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A Study on the Mechanical Properties of Interfacial Transition Zone
(ITZ) of Lightweight High Strength Concrete Via Nanoindentation
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The interfacial transition zone(ITZ) which is the boundary layer between cement composites and aggregates is considered to
be the region of gradual transition, heterogeneous, and the weakest part of concrete. For the development of lightweight
high strength concrete, it is essential to evaluate the mechanical properties of ITZ between high strength concrete with
low water-binder ratio and lightweight aggregates. However, the mechanical properties of ITZ are not well established due
to its high porosity and complex structure. Furthermore, the properties of ITZ in concrete using lightweight aggregates are
dominated by more various variations (e.g. water-binder ratio, water absorption capacity of aggregate, curing conditions)
than normal-weight aggregate concrete. This study aims to elucidate the mechanical properties of ITZ in lightweight
high-strength cement composites according to the types of aggregates and the aggregate sizes. Nanoindentation analysis
was used to evaluate the elastic modulus of ITZ between high strength cement composites with the water-binder ratio of
0.2 and normal sand, lightweight aggregate with different aggregate sizes of 2mm and smm in this study.

II/E : 2, Interfacial transition zone(ITZ), Lt= QIEIHIOI&E, DAL 23LIE

Keywords : Lightweight aggregate, Interfacial transition zone(ITZ), Nanoindentation, High strength concrete

AME Aoz AP K QUCHKe et al, 2010). ot Z32|E ZHSIE ¢

of ZHEME M8t Z32|Ex YRt 2IL(ELL} HEFS

A2 #2209 1355 ¥ Uil o2 thiEst| ol LAANZ B0t ot} 29| &M ENE JiMElE 202 2z
Z32|E Mz dst kst 5 45 Jido] aHolc 23 XN QUCHHuang et al. 2019). 80| YetEMED =2 2=
2lE= 3 AHIE SeH|, 2X, SM2L AIHE S8A| At0[2] M= AHE 2317+ 2B wel We &7t HojXls AS
A 0| FHO! Interfacial transition zone (ITZ) 37tX|2 F-AE] otr0, MMs| 22 AHE Z2iX 2212 Sadlses WR
o QICt O& Tz= 232|EQ| J1E #okst HEEo=Z U QI QfM g IH(Internal curing effect) 2 QIsH ITZ0l| LU 52 $35t=
O, 232IE #ER 0| YA et YMSICH et 232E 2 ENA = Aoz Yl o), T2 S £H2
o] Zgst & ndEstE ol IT22] Jeid E4 Iiids ZaX0| UUETHECH AT AHE STHete] 22850 2=
CHKong et al, 2015), 7|& 2310 J5tH Udt 232|E (TZ9] ITz9] oM E40| falEtn Pedx UCHHuang et al, 2019),
A S7= CHaF 50um 0|, 2RO E2 L 37|, EHO| MR SFX|2t 0= 2-HiQIE] 1|7t 0,350,459 A[HE 28|t Z&
o AIHIE SgfA|e E-HIRIH H| Soil sk I E40| Hatoh= X AL0] 1T29] St E40[H, =821 H|7} 0.30|12 20|

* Corresponding author E-mail: sbae@hanyang.ac.kr

Stfrhstn AE=Zsknt MAPY (Department of Architectural Engineering, Hanyang University, Seoul, 04763, Korea)
SISt ZA=EStL X4 (Department of Architectural Engineering, Hanyang University, Seoul, 04763, Korea)

Copyright (© 2020 by Korean Recycled Construction Resources Institute

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

537



OfAIR A27tE 52 2ot AIHIE SefRet ZSM Af0] T2
O| Aotd EM2 Jgettlel dgfs LIEHHY|E SHKKe et al

10). O|ME S+ T2 o A0z 2461, dE=M T2
O| NS HHMCZ tEole & HalH E40i et B
BM2 oFA 2SI £l %2 =-HIPlH H(0.2)§ d=
Ultra—high—performance concrete(UHPC)2| A[HIE 25X} 4
2T 7+ TZ9) I8t EMof thst ZAIE OJH|3H AEHolct

