Long-Term Performance of Geostructural
Support System Under Cycling Load Conditions
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ABSTRACT

Geo-structural elements are widely used to support complex loading conditions associated with infrastructure projects,
including the stabilization of existing historic structures, reinforcement of foundations, load transfer within structural
systems, and support of deep excavations. Their performance is governed by the nature of the applied loads and the
mechanical properties of the surrounding soil and rock. When such systems are designed for a prolonged service life, the
interaction between loading characteristics and ground response becomes increasingly complex.

This paper highlights the critical importance of accounting for loading type when evaluating the performance of a geo-
structural system designed to support the fagade of a historic structure undergoing major architectural remodeling over an
anticipated service life of ten years. The behavior of the geo-structural system is assessed using two-dimensional finite
element analysis. The analytical evaluation highlights the significance of loading type—particularly wind-induced cyclic
loading and construction-related loading—on long-term system performance, especially when considering progressive
strength softening in soil and rock and the degradation of bond strength at material interfaces over time. Accordingly,
coupling analytical design with in situ performance monitoring becomes an essential basis for engineering judgment and
risk assessment

RESUME

Les systémes géo-structurels sont largement utilisés pour soutenir les excavations profondes et stabiliser les structures
patrimoniales en milieu urbain. Lorsque ces systémes demeurent en service pendant plusieurs années, les effets des
chargements cycliques et de I'interaction sol-structure deviennent des considérations importantes pour I'évaluation de leur
performance a long terme. Le présent article présente I'évaluation géotechnique d’un systeme de rétention de fagade
supporté par micropieux et tirants d’ancrage dans un massif rocheux fracturé. Une série d’analyses bidimensionnelles par
éléments finis a été réalisée afin d’évaluer le comportement du systeme sous chargements statiques, sismiques et
cycliques induits par le vent.

Les résultats montrent que les chargements cycliques peuvent entrainer une mobilisation progressive des zones d’ancrage
et des déformations localisées dans le massif rocheux entourant les tirants. L'étude met également en évidence
limportance du suivi des performances in situ et de 'instrumentation pour confirmer le comportement a long terme du
systéeme et appuyer la gestion des risques associés aux travaux de rétention de fagade de longue durée.

1 INTRODUCTION
1.1 General

This paper presents the geotechnical assessment of a
fagade retention system for a heritage building in Ottawa,
where the existing structure will be demolished and

In many Canadian city centres, aging facades are
preserved to maintain the architectural and historical
character of the streetscape, while the original structure
behind the fagade is replaced with a new development
incorporating multiple underground levels. Deep urban
excavations adjacent to heritage buildings present unique
geotechnical challenges, particularly when demolition and
reconstruction activities must proceed while maintaining
the stability of isolated fagades. The structural and
foundation systems required to support these retained
facades commonly involve deep foundations designed to
resist static compression and uplift loads, as well as
dynamic loading induced primarily by wind action. Although
generally considered temporary works, such systems may
remain in service for extended periods and approach the
performance expectations of permanent structures
(Chuaqui et al. 2007; Dmochowski and Szolomicki 2021).

replaced with a new building incorporating approximately
three additional underground levels. The retained fagade
will remain fully supported throughout demolition, deep
excavation, and reconstruction activities, with the
anticipated support duration estimated at 5 to 10 years.
Given the magnitude and duration of the applied loading,
conventional shallow support systems were deemed
inadequate for the project. Deep foundation elements,
including piles and anchors, were required to provide both
axial and lateral support to the retained fagade during the
various stages of construction. Similar support approaches
have been widely adopted for deep excavations in dense
urban environments, where movement control and long-
term stability of supported structures are critical design
considerations (Gordon et al. 2007; Chong 2020). The
support system was designed to resist not only the self-
weight of the fagade, but also lateral earth pressures, wind
loading, construction-induced vibrations, and temporary



load redistribution associated with staged excavation
(Abbas et al. 2021). The pile foundation system was
designed to support axial loads and control deformation,
whereas the tieback system was designed to provide
stability and limit deformation induced by increasing
excavation depth and wind pressures acting on the
exposed surface of the retained facade.

