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Fig. 1 Detail of specimen
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Tab.1 Design parameters of specimens

. BEEL R PSR AR
R TR
RO-8-120 0.89

RO-12-120 0 39.80 2,01 152
RO-16-120 3.57

R20-8-120 0.89

R20-12-120 20 37.80 2,01 152
R20-16-120 3.57

R40-8-120 0.89

R40-12-120 40 43.10 2.01 152
R40-16-120 3.57

R60-8-120 0.89

R60-12-120 60 41.20 2,01 1.52
R60-16-120 3.57

R80-8-120 0.89

R80-12-120 80 39.19 2.01 1.52
R80-16-120 3.57

R60-8-150 0.89

R60-12-150 60 41.20 2.01 122
R60-16-150 3.57
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Tab.2 Properties of steel bars

A AR/ J IRy S/ e BRBREE, SRR
bR mm MPa MPa (10° MPa)
8 427 567 2
HRB400 12 436 608 2
16 455 665 2’
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Fig.2 Schematic diagram of loading device
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Fig. 3 Typical failure process of specimens
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Fig. 4 Failure pattern of specimens
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Tab.2 Load and displacement of each specimen at the pe-
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Fig. 5 Load-axial displacement curves of specimens for different desert sand replacement ratios
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Fig. 6 Load-axial displacement curves of specimens for different reinforcement ratios
1000
800 — R60-8-120 —~R60-12-120| 1000 | — R60-16-120
- R60-8-150 800 ——R60-12-150 - R60-16-150
800
600
~ 600t -
z < Z 600
E 400 ¢ = 400 + = 400 |
200 200 + 200
ob— .. 1) S S 0 S —
o 1 2 3 4 5 6 7 01 2 3 4 5 6 7 8 0 4 6 8 10
A/mm A/mm A/mm
(a) p.=0.89% (b) p=2.01% (©) p=3.57%
7 RNEAFRSE R AR e - e A A% ph 2k

Fig. 7 Load-axial displacement curves of specimens for different stirrup ratios
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Fig. 8 Load—concrete strain curves of specimens for different desert sand replacement ratios
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Fig. 9 Load—concrete strain curves of specimens for different reinforcement ratios
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Fig. 10 Load-concrete strain curves of specimens for different stirrup ratios
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Fig.11 Load-longitudinal steel strain curves of specimens for different desert sand replacement ratios
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Fig. 12 Load-longitudinal steel strain curves of specimens for different reinforcement ratios
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Fig. 13 Load-longitudinal steel strain curves of specimens for different stirrup ratios
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Fig. 14 Load-stirrup strain curves of specimens for different desert sand replacement ratios
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Fig. 15 Load-stirrup strain curves for different reinforcement ratios
N [+ DR 30 iy 28— A 1A 2 MR A T FR AT BN AR 2 —EL
1) 24 5F B [ P BERD AR 40% 1 60% I 2)) i 2R [ P, it 2B A5 97 23 A AR P 3

AR A LSS 5 VDB AR 20% FI80% YIS , 4 A3 1o 4% 18 T /) o FE 32 T TR R FL AR AL
S, P B 3 A9 0 R L B R R e R S AR A - A R —



55 2 1] 2R, S5 A A A TR B L A s PR AR IR AT Y 163
1 000 1 000
800 | e S R— ——
e, 800 | e, e, 800 T —
A g e, o - ] o ~e. . ~u
600 A g P .,
. ._-f.'.,- ~ 600 .__.'..,c z 600 1 .:"_,,_
= 00l 5 —— R60-8-120 = —— R60-12-120] = —+— R60-16-120
=400 : = b = H
¥ —— R60-8-150 400 + = —— R60-12-150 400 + £ —+— R60-16-150
3 H H
§ §
200 f 200 [ 200 &
3 3
0 1 1 1 1 0 1 1 1 1 0 n n n n
0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
£/10° £!/10° £/10°

(2) p.=0.89%

(b) p=2.01%

(©) p.=3.57%

El16 A [EMAFRBCHE At 1417 25— Fi A7 B2 TE 2k

Fig. 16 Load-stirrup strain curves of specimens for different stirrup ratios
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Tab. 3 Calculation results of ductility coefficients and tou-
ghness coefficients

