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& V,=0.09°-0.16, Chen, et al. [41]

"o V,=0.681"*-0.54, Taha, et al. [40]
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Fig. 6 Capillary absorption curves with correction term B < 0
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Table 1 The requirements of testing capillary sorptivity in
relevant international standards

Reference Sample size Precondition Test .
duration

NT Build 100 mm in diameter, 40 °C drying to 4d
368-199143 20 mm in thick, constant weight.

MSA=16 mm.
RILEM 150 mm in diameter, 50 C drying to 1d
TC 116144 50 mm in thick, target weight,

MSA=20 mm. redistribution

for 14 d.

BS EN Mortar prism of 60 ‘C oven drying to 90 min
1015- 40 mmx40 mmx=160 mm, constant mass.
18:2002141 MSA=5 mm.
ASTM 100 mm 50 ‘C and 8d
C1585-20[41  diameter, 50 mm in 80%RH drying

thick, for 72 h,

MSA=20 mm. redistribution at

23 C for15d.

1SO Sectional area 18-28 ‘C and 1d
15148: =50 cm?, 40%-60% RH
20020471 Width=10MSA, drying to

Thickness=5MSA. constant weight.

South African 150 mm in diameter, Drying at 25 min
Method®! 50 mm in thick, 50 C for7d.
MSA=26.5 mm.

MSA: Maximum aggregate size; RH: Relative humidity.

31 AHRT

TREE T R E R 2 E G 2R, 1R
Hiff 7 FL e 56 A B AR K e S WL RE R, R
FINARR AR TG (RVE) FIME & 142, A 200
TRE AR MRS, W RS A 'S N; HE
FIVREE T A M SRR E T, R
PR R, TR 3 T A AL R
K, IR KT b B T AR b RS B e YR
2R B ARG, ELV R K = B ) R o3 A
BOR BA B AR

M LBA8TRT L, i 32 SRR AR & 7 VTR
FHAR A Rk T R~ (B AR Bl K ) 3 3 328 A e K
AR (MSA)K) 5~10 £, Z AT LU WOk 405k
AP T R EER SO BENL /3 A . A, AR



« 1376 - CRERR Th 223400

J Chin Ceram Soc, 2025, 53(5): 1369-1388

2025 4

BRI E A 1.2~5.0 55K E R
RGN AL . 5502 & 1 A [R] S R A
1 EAN K2, R I i 5 R B 5 e B A /K T
R EAE, M BAOK &N RS, &
P — 5 W RS RRE 2 491, 3 AT (85 0 i LB
PR RS i 48 NS B R B AR KRR ) S AR B
Ko oAb, IR FE IS R 2 2 sl A~ 1 e
T AR BRI (8] R IR EE N, BR T RS B0
AT R BT 4b, 8] RE R Be s ek bl # i
TEEERAE, 52BN G R RS R AR T
Byt 2% rEnr iR sgm, S UCKHR R IR 2~3
£ KBRS A

32 FIEmaE

IS 1]~ 7 AR G2 A RARAN 3 FH T W1 4R 7K 43 43 A1 32)
SII8 2 AL R — 4E B4R SO FE . g T AL
P N H A e e, B T EE
FLBRAK ¥ 5] T KIEEEMBHEER %L, Koy
AR AR, AR e AR T AT Al
AEER T, SRRHA AT AR BE . AR 2 AE R AIE
AEEKRE, TR S S LR I 5
AT, SEmiie sk e 4 R BN K iE
R, FmgE R R R M, Ak, M Ab
PR AR KA K P 0L [ PR A B a2 A FH 25 R 3R
WAE—E R Fsgma BAROKMNRLE . e )%
TRAC BRI FERS,  SLERG 75 8 I AU T Ak 2R P 75 I )
FK 3 B4 Ai B35 ROR , DARRAR T T B )
L5 s KA R 6 4 SR PR ]

Tt B e AN ABRAICINT, A SR AR 4
TP B AR ER R, H T 22245105 XU B FLAR R ik
1B RSB I 7K 7 AR B 43 53l 65 "C A 70 °C e
Fi, BUATIRFRUEZ R 40~60 CTHIRE, HE
JERRARAER A 105 C i T I b 2 7 5K, Behs
TR TH AU B 2 RS, iR R T
50 ‘C-Hs-52, ] 50~60 CT-Aab T A fE 5
FBE TR L 4L, Fagerlund 25535\ 4 Hxt B4R 7K
R PRI EAR T2

WAL, R CBE. 5 A RS A 1 o HLAR T 5k
TN WU RS 56 A B ALK . TR B 25 Bk
SR IR N RSN P NE e P I N b R
BREAR LG, B 3 K Ve M B FL S I IR R BN,
T 75 i A AR A R LR BN, BT
ZbaKTe KA. (B2, AYERY BS5 B #id
FREIAEHEFERT, HE A 7 A 5 R e R
[F 5 BRE ELBA . HIF AR, JE AN 10 mm i

5T 3 A B[R] A B JE AR 58 1 B 45550, %o T
JHRR IR, B 75 B i ) n] R B0V 52
Mukadam SBT3 EE 2 M 7 A8 WLV VRCE #0 5 EA
TR KPR A R R R e, A BEIRE
PV B Rt K e AR s 4 B 2 ma 5N, R
FIRMRATEE, LR WAHRM L. 456
FEn LLAK, THRZE 60 CHIMTBUR T, Xt
Fe FHIRPRAE) 2 R B TR 2

TEE RN, CEEEAEVERZ5KEK
PR A BRA AR FH B4, 17 5 7K e B A )
RS AL ST, 8 E U R K JE AR
oM/, HOE ER A .

