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Abstract.The history of the development of Ultra-High Performance Concrete (UHPC) shear walls and the
current status of today's research as well as the future development prospects are comprehensively collated.
The analysis process and conclusive results of the present-day domestic and international research on UHPC
shear walls are highlighted. The load displacement curves, hysteresis curves and skeleton lines of ultra-high
performance concrete shear walls under different experimental loads are collated and compared. Integrate the
corresponding equations for shear bearing capacity and equations for the overall specimen load displacement
curves. A finite element model of the ultra-high performance concrete shear wall is established to simulate
and perform non-linear finite element analysis of its force process under unidirectional horizontal loading.

1. Background section

1.1 Introduction to UHPC shear walls

In modern civil engineering, new materials and their
material properties are being investigated in various
countries. Ultra-High Performance Concrete (UHPC) is
one of them. Ultra-High Performance Concrete (UHPC)
is considered to be the most innovative cement-based
engineering material of the last 30 years. It is widely used
in large span or storm resistant structures due to its high
durability and abrasion and storm resistance properties. It
has unlocked a new horizon for the civil engineering
industry. The dimensions of UHPC structures are between
those of ordinary concrete structures and steel structures
for the same load-bearing capacity, and the mechanical
properties of properly reinforced UHPC structures are
close to those of steel structures. UHPC utilises fine
aggregates and achieves the tensile and strain-reinforcing
behaviour of the material through the close adhesion of
strong steel fibres and their gel. The ultimate pressure
strain varies between 0.004 - 00.0052, depending on the
number of steel fibres. Creep is very small under long-
term loading (only about one tenth of that of normal
concrete). Shrinkage occurs very little under the heat
curing conditions of [1]. Over the last two decades, UHPC
has gained increasing interest in many countries and
regions, with applications ranging from building
components, bridges, architectural features, repair and
restoration, windmill and utility towers, to oil and gas
industry applications, offshore structures, hydraulic
structures and cover materials. Many academics have also
tested the benefits and current status of UHPC in terms of
its own performance and the buildings constructed from it.
Wang and Gao [2] et al. used UHPC material cast axial
tensile specimens with different strain forms to measure
the axial tensile mechanical properties of the material, as
well as experimental monotonic and cyclic loading to
observe the tensile properties of the material to establish
stress-strain curves, followed by the establishment of an

* Corresponding author: 2506281851 @qq.com

intrinsic structure model and the inference of the axial
tensile damage equation of the specimen, and finally the
use of finite element simulation to verify the rationality
and accuracy of both.

Zeng and Luo [3] et al. collated and introduced the
permeable ultra-high performance concrete UHPC
material to establish an assembled traveling steel frame
bridge, which is a novel structural form of arch bridge
utilizing the advantageous performance of UHPC material,
solving the problems of traditional arch bridge such as
easy cracking, low bearing capacity, long construction
time of cast-in-place, and beautiful shape, this
construction method is less in China and less construction
experience, which introduced the design points of the
bridge, construction method and construction monitoring,
providing the construction experience of this type of
bridge, in providing help for the subsequent promotion of
this type of bridge.

Wang [4] summarised the prospects for the use of

UHPC by analysing and summarising the application of
UHPC materials in bridges in various countries and the
current construction methods and progress.
So far, many studies have been carried out on UHPC
beams, columns, beam-column nodes and piers, but
relatively it has been less studied in shear wall structural
members, mainly due to the relative lag of relevant basic
research. This article is to use UHPC as shear wall
material using ABAQUS simulation to establish its
intrinsic structure model and fatigue capacity test. The
corresponding research on UHPC as a structural material
for shear walls is relatively scarce but there are some
predecessors who have conducted some tests on it.

Li and Wei et al [5] designed seven high-strength
concrete shear wall specimens with different forms of
edge-constrained members and one high-strength
concrete shear wall specimen with normal reinforcement,
which were subjected to low perimeter repeated horizontal
loads. It was obtained from the experiments that for shear
walls with shear-to-span ratio A = 2, the seismic
performance of high-strength concrete shear walls could
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be significantly improved by setting high reinforcement
rate concealed columns or end columns in the high-
strength concrete shear walls and appropriately increasing
the reinforcement rate of horizontal and vertical
distributed reinforcement.