Given the extended construction timeline, repeated
cycles of wind loading, construction activities, and
operational site conditions were identified as important
design considerations. Cyclic loading may result in
progressive accumulation of displacement and reduction in
material strength and stiffness over time, particularly for
foundation elements such as anchors, piles, and
associated soil-structure interaction zones subjected to
sustained loading cycles (Cuéllar 2011; Yang et al. 2021).
For heritage structures, even relatively small cumulative
movements may lead to unacceptable cracking and
distress beyond serviceability criteria, making deformation
control a governing aspect of design (Feghali et al. 2022).

To evaluate the long-term behavior of the support
system under cyclic loading conditions, a series of two-
dimensional finite element analyses was completed using
RS2. The assessment focused on deformation response,
bonded length mobilization, and the potential influence of
strength softening within the surrounding subsurface
deposits. Although similar numerical modeling approaches
have been widely applied in geotechnical engineering for
deep excavations and complex soil-structure interaction
problems (Moussaei et al. 2019; Alainachi et al. 2022), the
behavior of deep foundation elements subjected to cyclic
loading and the definiton of representative loading
characteristics remain insufficiently addressed in the
literature.

1.2  Site Location and Geology

The project site is located within a densely developed
urban area surrounded by heritage buildings and existing
underground infrastructure. The project involved deep
excavation immediately adjacent to sensitive masonry
structures with limited tolerance for movement. Previous
rehabilitation projects have shown that even relatively small
ground deformations may lead to cracking or distress in
heritage elements, making movement control a key
geotechnical consideration for the project (Feghali et al.
2022). The subsurface profile generally consists of three
layers: approximately 3.0 m of overburden, underlain by
about 1.0 m of fractured rock, followed by competent
bedrock extending to the final excavation level (FEL) at a
depth of approximately 19 m.

The bedrock profile at the site consists predominantly
of Middle Ordovician limestone with interbedded shale. The
upper bedrock unit comprises the Lindsay Formation,
extending approximately 10 m across the site and
underlain by the Verulam Formation. The Verulam
Formation generally contains a higher shale content and
exhibits lower resistance to weathering. The transition
between the two formations is gradual and, from an
engineering perspective, both formations demonstrate
generally similar geotechnical behavior. Table 1
summarizes the stratigraphic units and corresponding

strength properties considered in the analysis, as
determined from in-situ testing and published literature.
The rock mass is characterized by sub-horizontal
bedding and several persistent joint sets. Site
investigations, including televiewer surveys, joint mapping,
borehole logging, and excavation face inspections,
confirmed the presence of two dominant steeply dipping
joint sets in addition to bedding-plane discontinuities.
These structural features were found to significantly
influence the overall behavior of the rock mass, particularly
with respect to deformation mechanisms, stress relief, and
excavation stability (Bélanger & Harrison 1980). Table 2
summarizes the bedding and joint orientations, along with
representative properties adopted in the modeling, as
determined from the field investigation program.

Table 1. Engineering properties of stratigraphy

Description Characteristics

) Fractured  Jointed
Material Overburden Bedrock Bedrock
Type Fill Limestone  Limestone
Layer thickness (m) 3 1 >15
Unit Weight (kN/m?) 18.0 26.5 26.5
Peak Cohesion 0 - -
(kPa)
Peak Friction Angle

30 -—--

(deg)
Intact UCS (MPa) - 30 50
Peak Geological
Strength Index (GSI) - 40 60
Young’s Modulus
(MPa) 27000 45000
Residual Strength
Reduction Factor* 0 0 40
(%)

* Residual strength reduction factors were adopted in the cyclic loading sensitivity
analyses to simulate potential strength degradation within the rock mass under repeated
loading conditions

Groundwater flow within the bedrock is primarily
controlled by fractures and discontinuities rather than the
intact rock mass, consistent with the regional geological
conditions reported for the Ottawa area (Bélanger and
Harrison 1980). Accordingly, the orientation, spacing, and
condition of joints and fractured zones were considered
important input parameters in the numerical modeling and
long-term stability assessment of the fagade retention
system.