3.3 MR

FH 1.2.3 715 ], KPR L) B4R #2865
TEEUVINE BTN R AR, TN 2R
BRI IS 2E 1~3 d, IR B 2R /K 3 2 R ek
N FF RIS — B BEB IR KR S, H R iEs:
DR A 7E 250 NI A R K s BB AT, AR ) R A
Witk [FIR, BAOKE R R, B4Rk BT
s FERN,  RETEf I WK YR FE M R 3R 2 /NG L A
LT TERE . S5 A /KEPEES T A, WIGB4IIRoK
HAREFEHTERRE TG, BEERM
TR T K AR EREET. IR B4R K R
FE MBI, C-S-H EEHE K J5 4k i FLE5 )
WE, AIE SR PRI FK e Re, LR
IREEIROR8591, - 2R & BT 46 B AR /K s ZE A
) IR BRI EZE, AT YA AL f R AT e 2
Prig it s 245 K28,

MFE LRI, BRAT G0 K G Ze i A v )
TS T A 25 min 2 8 d A% . BARKIS FEYI46 2k
PE B BRI (@ AN IS 24 hy 7EGA 7 d (R
[N, AIREARSRTCIE LN 2 28 — A By, b in 75
SER BN AKRIGE S ] o 7R T B B AR K R 4
(EWSERESARINE SEPI R g SN E NS A IS ey 2
FIFRAL 3 T 1554 55060, 35 /N0 HE

4 R+ T TORE R W R A

41 FEMRFEELL

411 HE RSO ERIIROKRE D8R T 2
BEANTE, KRR BABOKIF A, HERSK
A ) ST 9 X6 S AR IROK PR e A B R ok, A
T I 3 X (1 S AR B 2 i Bh i KRR KK EG . iR
BB BCEE R R M, KRR S b 2 S5
e ARSI SR g 2oF QL E =iy e sy 4



% 53 %5 5 1

EEE S KPR R AIRKIE R S L S Ut e - 1377 -

IR, A E RS OK B RN R £
T2 ¥ 25 VR = A B R K R

Yang SETHRIGAT LR B, BB RMAR 4 5L
IBE N,  VREE T B AN IR AL, X R EH
DAL T AR AR AR X8/ . Shen ZEBURF 50 & B, H
BEEATR S SRR, RS E R SR ALER
KME A ALK, BB, XEEREZ
AENT 55 ST E X s m . eah, Wu SEBUTE S
HlE RS B RE AR R 8 24 R, Rk
BRI AN ] R4 3 FOR R T4 V2 AL B
JE AT B KRS, R 3 iR, EEEA
55% RH T, VR T M AGE R R E R
AR HE R RGO, ROBL T S X 55461
R, £ 50 C. 7% RH TRy, FB4IMKE K
B K RHRLAR 3 KT I k)N, 24 MSA=10 mm 4
A€ 1E 105 Crpim THRES, SZRERA &5
W, EUNRKERE— BN, SRt
BRI AE VAN B B AR R s A B, IR TR A 2
A B KE 2 2 2 T R TRl . xR
B, fEERlSRE—Er, BRI A G X B4R K
AR MR R BT 5, FERIER SR
FERETFIT, R E R MR SR .

0.25
A
£ 020} \
g B =
E / \é A
u}
5 015
z
=
£ 0.10
=} . O
; 0—0/ °©
=
& o005t —a—105C
© —A— 50 ‘C/7%RH
—0— 20 ‘C/55%RH
0.00 1 1 1 1
0 5 10 15 20

Maximum size of aggregate (MSA)/mm

B 7 Bk IORE AT AR J ] 58 X = 4 R 7K T 236 1) 52 g 05
Fig. 7 Effects of MSA and drying on capillary sorptivity1]
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Fig. 8 Effect of cement content on capillary water absorption
process(l
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Fig. 9 Effect of water-cement ratio on capillary sorptivity
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Fig. 12 Effect of curing methods on capillary sorptivity[’
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Extended Abstract

From the initiation of hydration when water is added to cement until the end of service life of cement-based materials, the
influence of water permeates almost the entire lifecycle, comprehensively affecting both the development and degradation of their
properties.Water transport is a critical fundamental factor determining the durability of cement-based materials (CBMs) and service
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life of structures. Since most concrete structures under service are unsaturated, capillary water absorption is the primary and efficient
mechanism for water transport in concrete. An in-depth analysis of capillary water absorption process and sorptivity is of great
significance for quantitatively studying and improving the durability of CBMs.

