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Abstract 
As part of the ERIES-ALL4wALL project (“Smart ALLoys for WALLs”), an experimental 
program was undertaken to improve the seismic performance of reinforced concrete (RC) 
building core walls, with a particular focus on torsional behaviour. There is limited evidence on 
the torsional behaviour of RC walls, as most experimental studies have employed quasi-static 
loading focused primarily on in-plane flexural performance. This paper reports key findings 
from dynamic shake-table tests of two large-scale RC U-shaped core walls conducted at the 
National Laboratory for Civil Engineering (LNEC) in Lisbon. The first specimen (UWS1) was 
reinforced with conventional steel, whereas the second (UWS2) incorporated partially 
debonded iron-based shape memory alloy (FeSMA) rebars. These FeSMAs were prestressed 
via Joule heating to mitigate residual displacements. Both specimens were subjected to 
alternating unidirectional and bidirectional ground motions. The paper examines the torsional 
behaviour of the wall specimens by deriving their bending moment and torque demands and 
comparing these with a recently developed bending moment–torque (M–T) interaction 
diagram. Results suggest that the induced torsional actions for UWS2 likely reduced its 
bending moment capacity and ultimately contributed to its failure. 
Keywords: Cores, SMAs, twist, seismic, shake table, flexure 

1 Introduction 
In building structures, plan irregularity—where the centre of rigidity does not align with the 
centre of mass—can lead to pronounced torsional effects during seismic events. However, 
torsional behaviour is not limited to such asymmetric configurations. Even buildings that are 
perfectly symmetric in plan may develop torsional responses due to a range of causes. These 
include uneven distribution of live loads and mass, unmodelled infill walls, eccentric wind 
loading (Coull & Tawfik, 1981), deviations between actual and assumed member stiffness, 
torsional components in earthquake ground motion (Bouchon & Aki, 1982), variability in 
material properties, and changes in the location of the story stiffness centre as the structure 
yields (e.g., Hu et al., 2024). 

Past earthquakes have shown that torsional behaviour can play a decisive role in the failure of 
buildings (Cooper et al., 2012). Measurements from instrumented tall buildings during strong 
ground shaking have further revealed that torsion can govern overall seismic response (Çelebi 
et al., 2020). In some cases, warping-induced longitudinal stresses (Figure 1) at the base of 
core walls may approach or even match those arising from flexural bending (Hoult & Almeida, 
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2024a; Smith & Coull, 1991). Experimental studies have also found that concurrent torsion can 
diminish the flexural capacity of reinforced concrete (RC) members—including columns 
(Prakash et al., 2010), planar walls (Peng & Wong, 2011), U-shaped beams (Xu et al., 2018), 
and H-shaped core walls (Maruta et al., 2000). To design these structures effectively, a 
detailed understanding of RC core wall torsional behaviour—both in the elastic range and 
beyond yield—is needed, along with insights into the interaction between their individual 
components (Irwin & Bolton, 1977). Such knowledge will be essential for advancing future 
building codes so they can explicitly address combined flexure–torsion demands in open-
section, non-planar RC members. 

Due to the absence of design guidelines, the authors previously proposed a simplified method 
for estimating the torque capacity of RC U- and H-shaped core walls and constructing a 
bending moment–torque (M–T) interaction diagram (Hoult & Almeida, 2024d). However, that 
study relied primarily on numerical analyses with limited experimental validation. In this paper, 
the proposed method is examined in greater depth using new experimental data from dynamic 
testing of two RC U-shaped core walls. By combining this experimental data with the interaction 
diagram, the study assesses whether torsion induced by dynamic loading contributed to wall 
failure and potentially reduced the bending moment capacity. 

The next section provides a brief overview of the ALL4wALL test program. Experimental torque 
and bending moments are then calculated for each wall unit under the largest applied ground 
motions. These results are used to construct an interaction diagram, which in turn is applied 
to evaluate the combined effects that led to wall failure. The paper concludes with a summary 
of key findings. 