2  GEO-STRUCTURAL DESIGN
21 Loading conditions

The loading conditions considered in the geotechnical
assessment were provided by the structural designer and
included both compression and uplift loads resulting from
static and wind loading associated with the retained facade
and transferred to the foundation elements of the
temporary fagade retention system.

The foundation supports are distributed along three
axes parallel to the fagade:



e Axis A: Closest to the excavation and retained
facade

e Axis B: Within the footprint of the steel frame

e Axis C: Farthest from the excavation

Two case analyses are considered to reflect most
deformation for the evaluation:

e Case 1: Both static load and pseudo-static
conditions for seismic acceleration equal to 50%
of PGA (PGA = 0.32g) were considered.

e Case 2: Wind effect, with a load range of around
+700 kN, was modeled as cyclic loading for up to
400 loading cycles and was found to govern the
deformation response of the system.

The cyclic wind load range was derived from structural
loading analyses completed for the retained fagade under
the governing wind loading conditions. The variation in
loads resulting from wind action was modeled as cyclic
loading, with repeated fluctuations between the maximum
and minimum tensile loads induced by wind pressures on
the exposed fagade.. A total of 400 loading cycles was
adopted as a conservative representation of repeated wind
events that may occur during the anticipated service life of
the temporary works. The cyclic analyses were not
intended to reproduce individual wind events but rather to
evaluate the cumulative effects of repeated loading on
deformation response, bonded length mobilization, and
long-term system performance.

Table 2. Typical joint set properties

Joint set 1

Characteristics (Bedding) Joint set 2 Joint set 3
Tensile cohesion
(MPa)* 0 0 0
Peak Cohesion
(kPa)* 0.2 0.005 0.005
Peak Friction Angle

" 38 38 38
(deg)
Residual Cohesion 0.05 0.001 0.001
(kPa)*
Residual Friction
Angle (deg)* 25 25 25
Normal sfiffness 200000 12000 12000
(MPa/m)*
Shear stiffness
(MPa/m)* 80000 5000 5000
Average Dip (deg)** 6 87 87
Average Dip
Direction (deg)** 215 318 211
Typ*ii:al Spacing 0.4 5 5
(m)
Joint ends** Open Open Open

*From (Alainachi et al. 2022)
** From in-situ observation

2.2 Support system

The support system consisted of a combined micropiles
and tieback arrangement designed to provide reliable
performance within the limited construction footprint.

Vertical compressive loads were supported by micropiles
socketed into competent limestone bedrock in accordance
with the recommendations of the Canadian Foundation
Engineering Manual (CFEM 2023). The micropiles were
designed with a minimum total length of 8 m, including at
least 5 m of socket within competent bedrock with an RQD
greater than 50%. Axial resistance was assumed to
develop primarily through end bearing, while shaft
resistance along the rock socket was conservatively
excluded due to potential construction-related variability.
Two micropile sizes were considered to accommodate the
range of loading demands associated with the facade
retention system.

Uplift resistance was provided using rock socketed
anchors extending at least 3 m below the Final Excavation
Level (FEL), which was approximately 19 m below the
existing grade, to ensure anchorage beyond the anticipated
stress relief zone associated with excavation. The anchors
were installed concentrically through the micropiles using
embedded reinforcement steel pipes. Pressure grouting
was adopted to improve bond performance within the
limestone rock mass, and the bonded length of the anchors
was governed primarily by cyclic loading behavior and
deformation control rather than ultimate pull-out resistance
alone. The tieback system was also designed to
accommodate repeated stressing and re-stressing during
the construction period while maintaining long-term
durability and corrosion protection.

Given the anticipated duration of the temporary works,
additional emphasis was placed on constructability, proof
testing, corrosion protection, and long-term monitoring.
Instrumentation of selected micropiles and anchorss was
recommended to monitor load transfer, displacement
response, and overall system performance throughout
construction.

3 NUMERICAL MODELING AND DEFORMATION
ASSESSMENT
3.1 Modeling Approach

A series of two-dimensional finite element analyses was
completed using RS2 to evaluate the performance of the
facade retention foundation system under static, seismic,
and cyclic wind loading conditions. The analyses focused
on the deformation behavior of the micropile and tieback
system, as well as the interaction between the
geostructural elements and the surrounding jointed
limestone rock mass.