O
(Yang et al, 2019). 2t Z2F DZE 232 EQ| LN SMS
QahiAl AEEIUR TZE ANHE SfH| 72t9] ITZ E BN

Z4xo|c,

TZ9| F7ik= 50um ZHS0|0, THEXHel 4% 1 FH0| o &4
SIEE, MEDN|FE =2 Lt AAHUZE FI6hM 1TZo] ENE
2500} StCH(Xiao et al, 2013), Rossignolo et al (2017)2] S+
£ 2=oiet Z[Z 701 QJ5HH, L QIBIH|0[N M 7|2 117
o BHAIE AEMoZ SHGI0 A E4 melo] Jkset
o=z HNg|ACHXiao et al, 2013; Li et al, 2019), Lt QIHIH|0 |
M EM7EE VIE 232|E EY 242 floh B0l AIZEU
Of0|32-H|HA Z= Ao I3 =2 etelsts (OuN—500mN)
= H8sI0 A= T d=2H Lk T A=K FYsHA
Z-st 4 QlrH(Xiao et al, 2013).

2 ST0IME 2 DZE 22|20 %sty S ol
7| giet 71N AR 412 22, BN BF o FYBHol
=710fl T2 1779 S5l S BAZ AAEISICE BEAIS 3]

—-— ol

oI = =
7t THE & 7K JEEME =-HI2IH 7+,
SRt HiESi AES  HASIRACH,
Scanning electron microscopy—Energy dispersive X-ray
spectroscopy(SEM—-EDS)E E5lf -5t Ca/Si 2+ S8l 2+ 37t
X EX 129 FHE MEska, L HIH0[E 24 J7|EE

ol ITzo] EgA+E S oI,

(@)
N
e
K
03
H1
>
=
m

pn}
i)
rd
>
H
ro

2.

%
e

A

o] HiH
X oHd

2.1 M8z ¥ gl

2% D= BdelE 70 AN S 2N 9 2 3
OIAYL, EZAKSand)et 27 24250] FIch X147+ 2424 2mm 0|5t

0
(LWA2), 5mm O[5HLWAS)Q! & ZF2| HHEME Ar&stRict
HEZAR} A2FEHol == 2t2t 2 6g/cm® 1.7g/cm® O|Ct S
TS Table 17} 20| S-HIQIC| H|7F 0201 TZE AHE
2|9} 3610 ©20 X 20mm 2719] A|ES HM&GIRICH 45t

538 vol. 8, No. 4 (2020)

Table 1. Mix proportion of Sand, LWA2, LWA5

Mass of raw materials(g)
Label
w C SF | SP1 | Samd | LWA2 | LWAS | SP2
Sand | 104 | 416 | 104 | 104 |457.6 - - 4.8
LWA2 | 104 | 416 | 104 | 104 - 293.5 - 4.8
LWAS | 104 | 416 | 104 | 104 - - 2935 | 4.8

W=Water, C=Cement, SF=Silica fume, SP1=Silica powder,
SP2=Superplasticizer
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Fig. 1. AFM image of (a) LWA2, (b) LWA5
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Fig. 4. The result of Ca/Si ratio of interfacial region around (a) sand, (b) LWA2, and (c) LWA5
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Fig. 5. The nanoindentation results of 3 types of aggregates
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Table 2. Mechanical properties of each phase in Sand, LWA2, LWA5

Label Phase Poisson’s ratio Elastic modulus(GPa)
Aggregate 0.15 119.2
Sand 12 0.30 50.1
Paste 0.25 51.5
Aggregate 0.15 80.6
LWA2 1TZ 0.30 32.7
Paste 0.25 387
Aggregate 0.15 40.6
LWAS5 12 0.30 24.5
Paste 0.25 40.6
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