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Mechanical Properties of Natural Hydraulic Lime Based Materials with
High Ductility
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Abstract: The natural hydraulic lime and metakaolin as composite cementitious materials, polyvinyl alcohol (PVA)
fibers, polyethylene (PE) fibers, or basalt (BF) fibers were incorporated to prepare the high ductility natural
hydraulic lime based materials. The compressive and axial tensile properties, crack control abilities, and the
reinforcing and toughening mechanisms of the fibers were experimentally investigated. The results show that the
combination of PVA or PE fibers with quartz sand or limestone sand endows the natural hydraulic lime with excellent
strain-hardening and saturated multiple-cracking characteristics, and significantly enhances the tensile strength and
ultimate tensile strain of materials. The combination of PE fibers and limestone sand increases the ductility materials
up to 5.604% , while the joint use of PVA fibers and quartz sand or limestone sand makes the ultimate tensile strain
materials increased to more than 4.000%. Both PVA and PE fibers can control the crack width to below 100 pm,
adding excellent crack control abilities as well as ultra-high deformation capacity of lime based materials.

Key words: natural hydraulic lime; fiber; compressive strength; tensile performance; crack control

T E B R U SR A A O I 3z AR R A BIR T H BUAS [F) R B2 AR, e % 0 4R

Wk B W1 :2024-05-31 4837 H #]:2024-07-10

B4 TUH < E 5 A RFE A 4 B0 H (51808545,52072404) 5 Jb 5t 1l A AR B 3 4 W8 B0 H (2222073) 5 v e @ A B A BHI Al 55 9% % 191 ¢
AW H (2023ZKPYLI05)

H—1EH TR (1989—) , B TLIRARMA i Ol K2 (AT ) il #8042 , 126 50, 18- . E-mail: wangzb@cumtb.edu.cn

WIRAEH : TR (1965—) 33 B HIN A, B M K2 (A0 o2, 8-+ 4E 50, 18+ . E-mail: wangdongmin-2008@163.com



1144 FESE R A S I

527 %

A EARAE AR HEAAE S AP A O ) 2 —
AR R FL 5 1% A R PR SR B S i) I
I FH Tty AR . R ARAK R M A7 I e ELK B4 4y
(RERREL 45 FRARRER ) M PE4] /3 (Ca(OH),) , fE &
S HE S SO 5 T AL G R A K RN K U8 A
P NHL MM 2 2 R A, B R ik A
THERME AW AL K EL. R E
B, 8 A i i U = T A kL B R B R v K A
PEAT IR BIHCE PLHTom BT B A ) Pl 28 1) £F 4 A R
IR WL '™ RIRA 4 A AR 4 ST R
SR Ay A S (e, T 2 o A R S A R )
PE R UCA0 TT 24 PR AR . F DLFE (9 £F 2 1 58 A1 JK SE 4
REFETF 245 475 9% Hh B0 A 4k Ak, 24 4% 58 A5 R B A
B B R R A i B T, Ll d S s
oI 2850 SR DA R A U RE R AT H A BR

5545 G5 (1) £F 4 356 5 K R 6 A BEAS ] v AE 1 Ak
P A M EHECC) MR AT 52 8128 H 1) = JE 14 F i
44 10 DAk L e 8% A7 R4 s AR K U8 bR Y e 1 DT
e R i LT K, B R P T A i | 2 4% 18
SESFI R % ECC RSB RS, DU 4 D B
AR 38 0 Rk, DA e 5 ) R e A LA 2 A Y
1 24 S0 M B2 T8 M, JT & Y s 28 1 R SR KR 1 Ay i ik
WARL, AT fif DA DR R B L B 24 e AR A 1) R O
0 2 398 5 K B P A R AR R Y AT T R R £
P ¥ v H ey SR8 5T ROk 2R A [ TR R
N FH 3 5% . R P R R K B M R B MR R R
NHL 5 B 3 Hfr 58 45 0 A B L3 01 o R ] s 1k
AR AR LA AN, e HL N AR R b | 2 S0 Y i
Wk 5 Bk — B A Sk BEARL G oy SR P B R
B8 A 31 A

AR SCHE R SRR A1 K — 1 e U8 + 52 6 J2 56 A
RER 22 38 AGE B 3 A0 41 2k FRR A0 R 5
JE M R AR KB M A7 K ), BIF 55 A [ 1 2 F - )
J& Je Al A ok b RE g 2 1 e RN 24 4k o RE Ol B
M), 380 2o O 285 #4487 L N B i B B ML
T& 2 08 A T B T K RE P A R AR FR 1 IR AR 1 R
P R L AE At B ORRT B B AR TR
I

