 -1
B-2 24.9 D13 32 9.61 o— AR R 24 10 416 5629.7 1.55 8.71 *-1
B-2 24.9 D 13 32 9.41 —EUEIR R 24 10 416 5629.7 1.55 8.71 *-1
B-2 24.9 D13 70 3432 - REEE R 24 10 910 20671.7 1.55 31.97 *-1
B-2 24.9 D13 70 36.53 01— REHE R 24 10 910 20671.7 1.55 31.97 -1
B-2 24.9 D13 70 36.77 —REEE R 24 10 910 20671.7 1.55 31.97 *-1
B-2 21.0 ¢ 9 275 9.17 11— AR L 32 4.5 2475 5140.4 1.42 7.30 -1
B-2 21.0 ¢ 9 30 9.41 o— RIEHE L 32 4.5 270 5843.4 1.42 8.30 -1
B-2 21.0 ¢ 9 29.5 9.41 1—RIER L 32 4.5 265.5 5699.6 1.42 8.09 -1
B-2 21.0 ¢ 9 50 18.73 O— > EUEHE L 32 4.5 450 12880.5 1.42 18.29 -1
B-2 21.0 ¢ 9 52 18.88 11— RURIE L 32 4.5 468 13722.5 1.42 19.48 -1
B-2 21.0 ¢ 9 48 17.70 23— EEsE L 32 4.5 432 12063.7 1.42 17.13 -1
B-2 21.0 ¢ 9 30 1054 —>RIEE L 32 6.5 270 5843.4 1.42 8.30 *-1
B-2 21.0 ¢ 9 Bl 9.56 I—EIEIE L B2 6.5 279 6135.5 1.42 8.71 *-1
B-2 21.0 ¢ 9 29 8.19 I—AUEE L 32 6.5 261 5557.5 1.42 7.89 -1
B-2 21.0 ¢ 9 48 18.68 O — > EEHE L 32 6.5 432 12063.7 1.42 17.13 -1
B-2 21.0 ¢ 9 47 17.41 31— REE L 32 6.5 423 11664.7 1.42 16.56 *-1
B-2 21.0 ¢ 9 47 16.92 a—REIE L 32 6.5 423 11664.7 1.42 16.56 *-1
B-2 23.7 ¢ 13 10 1.47 23— RIEgE R 20 10 130 942.5 151, 1.42 *-1
B-2 23.7 ¢ 13 10 0.98 I—AUEE R 20 10 130 942.5 1.51 1.42 *-1
B-2 23.7 ¢ 13 30 8.34 11— AR R 20 10 390 4712.4 1.51 7.11 *-1
B-2 23.7 ¢ 13 30 9.76 11— AUEIE R 20 10 390 4712.4 1.51 7.11 *-1
B-2 23.7 ¢ 13 30 8.48 11— AUEE R 20 10 390 4712.4 1.51 7.11 *-1
B-2 23.7 ¢ 13 50 21.48 22— RIEE R 20 10 650 10995.6 1.51 16.60 *-1
B-2 23.7 ¢ 13 50 20.59 O—REEE R 20 10 650 10995.6 1.51 16.60 *-1
B-2 23.7 ¢ 13 50 1829 a—RIEE R 20 10 650 10995.6 1.51 16.60 *-1
B-2 23.7 ¢ 13 70 40.60 o—HEEGE R 20 10 910 19792.0 1.51 29.88 *-1
B-2 23.7 ¢ 13 70 39.86 O—RIEHE R 20 10 910 19792.0 1.51 29.88 *-1
B-2 23.7 ¢ 13 70 38.59 O—EEHE R 20 10 910 19792.0 1.51 29.88 -1
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fF3& B-2 el 7 = KO 5 ERRKE R B 5 B EL(2)

Ay -k TUh—HE EAEle BATE EHEEY HWARXTY EYEEESE v U—b  BESAEH .