 

 

 

Figure 1 Cantilever U-shaped core wall (a) bending in flexure about its weak axis (b) warping due to 
pure rotation (torsion) around the vertical axis (c) a hypothetical simultaneous half-section bending about 
the weak axis with Web in Tension (WiT) on the left-hand side and Web in Compression (WiC) on the 
right-hand side (d) section warping due to torsion. The shaded regions indicate the expected normal 
strain distribution at the fixed base, with the dark red and dark blue regions representing the extreme 
tension and compression strains, respectively. Illustration adapted from Hoult and Almeida (2024c). 

c) 

d) 
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2 Summary of ALL4wALL Test Program 
The ERIES-ALL4wALL project (“Smart ALLoys for WALLs”) was instigated to address some 
of the needs for improved understanding and simulation of RC U-shaped core walls, a 
dominant lateral load-resisting system in mid- and high-rise buildings worldwide. Driven by 
rapid urbanisation, the doubling of global building stock by 2060, and the growing use of 
alternative materials and reinforcement systems, the project targeted two underexplored yet 
critical aspects of seismic performance—torsional response and residual displacements—
which directly affect post-earthquake repairability. Through a collaborative effort involving 
seven international institutions, ALL4wALL combined large-scale shake table experiments, 
advanced numerical modelling, and associated initiatives such as an international blind 
prediction competition, with the goal of enabling more durable, low-damage, and resilient RC 
core wall systems. The following section summarises the testing program. 

Two large-scale RC U-shaped core wall units (Figure 2a) were dynamically tested on the shake 
table at the National Laboratory for Civil Engineering (LNEC), Portugal, as part of the 
ALL4wALL project. Figure 2(b) presents the cross-section and reinforcement layouts of the 
test units, which differed only in the material used for the vertical reinforcement of the boundary 
elements. UWS1 incorporated 12 mm diameter (Φ12) conventional steel reinforcement, 
designed in accordance with Eurocode 8 (right side of Figure 2b), while UWS2 employed 10.7 
mm diameter (Φ10.7) iron-based shape memory alloys (FeSMA) (left side of Figure 2b). The 
average 28-day concrete cylinder compressive strengths were 27.0 MPa for UWS1 and 30.3 
MPa for UWS2. For UWS1, ductile longitudinal reinforcing steel with yield strengths ranging 
from 538 MPa to 580 MPa (depending on bar diameter) was used; the Φ10.7 FeSMA rebars 
in UWS2 had a yield strength of 555 MPa. A full characterisation of the geometric and 
mechanical properties is provided in the data paper (Hoult et al., 2025b). 

In UWS2, FeSMA rebars were selected to reduce residual displacements by exploiting their 
self-prestressing capability when heated to a specific activation temperature. After casting, 
prestressing was applied to the wall’s plastic hinge region via electrical resistive heating, with 
the rebars clamped at the foundation and at the lap-splice region above the first-storey slab to 
enable activation and prevent strain recovery. However, imperfect electrical insulation from the 
surrounding steel cage limited the achievable temperature rise. The target activation 
temperature was 250 °C, but it appears that the FeSMA rebars in three of the four wall corners 
were not adequately insulated, despite careful construction. As a result, the electrical resistive 
heating did not function as intended. Maximum temperatures recorded by thermocouples in 
the FeSMA rebars at each corner were: south-east 399.2 °C, south-west 63.5 °C, north-west 
98.1 °C, and north-east 97.8 °C. This indicates that only partial precompression, concentrated 
in the south-east corner, was achieved—a factor that will influence the wall’s rotational 
response, as discussed in Sections 3 and 4. Additional details on the thermal activation 
process and its effectiveness are provided in the data paper (Hoult et al., 2025b). 

The unintended asymmetric prestressing complicates direct performance comparison between 
UWS1 and UWS2. Nevertheless, the results provide valuable insights into torsion induced by 
asymmetry. Notably, these tests are the first to dynamically load RC core walls in two 
orthogonal directions, thereby promoting torsional response. 

Each wall supports a top mass exceeding 28 tons, comprising roughly 3 tons from the wall 
collar and 25 tons from the applied masses. Hoult et al. (2024) specify the location of the 
applied mass centre relative to the wall’s geometric centroid, introducing an initial bending 
moment about the section’s weak axis. 
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Figure 2 (a) Photo of test unit UWS2 taken from the north-east prior to testing (b) Cross-section and 
reinforcement layout (UWS1 on the right-hand side, UWS2 on the left-hand side). 

