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Comparative modelling of pull-out process of four different anchorages by
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Abstract: A small-scale physical modelling system is developed to study the pull-out mechanism of embedded soil nails based
on transparent soil and particle image velocimetry (PIV). Four types of soil anchorages, common cylindrical anchorage, hand
grenade shape anchorage, round bead string shape anchorage and Christmas-tree shape anchorage, are set in the experiment to
observe the soil displacement impact areas and load-displacement curve. Then the maximum uplift capacity and the failure
mechanism of soil anchorages are discussed. From the results, it is shown that before failure happens, all horizontal
displacements of soil anchorages are relatively small compared to vertical displacements, except for the hand grenade shape
anchorage. The vertical displacements of the round bead string shape anchorage and Christmas-tree shape anchorage have the
larger vertical displacement impact area, and both reach 6.0R. The profiled anchorage can effectively provide 66%~91% more
force than the normal cylinder anchorage, and the Christmas-tree shape anchorage has the largest uplift load. The anchorage
length and effective radius are directly related with the anchorage pull-out resistance. The maximum uplift capacity happens
between the pull-out starting and full failure of the soil-soil anchorage interface. When the soil-anchorage interface begins to
fail, failure first occurs at the top of soil anchorage, then develops to the bottom along the soil anchorage body. Take soil
anchorage type A for an example, when the failure develops 1/3 of its own length to its bottom, the uplift capacity reaches the
peak value.
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Table 1 Properties of Amorphous Silica Soil-Hi-Sil T600
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Fig. 1 Embedded soil anchorage and horizontal consolidation
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Fig. 2 Vertical consolidation of transparent soil sample
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Fig. 3 Plan view of experimental setup
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Fig. 4 Actual picture of physical model tests
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Fig. 5 Soil anchorages and plastic caps for tests
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Fig. 6 Displacement vectors around anchorage under pulling
process
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Fig. 8 Normalized soil displacement contours for anchorage
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Fig. 7 Normalized soil displacement contours for anchorage
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Fig. 9 Normalized soil displacement contours for anchorage Type C
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Table 2 Impact areas of different soil anchorages
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Fig. 10 Normalized soil displacement contours for anchorage
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Fig. 11 Uplift load-displacement curves of soil anchorages
4 FRESATAEWIIGT 8 - A AOE LT B, A
PLELIF I ZeE. A, BRI D BHZRAIRARL, 76 fup i 0é
BRI AR W g, 3k B E 5 L2 DU T e, AR
B - ARSI B R Y A B R . C LA
AT VU 7E 3 3 WA A S AR Ay G TR 22, AE AT 38K -

P A% i 2 I L U B i PP 22 . B ARUBATAE 2
AR R R N R O — B RS, 2, X
FE T B RBEFFHE B <R B RIAFEAE. AT
BOEPNEAE I, BFTA [ I OT A6 B W k. DR EEAT
RIS fif BB KA 9 D BUAHAT, e/ ME Y A TR FT
MITE BIBIR I (8] B A0 C BUEAT, FRAE IOy B 2
HidF, BARGERWEK 3. MIFTAE Lk B — R R
AR A SE SRR P A A T B, AT bR
- RLR HIZR IR 11 AT, BRI BOR 5 B iR B
BTN T MEEE, BT R A ik
i, i DUl (EAE E JE AR SR -
* 3 BT RA EHREHE S IR 8]

Table 3 Maximum uplift loads and failure time of different soil
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