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Dynamic Mechanical Properties of Silica Nanoparticles Reinforced Coral Sand Cement
Mortar Under Confining Pressure
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Abstract: A coral sand cement mortar was prepared with 2.0% SiO, nanoparticles, 0.4% basalt fiber and artificial seawater. The
impact compression strength of the samples at different confining pressures (i.e., 0-20 MPa) was determined by using a split
Hopkinson pressure bar with an active confining pressure device. The dynamic mechanical properties of SiO, nanoparticles reinforced
coral sand cement mortar were analyzed at different confining pressures and strain rates. The results show that the failure pattern of
unconfined (uniaxial impact) specimens occurs, indicating the brittle characteristics. The better integrity of the specimen after being
impacted appears under the active confinement, which belongs to a compressive-shear failure. Moreover, the specimen undergoes a
transition from brittle to plastic, thus improving the toughness. From the obtained dynamic stress-strain curve, the strength of the
specimen is increased by 2.08-3.43 times, compared to that under static conditions, and the dynamic compressive strength is
1.88-2.35 times greater than that of unconfined (uniaxial impact) specimens. The relevant empirical formulas were obtained via
analyzing the dynamic increase factor and confinement increase factor of the material and their corresponding effects on strain rate
and confining pressure variation. At the same confining pressure, the specific energy absorption of materials shows a linear increase
with the incident wave energy. Through the analysis of energy dissipation, the confining pressure can increase the specific energy
absorption value of SiO, nanoparticles reinforced coral cement mortar.
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Fig. 1 Particle size distribution of coral sand
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Table 1 Basic performance parameters of basalt fiber

Length/mm Diameter/um

Tensile strength/MPa

Modulus of elasticity/GPa Density/(g-cm °)

10 7 3000

91 2.64
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Table 2 Basic performance parameters of nano SiO,
Appearance Particle size /nm Specific surface area/(m>g ") Surface properties Purity/%
White powder 20 150 Hydrophilicity 99.9
®3 K. BRERMT EHELFLER
Table 3 Basic performance parameters of nano SiO, wW/%
Type CaO A1203 Si02 F6203 MgO SO3
Cement 51.42 8.26 24.99 4.03 3.71 2.51
Fly ash 5.60 30.14 50.26 4.16 2.16
Slag powder 35.30 16.70 34.50 1.50 5.01 1.24
w—M ass fraction.
&4 KR BERFE EH IR RE

Table 4 Physical properties of cement, fly ash, and slag powder

Type Water Specific area Density / Ignition Setting time/h Compressive strength/MPa Flexural strength/MPa
content/% surface/(m’kg) (g-em®) loss/%  Initial  Final 3d 28 d 3d 28 d

Cement 358 3.11 4.00 172 234 27.2 48 5.5 8.6

Fly ash 0.52 340 2.25 2.24

Slag powder 0.40 628 2.93 0.96
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Table S Proportion of nano SiO; reinforced coral sand coral cement mortar composites

Proportion/(kg'm )
C FA SL Sand

water

w(Nano Si0O,)/%

o(Fiber)/% Superplasticizer/(kg-m ™)

600 480 120 1320 312 2.0

0.4 3.0

Note: C, FA, SL represent cement, fly ash, and slag powder, respectively;The nano SiO, content is the mass ratio of the nano SiO, to the cement; ¢: volume

fraction.
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(a) Waveform without confining pressure

(b) Waveform under 15 MPa confining pressure
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Fig. 3 Verification of stress balance
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(a) 5 MPa (b) 10 MPa

(c) 15 MPa (d) 20 MPa
5 5~20 MPa BlJE N NAEHRA 165 s WA S

Fig. 5 Damage pattern of specimens with strain rates 165 s~ under 5-20 MPa confining pressure
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Fig. 6 Dynamic stress—strain curves of reinforced coral sand cement mortar