N hea Hgs 5
R0-8-120 1.44 0.47
R0-12-120 1.84 0.52
RO-16-120 2.08 0.53
R20-8-120 1.33 0.44
R20-12-120 1.49 0.49
R20-16-120 1.62 0.49
R40-8-120 1.49 0.48
R40-12-120 1.95 0.54
R40-16-120 2.22 0.54
R60-8-120 1.41 0.48
R60-12-120 1.96 0.55
R60-16-120 2.10 0.55
R80-8-120 1.34 0.43
R80-12-120 1.69 0.51
R80-16-120 1.80 0.52
R60-8-150 1.36 0.49
R60-12-150 1.56 0.51
R60-16-150 1.55 0.50
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Tab.4 Test results and standard calculation results of be-
aring capacity of specimens

N N, Nag Naci
R0O-8-120 798.66  605.11 538.27 1.320 1.484

NoNGy  NyoNag

RO-12-120 862.52  686.43  594.49 1.257 1.451
RO-16-120  926.68  800.48  673.34 1.158 1.376
R20-8-120 716.61 57798  513.48 1.240 1.396
R20-12-120 803.55  659.30  569.70 1.219 1.410
R20-16-120 833.97  773.35  648.55 1.078 1.286
R40-8-120 846.42 649.88  579.16 1.302 1.461
R40-12-120 895.01  731.21  635.39 1.224 1.409
R40-16-120 973.27  672.38  714.23 1.447 1.363
R60-8-120 821.53  624.11  555.62 1.316 1.479
R60-12-120 876.70  705.43  611.84 1.243 1.433
R60-16-120 940.63  819.48  690.69 1.148 1.362
R80-8-120 747.43  596.83  530.71 1.252 1.408
R80-12-120 822.74 678.16  586.93 1.213 1.402
R80-16-120 875.39  792.21  665.78 1.105 1.315
R60-8-150  702.04  624.11 555.62 1.125 1.264
R60-12-150 793.19 70543  611.84 1.124 1.296
R60-16-150 880.77  819.48  690.69 1.075 1.275
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Tab.5 Calculation results and test results of specimens

v e 1% N/KN N/kN NNy
R0O-8-120 798.66 640.48 1.247
RO-12-120 0 862.52 744.86 1.158
RO-16-120 926.68 902.15 1.027
R20-8-120 716.61 694.04 1.033

R20-12-120 20 803.55 748.30 1.074
R20-16-120 833.97 905.10 0.921
R40-8-120 846.42 820.04 1.032
R40-12-120 40 895.01 859.54 1.041
R40-16-120 973.26 1055.02 0.923
R60-8-120 821.53 545.84 1.505
R60-12-120 60 876.70 623.29 1.407
R60-16-120 940.63 889.72 1.057
R80-8-120 747.43 656.50 1.139
R80-12-120 80 822.74 788.61 1.043
R80-16-120 875.40 1036.33 0.845
R60-8-150 702.04 656.24 1.070
R60-12-150 60 793.20 761.35 1.042
R60-16-150 880.77 873.47 1.008
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Experimental Study on the Axial Compression Properties of Reinforced Desert Sand Concrete Short Column
LI Zhigiang', GAN Dan'?", ZHOU Yangl’3

(1.College of Water Conservancy & Architectural Engineering, Shihezi University, Shihezi 832003, China;
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3.Xinjiang Corps Hydraulic Research Institute (Co., LTD.), Urumqi 830000, China)

Abstract:

Objective Due to the rapid development of infrastructure construction, the consumption of concrete has increased significantly. However, natural
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aggregate remains in shortage in many regions because of environmental constraints. Therefore, the use of locally available desert sand in con-
crete production in structural engineering receives increasing attention in northwest China’s Xinjiang Province. The Xinjiang region is character-
ized by limited fine natural aggregate resources, and nearly a quarter of the area is covered with desert sand. Therefore, using desert sand as a fine
aggregate resource addresses the imbalance between the supply and demand of river sand, and it reduces the cost of concrete production and trans-
port. The column is one of the essential components of a structure, so numerous studies appear in previous literature. However, relatively limited
research examines the axial compression behavior of reinforced desert sand concrete short columns. Therefore, the primary objective of this study
is to investigate the influence of desert sand on the axial compression behavior of reinforced concrete short columns. The failure mode, load axial
displacement curve, load concrete strain curve, load longitudinal steel strain curve, load stirrup strain curve, and ductility behavior of reinforced
desert sand concrete short columns are analyzed.