The numerical models incorporated the site geology,
staged excavation sequence, and the installed support
elements. The rock mass was modeled using the
Generalized Hoek-Brown failure criterion with input
parameters developed from the site investigation and
laboratory testing program. The influence of bedding
planes and two dominant joint sets identified during the site
investigation was explicitly incorporated into the numerical
model using representative orientation, spacing, stiffness,
and strength parameters derived from field observations
and previous investigations of similar limestone formations.
Figure 1 below illustrates the finite element model used in
this study, showing excavation geometry, rock mass



structure, joint sets, and excavation support conditions
adopted in the analyses

The loading conditions adopted in the analyses
included dead loads, pseudo-static seismic loading, and
wind loading associated with the retained facade support
system. Anchors pre-stressing loads were incorporated
into the models to simulate anticipated field conditions and
minimize movement during service loading.

The deformation assessment focused on both
horizontal and vertical displacement of the micropiles and
anchors. Particular attention was paid to differential vertical
movement between adjacent support elements, given the
sensitivity of the retained masonry facade. The predicted
deformations remained within acceptable serviceability
limits for the loading conditions considered. Serviceability
performance was evaluated primarily on the basis of total
and differential displacement of the retained fagade support
system. Given the sensitivity of the retained masonry
elements, the assessment focused on minimizing
differential movement between adjacent supports and
limiting deformation that could contribute to cracking or
distress of the fagade.

Additional cyclic loading analyses were completed to
evaluate the long-term response of the support system
under repeated wind loading. The analyses considered the
effects of repeated loading cycles on displacement
development and mobilization of bonded length within the
jointed rock mass. Sensitivity analyses were also
conducted to assess the potential influence of localized
strength softening along discontinuities and interface
zones under repeated loading.

3.2 Case 1: Static and Seismic Deformation
Assessment

The static and pseudo-static seismic analyses were
completed to establish the baseline deformation response
of the facade retention system and to evaluate its
serviceability performance under the governing loading
conditions. The analyses considered the combined effects
of dead loads, tieback pre-stressing, lateral earth
pressures, wind loading, and seismic loading acting on the
micropile and tieback support system.

The deformation assessment focused primarily on the
vertical and horizontal movement of the geo-structural
elements, with particular attention to differential
displacement between adjacent supports, given the
sensitivity of the retained facade. The analyses indicated
that the majority of the predicted deformation of about
10 mm was associated with localized movement within the
jointed rock mass surrounding the excavation rather than
deformation of the micropiles themselves (Figure 2). This
behavior is consistent with the discontinuous nature of the
limestone rock mass and the influence of bedding planes
and persistent joint sets on stress redistribution and
displacement mechanisms.

Under static loading conditions, the predicted vertical
displacement response remained relatively small and
generally uniform along the support system. Differential
vertical movement between adjacent support elements
remained within acceptable serviceability limits for the
retained facade. The seismic loading cases produced an

increase in localized deformation near the tieback bonded
zones; however, the overall displacement response
remained within the acceptable performance criteria
considered for the project (Figure 3).
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Figure 1. Representative RS2 numerical model used for
deformation assessment of the facade retention system
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Figure 2. Predicted lateral deformation contours under (a)
static, (b) and seismic loading conditions.

The analyses also provided insight into the mobilization
behavior of the tieback bonded length under different
loading scenarios. Due to the pre-stressing applied to the
anchors, the vertical deformation response of the tiebacks
generally followed the displacement trend of the micropiles.
The results indicated that the bonded lengths remained
adequately engaged under both static and seismic
conditions without evidence of excessive localized
deformation or loss of support capacity.
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Figure 3. Predicted vertical displacement response of the
tiebacks system under seismic loading conditions.

Additional sensitivity analyses indicated that the
predicted deformation response was influenced by the
strength and stiffness characteristics assigned to the
jointed rock mass. Variations in joint properties resulted in
corresponding changes in bonded length mobilization and
localized deformation patterns, highlighting the importance
of site-specific rock mass characterization. Overall, the
modelling results indicated that the proposed support
system provides adequate deformation control for the
retained facade under the loading conditions considered,
while maintaining acceptable serviceability performance
throughout the staged excavation sequence.