The ground motions recorded at station MZ04 during the Central Italy earthquake of October 
30, 2016 (Cheloni et al., 2017; Sextos et al., 2018), were applied to the shake table. The MZ04 
station is situated on site class C according to Eurocode 8 (CEN, 2004) with an estimated 
shear wave velocity in the upper 30 m (VS30) measured of 355 m/s. The acceleration time 
histories applied along the West-East (WE) and North-South (NS) directions, with positive 
directions indicated in Figure 2(b), corresponded to the HNN and HNE components recorded 
at MZ04, respectively. Peak ground accelerations were approximately 0.808 g (WE) and 
0.645 g (NS). The original ground motions were adapted according to the Cauchy-Froude 
similitude law: they were resampled, cropped, low-pass filtered, frequency-domain integrated, 
and windowed as described in Hoult et al. (2024). For this study, the experimental results from 
the final two ground motions, GM7 and GM8, are considered, corresponding to uni-directional 
loading (100% WE, 0% NS) and bi-directional loading (100% WE, 100% NS), respectively. 

Several prior studies have drawn on the experimental dataset from the ALL4wALL testing 
campaign to investigate topics such as the validation of video-tracking targets for vibration 
analysis (Lo Feudo et al., 2025), residual displacements (Almeida & Hoult, 2025; Orgnoni et 
al., 2025), and the calibration of numerical models (Hoult & Almeida, 2024b; Kagermanov, 
2025; Orgnoni et al., 2025; Tsai et al., 2025; Tura et al., 2025). In the present study, the focus 
shifts to the torsional performance of the wall units and the extent to which torsion contributed 
to their failure modes. This addressed in the next section. 

a) 
) 
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3 Experimental Results: Torsion 
The next sub-section derives the bending moment (M*) and torque (T*) demands over time 
from the experimental dataset using conventional instrumentation. This is followed by a sub-
section in which these data are plotted on an interaction diagram to assess the walls’ 
performance. 

3.1 Experimental Bending Moment and Torque 

Using the conventional instrumentation data with accelerometers (Hoult et al., 2025a), the 
bending moment at the wall base (M*) and the torsional moment at the wall top (T*) can be 
estimated as follows: 

The M* in the east-west direction can be calculated with Equation 1: 

𝑀∗ = 𝑀"# +𝑀$%& 1 

where MWE is the moment produced by the horizontal (west-east) inertial force FWE and Mcon is 
the concentrated moment induced from the rotation of the top of the wall. 

𝑀"# = 𝐹"# × ℎ'%( 2 

where htop is the height from the foundation to the top of the wall (assumed to be the middle of 
the additional mass blocks) of 5.23 m. 

𝐹"# = 𝑎"# ×𝑚'%( 3 

where aWE is the relative acceleration measured in the west-east recorded on the collar of the 
wall unit and mtop is the additional mass and collar of the wall unit (=28.23 t). 

𝑀$%& = −𝑎)%' . 𝐼** 4 

where arot,x is the acceleration of rotation (about the walls weak axis) at the top of the wall and 
Ixx is the inertia of the additional mass blocks according to their symmetry (assumed to coincide 
with their centre of rotation) and calculated assuming the mass blocks are rectangular and 
rigidly connected. For these calculations, a rigid-body of the mass blocks and collar is 
assumed.  

𝑎)%',* = ,
1
𝐿,
/ (𝑎- − 𝑎.)		 5 

where a8 and a6 are the vertical accelerations recorded on the south-east and south-west 
corners of the collar (head), respectively, and Ly is the distance between the two 
accelerometers (=1.05 m). 

𝐼** = 𝑚'%( ,
ℎ$/01 + 𝐿/0.#"1

12
/		 6 

where hcam is the height of the collar and additional mass (=1.88 m) and Lam.EW is the length of 
the additional mass blocks in the east-west direction (=1.76 m). 

