5% 53 B4 11 1) JiE SO > B < N Vol. 53, No. 11

I

2025 4 11 A JOURNAL OF THE CHINESE CERAMIC SOCIETY November, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20250352

1o B AN T MR ALK e 2 A A Bk Eh A 44T N B 1 ke ik

FEM, LR TER AfR Bz IEA, sEX Y BER A4

(1. HFHETRELARTESEE, LR B 2665205
2. FRHBTRY, WRBAEAZFX TREETSZEMFRAGH PO, LR 5 266033)

OB N TR YRS KU I E A MRHE SN AT BT RISt R RE, A LARE N E SRS AT IR 7T i N A AT N AR
WKV I E A FEHSHCO) I 112247 9 Je 5T 3, R v i e A 2% R (DIC) SRR i i R rf SHCC 31 423 3 A2
ARG HEAT 0 s I, SRA X-CT X n#kJa SHCC I Wit AT i bir. GREW]: RNARFINE T, BEHRAR R
HEIN SHCC (123N A VAR N 3 ANVE RE BE 1B AT AN, AR W)L BAT MIAR AU, HF A BB AR VAR IS 350 AR 2 f) S P 22 B S
KT WRAERE1; DIC 70 M s BRE AR B ) IR B B R T 1 J 46 o 48 X-CT $3 045 Rl ilhpia g B AN RS2 0 H 2]
LT L, HREDAECE, FINFE-—ERACE I 2 KRE, Xt SHCC RAMAR MBI T2 A R E 2R K .

[m] 2

I
KR MR, BFEGHRER, SRR, SR RIASR R
PEISES: TUS28  XHEMRERE: A XEHS: 0454-5648(2025)11-3250-08

4% AR AT E]: 2025-10-11

AR AL K YR 3L A R(SHCO) &/ Li &1 EEEHRM AR RS (SHPB), £X SHCC 7= M
BTGV A W7 28 S A T B R R R TR A AR T RIS A R N T R GEAT T Gl
Bl M RE RS AR APRTEE ] FRILE 3%~8% 4 DIC SEB il rh R 1 234 B AR AR E . 45
(IR BRI AS RS /), HASTE ML iR g A X SHERTHRHLIEZ 5 (X-CT)H AR 3h 4 K 4k
(17 300~800 1514, FeTH bR Syt drkl WREEAT SRR S, R T Avizo BRI
7E A AR C I T E RIMMBF RS, Tithss  FRAUUEI AT RAE Bt — P& B4 dt il 7~ B
FILE IRAE AN AN £ 2 & AR T BE 2 R Zhs  (SEM)XT BB R G5 M TR SR FE HEAT R AE, M
MR PO, WF AR, SHCC fEm AR R -0 R R s R AR R N T SHCC Bif 2k
INEM PR 2 HERaSY AT N, R LR
MR GUEAALHE A R R huopd PR Re i SR N
fE, HahESPUERE SRR IaE h EBLEER °
AR RN, (AR Z, Zhang P 1.1 ifkEEHE
Wang £ Huo 25" Trindade 2"/ Khan 2!'%! KH W AR KK ERF R ALK P.O
BT BT BHE A K HAR (DIC)IAE T AR MAS R T 42.5 TillkERR Eh/K J8(GB175-20231 ) AP M kit hy
SHCC 1 BGREMZ ALY REHE, FREaE  6~7 um PR AR B B, H KPRt
RS MBE R I, MELERE G EFR 5 NAT R 490927 pm, 1 3~30pm FRRL &5 L2408 70%.
ZYIMI, IFSCMARRSE MR AR R BT AR (— R K, GB1596-20171* N
e R . RN 0.96%(F B H, HARH S AR 1), Hrb

N ENARZE T SHCC (/15 as ke its  BifE/hF 10 pm IR 5 80% LA b5 A SERb
R, ASCRHBEAN 50 mm 45 (GB/T 326492016 ) AN E Rl HEKRiAA N

WA E I 2025-04-30, BT H#: 2025-06-04 Received date: 2025-04-30.  Revised date: 2025-06-04
FHEWH: R EARFHFIEE(U23A20673, 52478261, 52508281). First author: GUO Weina (1992-), female, Ph.D., Lecturer.
BAEE: FAHEWA992—), L, WL, . E-mail: guoweina@qut.edu.cn

WEEE: HEMA991—), %, Wit, 8lEdE. Correspondent author: TIAN Yupeng (1991-), male, Ph.D., Professor.

E-mail: tianyupeng@qut.edu.cn



ES3EFE 11

SRERUR 5. R NS FINER R NG K e B E SRR A IS4 AT D9 B B . 3251 -

0.3 mm; BRI HAKNT BT HRAK KR
FRIBIOKA, HIROKHE IE 30%; 2R 48k H 7

PVA #f4E, HEAAMRESHLE 2, MR AT
L 3.

F1 MEROUFERS

Table 1 Chemical composition of fly ash wW/%
SIOZ A1203 F6203 CaO MgO SO3 Kzo NaZO T102 PzOs
52.46 32.12 523 4.27 0.63 1.14 1.54 0.51 1.65 0.45

W is mass fraction.