XEkNo.  FEMEREFC d(#fE) Pmax BRI BER)., BRL) Ex H—F [ Ac BlREE 0,  (CL BBIRAAN otg
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B-2 23.7 ¢ 13 10 2.92 00— AUEgER R 24 10 130 1068.1 1.51 1.61 *-1
B-2 23.7 ¢ 13 10 1.81 2 — > REEE R 24 10 130 1068.1 1.51 1.61 -1
B-2 23.7 ¢ 13 10 2.30 o— > BEiE R 24 10 130 1068.1 1.51 1.61 -1
B-2 23.7 ¢ 13 30 7.89 00— AUEgER R 24 10 390 5089.4 1.51 7.68 &-1
B-2 23.7 ¢ 13 30 9.12 o — > RIFgiE R 24 10 390 5089.4 1.51 7.68 -1
B-2 23.7 ¢ 13 30 8.43 O — > RIFgIE R 24 10 390 5089.4 1.51 7.68 %=-1
B-2 23.7 ¢ 13 50 18.68 0 — A R 24 10 650 11623.9 1.51 17.55 -1
B-2 23.7 ¢ 13 50 19.56 0 — > AEkiE R 24 10 650 11623.9 1.51 17.55 #*-1
B-2 23.7 ¢ 13 50 18.63 0 — > EIRgiE R 24 10 650 11623.9 1.51 17.55 *-1
B-2 23.7 ¢ 13 70 33.93 a—AIEE R 24 10 910 20671.7 1.51 31.21 *-1
B-2 23.7 ¢ 13 70 39.96 10— EIEE R 24 10 910 20671.7 1.51 31.21 *-1
B-2 23.7 ¢ 13 70 38.24 01— REEE R 24 10 910 20671.7 1.51 31.21 %*-1
B-2 23.7 ¢ 13 10 3.97 o— v RImE R 30 10 130 1256.6 1.51 1.90 #=-1
B-2 23.7 ¢ 13 10 3.09 O— > AUEKER R 30 10 130 1256.6 1.51 1.90 &-1
B-2 23.7 ¢ 13 10 5.10 30— > RFkiE R 30 10 130 1256.6 1.51 1.90 -1
B-2 23.7 ¢ 13 30 11.47 2 — > BIFiE R 30 10 390 5654.9 1.51 8.54 #=-1
B-2 23.7 ¢ 13 30 12.21 o— > RIRgE R 30 10 390 5654.9 1.51 8.54 #=-1
B-2 23.7 ¢ 13 30 10.39 o — > EEgEE R 30 10 390 5654.9 1.51 8.54 %*-1
B-2 23.7 ¢ 13 50 20.98 a0 — > BIAIE R 30 10 650 12566.4 1.51 18.97 -1
B-2 23.7 ¢ 13 50 22.01 20— BIEE R 30 10 650 12566.4 1.51 18.97 *-1
B-2 23.7 ¢ 13 50 19.61 20— > A= R 30 10 650 12566.4 151 18.97 #*-1
B-2 23.7 ¢ 13 70 38.24 a—RIEE R 30 10 910 21991.1 1.51 33.20 %*-1
B-2 23.7 ¢ 13 70 35.99 01— RIngiE R 30 10 910 21991.1 1.51 33.20 *-1
B-2 23.7 ¢ 13 70 35.30 O — > EEE R 30 10 910 21991.1 1.51 33.20 *-1
B-2 23.7 ¢ 13 10 4.27 02— REgE R 37 10 130 1476.5 1.51 2.23 -1
B-2 23.7 ¢ 13 10 3.82 O— v RIRE R 37 10 130 1476.5 1.51 223 #=-1
B-2 23.7 ¢ 13 10 6.28 0— > RIFHE R 37 10 130 1476.5 1.51 2.23 &-1
B-2 23.7 ¢ 13 30 12.60 2 — > A= R 37 10 390 6314.6 1.51 9.53 *-1
B-2 23.7 ¢ 13 30 17.31 0 — > RIFiE R 37 10 390 6314.6 1.51 9.5 %=-1
B-2 23.7 ¢ 13 30 12.26 0 — > Bl R 37 10 390 6314.6 i@l 158} -1
B-2 23.7 ¢ 13 50 28.93 a—EEE R 37 10 650 13665.9 151 20.63 #*-1
