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Abstract

Self-compacting concrete (SCC), characterized by a low water—binder ratio and a high content of
cementitious materials,  is prone to early-age shrinkage and cracking, which adversely affects the
durability of structures. Desert sand, which is abundant and possesses fine particles, can partially replace
fine aggregates. Its incorporation can not only improve the fluidity and overall performance of concrete but
also reduce engineering costs and contribute to environmental protection. The addition of fibers can
significantly enhance the mechanical properties of concrete and delay crack propagation. Among various
fibers, polypropylene (PP) fiber has important engineering application value and research significance in
improving shrinkage performance. Based on this, this study systematically investigates the synergistic
effects of PP fiber and desert sand in self-compacting concrete, namely desert sand polypropylene fiber
self-compacting concrete (DSPSCC), providing an innovative approach for the optimized design of SCC.
The main research topics are as follows:

(1) To evaluate performance characteristics, this study conducted tests on DSPSCC in accordance with
relevant specifications, including slump spread, Tsoo, V-funnel, and L-box tests, to investigate the combined
effects of fiber content and desert sand content on the flowability, fillability, and void-passing capacity of
DSPSCC. The results indicate that the material exhibits the most ideal overall performance when the desert
sand replacement rate is 20% and the fiber volume content is 0.05% (i.e., Group B-20).

(2) Regarding mechanical properties, this study conducted compressive strength, split tensile, and
axial compressive tests on DSPSCC. The results indicate that the optimal mechanical properties were
observed when the desert sand replacement rate was 40% and the PP fiber content was 0.10% (Group C-40).
In particular, the compressive strength, splitting tensile strength and axial compressive strength of the C-40
group increased by 10.44%, 23.91% and 6.42%, respectively, compared with the A-0 group. Furthermore, a
conversion relationship between the strengths was established.

(3) Regarding shrinkage properties, this study conducted 28-day concrete autogenous shrinkage tests
and 180-day concrete drying shrinkage tests on DSPSCC using the contact method. Data analysis indicates
that the resistance to shrinkage deformation was most pronounced when the desert sand content was 20%
and combined with 0.10% PP fibers (Group C-20). Furthermore, a drying shrinkage prediction model
accounting for the effects of desert sand and fibers was established based on the CEB-FIP model.

(4) Microstructure: Scanning electron microscopy (SEM) and mercury intrusion porosimetry (MIP)
were employed to analyze the microstructure of the specimens after compressive failure, focusing on the

interfacial transition zone (ITZ), the bonding behavior between fibers and the matrix, as well as porosity



and pore size distribution. The SEM results show that when the desert sand replacement rate reaches 40%
and the polypropylene fiber content is 0.10%, the microcracks and pores in the cement paste are
significantly reduced, and the interface transition zone is notably improved, thereby greatly enhancing the
overall integrity and uniformity of the concrete paste. The MIP results reveal that the porosity of DSPSCC
first decreases and then increases as the desert sand replacement rate increases. Based on the
macro-mechanical properties and the microstructural porosity and pore distribution, a strength-porosity

model was established.

Key words: Desert sand; Polypropylene fiber; Self-compacting concrete; Mechanical properties;

Shrinkage behavior.
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