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Parameter Symbol Parameter
(unit) Value
Grouted nails and concrete face wall
Materials model - Elastic
Yield strength of nails f, (Mpa) 415
Elastic modulus of nails | E, (Gpa) 200
Elastic modulus of grout | Ej (Gpa) 2
(concrete)
Diameter of steel nails d (mm) 20
Diameter of grout hole in
the excavgtion wall Don(mm) 100
Length of nails L (m) 7
Inclination angle of nails
along the horizontal i (deg) 15
direction
Vertical (in-plane) and SxS
horizontal (out-of-plane) v 11
distances of nails (mxm)
Thickness of reinforced
concrete face wall of t (mm) 200
excavation
Grout unit weight (kN);Cm3) 25
Poisson ratio of grout and Ve () 015
face wall concrete

Table 1. General properties of excavation wall reinforcement by
nailing method [28].
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Parameter Soil constitutive models
Symbol
(unit) (HSS) | (HS) | (MC)

Cohesion ¢ (kN/m°) 10 10 10
Friction angle ¢ (deg) 275 275 275
Dilation angle v (deg) 0 0 0
Unit weight of y (KN/m®) 19 19 19
materials
Soil elastic modulus |  E (kN/m?) - - 30000
Secant stiffness Eso@(kN/mz) 20000 | 20000 -
Tangent stiffness Eoed (KN/m?) | 20000 | 20000 | -
Stiffness in E. (kN/m? | 60000 | 60000 -
unloading/reloading
Reference shear Go®'(kN/m?) | 75000 - -
modulus (maximum
or initial values)
Reference stress for | prer (KN/M°) 100 100 100
extracting stiffness
values
Shear strain at Yo7 0.0001 - -
which G.=0.7G,.
Poisson ratio \ 0.2 0.2 0.3
Power for m 0.5 0.5 -
dependency of
stress level on the
soil stiffness

Table 2. Selected strength and stiffness parameters for constitutive
models describing excavation soil [30].
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Fig. 1. Presentation of scaled geometry of excavation including
FE meshing and reinforcement conditions of excavation.
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Parameter Symbol Parameter
(unit) value in the
models
SSC SS
Cohesion c 10 10
(KN/m?)
Friction angle ¢ (deg) 275 | 2715
Dilation angle v (deg) 0 0
Modified swelling index (non- K 0.02 0.02
dimensional)
Modified compression N 0.1 0.1
(compaction) index
Modified creep (secondary W 0.005 -
compression or compaction)
index (non-dimensional)
Poisson ratio for unloading- Vy () 0.15 0.15
reloading
Stress ratio in normal Ko'© 0.678 | 0538
consolidation state
Parameter related to at rest M () 1.096 | 1474
normal consolidation
coefficient

Table 3. Soft soil and soft soil creep constitutive models in the
modeling of the staged excavation [31].
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Fig. 3. Lateral displacement of the top of the excavation wall in
the consolidation analysis including: accumulated phasic
displacement (CAPD) and incremental phasic displacement
(CIPD) in the soft soil, SS and SSC constitutive models.
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CAPD 001 day CAPD
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SSC mosel
CAPD =108

Fig. 2., Hor‘izontal diéplacemehf cdnt.oﬂrsAin. aécﬂrﬁhlatebd state
for example in: (a) consolidation analysis with phase time 0.01
day; (b) consolidation analysis with phase time 0.1 day; (c)
consolidation analysis with phase time 1.0 day; (d) undrained
plastic analysis with phase time 1.0 day.
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Fig. 6. Results of heave or excavation base settlement in the Fig. 5. Results of drained and undrained staged (phasic) plastic
consolidation drained analyses for states: consolidation analyses for excavation wall in states: (a) accumulated phasic
accumulated phasic displacement (CAPD) in the form of (Uy): displacement; (b_) and incremental ph_asq: displacement in the
consolidation incremental phasic displacement (CIPD) in the soft soil, SS and SSC constitutive models.

form of (dUy).
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Fig. 7. Results of heave or excavation base settlement in the plastic
and consolidation drained analyses for states: (a) accumulated phasic
displacement (Uy); (b) incremental phasic displacement (dUy).
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Fig. 8. Results of heave or excavation base settlement in the drained
and undrained plastic analyses for states: (a) accumulated phasic
displacement (Uy); (b) incremental phasic displacement (dUy).
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Fig. 10. Absolute value of the relative differences percentage
between accumulated results of the plastic and consolidation
analyses for base of excavation.
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Fig. 13. Comparison of analyses of excavation deformations in the

dry and saturated soils: (a) horizontal displacement of the top of the
wall; (b) vertical displacement of the excavation base.
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Abstract:
Behavior of braced excavation in a cohesive-frictional soil has been evaluated by present paper. Two groups distinct
analyses based on plastic calculations and consolidation calculations were implemented by considering time
intervals of staged excavation. In order to investigation of time effect and pore water pressure impact on the staged
excavation phases, numerical modeling has been conducted by help of consolidation and plastic analyses. In major
of former analysis and before present study numerical analyses of staged excavation procedure have selected without
considering the effect of time and in form of plastic analyses, while pore water pressures were also ignored. In this,
paper thereto the time effect other effects such as length of time interval, kind of analysis depending on drainage
conditions, constitutive modeling for soil and location of ground water table were considered. Two dimensional
finite element analyses in PLAXIS 2D software are the basis of the numerical calculations of present study.
Excavation bracing selected as a kind of concrete facing wall and grouted soil nailing. The results of this research
show that the values of excavation wall lateral displacement and soil heave in bottom of the excavation in
consolidation analysis by considering time effect in comparison with plastic analysis often reduced approximately
20%.
It seems that effect of time and staged excavation just with implementation of numerical deflection analysis
depending on the time such as consolidation analysis with creep models can be evaluated and these conditions in
plastic numerical analysis with staged excavation without creep (time-depended) models is meaningless. Soft soil
creep model (i.e. SSC model) for considering time effect in plastic and consolidation analyses has been used by
authors. The results of present paper show that neither consideration of analyses that consider time interval nor
analysis such as consolidation analysis that considers time are not adequate, but soil constitutive model that defines
the material behavior must be contains time and also in their mathematic equations structure parameters such as
time, strain rate and stress rate that vary with time must be taken into account. Present paper analyses show that
consolidation analysis by considering time effect obtain less wall deflections by comparison with plastic analyses.
However, from present study outcomes can conclude that the plastic analyses also by considering constitutive model
that contain time can take into account time effects in stress-strain calculations. On the other hand, responses of
plastic analyses by comparison with consolidation analyses always are preservative and show more values.
Therefore, in structural designing of bracing of an excavation, reliance on results obtained from plastic analysis is
preservative and real values of time-dependent deflections of wall and bottom of excavation via consolidation
analyses are obtainable. This paper has recommended that both plastic and consolidation analyses for designing of
braced cut were considered by engineers and optimum system between those according to the economically
advantages and disadvantages be selected. Because, occasionally reliance on plastic preservative analyses lead to
imposition of high values of design and construction costs on a certain project that is revealed by implementation of
consolidation analyses that those are not necessary. At the end of the paper, verifications and comparisons are
related to the topic of present study have been carried out by authors and the obtained results have been compared
with together and then are investigated with the obtained results by present study.

Keywords: Braced Excavation, Plastic and Consolidation Analyses, Staged Excavation, Time Interval, Pore Water
Pressure, 2D FEM.
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