This study systematically investigates the capillary water absorption process and its anomalies in CBMs. While existing theories
attribute sorptivity anomalies to factors such as gravitational effects, material heterogeneity, and secondary hydration of unhydrated
cement particles, certain experimental phenomena remain inadequately explained. Through macro- and micro-scale testing combined
with theoretical modeling, it is hypothesized that the unique physicochemical interactions between water and C-S-H gel may underpin
these critical anomalies.

Although sorptivity testing is operationally simple, its results are highly sensitive to experimental conditions (e.g., temperature,
humidity, and initial saturation). The moisture state of specimens plays a decisive role in sorptivity measurements, while
inconsistencies in testing protocols can lead to disparate outcomes. Consequently, adopting a scientifically rigorous and practical
testing methodology is imperative. This paper reviews international standards for sorptivity testing, including the widely recognized
and scientifically reliable ASTM C1585—20 and ISO 15148:2002. However, these standards exhibit limitations, such as short testing
durations that overlook the significance of secondary sorptivity. Given the anomalous long-term absorption behavior of CBMs, a
systematic consideration of the two-stage sorptivity process is essential. Furthermore, China urgently requires the development of a
national testing standard tailored to its specific material and environmental conditions.

To elucidate the influencing factors of sorptivity, this study compiles and analyzes experimental data from diverse studies. The
results reveal that cement content, water-to-cement ratio, and the dosage of supplementary cementitious materials profoundly alter
hydration kinetics, hydration products, and pore structure, thereby significantly affecting sorptivity. Beyond material composition,
variations in pretreatment methods (e.g., drying protocols) also induce substantial discrepancies in test results due to differing
moisture states. Moreover, the coupling effects of these factors further complicate the interpretation of sorptivity behavior. Therefore,
during the sorptivity test, it is crucial to adopt a scientific pretreatment protocol to minimize the impact of drying, equilibration, and
moisture content on the test results.

The study also explores correlations between sorptivity and other macroscopic performance indicators. Sorptivity demonstrates
strong linkages with transport properties such as permeability and electrical flux, as these metrics are fundamentally governed by pore
structure. Additionally, sorptivity exhibits predictive potential for mechanical properties and durability outcomes, including
carbonation resistance, freeze-thaw durability, and sulfate attack resistance. Compared to other durability indicators, sorptivity not
only boasts a relatively straightforward testing process, but its primary advantage lies in its high sensitivity to durability changes in
long-age concrete. It also provides highly accurate assessments of the carbonation resistance of cement-based materials. Furthermore,
it contributes effectively to evaluating frost resistance and sulfate erosion resistance. When used in conjunction with other durability
indicators, sorptivity enables a comprehensive assessment of the durability performance of cement-based materials. As a durability
indicator, sorptivity shows promise in forecasting the service life of cement-based materials.

In conclusion, this work underscores the need for refined theoretical models, standardized testing protocols, and comprehensive
investigations into the coupling mechanisms governing sorptivity. Addressing these challenges will enhance the reliability of
sorptivity as a critical parameter for optimizing material design and durability assessment in cement-based systems.

Summary and prospects Cement-based materials exhibit water sensitivity due to their unique physicochemical interactions with
water. Current understanding and quantitative characterization of capillary water absorption (sorptivity) require further refinement
through integrated theoretical and practical studies. Notably, the two-stage sorptivity mechanism, particularly the physical
significance and engineering implications of the secondary sorptivity, demands deeper exploration to enhance its practical application.

Critical anomalies observed in sorptivity evolution highlight the urgent need to develop more scientifically robust testing
protocols. A standardized framework for evaluating concrete quality based on sorptivity should subsequently be established.

The measured sorptivity is significantly influenced by material composition and mix design parameters, including cement type,
supplementary cementitious materials, water-to-binder ratio, curing conditions (temperature and humidity), aging, and drying
pretreatment. Systematic investigations into the correlations between sorptivity and material composition are essential to optimize mix
designs for improved durability.

Although sorptivity demonstrates varying degrees of correlation with mechanical properties, other transport indices (e.g.,
chloride diffusion), and accelerated durability test results, it exhibits unique potential as a complementary indicator for assessing
concrete durability. Integrating sorptivity with conventional metrics could enhance the accuracy of service life prediction models for
concrete structures. However, further theoretical, experimental, and field studies are imperative to validate its application in
engineering practice.

In summary, advancing research—spanning mechanistic interpretation, standardized testing, material optimization, and
durability assessment—will provide critical insights into the performance and longevity of cement-based materials in real-world
environments.

Keywords durability; mass transport; capillary absorption; unsaturated flow theory; water sensitivity



