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Abstract; To obtain the design parameters of the structure
made by ecological high ductility cementitious composites
(Eco-HDCC) , the effects of curing age on the compressive
and tensile stress-strain relationships were studied. The
reaction degree of fly ash, non-evaporable water content and
the pH value in pore solution were calculated to reveal the
mechanical property. The results indicate that as the curing
age increases, the peak
compressive strain and ultimate tensile strength of Eco-HDCC
the ultimate compressive strain and
ultimate tensile strain of Eco-HDCC decrease with the increase
in curing age. Besides, as the curing age increases, the
reaction degree of fly ash and non-evaporable water content in
Eco-HDCC increase, while the pH value in the pore solution
of Eco-HDCC decreases. Finally, the simplified compressive
and tensile stress-strain constitutive relationship models of
Eco-HDCC with a curing age of 28 d were suggested for the
structure design safety.
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Concrete has a wide range of applications in the con-
struction field. However, the brittle characteristic of
concrete is the key factor to induce cracks which may de-
crease the bearing capacity of concrete structures. Re-
cently, a kind of ductility material which is called high
ductility cementitious composites ( HDCC) has been de-
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veloped rapidly. The average ultimate tensile strain of
HDCC is greater than 0. 5% , and the average crack width

is less than 200 wm'"’.

HDCC has promising application
in engineering projects due to its excellent ductility and
tight crack width, and it has been used to cast bridge deck
link slabs'*”".

For the preparation of HDCC, fly ash substituting ce-
ment is a key ingredient to improve tensile ductility.
Based on the design theory of HDCC, the chemical bond-
ing force between the fibers and matrix can be decreased
as the fly ash content increases, and more fibers are
pulled out, which enhances the fiber bridging effect'’.
In addition, fly ash is a kind of industrial waste, and the
utilization of fly ash can decrease the environmental bur-
den. In addition, the workability of fresh HDCC can also
be improved with the addition of fly ash at high volume,
and it is critical for the application of it on-site. Moreo-
ver, fly ash generates less hydration heat and it can be
used in mass HDCC engineering . Therefore, many re-
searchers are making efforts to develop HDCC with local-
ly available fly ash.

The addition content of fly ash is important in regard to
the mechanical property of HDCC. The dissolved Si and
Al ions in fly ash can react with Ca(OH),, and then the
Ca-Si and Ca-Al hydrates productions are generated ®'. In
addition, the pozzolanic reaction of fly ash is related to
the Ca ( OH), content in cementitious composites. The
proportions of cement and fly ash in HDCC mixture are
very important. If the ratio of fly ash to cement content is
relatively high, the hydration of fly ash will be limited.
So the rest fly ash acts as a filler even though HDCC has
a long curing age. Therefore, the reaction degree of fly
ash has to be analyzed as it affects the mechanical proper-
ty of HDCC.

The effects of curing age on the mechanical property of
HDCC have been reported by several researchers. A con-
sistent conclusion can be drawn that the strength of HDCC
in tension and compression increased as the curing age in-
creased, while the tensile ductility and flexural deflection
of HDCC decreased””'. Thus, the mechanical property
of HDCC changes with the increase in curing age. For the
safety design of structure using HDCC material , it is criti-
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cal to determine the design parameters reasonably. The
compressive and tensile stress-strain relationships of HD-
CC are the key parameters in the design of structure, and
thus they must be studied. A few researchers investigated
the compressive and tensile stress-strain relationships of
HDCC with different mixtures exposed to 28 d'*"".
However, the effects of curing age on the stress-strain be-
haviors of HDCC in tension and compression have not
been reported. In addition, to whether the stress-strain
curve of HDCC with a curing age of 28 d was reasonable
in this structure design, this issue will need to be further
studied.

Compared with HDCC mixture, ecological HDCC
(Eco-HDCC) mixture contains river sand and domestic
PVA fiber. The preparation cost of Eco-HDCC is only
about one third of that of traditional HDCC'”™' | and it
can be widely used in structure engineering.