1 iRIE

1.1 E#HBE5RAL

KR KW M A K vk B Saint-Astier 24 7] 4= 7
(9 NHL5 8 7 )k (NHLS) , 40 2 3% K 2, Fo i 1) 1
O3 A 45 BE R — 85 (C.S) . Ca(OH),, CaCO, #l 2 &t
SIO, AR 5 U s 08 4= by oA 552 3y 8 OB B4 RE A W) A 7
Ry AR R O 1 e 0, R A A )
SiO, il ALO,, J& A (i 4E S W) T . e &M ki Ak
2 O S 40 550, SO b B %) 4 B B A 5 o R
Uk B A1 34 O o A AR e T ) LR 1, X AT
IC(XRD) B3 WL 1. $EFIK RS2 % A kK . B
2148y o H R Kuraray 28 ) 42 7= 1) R A BE (PVA)
ERUE, W T 2T 2 2 O HEAT IR TR K Ak B N
HL XA 2R ) A 7 i X R (BF) 28 4 Kb b ok
oS AV PR B IR O 06 (PE) €5 4k . 27 4k () 9 81 1 “# 1% g
SR F 2% 2. 080 R A A0 B R A S RD (QS)
A RS (CS) R AR [ 7E 0.075~0.150 mm, J&
FRANRD 40 B R0 2% 0 BRI R LI 2.

P& K o 0.55, b 18 L 2y 0.40, i BE 41 K}
m(NHL5) : m(fi &5 04 +)=0.70:0.30, - 4 R Fl 45 =
K 1796 LA EE A R B, K R 5594, 3R
PR A B L2 3.

1.2 KERBEEFHFP

AR BEFRE R 5 FR P IR INT - (1) 40 B ki
T8 0 R B A FEAILS A FERTK B 8 %0, Fii
P 1 min, fif 57040 T W8 DA S RO B AE . (2) %
PRI FE B AR 4 9 NHLS Fl R 5 04 1 i A S EAL
5B A0 B RHE A B EE 1 min, 2R 5 208 0 AR 4
UK RSB FE 3 min. (3)EF4EIB A . A2 K £F HE 35 5
TSR, FE B FE LURIE LT 4 00 B &) (4) ik 5%
BB PR B9S2~ 3 R B AR (7. 5 iR P
AR BRI ) FEIR B & E 4R B 30 s 5 A
R T AT 90, 7 35 — )2 R O DR By 1k /K
SRR (S PREL S FR 4 O D FUR AL AT A 1 e 2 b
HEFEE ((204+2)°C, MXHEE RH=95%) #4973 d
JE YRR AR SR 9 2 7,28 d. HEAT 12 T 6 b,
Pl AR 3 B O B i T

F1 REWHBLZAR

Tablel Chemical composition(by mass) of binders

Unit: %
Binder Ca0 Sio, Fe,0, ALO, MgO K,O SO, Na,0 Other
NHLS 77.07 18. 00 0. 64 1.87 1.22 0.24 0. 56 0.07 0.23
Metakaolin 0.38 57.65 1.12 38.81 0.21 0. 54 0.02 0.06 1.21
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Table 2 Physical and mechanical properties parameters of fibers

Fiber  Density/(g-cm *)  Tensile strength/MPa  Elastic modulus/GPa  Diameter/mm  Length/mm  Melting temperature/C
PVA 1. 30 1620 0.039 12 243

BF 2.75 2130 0.017 12 1500

PE 0.97 3000 116.0 0.024 12 144
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Fig. 2 Optical microscope images of fine aggregates
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Table 3 Mix proportions(by mass) of specimens

Unit: %
Sand Fiber
Specimen Quartz Limestone
sand sand Pva BE PE
QS-PVA 40 0 2.4 0 0
CS-PVA 0 40 2.4 0 0
QS-BF 40 0 0 5.3 0
CS-BF 0 40 0 5.3 0
QS-PE 40 0 0 0 1.8
CS-PE 0 40 0 0 1.8
QS0 40 0 0 0 0
€SO 0 40 0 0 0
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Fig.3 Compression failure modes of specimens
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Fig.4 Compressive strength and its ratio of specimens
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Y, 550 K R B 1B 45 AR R E 6 SRR (O
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(3)1EAE I fig /177 i , 5 PVA | PE £F 4 i 38 18 2 1
B 5 A Ry AR RE AL RS2 i QS-PVA LCS-PVA )
e B Hr A R AR 43 G0 S 4.197% . 4.407%, ik 14
QS-PE . CS-PE Ay #% BR $7 41 7 48 43 51 Ky 3.433% .
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Table 4 Uniaxial tensile properties of specimens
incorporating fibers

Specimen  o,/MPa  &./% E/GPa ¢/MPa &/ %

QS-PVA 1.409 0.026 5.443 1.994 4.197
CS-PVA 1.267 0.032 3.857 1.744 4.407
QS-BF 0. 960 0.017 5.433 1.787 0.028
CS-BF 0.798 0.016 4.710 1.517 0.033
QS-PE 1.133 0.019 5.731 1.530 3.433
CS-PE 0. 886 0.032 3.942 1.913 5. 604
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Fig. 6 Crack morphology diagrams of specimens
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Fig.7 Mean crack spacing and width of specimens
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