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Fig. 1 Concrete consumption and its advantages
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Fig. 2 Concrete materials-structures-infrastructures and their sustainability evaluation
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Fig. 3 Concrete compositions and their impacts on resources and environment
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Table 1 Typical chemical and mineral composition of Portland cement
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Table 2 Hydration characteristics of Portland cement clinker
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Table 3 Internal solid phase of typical hardened cement stone
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Abstract: As one of the most visible manifestations of the tangible footprint of human civilisation on the
planet,concrete is largely and widely applied,and has become the most widely used man-made engineering
material in the world. Concrete has changed the world and shaped human civilization,and will remain indis-
pensable in the future. However,as one of the major sources of global carbon emissions,the production and
application of large quantities of concrete has a huge impact on resource,energy and the environment. Based
on the prediction that the rapid climate change,caused by the concentration of carbon dioxide in the atmos-
phere, will threaten the living conditions of human beings. Thus,the development of concrete is facing seri-
ous challenges in order to promote the perpetual development of human society and civilization. This paper
firstly introduces the basic knowledge of concrete briefly,then summarizes the development history of con-
crete,analyzes the challenges of concrete development at present, and finally puts forward strategies and
routes for the sustainable development of concrete.
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Fig. 1 Flow chart for the preparation of titanium oxide nanocomposite concrete
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Table 1 Physical parameters of titanium oxide nanoparticles
Kt (nm) Lt 22T (m” /) EEDUN Fi4t (nm) 2 Hi (m® /) %2 SCHR
10 150 Li &2 20~30 45~55 Lee (28]
10~20 — Rahim %H% 21 50 Mohseni 4
10~20 20~30 Salman 213 21 58.8 Chen 4]
10~25 — Shekari 2 21 50+15 Lee 2128
15 240 Noorvand %% — 50 Ma 2119
15 260 Salemi gt 25 — Zhang %2
15+3 15012 Nazari 217 20~100 — Yang %1%
20 200 Mohseni 4 60~75 - Feng %"
2 AREUKESGRELIWESL
Table 2 The Compatibility ratio of titanium oxide nanocomposite concrete
Je A At 4k AR
K i HLE R % il Z:7% ik
FE R £h /K ¢ B4k B %)
1 — (B2 IO 0.35 2.75 0.5.1,1.5 — Noorvad 215
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1 0 0.5 3P 1.2.3.4.5 2% Ma %19
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1 0 0.4,0.6 RICTR /D) 1,3,5 — Zhang %55
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0.12~0.83mm) BB
1 0 0.48 2. TACKIRITED) 2 Salemi &30
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1 0. 36 1.7(<4.0 mm) 1.65(<8.0 mm) 1.2.3 Mohseni 229
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1R EERED — (BT 0.4 1. 71 Cl] 0 40 i 1.3,5 — Mohsenj %%
R 2. 25)
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Fig. 2 Dispersion principle diagram of

nano-silicon oxide coated titanium oxide
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Fig. 4 Schematic diagram of the structural change of C-S-H gel in titanium oxide nanocomposite concrete
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Fig. 6 Comparison of yield stress (a)and minimum viscosity (b)of titanium oxide
nanocomposite concrete with different particle size, crystalline phase,and surface treatment'*’
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Table 3 Enhancement influence of nano titanium oxide on the compressive strength of concrete
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Fig. 8 Reinforcement mechanism of concrete by nano silicon oxide coated titanium oxide (NSCT)