One of them, Zhong and Tong [6], used finite element

simulation to establish a UHPC shear wall model to
simulate the applied horizontal loads. The stress-strain
equations and corresponding relationship curves were
derived from the UHPC principal structure model, and the
load-displacement curves of real specimens were derived
by building solid specimen models from other literature
and then compared with their own simulated experimental
models to verify the accuracy of their own experiments
and to summarise the differences between the two and to
analyse the reasons. The effects of the axial compression
ratio, shear-to-span ratio, reinforcement rate of concealed
column longitudinal bars, reinforcement rate of concealed
column hoop bars and reinforcement rate of distributed
reinforcement on the shear bearing capacity of UHPC
shear walls were analysed. Corresponding control curves
were established to highlight the magnitude and
magnitude of the effects of the respective variables on the
materials.
Subsequently, Zhang, Liu, Li and Chen et al [7] analysed
the research status of UHPC at home and abroad in terms
of UHPC matching ratio, doped fibres and nano-materials,
summarised the research status of ultra-high performance
concrete UHPC at that time construction process as well
as outlook, and also analysed and summarised the internal
and external research on UHPC in structural applications.
It provides an effective reference for the next UHPC
research development.

Tong and Xiao et al [8] cast an ultra-high performance
concrete (UHPC) shear wall to which vertical and
horizontal biaxial stresses were applied. To verify its
resistance to shear bearing capacity low circumferential
repeated loading was applied to study its shear bearing
capacity and fatigue strength, and it was concluded that
UHPC has high cracking resistance and ultimate bearing
capacity. The type and extent of cracking in the specimens
were analysed: the number of cracks in the specimens was
large and the specimens did not exhibit the typical x-
shaped cracks. The cracking load was 65% of the peak
load and the UHPC shear wall showed high cracking
resistance and ultimate load carrying capacity. The
deformation performance of the specimens met the
requirements of the current code. A formula for
calculating the cracking load of UHPC shear walls with
inclined sections was also derived and the cracking load
of the specimens was calculated. Compared with the
measured results, the formula is highly accurate and can
be used to calculate the cracking load of inclined sections
of UHPC shear walls. A formula for calculating the load
carrying capacity of the diagonal section of UHPC shear
walls is presented and the load carrying capacity of the
specimens is calculated. Compared with the measured
results, the formula has a high accuracy and can be used
to calculate the shear bearing capacity of UHPC shear
walls.

Nong and Zheng etc. [9] used UHPC material bonded
to each shear wall structure to study the application of

ultra-high performance concrete in assembled building
shear walls, verifying that UHPC material can carry out
effective force transfer and can make the assembled
specimen capacity equivalent to that of cast-in-place
specimens its crack resistance, strength and stiffness or
even better than fully cast-in-place.

Xu [10] constructed a coarse aggregate UHPC
material and a short coarse aggregate UHPC column with
hoop restraint, experimented and tested the material ratio
of the specimen as well as various mechanical properties,
established the axial compression  stress-strain
relationship curve of the short UHPC column with hoop
restraint, and obtained the optimal water-cement ratio
control value and the conclusion that the amount of steel
fibre dosing affects the strength of the material itself. The
experimental results are compared and the restraint
mechanism of hoop-constrained UHPC short columns is
discussed as the combined effect of internal and external
restraint respectively. The calculation method of the hoop
restraint stress is derived and the corresponding peak
stress and peak strain equations are given to verify the
agreement with the experimental results. The restraint
mechanism is also derived and a uniaxial restraint intrinsic
structure model is established. A large span bridge built
with UHPC material is also simulated to analyse its
reasonableness and suitability.