3.3  Case 2: Cyclic Wind Loading Assessment

Additional numerical analyses were completed to evaluate
the long-term response of the facade retention system
under repeated wind loading conditions. The objective of
these analyses was to assess the potential for cumulative
deformation within the micropile and tieback system during
the anticipated service period of the temporary works.

The cyclic loading analyses further confirmed that the
majority of the predicted deformation developed within the
surrounding jointed rock mass rather than within the
micropiles themselves (Figure 4). Accordingly, the cyclic
loading assessment focused primarily on the vertical
displacement response of the tieback anchors and the
mobilization behavior of the bonded zones within the
jointed limestone rock mass. Repeated wind loading cycles
were applied to simulate the long-term fluctuating lateral
loading expected to act on the retained facade throughout
the construction period. The analyses considered the
interaction between the tieback system and the
surrounding discontinuous rock mass, including the
influence of bedding planes and persistent joints on
deformation response.

The modelling results indicated that cyclic loading
produced a gradual increase in displacement during the
early loading cycles, reflecting progressive mobilization of
the bonded tieback length and localized deformation within
the surrounding rock mass. The increase in displacement
was more noticeable during the initial loading stages, after

which the rate of additional deformation began to decrease
with continued cycling (Figure 5).
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Figure 4. Predicted lateral deformation contours under (a)
static, (b) cyclic wind loading conditions.
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Figure 5. Predicted tieback displacement response under
cyclic wind loading conditions.

The analyses further showed that the displacement
response gradually stabilized with increasing loading
cycles. Beyond approximately 200 loading cycles, the
difference in displacement between successive cycles,
while maintaining tieback stressing conditions, became
less than 1 mm, indicating attenuation of cyclic loading
effects and stabilization of the support system response
(Figure 6). This behavior suggests that most deformation
occurred during the initial cyclic loading phase of the
tieback system. An increase in mobilized bonded length of
up to 60% was observed for the analyzed cases.

The results further demonstrated that cyclic loading
governed the required tieback bonded length, resulting in
substantially longer bonded lengths than those required
under static loading conditions alone. Under cyclic loading,
load transfer progressively mobilized a greater portion of
the bonded zone to resist the applied loads and control
deformation. Accordingly, the design bonded length was
increased to accommodate the additional bond
mobilization identified in the analysis. Failure to adjust the



bonded length, the peak shear resistance at the rock—grout
interface would have been exceeded, resulting in a
transition to residual shear resistance. This loss of interface
resistance would have been accompanied by a sudden
increase in anchor head elongation and degradation of
load-transfer resistance. This observation highlights the
importance of considering cyclic loading effects in the
design of long-duration fagade retention systems,
particularly where support elements are subjected to
repeated loading cycles. Furthermore, tieback behavior is
influenced by rock mass characteristics and joint variability,
which may become increasingly sensitive to repeated
stress changes.

Overall, the analysis demonstrated that cyclic loading
governs key aspects of tieback design and should be
explicitly incorporated to ensure acceptable long-term load
transfer, deformation control, and serviceability
performance.

3.4  Strength Softening and Bonded Length
Mobilization

Additional sensitivity analyses were completed to evaluate
the potential effects of strength softening within the jointed
rock mass under repeated loading conditions. The
assessment focused primarily on the behavior of the
bonded tieback zones and the surrounding discontinuity-
controlled rock mass during long-term cyclic loading.

In addition to rock mass strength degradation, the
assessment considered the potential effects of localized
degradation of the rock—grout bond within the tieback
anchorage zone. Although bond failure was not predicted,
repeated cyclic loading resulted in progressive load
redistribution and increased mobilization of the bonded
length, influencing deformation and long-term serviceability
performance.The analyses considered localized reduction
in rock mass strength properties to represent potential
degradation along joints subjected to repeated stress
changes over the anticipated service period of the
temporary works. This approach was considered
appropriate given the influence of bedding planes and
persistent joints on the overall deformation response
observed in the numerical modeling.