AN A HN T RAG P Y A K B Al B R S — T T,
AR E AL BB 1 0 R RS B R AN R S AL Bk 1 A
RBIBEA AN T 9 K S AL BROuS HR B T 9 Y
PTHER . MRS Mohsani %57 (i BIFFT 25 5 L 24 40 K
ALK OB 100 mE AR AL SR AT RE 2 il Tk
Az P ST S BOGH IR S5 b 0 5 R A 4R TR R B
FAE Y YR AL BRI B TE 100 ~ 200 Jw R A I 4
KA B A 5 R BBE L i iR R AT AR v T 0 TR 2 TR O
b AEORE BT IR 2. I A AT A O G OK R
LBk B4R 10w iRy & B, 7 Z 5 . Mohsani
SEEYIRRR T Sy — R K K BF 5T R ] 4B B A 49 K R
BRS¢ B TR BBE b BT T 5 L A R ML, 5
i TR IR A AL B4 2 4B A\ 90K A1 Bk 2 B e o K
TRBGE - A 0T 5 2 EL 4900 oK S A BR 4 R X e (42
M3 T 500, XA REE o TR BE LN KR
FO R 58 K 23 S BORE ¥ 1 iR B PN A A A A
AL, DI 7 20 2 A 40 K SR AL BROoR s IR BE Y
[ IOE T SV PG R W A7 S N S W N e ]
FEURIIAS R 1591000 R A TR 95 - 3 Ak P 35
e 2 S Az AT IR T 40 K S AR B B B LR 4B i 5 0 K 5
P BRABUREL ) 11 2R i 5 DA G L 24 98 K S A Bk &
P SR I 2 [ A HG /s RUST 9 010 38 L R HE ) IR O 1

[16]

HERAE M T4 5 S BOUR BE T 16 32 J) o 72 b 7= 2R
pAE L iR

BT K S AR Y12 1 2 50, 9 oK S AR R Y R
Feth 25 5 i R R + (PR SR BE . A0 Chen 455 847
T R 25 R B 5T A [ RL AR B 40 K 4R AL R
(21nm FI 350nm) X} iE BE £ 50 JE 558 B 09 52 i B A
W& B, 21nm YK ALK B & IR EE L Tk
SR EE T T 350nm MY AOK AR E SR EE L. BRI
ZAb S IKOR He A 23 5 il 99 K S AR B0 TR BE BT R 5
JERIARTHE A . Lee %5 BB g0 45 R R W], 2K
o (w/s) 2R 0.4 B R BE -+ 09 0 He 5 B2 Bl 2 40 0K 4R
kBRI R . AT, 24 w/s 24 0.6 B,
KA AL BRI 1B O 23 5 IR BE Y B B
BOMFERI .Y w/s O 0.5 B, IR EE BT iR
JEE B A 9 K S AL R 4B 1 3 g R R

JEVFZ I8 48 L 98K S A B TR BE 1 1
F12EVEREAT $ETHVE T AH A A — SEWF 5 A 40K
FEACER R RERS TR BE - ) 2R bR RED L B B A A
A PR KA A PR BRI BE 78 28 K I
f 12 PR RES O, 4, Meng 285 & B 40 K B Ak
Bk 2 BRARTRBE + PR SR % . MR Behfarnia %
AIBIEIE 25 2R L oK S AL BR 2 3 ) C, S f oKk Ak i T &



26

ITEMHEEN

Engineering Materials and Structures

FOREE + PR RE T RE .
3.4.2 WE /IR IRE

F 5% 2 2 38 T FH 5 i R B 5 Ok 3
TETRBE 4 0P, 2 4 TP gl s T 9K S Ak Bk i
B B /B SR B Y 5w B A, ) 40, Salman
ACRERRIREE L 28 RIMEMEHR THBAT
0. 5% HIA K EAL R HE 3 17 15. 1% . Ma 251 HY
WL R W] 300 99 K AL ek AR &E 16 28 R
W% S IS 4 B0 S e R P B AR T 61.9% . Yang
U 1 B R BT S T 98 oK R AR RO R[] i 19
TR E 1 P05 5 B2 119 5 M) B AR L F 5% & B 400 K AL Ak
ARG AR 3 K7 KM 28 KPS o BE A 4L T
L m IR E o R B T 25% .25 % F 38% . ATk
HX el TR EAKBARIELERTEZR
KALFE Y (i C-S-H A1 C-A-S-H) , #E T #2 & 1 IR 5
FHIPE SR . Feng %" W E T 44 >k S Ak kot
TREE TP R S LA XSS R R T8
AT 0. 9% M4l ok S AL BR IR BE 78 28 K% 1 i 11y
PLAS R $2 L T 14.15% . Li 257 B9 ik 5% 6 W1 i
TR A BOR T T DL TR B Y A T R U X
(I'TZ) » R A TR 35 = v % o 48 oK Ak R A (AT LA
R BE T S K T L AT DA R
0 R T AR K . Han %7 WL 5
LYk AR BB BT 3% R, 28 K% 1 iy 1R it
B A R B A 4K AL ER B R G 1 T B
R Rahim 45 B9850 25 255080 4 % 18 BB 40K
ALK T LAGE 28 K4 1 o TR 6 - 04 B S R R
FLoR o S HR s 42, 24 % 1 34. 6%, Nazari 255
WHoE T A [ 45 & 0 99 K B AL Bk (0.5%6.0.1%.,
1.5 %6 2.0 %) Xof T Bk = Bt 25 56k B 114 52 o B 7 fib
TR E% B TR BE 00 B2 5 B 5 A oKk Ak sk B i
F1R) 348 o T 4 58, G v R X e A 1 4 oK SRR R S R