The moment produced from the torsion (i.e., the torque) at the top of the wall can be calculated 
with Equation 7: 
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𝑇∗ = −𝑎)%',3𝐼33 7 

where arot,z is acceleration of rotation (about the vertical axis) at the top of the wall and Izz is 
the inertia of rotation of the additional masses. 

𝑎)%',3 = 5
1
𝐿*
6 (𝑎4 − 𝑎1)		 8 

where a4 and a2 are the west-east accelerations recorded on the south-east and north-east 
flange ends of the collar (head), respectively, separated by a distance Lx=1.2 m. 

𝐼33 = 𝑚'%( ,
𝐿/0.561 + 𝐿/0.#"1

12
/		 9 

where Lam.NS is the length of the additional mass blocks in the north-south direction (=2.04 m). 

 

 

 

 

 

 

 

 

 

Figure 3 plots the in-plane (aWE) and rotational (arot,z) accelerations for UWS1 and UWS2 under GM7 
(uni-directional) and GM8 (bi-directional) motions. For UWS1 under GM7 ( 

 

 

 

 

 

 

 

 

Figure 3a), strong west–east accelerations were recorded with negligible rotational response, as 
expected given the unidirectional input and the section’s symmetry. Under GM8 ( 
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Figure 3b), both in-plane and rotational accelerations were significant; however, their phases 
were essentially uncoupled, suggesting distinct resonant frequencies for the two vibration 
modes. For instance, the peak in-plane acceleration occurred during minimal rotational 
acceleration. 

In contrast, UWS2 exhibited strong coupling between in-plane and rotational accelerations 
under both GM7 ( 

 

 

 

 

 

 

 

 

Figure 3c) and GM8 ( 

 

 

 

 

 

 

 

 

Figure 3d). The largest accelerations occurred under GM7, despite its unidirectional input, 
indicating asymmetry in the wall’s response. This asymmetry—discussed briefly in Section 2 
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and in detail by Hoult et al. (2025b) and Almeida and Hoult (2025)—was caused by the 
unsuccessful thermal activation of the FeSMA rebars, which prestressed only the south-east 
flange boundary. This localised prestressing increased stiffness on one side of the wall, 
producing rotation under in-plane west–east loading and resulting in the observed coupling of 
in-plane and rotational accelerations. 

The implications of these acceleration patterns on the bending moment, torque, and their 
interaction are examined in the following section. 

 

 

 

 

 

 

 

 

 

Figure 3 In-plane (west-east) and rotational accelerations recorded experimentally: (a) UWS1, GM7 
(Uni-directional) (b) UWS1; GM8 (Bi-directional); (c) UWS2, GM7 (Uni-directional); (d) UWS2, Bi-

directional. For plotting purposes, the time-histories have been smoothed using a moving average. 

3.2 Bending Moment–Torque (M-T) Interaction Diagram 

As non-planar, open-section walls (e.g., U- and H-shaped) primarily resist torsion through 
warping rather than circulatory (pure) torsion, quantifying its interaction with bending and other 
actions has traditionally been challenging. Hoult and Almeida (2024d) propose a method for 
estimating the ultimate warping moment and associated torque in U-shaped (and H-shaped) 
RC sections by exploiting the analogy between axial stresses from opposing weak-axis 
bending and stresses from warping torsion. By introducing a “warping-equivalent bending 
moment,” the approach allows sectional (moment–curvature) analysis to approximate the 
warping response, capturing both elastic and post-yield behaviour, as well as the effects of 
axial loads. The method further relates the warping moment at a cantilevered wall base to an 
equivalent torque through a factor dependent on wall height, cross-sectional properties, and 
boundary conditions. This framework, not repeated here for brevity, offers a practical tool for 
design engineers to assess torsional effects in non-planar RC members without the need for 
full three-dimensional analysis. 

Sectional analyses were performed to determine the bending moment capacities of the U-
shaped walls, considering both the Web in Tension (M0.WiT) and the web in compression 
(M0.WiC)—see Figure 1c for the bending directions—as well as the warping-equivalent bending 
moment (Meq). Following the framework outlined by Hoult and Almeida (2024d), the ultimate 
torque (T0) of the walls was also determined. The resulting values are presented in Table 1. 
Minor variations in the calculated values arise from differences in longitudinal reinforcement 
content and material properties (see Figure 2b). 
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Table 1 Bending moment and torque capacities calculated from sectional analyses and the framework 
outlined in Hoult and Almeida (2024d). All values in kNm. 