This study examined the effects of curing age on the
stress-strain behaviors of Eco-HDCC in compression and
tension. Moreover, the reaction degrees of fly ash and
non-evaporable water content were calculated. In addi-
tion, the pH value in the pore solution of Eco-HDCC was
also measured. Then, the simplified stress-strain curves
of Eco-HDCC in compression and tension were suggested
for structure design.

1 Experiment
1.1 Materials

The P - I 42.5R Portland cement (C) and Class F
fly ash (FA) were used as the binding materials. River
sand (S) with a maximum diameter of 1. 18 mm was se-
lected as the fine aggregate. Its loose bulk density and
fineness modulus were 1 570 kg/m’ and 1. 68, respective-
ly. PVA fiber produced in China was used to improve the
ductility of the Eco-HDCC mixture, and the detailed
property of PVA fiber is listed in Tab. 1. Polycarboxylate
superplasticizer (PS) and water (W) were used to adjust
the workability of the fresh Eco-HDCC paste. Besides,
the mixture proportion of Eco-HDCC with compressive
strength level of C40 was chosen. The mass ratio of W to
(C+FA) was 0.3, and the mass ratio of S to (C + FA)
was also 0.3. In addition, the mass ratio of FA to C was
1.5 in order to ensure a higher tensile strain, and the
mass ratio of PS to (C + FA) was 0.08% to adjust the
workability of fresh Eco-HDCC. The PVA fiber was add-
ed into the mixture with a volume fraction of 2% .

Tab.1 Physical and mechanical properties of PVA fiber!"!

Mean . Ultimate Ultimate tensile Elastic
Length/ . Density/ .
diameter/ K -3) elongation/  strength/  modulus/
mm .
pm (kerm % MPa GPa
12 39 1 300 5~8 =1 250 30

1.2 Specimen preparation

The preparation process of Eco-HDCC was described in

Ref. [ 14]. According to the Test Method for Fluidity of
Cement Mortar ( GB/T 2419—2005 ), the fluidity of
fresh Eco-HDCC was measured. Specimens of Eco-HD-
CC cement-fly ash paste ( Eco-HDCC-CF, Eco-HDCC
mixtures excluding sand and PVA fibers) were also pre-
pared. The Eco-HDCC-CF specimen was used to evaluate
the reaction degree of fly ash and non-evaporable water
content. All tests were conducted at the curing ages of
28, 56, 90 d.

The dimensions and amounts of specimens used in the
study are presented in Tab.2"''. Besides, all specimens
were cured under the standard curing conditions at the
temperature of (20 = 2) C and relative humidity of
95% .

Tab.2 The dimensions and amounts of Eco-HDCC specimens

. Dimension/ Amount per
Projects
(mm X mm x mm) age
Cubic compressive strength 100 x 100 x 100 3
C ive stress-strain be-
ompressive stress-strain be 100 x 100 x 300 3

havior

13 x30 x 100 (middle

Tensile stress-strain behavior i
zone of dog-bone specimen)

Reaction degree of fly ash,

40 x40 x 160 3
non-evaporable water content

1.3 Test programs
1.3.1 Stress-strain behavior of Eco-HDCC

The compressive property of Eco-HDCC was examined
by a universal testing machine with 3 000 kN capacity.
The loading rate of cubic compressive strength was
0.5 MPa/s.
Eco-HDCC was measured by the vertical strain gauges
and linear variable differential transformer (LVDT). The
strain gauges and LVDT were set in the middle 1/3 part
of the Eco-HDCC prism specimen since the middle zone
was close to the uniaxial compressive condition. Also,
the compressive elastic modulus of Eco-HDCC was calcu-

The compressive stress-strain behavior of

lated by vertical strain gauges. The horizontal strain gau-
ges were also pasted on the middle zone in order to obtain
a Poisson’ s ratio of Eco-HDCC. To obtain a stable com-
pressive stress-strain relationship curve, the load was ap-
plied by displacement control at a loading rate of 0.3 mm/
min. The test setup of the compressive stress-strain prop-
erty is shown in Fig. 1(a).

