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Fig.1 Appearance morphology of green bricks
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Tab.2 Compressive strength of green bricks

AU PR /MPa Bt
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Tab.1 Comparison of physical properties of green bricks ¢ ¢
m
FHrkm cem™ I A R B S5 T
EREES W (grem”)  WOKEY%  FLBE% Bk wﬁéﬁc{{: Alfeq 9caaqMq a C
PR E 1.62 18.94 951 HUkE
1P AL 1.50 17.32 26.42 SCHR[12] 10 20 30 40 50 60 70 80 90 100
it £1120/(°)
WPEIET 1.58~1.83  9.49~19.14 — k[ 13] - .
. El2 &8 XRD LT EE T
ik 1.74 17.42 6.24 Fig.2 X-ray diffraction pattern analysis of green bricks
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Tab.3 XRF composition comparison analysis of blue bricks
%
LS Si0, ALO, Ca0  Fe,0, MgO K,0 Na0O TiO, SO, PO, MnO Hfi
IIEIR 60.92  11.18  13.32 6.14 495 — 156 076 053 021 0.1 —
1P A ! 61.78 12.17 7.76 4.19 222 2.65 2.66 0.58 — 0.14 0.07 0.54
NS R BRI 5797 1654  10.54 537 3.58 233 1.88 073 035 0.9 0.09 0.43

Dy % 60.41 16.38 8.62 5.16 3.85 2.53 1.84 0.71 0.07 0.20 0.08 0.15
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Tab. 4 Soil soluble salt contents in the central and western regions of Inner Mongolia

mmol/(100 g)™'
ek RBES Na K ca’’ Mg’ cr S0%" col”  NO; HCO;
) 1 18.75 0.05 437 0 6.71 12.88 0.50 0.22 2.82
R T L
2 27.47 0.16 470 5.40 25.28 33.04 0.50 022 6.04
1 427 0.04 0.13 0.10 0.52 0.59 0.48 026 237
PRI T HE e B
2 484 0.04 0.14 0.11 0.72 0.48 0.54 0.06 2.15
o 1 14.63 0.87 0.82 0.98 3.52 13.76 2.04 0.14 2.93
SR Z s R
2 26.20 0.09 0.70 0 23.14 38.16 1.24 0.02 3.87
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Fig. 3 Apparent morphology change of green bricks
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Fig. 4 Green bricks mass loss rates
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Fig.5 Change of compressive strength of green bricks
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Fig. 6 Relative dynamic elastic modulus loss of green bricks
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Fig. 7 Pressure of salt crystals in the pores of the blue bricks
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Fig. 8 Microscopic morphology of salt solution before and after dry—wet cycle
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Fig. 9 Change of mineral phase and content of green bricks
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Fig. 10 Life prediction curves of green bricks
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Study on Corrosion Mechanism and Prediction of Remaining Life of
Ancient Architectural Bricks Under Salty Environment
WU Anli'*, GUO Zengping'", HAO Yunhong">, WU Rigen', XUAN Jiaoyu'
(1.School of Civil Engineering, Inner Mongolia University of Technology, Hohhot 010051,China;

2.Inner Mongolia Autonomous Region Engineering Research Center of Structure Inspection, Appraisal and Safety Assessment, Inner Mongolia University of
Technology, Hohhot 010051, China; 3.Key Laboratory of Civil Engineering, Structure and Mechanics of Inner Mongolia, Hohhot 010051, China)
Abstract:

Objective This study addresses the deterioration behavior and service life of ancient architectural blue bricks in saline environments in central
and western Inner Mongolia. It simulates damage development in ancient wall bricks subjected to soluble salt corrosion, analyzes corrosion
mechanisms and remaining service life prediction for blue bricks under saline conditions, and provides theoretical guidance for preserving ancient
blue bricks and predicting their remaining service life in saline environments of central and western Inner Mongolia.