Methods Taking the desert sand replacement ratio, longitudinal steel ratio, and stirrup ratio as the main parameters, the study designed eighteen
reinforced concrete short columns made with desert sand in accordance with “Code for design of concrete structures” (GB 50010—2010). All col-
umns were constructed with dimensions of 550 mm in length, 150 mm in width, and 150 mm in height. The test was conducted on an electro-
hydraulic servo pressure testing machine with an axial loading capacity of 5 000 kN, and the loading velocity was set to 0.01 mm/min. Four dis-
placement sensors with a measuring range of 100 mm were arranged along the central axis of the four surfaces of each specimen to record the
axial displacement. Strain gauges were attached to the longitudinal steel bar, stirrup, and concrete surface to measure their respective strains.
Results and Discussion The test results showed that 1) the reinforced desert sand concrete short columns failed by forming vertical through
cracks, and the failure process and pattern of reinforced desert sand concrete short columns were similar to those of reinforced ordinary concrete
short columns. 2) When the desert sand replacement ratio increased from 0 to 80%, the peak load changed by -9.04%, 4.62%, 2.00%, and
-5.52%, and the ductility coefficient changed by —16.20%, 5.40%, 1.80%, and —9.46%, respectively; the concrete’s longitudinal and transverse
strains of the specimens increased at first, then decreased, and then increased again; the longitudinal steel strain and stirrup strain of specimens
with a desert sand replacement ratio of 20% and 80% were larger, while the longitudinal steel strain and stirrup strain of specimens with a desert
sand replacement ratio of 40% and 60% were smaller. The main reason for this behavior was that the concrete contained more pores than ordinary
concrete when the desert sand replacement ratio was low (20%), while the internal pores were filled by desert sand when the replacement ratio
ranged from 40% to 60%. The axial compression properties decreased again because the strength of desert sand particles was lower than that of
river sand when the replacement ratio reached 80%. 3) When the longitudinal steel ratio increased from 0.89% to 3.57%, the peak load increased
by about 8.53% and 15.80%, and the ductility coefficient increased by about 27.44% and 39.98%, respectively; the concrete’s longitudinal and
transverse strains decreased gradually; the longitudinal steel strain and stirrup strain of the specimens also decreased gradually; the results were
consistent with those of ordinary reinforced concrete columns. 4) When the stirrup ratio increased from 1.22% to 1.52%, the peak load increased
by about 11.44% and the ductility coefficient increased by about 21.58%; the concrete’s longitudinal and transverse strains decreased gradually;
the longitudinal steel strain and stirrup strain of the specimens decreased gradually; the results were also consistent with those of ordinary rein-
forced concrete columns. 5) The predicted axial compression strength using “Code for the Design of Concrete Structures” of China Code GB
50010—2010 and “Structural Concrete Building Code” of US Code ACI318 was higher than the experimental values by 21% and 38%, respec-
tively; after introducing the influence of desert sand on the strength of concrete and the matching effect coefficient of desert sand concrete and
steel bar, the study established a formula for the axial compression strength of reinforced desert sand concrete short columns. The calculated re-
sults agreed well with the experimental results.

Conclusions 1) The reinforced desert sand concrete short columns with desert sand replacement ratios of 20% and 80% demonstrated poor perfor-
mance, while those with replacement ratios of 40% and 60% exhibited good performance. Therefore, it was appropriate to use desert sand con-
crete specimens with replacement ratios of 40% to 60%, and a 60% replacement ratio was recommended to make full use of desert sand re-
sources. 2) When the longitudinal steel ratio increased from 0.89% to 3.57% and the stirrup ratio increased from 1.22% to 1.52%, the axial com-
pression properties of the reinforced desert sand concrete short column improved gradually, and the behavioral characteristics were comparable to
those of the ordinary reinforced concrete short column. 3) The formula for calculating the axial bearing capacity of reinforced desert sand con-
crete short columns was proposed by incorporating the influence of desert sand on concrete strength and the matching effect coefficient of desert
sand concrete and steel bars. It can provide a theoretical basis for the engineering application of the reinforced desert sand concrete short column.
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(4% B )

11 w‘?
Y 3|E#%=: Li Zhigiang, Gan Dan, Zhou Yang. Experimental study on the axial compression properties of reinforced desert '
¥ sand concrete short column[J]. Advanced Engineering Sciences,2026,58(2): 155—167.[ 2= 58, H 7+, J& A . 50 1b B by ik '
Y R ARO[, TR R 2026,58(2):155-167.] '

’w’wow’w 1401111111111 111114 111111111 1111111111111 111111 111111114 1111 -1 - -