The tensile property test of Eco-HDCC was performed
by a dog-bone specimen, and the middle zone with a di-
mension of 100 mm was close to the uniaxial tensile con-
dition. Besides, a LVDT was used to measure the tensile
stress-strain relationship curve. The loading rate of the
tensile property test was 0.2 mm/min. The test setup of
tensile stress-strain behavior is shown in Fig. 1(b).
1.3.2 Reaction degree of fly ash

Eco-HDCC-CF specimens were drilled into powders,
and the powders were screened by a 0.075 mm sieve. To
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(a) (b)
Test setup of mechanical property for Eco-HDCC.

(a) Compressive stress-strain behavior; (b) Tensile stress-strain behav-

Fig. 1
ior
eliminate the carbonation effect, the powders were ob-
tained in the central zone of the specimen. Hydrochloric
acid (HCI) solution was selected to examine the reaction
degree of fly ash. As unhydrated cement and hydration
products can be dissolved by HCI solution, and unhydrat-
ed fly ash was residual, the reaction degree of fly ash can
be measured by the mass ratio of hydrated fly ash and
original Eco-HDCC-CF" "/,
1.3.3 Non-evaporable water content

The loss on ignition was used to evaluate the non-evap-
orable water content of Eco-HDCC-CF. Powders were set
in the dry oven at a constant temperature of 105 C for 4
d to ensure the absence of evaporable water. Then, pow-
ders of approximately 1 g were placed in the muffle fur-
nace with a constant temperature of 950 C for 1 h. After
that, powders were transferred into the desiccator for nat-
ural cooling. Furthermore, the cooling powders were
measured " '*’. According to the loss on ignition of Eco-
HDCC-CF powders and raw materials (C and FA) , the
non-evaporable water content was calculated.
1.3.4 The pH value in pore solution

Eco-HDCC powders were mixed with deionized water
in a sealed container, and the ratio of solid to liquid was
1: 10", Besides, the solution was put in the lab for
15 d with a room temperature of 20 C. The test of pH
value in the pore solution was conducted using a pH mi-
croelectrode. In addition, to obtain the Ca( OH), content
in Eco-HDCC, the differential scanning calorimetry-ther-
mal gravimetric (DSC-TG) test was performed "',

2 Results and Discussion

The fresh Eco-HDCC pastes have a fluidity of (190 +3)
mm in the test. The cubic compressive strengths of Eco-
HDCC with 28, 56 and 90 d curing ages are 43.8, 48.7
and 53. 0 MPa, respectively. The compressive strength
level of Eco-HDCC is C40. As curing age increases, the
compressive strength of Eco-HDCC increases. This is at-
tributed to the further hydration of cementitious materials.

2.1 Compressive stress-strain behavior

The compressive stress-strain behaviors of Eco-HDCC

after different curing ages are shown in Fig.2. All stress-
strain curves of Eco-HDCC have three stages: the linear
elastic stage, non-linear stage and softening stage. Be-
sides, as curing age increases, the descending curve of
Eco-HDCC displays a steeper trend, which indicates a
sudden failure of the Eco-HDCC specimen. In addition,
at the post-peak stage of Eco-HDCC, the slope of the
curve represents the compressive ductility™™'. As the
curing age increases, the compressive ductility of Eco-
HDCC decreases.

50r Curing age/d:
- 028
& 40 056
P 290
£30
[}
= 4"”'«0.
220 0 Qo o0
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£ 10 RUNVIIVN
O
00 10 12 14
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Fig.2 Compressive stress-strain relationship curves of Eco-
HDCC

At the initial stage, the compressive stress-strain rela-
tionship of Eco-HDCC is linear, and the stage is elastic.
After the compressive loading reaches approximately one
third of peak loading, the curve exhibits a non-linear
characteristic due to the cracks. As loading increases, the
compressive loading reaches a peak value. After the peak
value, the curve shows a softening descending character-
istic. At the softening stage, the major crack occurs in
the Eco-HDCC specimen as failure localizes.

