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Model test research on bearing capacity characteristics
of underreamed ground anchor in sand
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2. China Jingye Engineering Corporation Limited, Beijing 100088, China;
3. College of Ocean Environment and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: The effects of size and embedment depth of underreamed ground anchor under vertical pullout on its bearing capacity
characteristics were researched through 25 model tests. The test results exhibited two different modes of underreamed ground anchor
depending on depth/diameter ratio, namely shallow and deep underreamed ground anchor. During pullout, the two type underreamed
ground anchors experienced several phases, such as soil elastic deformation, shear failure on normal anchor section-soil interface, soil
elastoplastic deformation phase and shear failure as well. And they manifested general shear failure and local shear failure. In
comparison between underreamed ground anchor and normal tension-type anchor, the test results indicated that in ultimate bearing
capacity, bearing capacity ratio and safety, underreamed ground anchor had substantial superiority in comparison with normal
tension-type anchor. In order to improve the bearing capacity, expanding diameter of underreamed section had more obvious
advantages. Furthermore, there was an optimal diameter of underreamed section by the bearing capacity ratio analysis. So it is highly
recommended to seek an optimal dimension of underreamed ground anchor to get more economic benefits in practice.

Key words: underreamed ground anchor; depth/diameter ratio; ultimate bearing capacity; bearing capacity ratio; sand
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Fig.1 Multiple anti-corrosion capsule-shaped
underreamed ground anchor(CJY-KT anchor)
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Fig.2 Model foundation preparation with sand rain
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Table 1 Physico-mechanical parameters of model foundation
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Table 2 Size of model underreamed anchor section
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P AR [ B
! - / mm / mm
1 100 100
2 100 80
3 100 60
4 100 40
5 100 20
6 150 60
7 200 60
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Fig.3 Model of underreamed ground anchors
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Fig.4 Model test system of underreamed ground anchor
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Fig.5 Photo of underreamed ground anchor model test
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Table 3 Model test programme of underreamed ground
anchors and normal tension-type anchors
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FEOBKEL BARD OMWH WK
/ mm / mm / mm H/D
1 100 100 1050 10.5 838
2 100 80 1050 13.1 556
3 100 60 1050 17.5 336
4 100 40 1050 26.3 181
5 100 20 1050 52.5 85
6 100 100 950 9.5 833
7 100 80 950 11.9 551
8 100 60 950 15.8 331
9 100 40 950 23.8 176
10 100 20 950 47.5 80
11 100 100 850 8.5 828
12 100 80 850 10.6 546
13 100 60 850 14.2 326
14 100 40 850 21.3 171
15 100 20 850 425 75
16 100 60 650 10.8 316
17 100 40 550 13.8 156
18 100 60 500 8.3 308
19 100 40 450 11.3 151
20 100 80 650 8.1 536
21 150 60 850 14.2 467
22 200 60 850 14.2 608
23 12 1050 119
24 8 1050 53
25 6 1050 30
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Fig.6 Part of Q-S/D curves of deep underreamed ground
anchors in model tests
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Fig.7 Q-S/D curves of shallow underreamed ground
anchor in model tests
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Fig.8 Typical O-S/D curve of deep underreamed ground
anchor in model test
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Fig.9 Typical O-S/D curve of shallow underreamed
ground anchor in model test
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Fig.10 O-S/D curves of tension-type anchor in model test
with 1 050 mm embedment
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Table 4 Ultimate bearing capacity and corresponding
displacement, bearing capacity ratio of anchors in model test
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R i N
Fey D AT i S, RV OV
O./N / mm /10°mm’ /(10 ° N/mm®)
1 10.5 2830 28.6 838 3.377
2 13.1 2390 283 556 4.299
3 17.5 1550 27.7 336 4.613
4 26.3 990 28.1 181 5.470
5 525 363 29.2 85 4270
6 9.5 2460 27.2 833 2.953
7 11.9 1 860 275 551 3.376
8 15.8 1340 26.8 331 4.048
9 23.8 820 27.7 176 4.659
10 475 283 26.2 80 3.538
11 8.5 2390 26.4 828 2.886
12 10.6 1650 243 546 3.022
13 142 1160 27.8 326 3.558
14 213 700 28.2 171 4.094
15 425 280 275 75 3.733
16 10.8 1030 26.5 316 3.228
17 13.8 490 27.8 156 3.077
18 8.3 625 273 308 2.045
19 113 340 27.4 151 2219
20 8.1 1270 28.1 536 2.369
21 142 1300 27.6 467 2.784
22 142 1 400 27.0 608 2.303
23 14 2.8 119 0.116
24 10 2.1 53 0.194
25 7 1.9 30 0.217
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Table 5 Effect of diameter of underreamed anchor secion
on ultimate bearing capacity (L=100 mm)

PRI B AN TR (mm) TR BR BRR B B e
/ (mm) 850 950 1050
20 1.00 1.00 1.00
40 2.73 2.90 2.50
60 4.27 4.73 4.14
80 6.58 6.57 5.89
100 7.80 8.69 8.54
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Table 6 Effect of embedment depth of underreamed
anchor on its ultimate bearing capacity (L=100 mm)

R N IFI A 8 B LA (mm) T B B AR 8 73 48 e 3

/ (mm) 20 40 60 80 100
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1050 1.30 1.41 1.37 1.45 1.18
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Fig.11 Curves of bearing capacity ratio versus volume
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