Specimen M0.WiC M0.WiT Meq T0 
UWS1 (steel) 1111.0 1000.9 1056.0 179.3 

UWS2 (FeSMA) 1114.7 985.1 1049.9 178.3 

Knowing the ultimate bending moment, M0, from pure bending (via sectional analysis) and the 
ultimate torque, T0, from pure rotational warping (Table 1), an idealised moment–torque (M–T) 
interaction diagram can be constructed. As discussed in detail by Hoult and Almeida (2024d), 
numerous M–T interaction models have been proposed previously. For this study, a circular 
relationship is considered, which has demonstrated reasonable agreement with experimental 
results for H-shaped wall units (Maruta et al., 2000). It should be noted that, for constructing 
the interaction diagram, M0 is taken as M0.WiT (i.e., when the web of the wall is in tension, Figure 
1c), corresponding to the critical bending moment direction consistent with the observed failure 
mode of the wall units (i.e., crushing at the flange boundary ends). 

Using this interaction relationship, the bending moment (M*) and torque (T*) demands 
calculated from the experimental data in the previous section can be plotted and compared 
with the proposed interaction envelope. Figure 4 presents the M* and T* absolute values 
derived from the experimental data ("Exp. Data") for the wall units UWS1 and UWS2. Each 
cross-marker in Figure 4 represents the M*–T* combination at a specific time step during 
testing under the largest uni-directional and bi-directional ground motions (GM7 and GM8, 
respectively). Positive bending moments correspond to the web being in tension, while positive 
torque denotes an anti-clockwise twist about the wall’s vertical axis. 

For UWS1 (Figure 4a), the maximum bending moment occurred (as expected) under the uni-
directional ground motion GM7, reaching 969.6 kNm—approximately 97% of its estimated 

weak-axis bending capacity in the eastward direction (i.e., web in tension, bending toward the 
flange boundary ends). This loading produced the largest in-plane drift of 2.71% and significant 

crushing at the flange boundary toe. Owing to the uni-directional nature of GM7 (west–east) 
and the symmetry of the wall, torsion demands were negligible throughout this record, 

consistent with the findings in the previous section (i.e., see  

 

 

 

 

 

 

 

 

Figure 3a). Under the subsequent bi-directional ground motion GM8, the peak torque of 64.0 
kNm—about 36% of the estimated torque capacity (T₀ = 179.3 kNm)—occurred concurrently 
with a flexural moment of 105.3 kNm. The largest bending moment (919.3 kNm) under GM8 
coincided with only 16.7 kNm of torque, consistent with the earlier finding (Figure 2b) that 
rotational acceleration was out of phase with the wall’s in-plane acceleration. The largest 
concurrent values of torque and bending moment were 58.6 kNm and 526.5 kNm, respectively, 
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corresponding to a M-T ratio of roughly 10:1. Overall, these results indicate that torsional 
rotation was unlikely a significant contributor to the failure of specimen UWS1. 

Figure 4b plots the M–T interaction for UWS2, which shows clear synchronisation between rotation 
(torque) and bending, consistent with the findings in the previous section (see  

 

 

 

 

 

 

 

 