B-2 23.7 ¢ 13 50 27.46 01— BIE R 37 10 650 13665.9 1.51 20.63 *-1
B-2 23.7 ¢ 13 50 25.64 01— RIEEE R 37 10 650 13665.9 1.51 20.63 *-1
B-2 23.7 ¢ 13 70 36.97 21— v EHEE R 37 10 910 23530.5 1.51 35.52 *-1
B-2 23.7 ¢ 13 70 36.28 11— AEEE R 37 10 910 23530.5 1.51 35.52 *-1
B-2 23.7 ¢ 13 70 36.14 21— RIngiE R 37 10 910 23530.5 1.51 35.562 -1
B-2 23.7 ¢ 13 10 6.86 0 — > AURKER R 47 10 130 1790.7 1.51 2.70 -1
B-2 23.7 ¢ 13 10 10.05 o — > A= R 47 10 130 1790.7 1.51 2.70 -1
B-2 23.7 ¢ 13 10 10.88 01— > AUz R 47 10 130 1790.7 1.51 2.70 %=-1
B-2 23.7 ¢ 13 30 17.11 o — > RRE R 47 10 390 7257.1 1.51 10.96 *-1
B-2 23.7 ¢ 13 30 15.49 0— > BIRgE R 47 10 390 7257.1 1.51 10.96 #*-1
B-2 23.7 ¢ 13 30 16.67 00— BIRgiE R 47 10 390 7257.1 1.51 10.96 *-1
B-2 23.7 ¢ 13 50 34.66 02— RIpkiE R 47 10 650 15236.7 1.51 23.00 #=-1
B-2 23.7 ¢ 13 50 34.08 O — > EE R 47 10 650 15236.7 151 23.00 *-1
B-2 23.7 ¢ 13 70 43.05 0 — > RIRE R 47 10 910 25729.6 1.51 38.84 %*-1
B-2 23.7 ¢ 13 70 39.91 a— > RIngiE R 47 10 910 25729.6 1.51 38.84
B-2 23.7 ¢ 13 70 45.74 21— RIEGE R 47 10 910 25729.6 1.51 38.84
B-3 22.1 ¢ 19 80 39.22 a—RIEGE R 35 12 1520 28902.7 1.46 42.07
B-3 22.1 ¢ 19 80 47.07 2 — > RngiE R 35 12 1520 28902.7 1.46 42.07
B-3 22.1 ¢ 19 100 59.82 O — RURiE R 35 12 1900 424115 1.46 61.74
B-3 22.1 ¢ 19 100 78.45 10— EIEGIE R 35 12 1900 424115 1.46 61.74
B-3 22.1 ¢ 19 120 88.25 01— RUAYiE R 35 12 2280 58433.6 1.46 85.06
B-3 22.1 ¢ 19 120 90.22 2 — > RIgkiE R 35 12 2280 58433.6 1.46 85.06
B-3 221 ¢ 19 160 137.28 0 — > EIRgE R 35 12 3040 98017.7 1.46 142.68
B-3 22.1 ¢ 19 160 139.25 SkAHEZHT R 35 12 3040 98017.7 1.46 142.68
B-3 22.1 ¢ 19 80 43.15 21— RIngiE R 35 12 1520 28902.7 1.46 42.07
B-3 221 ¢ 19 80 50.99 O — > EEE R 35 12 1520 28902.7 1.46 42.07
B-3 22.1 ¢ 19 100 65.70 O — > BUAIE R 35 12 1900 424115 1.46 61.74
B-3 22.1 ¢ 19 100 67.66 10— RIngiE R 35 12 1900 424115 1.46 61.74
B-3 17.6 ¢ 19 100 48.54 10— RIIE R 35 12 1900 424115 1.30 55.22
B-3 17.6 ¢ 19 100 54.91 01— RIEE R 35 12 1900 424115 1.30 55.22
B-3 29.4 ¢ 19 100 83.35 01— BUAIE R 35 12 1900 424115 1.68 71.29
B-3 29.4 ¢ 19 100 84.33 0 —RIpIE R 35 12 1900 424115 1.68 71.29
B-4 18.3 ¢ 19 120 76.49 O — > EEHE R 32 12 2280 57302.7 1.33 76.04
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