The characteristic points of compressive stress-strain
curves for Eco-HDCC after different curing ages are dif-
ferent, and the characteristic points are listed in Tab. 3.
As the curing age increases, the peak compressive stress,
ultimate compressive stress and compressive elastic modu-
lus of Eco-HDCC increase. For the curing age of 90 d,
the increase amplitudes of the peak compressive stress and
compressive elastic modulus are 11.5% and 13.3% , re-
spectively. With the increase in curing age, the peak
compressive strain of Eco-HDCC increases while the ulti-
mate compressive strain decreases. For the curing age of
90 d, the increase amplitudes of the peak compressive
strain and ultimate compressive strain are 29.3% and
-49.4% . In addition, Poisson’s ratio shows little change
as the curing age increases.

The further hydration of cementitious materials results
in the increase in the peak compressive stress ( uniaxial
compressive strength) and peak compressive strain ', A
higher uniaxial compressive strength leads to a sudden
failure of Eco-HDCC, resulting in a lower ultimate com-
pressive strain. Although the compressive elastic modulus
of Eco-HDCC increases as uniaxial compressive strength
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increases, its value is also lower than that of normal con-
crete. This is attributed to the absence of coarse aggre-
gates in Eco-HDCC. Due to the bridging effect of the fi-
bers, Poisson’s ratio of Eco-HDCC is larger than that of
normal concrete (0.22).

Tab. 3 shows the characteristic points of compressive
stress-strain curve for Eco-HDCC. Here, f,, , is the cubic
compressive strength; o is the peak compressive stress
of the compressive stress-strain curve, and ¢, is the ulti-
mate compressive stress of compressive stress-strain curve
when the stress declines to 50% of peak compressive
stress; &, ,is the peak compressive strain corresponding to

peak compressive stress, and g, is the ultimate compres-
sive strain corresponding to ultimate compressive stress;
E. is the compressive elastic modulus; » is Poisson’s
ratio. From Tab. 3, it can be seen that the ratio of uniaxi-
al compressive strength to cubic compressive strength for
Eco-HDCC is larger than that of normal concrete ( the ra-
tio value is 0. 75 in concrete structure code). Thus, in
the design of the Eco-HDCC structure, the uniaxial com-
pressive property should be considered. In addition, the
ratio of ultimate compressive strain to peak compressive
strain decreases as strength increases, and the phenome-
non is consistent with that of normal concrete.

Tab.3 Characteristic points of compressive stress-strain curve for Eco-HDCC

Curing age/d o, /MPa o ,/MPa £ ,/1073 £0,/1073 E./GPa » ]‘f Son
’ ’ cu,k Eer

28 41.8+2.0 20.9 2.491£0.145  8.000 £0.213 22.6+0.4 0.26 £0.01 0.95 3.2

56 44.4+1.8 2.2 2.918£0.213  7.040 +0.369 23.5+0.3 0.25 +0.01 0.91 2.4

90 46.6 +2.2 23.3 3.220£0.158  4.052 +0.453 25.6+0.3 0.25 +0.01 0.88 1.3

Curing age has a positive effect on compressive
strength, so the compressive stress-strain relationship of
Eco-HDCC with a curing age of 28 d can be used in Eco-
HDCC structure design conservatively. Besides, to facili-
tate the design of the Eco-HDCC structure, a fitting curve
is suggested. The fitting curve is according to the test data
of Eco-HDCC after 28 d curing age, as shown in Fig. 3.

1.0p o Test data, 28d

— Fitting curve

0.8
.06
§

5
0.4

0.2

0 05 10 15 20 25 30 35
e,
Fig.3 Fitting compressive stress-strain relationship curve of
Eco-HDCC

The test data is fitted by the following equations

& o
x=f = (1)
8cr O-C,r
= - x=<l1
n-1+x 5
i (2)
x>1

a, (x=1)"+x

where o is the compressive stress; g is the compressive
strain; n is the parameter reflecting the ascending trend of
compressive stress-strain curve, and the value is 2. 52 with
a fitting coefficient of 0.997 in the study; . is the param-
eter reflecting the descending trend, and the value is 1.26
with a fitting coefficient of 0.711. These equations were
originally developed from normal concrete'*™’ | and they
are extended to fit the curves of Eco-HDCC.