Figure 3c). The maximum bending moment occurred under the uni-directional ground motion 
GM7—similar to UWS1—reaching 836.3 kNm, or approximately 85% of its estimated weak-
axis pure bending capacity (M0 = 985.1 kNm). Notably, this peak bending moment coincided 
with the largest torque demand of 85.1 kNm—about 48% of the estimated torque capacity (T0 
= 178.3 kNm). The occurrence of this strong coupling under uni-directional west–east motion 
suggests an asymmetry in the north–south plane of the wall. As mentioned in the previous 
section, this asymmetry is attributed to the unsuccessful thermal activation of the FeSMA 
rebars, which resulted in prestressing only the south-east corner of the wall (see Figure 2b). 
For M* values greater than 600 kNm in Figure 4b, the average M–T ratio was approximately 
11-1. Using the circular interaction diagram proposed by Hoult and Almeida (2024d) and this 
ratio, the maximum measured M*–T* combination of 836.3–85.1 kNm is close to the estimated 
reduced-capacity point M1–T1 of 880.3–80.0 kNm. Given the significant concrete crushing and 
rebar buckling observed at the flange boundary ends of UWS2 under GM7, these results 
indicate that the induced torsion and the additional longitudinal stresses from warping likely 
contributed to the specimen’s failure. In effect, torsion reduced the bending moment capacity 
by approximately 10−15%. This aligns with the authors’ previous numerical findings showing 
that concurrent torque can reduce a core wall’s flexural capacity depending on magnitude 
(Hoult & Almeida, 2024a). However, it contrasts with earlier results suggesting that a torsional 
load of ~10% of the concurrent bending moment has minimal impact. However, as the torsion 
arose from unintended asymmetric activation and prestressing of the FeSMA bars, these 
results should be interpreted cautiously, warranting further experimental and numerical 
verification. 
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Figure 4 Bending Moment-Torque (M-T) interaction diagram under ground motions (GM) 7 and 8 for 
unit (a) UWS1 and (b) UWS2. Each cross-marker represents an M*-T* combination at a specific time 

step during testing; positive bending moments correspond to the web in tension; positive torque 
denotes an anti-clockwise twist about the wall’s vertical axis. 

4 Conclusions 
The experimental data from the ALL4wALL project provides valuable insights into the seismic 
performance of RC U-shaped core walls, particularly their torsional behaviour—a topic for 
which, to the authors’ knowledge, there are no prior dynamic tests involving bi-directional 
loading. Using the publicly available dataset (Hoult et al., 2025a), derived from conventional 
instrumentation (i.e., accelerometers), bending moment and torque demands were calculated. 

For the steel-reinforced specimen (UWS1), negligible rotational accelerations were observed 
under uni-directional ground motion, as expected for a symmetrical structure. In contrast, for 
UWS2, reinforced with iron-based shape memory alloys (FeSMAs), rotational accelerations 
were coupled with large in-plane accelerations under uni-directional loading, indicating 
structural asymmetry. This asymmetry resulted from an unsuccessful attempt to thermally 
activate the FeSMAs, which led to only one corner of the wall being prestressed. Consequently, 
the south flange of UWS2 was significantly stiffer than the north flange, producing the observed 
large rotational accelerations under in-plane loading. 

As a result, negligible torque occurred concurrently with bending moments in UWS1. 
Conversely, UWS2 experienced substantial torsion—up to 48% of its pure torque capacity—
acting alongside bending moments reaching 85% of the weak-axis pure bending moment 
capacity. Using a circular interaction diagram previously recommended by the authors, it is 
estimated that the bending moment capacity of UWS2 was reduced by approximately 10−15% 
due to additional longitudinal stresses induced by warping torsion. 

Although limited in scope, these results underscore the importance of accounting for bending 
moment–torsion interaction in RC structures, particularly non-planar RC core walls that may 
experience combined axial-bending-torsion under large seismic events. The magnitude of 
torsion depends on multiple factors but is essentially unavoidable (Hoult et al., 2023). Given 
the absence of current design standards or codes addressing non-planar, open RC sections 
(e.g., U- and H-shaped) subjected to torsion and resisting via warping, these findings highlight 
the urgent need for further research in this area. 



 

AEES National Conference 12 

5 Acknowledgements  
This work is part of the transnational access project "ERIES‒ALL4wALL", supported by the 
Engineering Research Infrastructures for European Synergies (ERIES) project 
(http://www.eries.eu), which has received funding from the European Union’s Horizon Europe 
Framework Programme under Grant Agreement No. 101058684. This is ERIES publication 
number C104. The data generated from these dynamic tests, and used to produce the example 
plots presented herein, are available in Hoult et al. (2025a). 

