47 55 3 W = + Val e Vol.47 No.3
2026 43 H Rock and Soil Mechanics Mar. 2026

DOI: 10.16285/j.rsm.2025.0307 CSTR:32223.14.j.rsm.2025.0307

35R X K 2 AR EE[E 1L 32 1 53 B Ak AR B M RY S2 N

LG, kL, RAME !, #Ee!

A, TRERZE SAREKMIREZERE, THE ) 7500215 2. TRKRZ THERTERPERK LREERTIC L, TR )11 750021)

B OB HTEEMROKRRAE, PURMAE IS, T REAR. KIREEE. KIS SRR IR
e Fhat . BN AEE LRR, 5 IER R K G REEE 1L 1 1 AR S I R R . PSS . B ERA AN R
3 PSR ) 25 IR A5 WA 3B 3 1, BB EZH UK B 2 B HL A 3R o T R A [R] 5 U [ 44 38 1 1) 3R A R ol ik, JE IS AN [
2 5 VAR P AN FR A o A 28 P P NSRRI . A R A AR . RIS & B2 2 2 OB T 75 55 2 OV A s 1) O e
R HEC R, SRR FHERATS Ak TG M FR B P 5 B e =i AT IA 1 857.24 kPa, BOWTRZAFR =2 1.91 £ SALESFE L 5T
AR, AR AR 2 P 3.52 A% [ T S R A A AT B SRR B o R AR AIR B R . KT IR
PR R T R AR R S . SR AN RS N I T B RO A, SR T R S S A, AT B R T T B
TR AR E . B SO R R S IR Ak 5 A A& AR IR R TSR

X OO B KOIREY: B BRORRES: RS

FESES: TU444 SCERFRIRTG: A NEHS: 1000 - 7598 (2026) 03 — 0939 — 12

Effects of calcium sources on the strength and water stability of loess solidified
by soybean urease
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(1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan, Ningxia 750021, China;

2. Ningxia Center for Research on Earthquake Protection and Disaster Mitigation in Civil Engineering, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract: The issues of severe soil and water loss and weak erosion resistance in the Loess Plateau region are primarily attributed to
the low strength and poor water stability of loess. Soybean urease-induced calcium carbonate deposition is a green and low-carbon
biological soil stabilization technology, in which the calcium source critically influences the mechanical and hydraulic properties of
the solidified soil. Three calcium sources, calcium chloride, calcium acetate, and calcium nitrate, were selected to prepare
cementation solutions for treating loess, with a control group established for comparative analysis of the solidification effects. A
series of macro- and micro-tests were conducted on the loess solidified with different calcium sources to clarify the development
patterns and interrelationships among macro- and micro-indicators, including strength, failure characteristics, disintegration evolution,
calcium carbonate content (CCC), mineral composition, and micromorphology, under varying cementation solution concentrations
and curing periods. The results demonstrate that the unconfined compressive strength (UCS) of calcium nitrate-solidified soil reached
1 857.24 kPa, approximately 1.91 times higher than that of the control group. The calcium chloride-solidified soil exhibited the best
disintegration resistance, with disintegration time extended by up to nearly 3.52 times. The UCS and disintegration time of the
solidified soil showed linear and exponential relationships with CCC, respectively. The calcite crystals induced by soybean urease
reshape the microstructure of loess through cementation, filling, and encapsulation, enhancing particle compactness and overall
integrity, thereby significantly improving the strength and water stability of loess. This study provides robust support for selecting the
optimal calcium source in soybean urease-solidified loess.
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Fig.2 Particle gradation curve of loess
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Table 1 Basic physical properties of loess

RREKE B oKE BATEHE M R R B
% 1% Ngeem?™) HE /% /%

8.36 16.6 1.79 2,67 2977 12,65 17.12

2.2 KEREFEBRMB LB

R ER, RPPVER T, S OmIREA
40 g/L B HRELAIR S IRBEVA AN TT LA BRI
WA CR T HL R SE I B Py, DRk, RS
MR 40 /L BHEHUK G IRER AW - 275 Whiffin
2RO T, B 1 S/(m e s) LS FRAR L
XPRE 111 mol/(m® = s) R FE/KfFE, 15BIIREGE: 7
KRR F &, AT T K S IR S 2
0.109 mol/(m? *s). > % BE /R ¥ 1 PR 22 P IR 5
WAARFRLE N 101 BohI R EE . Horb, BT SR 4>
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Fig.3 Sample preparation process
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Table 2 Test scheme
MR R ERIE AR I g
(mol « L)

DO — 0.92 16.6 — 3, 7, 14, 28
L1 &k 092 16.6 1.0 3, 7, 14, 28
L2 &5 092 16.6 2.0 3, 7, 14, 28
Cl BAIRES 092 16.6 1.0 3, 7, 14, 28
C2  BAEMRES 092 16.6 2.0 3, 7, 14, 28
X1 IHERES 092 16.6 1.0 3, 7, 14, 28
X2 THERES 092 16.6 2.0 3, 7, 14, 28
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Fig.4 Schematic diagram of disintegration test apparatus
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Fig.5 Variation of the water content with the curing age
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Table 3 Average UCS under different curing ages
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DO 649.36 731.86 845.27 973.66
L1 896.96 1051.48 1277.87 1562.26
L2 978.95 123523 1499.63 1749.08
C1 914.55 1241.16 1 400.51 1529.74
c2 1038.74 1309.31 145238 1 633.49
X1 954.78 1196.39 1386.89 1549.90
X2 980.27 1215.82 1582.06 1857.24
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Fig.6  Variation of UCS with the curing age
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Fig.8 Typical failure characteristics
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