2.2 Tensile stress-strain behavior

The tensile stress-strain behaviors of Eco-HDCC at dif-
ferent curing ages are presented in Fig. 4. The tensile
stress-strain curves of Eco-HDCC exhibit four stages: the
linear elastic stage, non-linear stage, strain hardening
stage and softening stage. The detailed descriptions were
shown in Ref. [ 14]. Eco-HDCC has an inherent charac-
teristic of strain hardening. Besides, the strain hardening
curve has a more obvious characteristic of “jump” and
“drop” as the curing age increases. The tensile property
is mainly related to the matrix strength, fiber property
and fiber/matrix interfacial property'*'. As the curing age
increases, both the matrix strength and fiber/matrix inter-
facial strength increase. Then, more fibers will be rup-
tured suddenly during the process of tensile loading, re-
sulting in a weaker bridging effect of the fiber. Thus, the
tensile loading is not stably transferred by the fibers cross-
ing the cracks, which leads to a sudden “drop” and
“jump” characteristic in the strain hardening curves.

The curing age has an impact on the characteristic
points of the tensile property for Eco-HDCC, as shown in
Tab.4. Here, o, is the first cracking tensile strength;
&, ;s the first cracking tensile strain; E, is the tensile elas-

tic modulus; o, is the ultimate tensile strength; &, is

t,u
the ultimate tensile strain. As the curing age increases,
the first cracking tensile strength, the first cracking tensile
strain and tensile elastic modulus of Eco-HDCC increase.
Besides, with the increase in the curing age for Eco-HD-
CC, the ultimate tensile strength increases while the ulti-
mate tensile strain displays the opposite trend.

At the initial stage, the matrix of Eco-HDCC bears ten-
sile loading. The further hydration of cementitious com-
posites causes higher matrix strength. Therefore, the first
cracking tensile strength and ultimate tensile strength of the
matrix in Eco-HDCC increase as the curing age increa-
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Fig.4 Tensile stress-strain relationship curves of Eco-HDCC
with different curing ages. (a) 28 d; (b) 56 d; (c) 90 d; (d)
Comparisons of different curing ages

Tab. 4 Characteristic points of tensile stress-strain curve for
Eco-HDCC

Curing

o /MPa & /% E/GPa ¢, ,/MPa & /%

age/d
28 2.12+0.06 0.02+0.002 11.5+0.5 4.43 £0.13 2.04 £0.05
56 3.25+0.78 0.03+0.005 12.9+0.9 5.65 +0.21 1.61 +0.03
90 3.60+1.02 0.04 £0.007 13.3+1.2 6.03 £0.07 1.28 +0.04

ses. Besides, the tensile elastic modulus of Eco-HDCC is
related to the matrix strength, and higher matrix strength
results in a higher elastic modulus. Notably, the tensile
elastic modulus of Eco-HDCC is lower than the compres-
sive elastic modulus. The compressive strength and strain
of Eco-HDCC are larger than the tensile strength and
strain. Before the first cracking point, the tensile strain
capacity of Eco-HDCC is related to the strain of the ma-
trix. Then, the first cracking tensile strain capacity of
Eco-HDCC increases as the matrix strength increases. Af-
ter the matrix cracks, a fiber bridging effect acts and fi-
bers crossing the cracks bear the tensile loading, so that
the tensile strain increases as tensile loading increases.
The matrix strength and fiber/matrix interfacial strength
will be higher due to the further hydration of cementitious
composites. Due to the higher fiber/matrix interfacial
strength, more fibers are ruptured during the process of
pull-out, and the fiber bridging effect will be poor.
Thus, the ultimate tensile strain of Eco-HDCC decreases
as the curing age increases.