For the rock mass, the deformation patterns shown in
Figures 2 (Case 1) and 4 (Case 2) indicate that the
influence of cyclic loading on deformation was related to
both the joint characteristics of the rock mass and the
magnitude of the cyclic loads. Furthermore, a larger portion
of the rock mass within the tieback bonded length zone
became engaged under cyclic loading conditions.

For the tiebacks, compared to static loading conditions,
cyclic loading resulted in greater mobilization of the bonded
tiebacks length (Figures 3 — Case 1 and 5 — Case 2), as
additional portions of the bonded zone became engaged in
resisting the applied loads.

The cyclic loading response presented in Figure 6
further illustrates that most deformation occurred during the
initial loading stages, followed by gradual stabilization with
continued cycling. This behavior suggests that localized
adjustment and stress redistribution within the jointed rock
mass occurred relatively early in the loading history, before
the system reached a more stable long-term response
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Figure 6. Predicted deformation response of the facade
retention system under cyclic wind loading conditions,
showing (a) vertical displacement and (b) normalized
differential displacement.

The analyses also demonstrated that cyclic loading
conditions governed the required bonded length of the
tieback system more significantly than static loading
conditions alone. Although the predicted displacement
response remained within acceptable serviceability limits,
the results highlight the importance of accounting for
repeated loading effects and potential joint degradation in
the design of long-duration fagade retention systems
founded in jointed limestone rock masses.

The results further emphasize the importance of
evaluating long-term deformation compatibility between
geostructural elements and the surrounding discontinuous
rock mass subjected to repeated loading conditions.

Overall, the modeling results demonstrated that the
long-term behavior of the support system under cyclic
loading conditions was governed primarily by the
magnitude, frequency, and duration of cyclic loading, the
mobilization and performance of the bonded length and its
influence on deformation response, and the deformation
compatibility governing load transfer between the tieback
bonded zone and the surrounding jointed rock mass, rather
than solely by ultimate pull-out resistance.



3.5 Long-Term Performance

The numerical analyses indicated that the long-term
performance of the facade retention system is governed
primarily by cyclic loading, the response of the surrounding
jointed rock mass, and the interaction between the rock
mass and the tieback system. The results showed that
repeated loading produced a gradual increase in
mobilization of the bonded tieback zones during the early
stages, followed by progressive stabilization of the
deformation response with continued cycling.

The analyses also demonstrated that cyclic loading
conditions had a greater influence on deformation
response and bonded length mobilization than static
loading conditions alone. Localized deformation developed
primarily along discontinuities and joint-controlled zones
surrounding the excavation and tieback bonded regions. As
a result, the overall system performance was found to
depend largely on deformation control, bonded length
performance, and long-term serviceability behavior under
cyclic loading, rather than ultimate geotechnical capacity
alone.

Although the predicted deformation remained within
acceptable performance limits, the results are dependent
on the assumptions adopted for the magnitude, frequency,
duration, and number of cyclic loading events associated
with wind and construction activities, as well as on the
assumed variability of rock mass properties across the site.
Serviceability limits are also related to the sensitivity of the
supported structure to differential movement; for typical
historical structures, differential movements between two
supporting points should generally remain below 5 mm.
However, the purpose of this paper is not to define a
serviceability criterion, as it is focused on the performance
of the support system at a single point. These limitations
highlight the importance of field verification, particularly
given the variability commonly associated with jointed
limestone rock masses. Small variations in joint spacing,
persistence, and rock mass quality may influence localized
deformation response, bonded length mobilization, and
load transfer mechanisms during the long-term service
period of the temporary works under repeated wind loading
conditions.

The analyses presented in this study are based on
idealized rock mass conditions and simplified cyclic loading
assumptions. Actual field performance may vary locally due
to variability in discontinuity conditions, rock mass strength,
groundwater behaviour, and construction sequencing

4 MONITORING AND INSTRUMENTATION
PROGRAM

Given the anticipated duration of the facade retention
works and the sensitivity of the retained masonry elements
to movement, a monitoring and instrumentation program
was considered an important component of the overall
geotechnical risk management approach. The primary
objectives of the monitoring program were to verify the
predicted performance of the support system and identify
any required intervention during the planned service life of
the temporary works.