Xue [11] studied RUHPC combined precast shear
walls to analyse their force performance. Firstly, he
proposed a numerical model for the tensile strengthening
effect of RUHPC based on which the average stresses in
steel reinforcement and UHPC during tensile
strengthening were calculated and the tensile principal
structure of steel reinforcement and UHPC considering
the tensile strengthening effect was proposed. The
uniaxial tensile tests on the specimens were carried out by
varying the steel fibre admixture and reinforcement rate,
and the validity of the tensile strengthening instantiation
was demonstrated. Secondly, the proposed tensile
instantiation of RUHPC considering the tensile
strengthening effect is applied to the softened truss model.
The softening coefficient of UHPC is fitted based on the
experimental literature and the compressive instantiation
of UHPC considering softening is proposed in
combination with the present compressive instantiation of
UHPC. The corresponding material ontology model was
developed for finite element simulation and compared
with the experimental results to demonstrate the validity
of the softened truss model for RUHPC material to
simulate RUHPC shear specimens. Finally, the second
developed material ontology was subjected to finite
element simulations of concrete and RUHPC shear walls
and compared with literature tests to demonstrate that the
finite element model can accurately describe the shear
mechanical response of shear walls. Based on this finite
element model, a simulation of the RUHPC combined
precast shear wall was carried out. Parametric analyses
based on the simulation results were also carried out. The
results show that the RUHPC combined nodal slab can
improve the bending and shear load capacity of the
structure and increase the deformation capacity of the
structure. Based on the lower limit method of plastic limit
analysis, the bending load capacity equation of RUHPC
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precast shear wall is proposed, and the shear load capacity
calculation method of RUHPC precast shear wall is
proposed based on the softened tension-compression bar
model. The finite element simulations based on the
secondary developed structure are also used to verify the
bending capacity equation and shear capacity calculation
method. This paper is a simulation and data analysis of the
modelling of UHPC material acting as a shear wall as the
centre of the study. Comparisons with previous
experiments are made to verify the validity of the
modelling. Simulated unidirectional horizontal load
simulation experiments are also carried out on the
specimens. To study their shear bearing capacity.

1.2. Introduction of corresponding experimental
curves

The stress-strain relationship curve for UHPC shear wall
reinforcement and the load displacement curve
established by Zhong and Tong et al. It was modelled
usingg ABAQUS for the length*width*height
(700mm*100mm*1400mm) model using HPB300
reinforcement as the wall

UHPC material shear walls are modelled using vertical
and horizontal distribution reinforcement, concealed
column hoops and HRB400 as concealed column
longitudinal reinforcement. The overall load displacement
curve is studied. One of these curves is that of the
specimen in [4] and the curve obtained in the simulation
modelling experiments.

The corresponding derived equation:

y=147.6In(x)+145.94 Q)
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Fig. 1. The conclusion drawn from the curves is that the shear
capacities of the two are relatively similar, but the shape of the
load-displacement curves deviates, mainly because the initial
stiffnesses of the analysed curves are both slightly higher due to
the lack of consideration of the adhesive slip between the
reinforcement and the concrete.

The corresponding influence curves were also
established separately for different influence factors. As
shown in Figures 2, 3 and 4
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Fig. 4. Shear to span ratio and ultimate and yield loads.

A corresponding study of the role of UHPC as a
connection for assembled shear walls was investigated by
Nong and Zheng et al. A low circumferential repeated load
test using constant axial pressure was established for
length*width*height (1300mm*160mm*2800mm) and
the crack form of the specimens was studied.

The hysteresis curves of the corresponding specimens
were obtained. The shape of the hysteresis curves was
bowed, and the curves were all full, with good energy
dissipation capacity. Before cracking, the specimens were
in an elastic state and the hysteresis curves were basically
straight, with no residual deformation in the specimens.
After yielding, the hysteresis loops are fuller and each
peak point of the hysteresis loops is basically kept in a
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horizontal line, the specimen has good ductility and Form 1
energy dissipation capacity. As shown in Figure 5 and 6.
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As well as deriving the specimen skeleton line. As
shown in Figure 7. 100+
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Fig. 7. specimen skeleton line skeleton curves for different
specimens.

reinforcement distribution as shown in Figure 9 below; the
loading schematic is shown in Figure 10.

The number of values corresponding to each of its
characteristic points is obtained. As in Form 1.
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Fig. 11. Longitudinal and transverse low
circumferential repetitive loading curves.

Its hysteresis curve is obtained: see Figure 12.
As well as analysing the form, size and width of their
crack distribution.

change significantly around 7; the most dramatic increase
is seen in the period 10-12, growing twice as much as
before, from 12 onwards the change in magnitude
decreases and there is a slight tendency to level off.
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Fig. 13. Derive the corresponding formula.

Under the action of axial force, N, horizontal force, F,
the shear wall produces a shear wall with the main tensile
stress reaching the initial crack strength of the UHPC. The
maximum shear stress tmax is obtained and can be
expressed as follows:

T _ Fer 2
max—l.s—hwobw ( )

The main tensile stresses in UHPC for the calculation
of shear wall cracks are the initial crack strengths:

On ’02
ft0=_7+ Tn+T12nax @)

fio:
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where o, isthe vertical compressive stress, calculated as:

The relationship between f;, and the tensile strength
of the UHPC specimen is:

fro =1t/ A+ apds) ()

a; is the coefficient of influence of the low tensile
strength of the steel fibres, which is 0.15 from [12], and
A¢ is a characteristic parameter of the steel fibre content,

Ar = prly/dy (©)

This can be calculated from this.
Cracking load:

N
E:T = O.67ftobwhw0\/Tm (7)

It is verified that the actual inclined section cracking
load measured by the above formula differs from the
actual value by a factor of 1.12.

