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Friction Angle on the Surface of Vertical Ground Anchor in Sand
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Abstract

In this study, friction angles on the surface of vertical rigid ground anchor in normally
consolidated dry sand were measured by model pullout tests in laboratory. Friction angles
were obtained from the normal and shear stresses measured along depth of the anchor sur-
face by attaching several 2 —dimensional load cells.

Model tests were conducted under the plane strain state and axial symmetric state.
From the results of tests, it was concluded that the maximum friction angle on the anchor
surface coincides nearly with the maximum angle of stress obliquity on the plane of
zero —extension direction obtained by plane strain compression test. This result was made
with regard to the strength anisotropy and stress dependency of sand. It showed that
when angle of shear resistance of the sand is applied to the friction angle of the anchor
surface, the design capacity could be less than the applied force, thus making the anchor

unsafe.
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(a) AY AP2-4
Zolu], z2/H wu(degree) | oy(kgf/cm?) | w(degree) | #,.(degree) b ¢l degree)
0.33 45.2 0.006 56,1 499 47.9 42.8
0.43 44.6 0.013 55.8 49.5 47.8 42.8
053 446 0,009 55.7 49.3 47.8 42.8
0.63 43.1 0.011 554 49.0 478 42.7
0.73 42.9 0.010 54.7 48.0 477 . 426
0.83 43.1 0.009 a5.1 48.6 47.7 427
35k 43.9 - 55.5 49.1 47.8 427
(b} A1¥ APPI7
zZlsjw], z/H u{degree) | os(kgf/em?) | w(degree) | 4,.(degree) &os dap(degree)
0.17 433 0.006 55.0 484 47.4 42.4
0.28 45.5 0.009 6.9 51.0 47.7 42.6
0.38 43.6 0.013 544 47.6 47.4 42.3
0.49 46.0 0.014 56.6 50.7 47.7 42.6
(.60 42.4 0.015 o4.2 47.3 47.3 42.3
0.71 45.0 .018 56.5 50.6 47.6 42.6
0.82 41.1 0,018 52.6 43.0 47.1 42.0
o Fgk 43.8 = 55.2 48.7 475 42.4
(c) 4% APP1Z
Zeolw], z/H widegree) | o3(kgf/cm?) | w(degree} | @,.(degree) Bos | gz(degree)
0.16 41.0 0.019 53.3 46.0 48.4 43.3
0.27 44.1 0.032 50.5 49.1 48.7 43.7
0.38 44.0 0.028 55.4 49.0 48.7 43.6
0.49 46.5 0.025 57.2 514 48.9 439
0.60 46.3 0.027 57.1 514 48.9 43.9
0.71 457 0.028 56.6 50.7 489 43.8
0.82 45,5 0.017 56.6 50.6 489 43.8
Bt 44.7 - 56.0 445.7 48.8 43.7
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(d) 44 APPY

Zeln], z/H pldegree} | ou{kgf/cm?) | w(degree) | @,.(degree) By ¢ze(degree)
0.38 414 0.053 528 452 46.8 41.8
0.49 43.6 0.047 95.1 48.6 47.2 42.1
0.60 447 0.040 56.1 50.0 47.3 42.3
0.71 40.7 0.043 52.9 454 46.9 41.8
0.82 414 0.031 53.5 46.2 46,9 41.9

oot 424 - 54.1 47.1 47.0 42.0
(e} ¥ APPS

Zlolw), z/H uldegree) | aylkgf/cm?) | ew{degree) | ¢,.(degree) Bes #zx(degree)
0.38 42.1 (0080 54.1 47.1 47.1 42.1
0.49 41.9 0,088 53.6 46.4 47.1 42.0
0.60 42.5 0.072 54.7 479 47.2 42.2
0.71 38.7 0.067 22.0 44.1 46.8 41.8
0.82 39.4 (0.056 ol 42.7 46.7 41.6

ot 40.9 — 53.1 456 47.0 41.9
(f) A4 APP1O

Zloln], z/H pldegree) | ai(kgf/cm?) | m(degree) | #,.(degree) Bos #ze(degree)
0.16 41.7 1.056 1.6 43.4 468 41.8
0.27 414 0.094 53.6 46.4 47.1 42.1
0.38 41.7 0,095 53.7 46.6 47.1 42.1
049 42.1 0.100 54.2 473 47.2 42.2
(.60 42.6 0.077 54.6 478 47.3 42.2
0.71 444 0.061 0.7 494 474 42.4
0.82 40.5 (0.056 51.6 43.5 46.8 41.8

PE 421 ~ 536 46.3 471 421
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ATTI10 59 1.587 0.664 84.03 0.285 491.75

ATT 5 59 1.581 (.672 81.99 0.997 1258.56
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(a) 49 ATTIO

Zelnl, z/H uldegree} | ailkgf/em?) | widegree) | #y.{degree) Bos #z:{degree)
0.25 45.1 0.067 56.2 50.2 47.4 42.4
0.33 42.8 0.082 54.7 479 47.2 422
0.42 44.8 0.034 26.1 50.0 474 42.4
0.50 456 0.031 56,4 90.3 47.5 42.4
(.58 439 0.032 55.5 49,1 47.3 42.3
0.67 43.8 0.029 55.2 48.7 47.3 42.2
0.75 44.9 0.025 56.1 50.0 474 424
0.84 452 0.022 56.1 50.0 474 424
0.92 414 0.053 53b 464 47.1 42.0
gk 44.2 - 35.5 49,1 47.3 42.3
(b) 44 ATTS
geold, z/H pl{degree) | oi{kgf/cm?) | w(degree) | ¢,.{degree) Bes ¢z:(degree)
0.25 359 0.282 49.8 40.8 46.0 41.0
0.33 34.5 0.174 48.9 39.3 45.9 40.9
042 335 0.164 48.2 38.3 45.8 40.7
0.50 36.0 0.138 49.8 40.8 46.0 41.0
.58 35.0 0.133 49.3 40.0 46.0 40.9
0.67 371 0.108 50.6 42.0 46.2 4L.1
0.75 37.8 0.200 5Hl.2 42.8 46.3 41.2
0.84 40.1 0.153 52.7 45.2 46.5 414
0.92 40.4 0.084 928 45.3 46,5 41.5
3]t 36.7 - 49.9 41.6 46.1 41.0
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