5155 111

EET SF: ERNEE TR SiO, SRR K e rd Hezh & T kg .+ 2937 -

BORIEALZE 3 b (32 B AR HIFE 0~0.01 78
BEL P ) B 26 B THI BY), S WA B 7 i i A R 2R
W, BEJE BT a7 RS B E R, S
NEJTE) R B, AR Sy B g REAR i 24T SR A7 AE XU
WHR . HT BTG EHE SN bl 72 i
B THRIMEAER, BB AR AR F AR eT LA
JH Ik 5 B R) 3% B (1) 4T o S0 AR A - AR T R
HAki, ARSI TRSEMNY R, MG
S IR K YR IR I AE 1, LR I o R B AR R
et fE T F R 2 5REE R, SN
AR i 28 B 2 i B PO, ok, BT s
JEER, (AR P — 208 m, fERm
(GRS S o R e et B S R B 35 R N £ 2 B i 1 Ml e
g1 A AR ) R I 5 B AR 1 R 4 VR AR A
TE— D, 2 ff & P2 A ANE BB B, TS 8
AR A R S I - 5%, DRI 7 B2 g 278
& LRI Z B R

AR T BARD K Pe b 2% R AEFR S PUR R,
PELE P B VT (B 2SI AF R 7743 31 B B 12
1o BN A B T B B A — R AR T2 ml I, [A)— R
AR F T Jita Bl S Ve AL . 7 P 1 s RUOR B T T
FRARFS o 32 o T B R (0t o i i AR T = A T
ZRAEA, AR B AR R A, R
PRI & e S 4P,

MG FR BT 25 5, AN [F] B AT AS 5] 948 256t
MR ARG & A R s, Ao &
XA PUR TR IR20e, 2] R S UEAE B ) ok
ZOLE 7), FEXT s it AT LS, A4S
RAZREIMAKR. G58-KH: TRERE TR
PR RN 86 s i, 4 b IR X T 5 AU 5
I THr B8 1.884 2.02. 2.35. 2.28 f5; LHIE
RETRERIAZF N 145 s I, 4 FhEEX T 803
PUESRE T 58 1.93 £, 2.16 £, 2.10 5.
2.25 f%; LEICIRE FIRIERM RN 167 s 1,
4 Fofr [ e % T 2 25 B R 9 FE A4 T 43 0 A 1,80,
1.78+ 2.20 2.01 5. BT A i 1E A A A5 7R % 1 1k
N B R, K AS TR 04 R, DRI AR G
N ENAS VAR N A B s, BBl 7 v LU B
JE 0T I EA R KR T S B 25 0 9 () 4 T SR AE /)
T 10 MPa BN . (HIXF 2R SR 26
BRI, v FBLER AOAE PR B2 Sk R i w46
Wi, I FEBAPUERE RIS, B 7 &0]
ULER, H¥EEKT 10 MPa i, #RHGEAER /1
(134K B 38 Pl % -

o3 A Bl AR s, SR G K R T
(CIF):

CIF=0,/0, 4)
Hr: o NAFAERER Eh S PURERE; o NS0
XTI ) 8 A% 22 TG R . T A PR R .

7 B SR IR 2R

Fig. 7 Relationship between confining pressure and peak stress
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Fig. 9 Relationship between DIF and strain rate for different
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Fig. 10 Experimental results and fitted curves of DIF under
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Table 6 Relationship between DIF coefficient and confining

pressure
Pressure/MPa a b
0 1.266 -6.419
5 1.580 -7.127
10 1.934 -9.133
15 1.818 -8.079
20 1.738 -7.707

NEESL DIF MK &% a, b SEEZIMKR,
W& 6 T RIBHE T IR LM E, [FREIRRA(T),
K 11 fizs i DIF M5 R a. b SEIERIK AR

a=1.251+0.0950, —0.003 5957

b=-6.303-0.2800, + (7)

0.002 5857 +0.000 41007

(a) Relationship between a and confining pressure

(b) Relationship between b and confining pressure

Kl 11 DIF fiXk R ¥ a. b SHEERKR
Relationship between DIF correlation coefficient a. b
and confining pressure

Fig. 11
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Fig. 12 Relationship between incident energy and strain rate
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Fig. 13 Relationship between specific absorption energy and
strain rate
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Fig. 14 Relationship between specific absorbed energy and
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&£7 ¢, d, A, BREMBEXERKR

Table 7 Values of ¢, d, A, B and correlation coefficient R?

c d R? A B R?
0.100 0.0117 0.98 0.715 0.000 53 0.97
0.379 0.0210 0.91 0.579 0.001 12 0.99

-1.518 0.0396 0.73 —0.242 0.001 59 0.80
0.356 0.028 8 0.99 0.458 0.001 51 0.98
-1.521 0.041 4 0.98 -0.561 0.001 95 0.99
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