6 References 
Almeida, J. P. d., & Hoult, R. (2025). Seismic Residual Displacements of RC U-shaped Core 

Walls: Preliminary Findings. Paper presented at the 2025 International Workshop in 
Engineering Research Infrastructures for European Synergies (ERIES-IW2025), 
Lisbon, Portugal.  

Bouchon, M., & Aki, K. (1982). Strain, tilt, and rotation associated with strong ground motion 
in the vicinity of earthquake faults. Bulletin of the Seismological Society of America, 
72(5). doi:https://doi.org/10.1785/bssa0720051717 

Çelebi, M., Ghahari, S. F., Haddadi, H., & Taciroglu, E. (2020). Response study of the tallest 
California building inferred from the Mw7.1 Ridgecrest, California earthquake of 5 July 
2019 and ambient motions. Earthquake Spectra, 36(3), 1096-1118. 
doi:https://doi.org/10.1177/8755293020906836 

CEN. (2004). Eurocode 8: Design of structures for earthquake resistance. Part 1, EN 1998-1. 
In. 

Cheloni, D., De Novellis, V., Albano, M., Antonioli, A., Anzidei, M., Atzori, S., . . . Doglioni, C. 
(2017). Geodetic model of the 2016 Central Italy earthquake sequence inferred from 
InSAR and GPS data. Geophysical Research Letters, 44(13). 
doi:https://doi.org/10.1002/2017GL073580 

Cooper, M., Carter, R., & Fenwick, R. (2012). Canterbury earthquakes royal commission 
(CERC) final report, Vol. 1-7. Royal Commission of Inquiry, Christchurch, New Zealand.  

Coull, A., & Tawfik, S. Y. (1981). Analysis of core structures subjected to torsion. Building and 
Environment, 16(3), 221-228. doi:https://doi.org/10.1016/0360-1323(81)90016-0 

Hoult, R., & Almeida, J. P. d. (2024a). Flexure-Torsion Response of Compressed Open 
Reinforced-Concrete Cores: Experimental Strain Gradients, Numerical Methods, and 
Interaction Diagrams. Journal of Structural Engineering. 
doi:https://doi.org/10.1061/JSENDH.STENG-13147 

Hoult, R., & Almeida, J. P. d. (2024b). Modified compression field theory and disturbed stress 
field model on the simulation of the global and local behaviour of non-planar reinforced 
concrete walls under cyclic and dynamic loading. Bulletin of Earthquake Engineering. 
doi:https://doi.org/10.1007/s10518-024-01982-1 

Hoult, R., & Almeida, J. P. d. (2024c). Torque Capacity of U- and H-shaped RC Walls using 
Warping-Equivalent Bending Moment. ACI Structural Journal, 121(4). 
doi:https://doi.org/10.14359/51740574 

Hoult, R., & Almeida, J. P. d. (2024d). Torque Capacity of U- and H-Shaped Reinforced 
Concrete Walls Using Warping-Equivalent Bending Moment. ACI Structural Journal, 
121(4). doi:https://doi.org/10.14359/51740574 

Hoult, R., Almeida, J. P. d., & Correia, A. A. (2024). Overview and blind prediction from shake 
table tests of a large-scale RC U-shaped core wall. Paper presented at the 8th World 
Conference on Earthquake Engineering (WCEE2024), Milan, Italy.  



 

AEES National Conference 13 

Hoult, R., Almeida, J. P. d., Correia, A. A., Candeias, P. X., Cumunel, G., Han, Y., . . . Archez, 
J. (2025a). Dataset: Shake-table Tests on Two 40-ton Reinforced Concrete U-shaped 
Walls with Uniaxial and Bidirectional-torsional Response. Open Data @ UCLouvain. 
doi:https://doi.org/doi:10.14428/DVN/MSDSWS 

Hoult, R., Correia, A. A., Bertholet, A., Candeias, P., Cumunel, G., Doneux, C., . . . Almeida, 
J. P. d. (2025b). Shake-table Tests on Two 40-ton Reinforced Concrete U-shaped 
Walls with Uniaxial and Bidirectional-Torsional Response. Earthquake Spectra. 
doi:https://doi.org/10.1177/87552930251378247 