Methods Based on the characteristics of saline-alkali soil environments in central and western Inner Mongolia, the primary types and concentra-
tions of soluble salts in the soil were identified, and three groups of solutions were prepared at 10 to 20 times the soluble salt concentration, in-
cluding a 5% Na>SOs solution, a 5% NaCl solution, and a composite salt solution consisting of 2.5% Na>SOa + 2.5% NaCl. A distilled water solu-
tion was used as the control group for comparative analysis. Blue bricks were subjected to accelerated corrosion tests for 5, 10, 15, 20, 25, 30, 35,
and 40 cycles under alternating wet and dry conditions. Each corrosion cycle consisted of 12 h of immersion followed by 12 h of drying at 60 °C.
Macroscopic changes in brick mass, compressive strength, and relative dynamic modulus were measured. Scanning electron microscopy (SEM)
was utilized to examine changes in internal micropore structures before and after testing, while X-ray diffraction (XRD) was employed to analyze
phase transformations. The service life of the bricks was predicted using the Wiener process theoretical model. Considering the service life re-
quirements of ancient structures and the initial compressive strength of the bricks, the failure time threshold was determined. The remaining ser-
vice life of ancient bricks in the saline environments of central and western Inner Mongolia was predicted by quantifying the relationship between
damage rate and damage severity under saline conditions.

Results and Discussions As the number of salt wet and dry corrosion cycles applied to the blue bricks gradually increased, changes in visual mor-
phology indicated that the bricks exhibited no significant damage after wet and dry cycling in the distilled water solution. Under Na.SOa solution
cycles, damage and material loss at the edges and corners of the specimens progressively intensified, accompanied by crack initiation and propa-
gation. After NaCl solution cycles, the edges and corners of the specimens became increasingly loose and rough, and small cracks gradually devel-
oped into penetrating cracks. Under composite salt solution wet and dry cycling, the edges and corners of the blue bricks gradually became loose
and rough, with damage and material loss continuously worsening. Overall, as the number of accelerated salt wet and dry corrosion cycles in-
creased, the degree of damage to the blue bricks consistently intensified. Analysis of macroscopic performance indicated that the mass, compres-
sive strength, and relative dynamic modulus of the blue bricks exhibited differentiated degradation trends. The severity of degradation followed
the order of 5% Na>SO4 solution > 2.5% Na>SO4 + 2.5% NaCl composite salt solution > 5% NaCl solution. Microscopic morphology analysis us-
ing SEM and XRD demonstrated that corrosion degradation of the blue bricks resulted primarily from salt crystallization pressure within internal
pores, mineral dissolution and hydrolysis, mudding, and interionic replacement reactions. Under salt wet and dry cycling, both the macroscopic
appearance and microscopic structure of the blue bricks exhibited varying degrees of damage, and deterioration of the microscopic structure led to
a continuous decline in macroscopic mechanical properties.

Conclusions Under accelerated salt wet—dry cycle corrosion testing, the predicted service life of green bricks based on mass loss was calculated
as 1 086, 1 802, and 1 111 hours in 5% Na>SOs4 solution, 5% NaCl solution, and 2.5% Na2SO4 + 2.5% NaCl composite salt solution, respectively.
The predicted service life based on compressive strength was calculated as 1 109, 1 490, and 1 196 hours, respectively. The average predicted ser-

vice lives were 1 097, 1 646, and 1 153 hours. Failure thresholds were reached after 30, 45, and 35 wet—dry cycles, respectively, corresponding to
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1.64, 2.01, and 1.84 years under actual saline environmental conditions. The remaining service life of blue bricks in Na2SO4, NaCl, and composite
salt solutions in central western Inner Mongolia was determined to be 120, 139, and 124 years, respectively by combining the service life of an-
cient buildings in Inner Mongolia with the compressive strength of original green bricks, and through quantitative analysis of the relationship be-
tween salt wet—dry cycle damage rates and green brick damage severity in saline environments. Under the regional saline conditions, the remain-
ing service life of blue bricks in ancient structures is at least 120 years. The predicted remaining service life of blue bricks is consistent with, or
even exceeds, that of the ancient structures in which they are used. Through evaluation of the remaining service life of ancient buildings, the pre-
dicted lifespan of their blue bricks falls within a reliable range. These experimental findings provide guiding principles for evaluating the durabil-
ity of ancient architectural blue bricks and for their conservation and restoration.

Key words: salt-dry—wet cycle; Ancient building green brick; salt crystallization pressure; microstructure; phase transition; residual life prediction
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