=2 PVA FHEMMERESH

Table 2 Performance parameters of PVA fibers

Diameter/um Length/mm Tensile strength/MPa

Elongation/%

astic modulus/GPa ensity/(kg-m - elting poin
Elastic modulus/GP Density/(kg-m™ Melting point/'C

40 12 1560 6.5

41 1300 230

%3 SHCC HE&LE
Table 3 Mix proportion of SHCC kg/m®
Cement Flyash Silicasand Water

PVA fiber ~ Superplasticizer

550 650 550 301 26 7
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Fig. 1 Stress—strain curves of SHCC under different strain rate
loading
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Extended Abstract

Introduction Strain Hardening Cementitious Composite (SHCC) is one kind of engineered materials designed based on the
principles of mesoscale and fracture mechanics. It exhibits a tensile strain capacity of up to 3%—8%, which are approximately
300~800 times greater than ordinary concrete. SHCC has been successfully used in the rehabilitation of dams and bridge decks in
Japan owing to its excellent mechanical properties. These structures withstand not only static loads but also potential dynamic impact
loads during service. To accelerate the application of SHCC in seismic-resistant structures, blast-resistant structures and other critical
infrastructure, it is essential to have knowledge of its dynamic mechanical properties and failure mechanisms. Therefore, this study
characterized the mechanical behavior and failure modes of SHCC under high strain rate loading using Split Hopkinson Pressure Bar
(SHPB) testing, with high-speed digital image correlation (DIC) capturing full-field strain evolution on specimen surfaces during
impact tests. X-ray computed tomography (X-CT) technology was used to observe the internal damage of SHCC after high strain rate
loading. The influences of strain rate on the dynamic peak stress, energy absorption capacity, dynamic growth factor, full-field
dynamic strain distribution, internal damage form and microstructure of SHCC were investigated.

Methods This study adopted Ordinary Portland cement 42.5 (GB175—2023, with an average particle size of 27 um and the
particles of 330 um account for about 70%) and Class I fly ash (GB1596—2017, with a particle size less than 10 pm account for
more than 80%) as cementitious materials. The quartz sands with a maximum particle size of 0.3 mm were used as fine aggregates.
SHCC samples were prepared using PVA fiber produced by Kuraray, Japan. Meanwhile, the polycarboxylate superplasticizer
(provided by Nanjing Subote New Materials Co., Ltd.) was added to enhance the workability, ensuring uniform fiber dispersion of the
slurry.
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After mixing, the slurry was cast into molds, followed by vibration, and demolded after a 24 h curing period under standard
laboratory conditions. Specimens were then cured under standard conditions until testing age. Static compression tests were employed
using 70.7 mm cube specimens. Moreover, dynamic properties were evaluated using a SHPB system with ¢48x25 mm cylindrical
specimens. During impact loading, high—speed industrial camera was used to captured specimen deformation for subsequent VIC-2D
digital image correlation analysis. The damaged SHCC samples after high strain rate loading were scanned using X-ray computed
tomography and observed with scanning electron microscope (SEM).

Results and discussion The dynamic compressive stress-strain curve of SHCC presents typical three-stage characteristics under
high strain rate loading: linear elastic deformation stage, nonlinear strain hardening stage and damage softening stage. Dynamic
compressive stress-strain curves of SHCC exhibit strong dependence on strain rate. At higher strain rates, the dynamic compressive
response of SHCC exhibits significant strain hardening, primarily governed by fiber bridging effects and secondarily enhanced by
compaction of micro-defects. The dynamic peak stress of SHCC increases significantly with strain rate, demonstrating a pronounced
strain rate sensitivity. Simultaneously, the dynamic peak stress of SHCC increases substantially at high strain rates. This enhancement
primarily arises from the significantly shorter stress wave propagation time compared to the characteristic relaxation time of internal
defects under high strain rate loading. Consequently, stress waves preferentially propagate through high-strength regions (€.9., matrix
grains and fiber reinforcements), inducing localized stress concentrations. The energy absorption capacity of SHCC increases with the
increase of strain rate. When the strain rate exceeds 180 s™', E4 shows an approximate exponential growth trend, reaching 546.12 kJ/m’
at 188 s', with a relative increase of about 106.42%, demonstrating exponential growth behavior and significant strain rate
strengthening. This energy absorption surge primarily stems from synergistic multi-scale damage mechanisms. At identical strain
rates, the dynamic increase factor for stress demonstrates both a higher mean value and greater variability than that for energy,
reflecting its stronger dependence on strain rate effects. This indicates greater strain rate sensitivity in dynamic peak stress than
energy absorption capacity, confirming the dynamic peak stress is more susceptible to strain rate.

Conclusions The main conclusions of this paper are summarized as following. SHCC exhibits strain rate sensitivity of dynamic
mechanical properties, with both peak stress and energy absorption capacity increasing significantly under high strain rate loading.
The sensitivity of dynamic stress to strain rate is significantly greater than that energy absorption capacity. DIC analysis shows that
the vertical expansion of the specimen is substantially more significant than the lateral compression. X-CT analysis reveals
significantly denser crack distribution near specimen edges compared to the central region. Moreover, multiple cracks appear at the
same crack point, which is an essential reason for the excellent dynamic mechanical properties of SHCC.
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