The curing age has a positive effect on the ultimate ten-
sile strength, while it has a negative effect on the ultimate
tensile strain. The tensile stress-strain relationship curve of
Eco-HDCC with a curing age of 28 d can be used in struc-
ture design due to the lower ultimate tensile strength. Be-
sides, when the Eco-HDCC is used to cast the bridge deck
link slab, the decrease degree of ultimate tensile strain for
Eco-HDCC is 0.5 after being exposed to 15 interactive cy-
cles'™). Thus, a reduction factor of 0.5 can be considered
for the ultimate tensile strain due to the long-term curing.
For the Eco-HDCC with a curing age of 28 d, the ultimate
tensile strain can be taken as 1.00 % in the design of the
structure. A simplified bilinear tensile stress-strain rela-
tionship model is suggested based on the test data of Eco-
HDCC with a curing age of 28 d, as shown in Fig.5.

6~

W
T

IS
2
<

%)
T

First cracking point

Tensile stress/MPa
W

- — Test curve, 28d
—— Simplified bilinear model

—
T

0 05 10 15 20 25
Strain/%

Fig.5 The simplified bilinear tensile stress-strain relationship
model of Eco-HDCC

The first tensile stress-strain stage of Eco-HDCC is de-
termined by a straight line from the initial loading point to
first cracking point. Besides, the strain hardening stage of
Eco-HDCC is similar to the“yield stage” of the steel bar.
The yield strength of the steel bar is based on the lower
yield strength. Thus, the second stage of the tensile
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stress-strain model is determined by the straight line from
the first cracking point to the “lower yield point”. The
lower yield point of Eco-HDCC is based on the value cor-
responding to the tensile strain of 1. 00% . The bilinear
model is given as

O ¢

: & €[$002%
Eor
7= T — O (3)
0,1% f
(&, &) +o; e, <6 <1%
Eie ~Eur

where o, is the tensile stress; g, is the tensile strain; o,
is the tensile stress corresponding to the tensile strain of
1.00% ; &,,, is the tensile strain of 1. 00%. In the
study, the detailed equations can be illustrated as

11.5x10%¢, £,<0.02%
7 _{0.18 x10°(g,-0.02% ) +2.12 0.02% <& <1%
(4)

2.3 Reaction degree of fly ash

The reaction degrees of fly ash in Eco-HDCC-CF spec-
imens are shown in Tab.5. As the curing age increases,
the reaction degree of fly ash increases due to the pozzo-
lanic reaction while the increase degree decreases. The
pozzolanic reaction of fly ash has a direct correlation with
the Ca( OH), content produced by cement hydration. The
slower hydration of cement in Eco-HDCC after curing age
of 90 d leads to a lower amount of Ca( OH),. Besides,
fly ash reacts with Ca(OH),, but the out-layer hydration
products hinder the reaction of inner fly ash. Therefore,
the increase degree of reaction degree for fly ash in Eco-
HDCC decreases at the curing age of 90 d. The further
reaction of fly ash increases the fiber/matrix interfacial
strength , resulting in the rupture of more fibers during the
process of pull-out. Then, the fiber bridging effect will
be weaker, resulting in a lower ultimate tensile strain.

Tab.5 Hydration reaction degree and pH values in the pore
solution of Eco-HDCC

Curing Reaction ~ Non-evaporable p-H value Ca(OH),
degree of water in pore
age/d fly ash/% content/ % solution content//%
28 16.38 10. 12 12.34 6.84
56 21.61 11.37 12.20 5.49
90 24.32 11.72 12.08 5.09