The shear bearing capacity consists of two
components, the shear force and the horizontal shear force
to which the concrete is subjected, and is calculated by the
formula:

v =0.67f, byhuo /1 + W + fyv%ho )

The shear load capacity of UHPC shear walls under
repeated loading is reduced by 20% compared to
monotonic loading. This equation is applicable to the
calculation of the shear bearing capacity of UHPC shear
walls.

Secondly, the shear bearing capacity under seismic
action is also derived as follows:

’ N Asy
V = 0.54f,,b,hyo |1+ bwlwafre + 0.8fyv7h0 9)

The second formula is in good agreement with the
measured values when tested against four specimens in
the literature for lasting shear damage. Therefore, the
shear bearing capacity of UHPC shear walls can be
calculated according to Equation (9) in practical
engineering.

Fang and Li et al. cast high-strength concrete shear
walls with high reinforcement ratio edge-constrained
specimens to study their seismic performance. They built
specimens of length* width* height
(1000mm*120mm*1600mm). Loads in both horizontal
and vertical directions were equally applied to the
specimens.

The hysteresis curves for two of the 06 and 07
specimens are shown in Figures 14,15, 16.
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Fig 16. Test piece skeleton line

As seen from the skeleton curves, increasing the
longitudinal reinforcement ratio of the edge restrained
members effectively increased the load carrying capacity
of the specimens. A comparison of specimens HPCSW-
06 and HPCSW-07 shows that, all other conditions being
equal, the peak load of the specimen increases with the
increase of the axial compression ratio, but the larger the
axial compression ratio, the smaller the ultimate
displacement of the specimen, the faster the load decays
after reaching its peak, the deformation capacity of the
shear wall becomes smaller and the displacement ductility
becomes worse.

Its deformation capacity is quantified by the
displacement ductility factor p.

p=A4,/4, (10)

where Ay is the yield displacement and Au is the ultimate
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displacement. (See Fig. 17)
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Fig. 17. Specimen stiffness degradation curves

As can be seen from the graph, the stiffness decay
trend is more or less the same for each specimen, with the
stiffness decaying fastest from the beginning of loading to
cracking, faster during the process of cracking to apparent
yielding, and the stiffness decay starting to slow down
after yielding. The stiffness of the specimen gradually
decreases with the development of the crack, which
develops faster before the specimen yields.

The shear wall load-displacement curves of the
specimens loaded monotonically were also simulated
using the finite element model. The resulting experimental
skeleton lines were compared with the actual skeleton
lines.
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As can be seen from the figure, the finite element and

test skeleton curves can match well, especially the initial
elastic phase is closer, but as the loading progresses, the
two begin to deviate partially. In addition, the elastic
stiffness of the finite element curve is slightly greater than
that of the test curve, and the deformation corresponding
to the peak load is slightly smaller than that corresponding
to the peak load in the test curve, but the magnitude of the
peak load is closer between the two.

This is probably due to the fact that the concrete used
in ABAQUS is an ideal homogeneous material, whereas
the test concrete is inhomogeneous and has certain defects,
and the finite element analysis ignores the adhesive slip
between the concrete and the reinforcement.

2. Analysis of this article

Shear wall finite element model: This paper uses three
modules of ABAQUS modelling and an overall
reinforcement network to achieve a finite element
simulation of the UHPC shear wall. The overall model is
composed of three modules: foundation beam:
length*width*height (1700mm*600mm*500mm); shear
wall section length*width*height (700mm=*
100mm*1400mm); loading beam above the shear wall
length*width*height  (700mm*300mm*200mm). The
concrete materials are all UHPC ultra-high performance
concrete. The overall concrete protection layer thickness
is taken as 25mm.

The shear wall is equipped with concealed columns at
both ends within 100mm. HRB400 is used for the
longitudinal reinforcement of the concealed columns,
HPB300 is used for the wvertical and horizontal
reinforcement of the wall and the hoop reinforcement of
the concealed columns.

