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Suggestion of Analytical Technique Applying Multi-Linear Models
for Analysis of Skin Shear Behavior of Tension-Type Ground Anchors
in Weathered Soil
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Abstract

The characteristics of the skin shear stress distribution for the fixed length of the ground anchor are extremely nonlinear
and the engineering mechanisms are complex relatively. So it is difficult to design the anchors simulating the actual
behavior by considering various soil conditions and nonlinear behavior. Due to these limits, constant skin shear stress
distributions for the whole fixed length of the ground anchor are usually assumed in the design for the sake of
convenience. In this study, to assess the pull-out behavior of the tension-type ground anchors, the in-situ pull-out tests
in weathered-soil conditions were carried out. Based on the test results, the skin shear behaviors for the fixed length
of tension-type ground anchors were established and the multi-linear slip shear model predicting this behavior and an
analytical technique applying this model were proposed. From the similarity between the results of the in-situ pull-out
tests and those of the analytical technique, the applicability and availability of the multi-linear slip shear model and
the proposed analytical technique were verified. The maximum shear stress was developed at the start point of the fixed
length acting with the smaller load than the maximum pull-out load but the minimum shear stress was developed at
the start point of the fixed length and the maximum shear stress was developed at the point apart from the start point

of the fixed length after the maximum pull-out load.
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Fig. 1. Schematic diagram tension-type ground anchors
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Table 1. Nominal dimension and physical properties of strand tendon for pull-out test

Tendon type Nominal diameter Nominal cross section Weight per unit length Yield tensile load per strand
P (mm) (mm?) (kN/m) (Pa, kPalea)
PC 7-wire strand 12.7 98.71 7.59x107° 156.0
Notes.1 : Standard for wire strand type refers to KS D 7002
Table 2. Dimension of test anchors for pull-out test
Test Strain gauge Number of PC7—strand Free length Fixed length Yield strength Ground condition of
condition | installed or not (ea) (Lo, m) (Py, kN) fixed zone
FT-1(S) Installed i
; 5 40 780.0 We_athered soil
FT—2(N) Not installed (N=22~50/18)
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(a) FT-1(S) & FT-2(N) test anchors

(b) Setup of test anchors

Fig. 8. Pullout test of tension type ground anchors
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Table 3. Values for

set up of multi-linear model with FT-1(S) and FT-2(N) test results

Shear stiffness and slip condition

Shear stiffness parameter

Ty

(kPa)

. (kPa) 5,

(mm) S (mm) m (MN/m?)

n (MN/m®)

h (MN/m?)

500

20 9.0 12.0 55.5

160.0

1.9

 kPa)

Interfacial shear stress(r

600

500

400

300

200

100

Step. 1 : Summarize the results of a field test

I Calculate axial stresses along the fixed length
® Calculate shear stresses along interface of the fixed length
@ Calculate a slip at the proximal end of the fixed length

@ And determine a P83 relationship diagram at the proximal end of the fixed length

'

Step. 2 : Parform analygses with consideration of each intarface condition

using multi-linear slip modal

@ Set input parameters @ Ty, Tr,8g1 B2

@ Calculate axial stresses at each point of the fixed length
@ Calculate shear stresses along interface of the fixed length
@ Calculate a slip at the proximal end of the fixed length

® And determine a P-83 relationship diagram at the proximal end of the fixed length

'

Step. 3 : Compare "results of step.1" with
if results of step.1 =~ results of step.2

"results of step.2"

Modify input parameters

NO YES

¥

Finalize a multi-linear slip model
with input parameters

Fig. 13. Flowchart for the implementation of the skin shear stress-slip model using pullout test results
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—Analytical solution

Pm=660kN
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Slip displacement at the proximal end (5, mm)
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Slip displacement, 8s (mm)
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Fig. 14. Slip-shear stress model of FT-1(S) and FT-2(N) anchors
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Fig. 15. Comparison between the experimental data and the
analytical approach of P-4, relationships : FT-1(S) &
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Fig. 16. Comparison between the experimental data and the
analytical approach of axial load distribution : FT-1(S)
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