2.4 Non-evaporable water content

The non-evaporable water content can indirectly reflect
the hydration products in cementitious composites. As the
curing age increases, the non-evaporable water contents
increase, as shown in Tab. 5. Besides, the increase de-
gree of non-evaporable water content in Eco-HDCC-CF
with a curing age of 90 d is lower than that of Eco-HD-
CC-CF with a curing age of 56 d. Although the hydra-

tions of cement and fly ash are continuous, the reaction
speed decreases after the curing age of 56 d. On the one
hand, the out-layer hydration products block the reactions
of inner cement and fly ash, resulting in the lower reac-
tion speed. On the other hand, the decrease of Ca(OH),
content leads to the lower reaction speed of fly ash. In
addition, the increase in hydration products content re-
sults in a greater matrix strength and matrix/fiber interfa-
cial strength. Consequently, the compressive strength and
tensile strength of Eco-HDCC increase with the increase
in curing age. Moreover, the higher matrix/fiber interfa-
cial strength leads to a poorer fiber bridging effect, and
the ultimate tensile strain of Eco-HDCC decreases.

2.5 The pH value in pore solution

From Tab. 5, as the curing age increases, the pH value
in pore solution decreases. The consumption of Ca(OH),
content in Eco-HDCC can be used to explain the phenom-
enon.

Based on the DSC-TG method, the Ca( OH), content
in Eco-HDCC decreases with the increase in curing age.
Due to the continuity of cement hydration, Ca (OH),
productions increase as the curing age increases but its in-
While fly ash with
Ca(OH),, and the reaction degree of fly ash increases

crease rate decreases. reacts
with the increase in curing age, the comprehensive effects
lead to the decrease of Ca( OH), and the pH value in the
pore solution of Eco-HDCC. Although the pH value in
the pore solution of Eco-HDCC is higher than 11.5 (the
passivation film threshold of the steel bar) in the test, the
carbonation effect of Eco-HDCC should be focused on
and the pH value in the pore solution should be moni-
tored. Notably, the pH value in the pore solution of Eco-
HDCC is a key indicator for determining the cover thick-
ness and bar type in the design of the structure.

3 Conclusions

1) As the curing age increases, the compressive and
tensile strengths of Eco-HDCC increase. The reaction de-
gree of fly ash and content of non-evaporable water be-
come higher with the increase in curing age, resulting in
the larger strength of matrix and matrix/fiber interface.
Besides, the increasing curing age has a positive effect on
the compressive and tensile elastic modulus of Eco-HDCC.

2) The ultimate compressive strain and ultimate tensile
strain of Eco-HDCC display a decreasing trend with the
increase in curing age. The weaker fiber bridging effect
can be used to explain the phenomenon.

3) Considering the lower strength of Eco-HDCC with
the curing age of 28 d, the compressive and tensile stress-
strain relation are estimated. In particular, the ultimate
tensile strain of 1.00% can be used in the design of struc-
ture made of Eco-HDCC materials.
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FIPRAMESEEEKEEESGMRIME
FHLHL R J] R 3k B RV &2 1
kmd HmAES B REE
("R RFAHAEE TSR, hF 211189)
CHRORFILAELIRIRMHPELLR T, BT 211189)

ChéaRFIihs et LR TR A o, d T 211189)
(AR AA A FE R R RS AT RS KA TEAFEEELLRE, &% 210029)

T A T IR A S BRI R A4 (Eco-HDCC) /& £ My 383t % B & 09 5o 80, BT T J 47 8 0 24
Eco-HDCC R Andids i /1= & X Z 69 %a , JH it Bl ik RO A2 | 3F A K K4 & e 3L & pH 1E A48
R F A, R AV KA IR 69 38 m  Eco-HDCC 89 4 JE 5% JE AR R B K Ao R PR 045 5% ¥ 238
AnAs Bl 43 25 Eco-HDCC # MR & 51 2 Fe AR IR AL A0 B A 5 & % o6 ; [ A 8 20 049 38 A B0 W AR R 51 AR B A
AL KA FTZAIE I, LI R 6 pH 1A 20 2 EAKA S # B kit AW, 23UE AR 28 d B
Eco-HDCC fa by Efminism h—-pE %k &.
KRB A S HREMAKRIET S (Eco-HDCC) ; EREA-BEX F; BB -REXR; P,

RmARE; FAKKAE; Lk pH A
RE K S TU528