Hoult, R., Doneux, C., & Pacheco de Almeida, J. (2023). Tests on reinforced concrete U-
shaped walls subjected to torsion and flexure. Earthquake Spectra, 39(4), 2685-2710. 
doi:https://doi.org/10.1177/87552930231195315 

Hu, Y., Lumantarna, E., Lam, N., & Tsang, H.-H. (2024). New Behavioural Trends of Plan 
Asymmetric Limited Ductile Buildings Revealed by Incremental Dynamic Analysis. 
Journal of Earthquake Engineering, 28(13). 
doi:https://doi.org/10.1080/13632469.2024.2350547 

Irwin, A. W., & Bolton, C. J. (1977). Torsion of Tall Building Cores. Proceedings of the 
Institution of Civil Engineers, 579-591. doi:https://doi.org/10.1680/iicep.1977.3127 

Kagermanov, A. (2025). Application of a layered shell element formulation to blind prediction 
simulations of U-shaped RC walls. Bulletin of Earthquake Engineering. 
doi:https://doi.org/10.1007/s10518-025-02216-8 

Lo Feudo, S., Han, Y., Cumunel, G., Hoult, R., Bertholet, A., Garnier, D., . . . Almeida, J. P. d. 
(2025). Video tracking of targets for vibration measurement of large-scale structures 
under seismic excitation. Earthquake Engineering & Structural Dynamics, 54, 2106-
2120. doi:https://doi.org/10.1002/eqe.4353 

Maruta, M., Suzuki, N., Miyashita, T., & Nishioka, T. (2000). Structural capacities of H-shaped 
RC core wall subjected to lateral load and torsion. Paper presented at the Proceedings 
of the 12th WCEE. New Zealand: The New Zealand Society for Earthquake 
Engineering. 

Orgnoni, A., Pinho, R., Hoult, R., & Almeida, J. P. d. (2025). Numerical Simulation of the 
Shake-Table Response of a U-Shaped RC Wall Using the Applied Element Method. 
Submitted to Bulletin of Earthquake Engineering.  

Peng, X.-N., & Wong, Y.-L. (2011). Behavior of reinforced concrete walls subjected to 
monotonic pure torsion—An experimental study. Engineering Structures, 33(9), 2495-
2508. doi:https://doi.org/10.1016/j.engstruct.2011.04.022 

Prakash, S., Belarbi, A., & You, Y.-M. (2010). Seismic performance of circular RC columns 
subjected to axial force, bending, and torsion with low and moderate shear. 
Engineering Structures, 32(1), 46-59. 
doi:https://doi.org/10.1016/j.engstruct.2009.08.014 

Sextos, A., De Risi, R., Pagliaroli, A., Foti, S., Passeri, F., Ausilio, E., . . . Zimmaro, P. (2018). 
Local Site Effects and Incremental Damage of Buildings during the 2016 Central Italy 
Earthquake Sequence. Earthquake Spectra, 34(4). 
doi:https://doi.org/10.1193/100317eqs194m 

Smith, B. S., & Coull, A. (1991). Tall Building Structures: Analysis and Design. 
Tsai, C.-Y., Bessason, B., & Rupakhety, R. (2025). Seismic damage evaluation of Icelandic 

RC wall buildings based on modelling approach used in the UCLouvain and ERIES 
UCLouvain-LNEC blind contests. Bulletin of Earthquake Engineering. 
doi:https://doi.org/10.1007/s10518-025-02203-z 



 

AEES National Conference 14 

Tura, C., Orakcal, K., Gullu, M. F., & Ilki, A. (2025). A new layered shell model for reinforced 
concrete walls I: model description and dynamic response simulations. Bulletin of 
Earthquake Engineering. doi:https://doi.org/10.1007/s10518-025-02148-3 

Xu, J., Chen, S., Guo, Q., Ye, Y., Diao, B., & Mo, Y. L. (2018). Experimental and Analytical 
Studies of U-Shaped Thin-Walled RC Beams Under Combined Actions of Torsion, 
Flexure and Shear. International Journal of Concrete Structures and Materials, 12(1), 
33. doi:https://doi.org/10.1186/s40069-018-0245-8 

 