The monitoring program focused primarily on the
displacement behavior of the retained facade, micropiles,
and tiebacks. Survey monitoring points were
recommended along the retained facade to track both total
and differential movement over time. Regular monitoring of
facade movement was considered particularly important
during excavation stages, tieback stressing operations,
and periods of repeated wind loading.

Selected micropiles were also recommended for
instrumentation to monitor displacement and long-term
load response throughout the service period of the
temporary works. Monitoring micropile head elevations
provides an effective means of assessing settlement trends
and confirming the performance assumptions adopted in
the numerical analyses. In addition, monitoring points
established adjacent to the excavation support system can
provide useful information regarding localized ground
deformation and movement trends within the surrounding
rock mass.

Tieback monitoring was considered equally important
due to the long-term reliance on prestressed anchors for
uplift resistance and deformation control. Monitoring
measures may include periodic verification of lock-off
loads, measurement of tiebacks elongation during the
stressing operations, and long-term assessment of
displacement trends at selected tieback locations.
Particular attention should be given to any progressive
increase in displacement or loss of prestress that may
indicate localized degradation or changes in rock mass
behavior within the bonded zones.

Visual inspections were also recommended throughout
the construction period to identify any signs of cracking,
localized distress, or unexpected movement within the
retained facade and surrounding support elements.
Monitoring observations should be reviewed together with
the predicted numerical modeling response to evaluate
whether the system’s behavior remains consistent with the
design assumptions. Particular attention should be given to
progressive increases in displacement trends, unexpected
loss of tieback prestress, or differential movements
exceeding values predicted by the numerical analyses, as
these may indicate changing ground conditions or support
system performance.

Overall, the monitoring program represents an
important component of the observational approach for
long-duration fagade retention systems constructed within
jointed rock masses. The integration of numerical modeling
and field monitoring provides a practical framework for
confirming system performance, managing uncertainty,
and supporting the safe long-term performance of the
temporary support system.

5 CONCLUSION

This paper presented the geotechnical assessment and
finite element evaluation of a geostructural facade retention
support system subjected to long-term static, seismic, and
cyclic wind loading conditions. The analyses focused on
the deformation response of a combined micropile and
tieback system installed within a jointed limestone rock
mass during staged excavation for deep urban
redevelopment.



Static and pseudo-static seismic loading conditions
produced maximum predicted deformation on the order of
10 mm and maintained acceptable serviceability
performance throughout the excavation stages considered.
Under cyclic loading conditions, the majority of deformation
occurred within the first 200 loading cycles, after which the
response gradually stabilized. Differential displacement
between successive loading cycles decreased to less than
1 mm, while bonded length mobilization increased by up to
approximately 60% relative to static loading conditions.
These results indicate that cyclic loading had a greater
influence on long-term deformation response and tieback
performance than static loading conditions alone.

Additional cyclic loading analyses demonstrated that
repeated wind loading caused progressive mobilization of
the bonded tieback zones and localized deformation along
discontinuities within the surrounding rock mass. Most
deformation occurred during the initial loading cycles,
followed by gradual stabilization of the displacement
response with continued cycling. Compared to static
loading conditions alone, cyclic loading governed the long-
term deformation response and increased the required
bonded length of the tieback system. Consequently,
tieback design was found to depend primarily on cyclic
loading demands rather than static loading conditions
alone.

Sensitivity analyses considering localized strength
softening further highlighted the importance of accounting
for discontinuity-controlled behavior and deformation
compatibility governing load transfer between support
elements and the surrounding rock mass when evaluating
long-duration facade retention systems installed within
jointed rock masses.

The study also emphasized the importance of

integrating numerical modeling during the design stage
with field monitoring and instrumentation as part of an
overall risk management approach for foundation systems
supporting structures subjected to cyclic loading
conditions. Monitoring of fagade movement, micropile
response, and tieback performance provides an important
means of verifying design assumptions, confirming
predicted behavior from numerical modeling, identifying
potential changes in system response during construction,
and facilitating timely maintenance and preventive
interventions where required.
Overall, the results demonstrate the importance of
accounting for cyclic loading effects and long-term
serviceability considerations in the design and assessment
of facade retention systems associated with deep urban
excavations and heritage structure preservation
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