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Abstract: In the pursuit of sustainability, the construction of tall buildings is essential, and new
types of concrete can contribute to miniaturizing architectural sections. This research studied a 20-
story framed building under two conditions: using ordinary concrete and using high-performance
concrete. We found that the building's footprint decreased by approximately 21% in the high-
performance concrete case, and the lateral displacement of the top of the building decreased by 31%.
Furthermore, we observed that high-performance concrete played a significant role in increasing
the building's rigidity, thus enabling the use of smaller structural and architectural elements on
larger floors.

Keywords: high performance concrete, Frame Building, lateral displacement response spectrum,
seismic.

1. Introduction

With increasing population, vertical expansion became necessary instead of
horizontal expansion, especially in light of sustainable development and the need to
preserve resources for future generations, reduce construction costs, and ensure the
provision of services. [1] From this perspective, and with the increasing height of
buildings, numerous forces and difficulties arose for this type of building, particularly
lateral loads resulting from wind gusts or natural and man-made earthquakes. [2] These
forces pose a significant challenge, especially regarding lateral displacement, in addition
to second-degree effects that generate forces and stresses that can compromise the overall
stability of the structure. [3] To address such challenges, many designers resorted to
increasing the dimensions of building elements, thereby increasing the building's self-
weight. This, in turn, affects the seismic forces resulting from this weight, in addition to
reducing the architectural space. [4] To address this problem, high-performance concrete
emerged as an innovative solution that could meet the requirements of these high-rise
towers. [5] This concrete possesses several advantages, most notably its high modulus of
elasticity, high resistance to creep and shrinkage, [6] and the building's ability to resist
lateral deformations and reduce displacement. Hence, the need arose to study the effect of
using high-performance concrete on lateral deflection. The overall stability of high-rise
buildings[7].

2. Research objective

To study and evaluate the success of high-performance concrete in reducing lateral
displacement of tall buildings and improving overall stability under earthquake impact.

3. Literature review
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Many recent scientific studies have focused on high-performance concrete,
particularly its mechanical properties. These studies have found that the primary
advantage of using high-performance concrete lies not only in its increased compressive
strength but also in its higher modulus of elasticity [8]. This modulus is a crucial factor in
controlling deformations, especially those related to lateral loads [9]. One study
demonstrated that using high-performance concrete in columns and shear walls, especially
in basements, can reduce creep and maintain building stability.

Analysis of high-rise tower models has shown that replacing conventional concrete
with high-performance concrete reduces lateral displacement by 15-25%. Other studies
have also found that high-performance concrete has a positive effect on buckling resistance
and second-order stress resistance [10]. Khan [11] found that the high strength and
modulus of high-performance concrete lead to a lower stability coefficient and reduce
safety risks.

Tang[12] found that this type of concrete allows for a reduction in the cross-sectional
area of columns and shear walls, especially in basements, and thus can reduce the
architectural problem.

Table 1. References.

The studied
models and Type of structural Number
Researcher P . of floors Key findings of the study
concrete analysis .
. studied
resistance

Increasing the modulus of elasticity of high-

(Nonlinear Time Towers of performance concrete increased the flexural

Jiao et al. [10] Core Walls . varying stiffness of the building, reducing the lateral

History) . .
heights displacement between floors ($Inter-story
Drift$) by 15% to 25%.
Concrete frames The use of HPC resulted in a 20% reduction in
and shear walls Pushover the cross-sections of the lower columns without
. . . 40-60 . . . .
Guoetal[13] combined using Dynamic stor negatively affecting lateral stiffness, with a
fiber-reinforced Y significant improvement in seismic energy
HPC. absorption and displacement control.
The use of HPC in the tie beam columns

Smith & Outrigger Response (Outriggers) increased the system's efficiency
Tang]12] System Spectrum 50 story in restricting tower movement, reducing the

maximum lateral displacement at the top of the
building (Top\ Drift) by 18%.

4. Research Methodology

In our research, we will study the case of a regular frame building rising to a height
of 20 stories with a regular plan. We will study two cases: one using ordinary concrete and
the other using high-performance concrete, and compare them. The ordinary concrete will
be type C30, while the high-performance concrete will be type C80; consequently, the EI
value will differ accordingly. For modeling, we will use the American code ACI318 [14],
and for applying lateral loads, we will use the American code UBC97. We will apply the
response spectrum, using a building with SB soil, and in the third seismic zone according
to the American code, with the P-delta indices activated [15].
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Figure 1. horizontal projection.

Central Asian Journal of Arts and Design 2026, 7(3), 23-29.

https://cajad.centralasianstudies.org/index.php/CAJAD



26

Figure 2. Model.

5. Results and Discussion

After constructing the model, it was subjected to loads, both dead and live, followed
by seismic loads calculated using the response spectrum. A comparison of the main forces
and factors between the two models reveals the following: Firstly, the generated internal
forces, such as the axial forces in the columns resulting from the self-weight load, are as
follows:

Internal Force:
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Figure 3. Internal Force.

From the previous figure, we observe that the difference in axial forces resulting from
self-weight on the columns was small between the two types of concrete used, meaning
that the load is almost the same for both, since we did not modify the sections by changing
the type of concrete material.

Period

Comparing the building's lifespan, we observe that for standard concrete, the
lifespan was approximately 8.09 seconds, compared to 6.4 seconds for high-performance
concrete. This is attributed to the superior strength exhibited by this type of concrete.

Displacement
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FIG(4) Displacement

The displacement at the top of the building due to normal seismic loading was
greatest at 90 cm at the top of the last floor in the case of high-performance concrete, and
the displacement at the top of the building in the case of ordinary concrete was 1.3 meters.

6. Conclusions

Based on the previous results obtained from analyzing a 20-story building with a
frame made of ordinary reinforced concrete and the same building with the same sections
made of high-performance reinforced concrete, we concluded the following;:

The use of high-performance reinforced concrete played a significant role in lateral
stiffness due to its high modulus of elasticity, thus allowing for a reduction in the
architectural cross-sections of the columns.

The structural load was reduced by approximately 21% in the case of high-
performance concrete compared to ordinary reinforced concrete.

The lateral displacement of the top of the building was reduced by 31% in the case
of high-performance concrete.

The internal forces were almost the same despite the use of high-performance
concrete, but it was possible to reduce the architectural cross-sections, and consequently
the self-weight, which led to a reduction in seismic loads and other variables. From the
above, we observe that high-performance concrete played a significant role in increasing
the building's stiffness, thus enabling the use of smaller structural and architectural
elements on large floors.
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