The load beam is bundled with 11 hoop bars, the shear
wall is composed of 30 layers of horizontal reinforcement
and 8 concealed columns of longitudinal reinforcement, in
order to strengthen the overall stability of the components
concealed columns of longitudinal reinforcement through
the three model components. The lower foundation beam
consists of 23 rows of hoop bars and 4 lumbar bars with 4
horizontal bars to form a reinforcement skeleton. The
model is shown in Figure 1 and the finite element model
in Figure 20-21.

The finite element model is divided into the
connection of the components: the reinforcement mesh
parts are fixed together using the Tie command The
concrete is bonded to the reinforcement skeleton using the
Embedded region The UHPC material is defined using the
plastic damage model and the parameters are shown in
Table 1.

The compressive behaviour is shown in Table 2. The
tensile behaviour is shown in Table 3.

Table 1. UHPC material parameters

Expansion Eccentricity b0/ K Viscosity
angle fco parameters
56 0.1 1.16 | 0.67 5E-005
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Table 2. Parameters of compressive behaviour

Yield stress Inelastic strain
1 124 0
2 138 0.001
3 76 0.009
Table 3. Tensile behaviour parameters
Yield stress Cracking strain
1 0.7 0
2 9.7 0.0035
3 2.1 0.05
Table 4. Reinforcement parameters
Yield strength Modulus of
rein}—grif):?rﬁgozteel standard value elasticity
/MPa /GPa
HPB300 300 210
HRB400 400 200
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Fig. 20. Finite element model
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Fig. 21. Schematic diagram of geometry and reinforcement.

In this experiment, the foundation beam was fixed
around, and on this basis, 54kn force was loaded on one
side of the loading beam to observe the bending moment
distribution and the energy dissipation capacity of the
concrete. In terms of the experimental results, the shear
resistance of the UHPC super high performance concrete
shear wall far exceeds that of ordinary concrete, after the
application of horizontal load, the maximum bending
moment out of the loading beam action surface and shear

wall connection and shear wall and foundation beam away
from the loading surface of the two places, the bearing
moment is mainly distributed in these two points of the
line part, from the edge to the centre of the moment
distribution gradually weakened, roughly the same value
of each bending moment into The bending moments of
roughly the same value are distributed in parallel in strips.
It is worth noting that the shear wall near the foundation
beam on the same face of the loading point also bears part
of the bending moment, and the value is smaller compared
to the central part of the same part of the shear wall,
supposedly because in the overall modelling, the part of
the shear wall connected to the foundation beam is
restricted from moving, thus causing the bending moment
to be transferred upwards, which is also a certain reason
why there is no bending moment at the point where the
shear wall is connected to the foundation beam by the
loading point. There is also no bending moment in the
middle of the shear wall away from the loading surface,
which is supposed to be borne by the corresponding
bottom part.

As the load increases, the overall moment distribution
of the shear wall does not change much and no cracks
appear at the loading point of 54kn. The overall shear
bearing capacity is very good. And the energy
consumption is excellent.

Compared to conventional concrete, UHPC ultra-high
strength concrete has a more excellent compressive and
shear bearing capacity. The concrete itself has rapid initial
development and high mid to late compressive strength,
which can be used to reinforce and repair some stainless
steel plates and expensive organic chemical polymers,
thereby controlling costs and maintaining the integrity of
the concrete management system. The high compressive
strength and its impact resistance are also useful in
defence and security constructions and in unique
constructions where high load-bearing capacity is
required; the high compactness and excellent corrosion
resistance allow it to be used as a decorative material on
the exterior of buildings.

3.Conclusion

The shear and compressive capacities of UHPC shear
walls are much higher than those of ordinary concrete
shear walls. In the loading, firstly, the UHPC shear wall
was loaded with the forces that ordinary concrete can
withstand and it was found that no cracks appeared in the
UHPC shear wall, and by increasing the magnitude of the
loading force, it was found that the bearing capacity of the
UHPC shear wall was several times that of the ordinary
concrete shear wall. Secondly, it was found that most of
the bending moments were distributed in the connection
between the loading beam and the shear wall in the acting
plane and in the connection between the diagonal pair of
shear wall and the foundation beam. These two points can
be strengthened in future practical works. Overall UHPC
shear walls are several times more capable than ordinary
concrete shear walls in all aspects and are very promising
for research and market.
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