2% A 28 KA AT DL TR BE 1 09 e 47 98 B 42 T
25 % CRHXT 2 TF3) /1. IMPa (45 %42 T1) . e oh, 1l
A7 % BRAR B 4 1 B ZLRL A 5 2 s 25 T 40 K S Ak
BB AT 7E 28 RIB IR 19098 K AL gk &=
A VR T 1 (0 B S PTH 98 B TT LUK 3] 3 MPa, 1fif X fif
ZH IR BE B BT RO B H RIS E 1. 8MPa,

25 L i g oK AR A0 K A TR BBE - B 25 B RN
PP B e LLF Ly e SRR — T
H1 T4 oK A8 A BRORL - EL R I Lb 3% 1 BRURN 3R TH fiE £
A G 3 THT W R A U8 K Ak 7 W O 2 A K R B A
KA AR BORE 12 1 3R B A 9 oK S AR R AT D) i
A K U I HRE R R U A A S B L il L
PRI SO S5 #7055 — T T 44 oK SR AR Bk nT L sE
It LA KA 0N FVET FL AN 5 5 3R 80K A e DA
e A S S0 B L DT 8 23 ) A ROR T
3.4.3 kR

T 55 S B4 B 1) P A P s i) 3 /0N T 45 4 4R
AV — 21 LU KA 8 B2 A FH AE 45 b i) 48 far R R
s 2 far , 1Y 32 B Y e ey 208 B — i K/,
REE LA MEE S A, M, RN
Poohd v RE R TR B LSS et — A E
SLnh . BRI 9K SR BR RT LR = R EE 1 T
mph bRl Wang 25 BF 58 T 40k A AL Bk IR B £
ks P BB 4 R A L 5T R AN K SR AR T K R
e bl B MR HR 39, 994, 2 AR R AE 803/ s
845/s Z IR , 44 K S AL Bk 7T DLRE R B 1 1Y LE R
WA 246. 900 . AATTIN R 9K S A0 R B v TR
+ whli P A R T LA O T 9 B D gk
SRR 1 /I RS 28500 3 78 2000 B AIE T IR B 1
R R B T IR BE 00 % T Q9K E AL
P4 BSUAZ B0 AT A1 i) 24 4% 1 4 R L 00 TR RE ) A
T P i

R4 MAEUKWREIRS/AMEBENRAER

Table 4 Enhancement influence of nano titanium oxide on the flexural/tensile strength of concrete
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Fig. 13 Diagram of electromagnetic wave absorption mechanism of surface treated titanium oxide nanocomposite concrete
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(¢) (f)surface silica-coated rutile-phase titanium oxide nanocomposite concrete**]
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Fig. 20 Titanium oxide nano composite activated powder concrete for sewage system[m]
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Abstract: As the most used man-made material in the world,concrete has built the main infrastructures on
which human beings depend. However, with the increasing scale and complexity of infrastructures and the
expansion of application areas, traditional concrete materials with single performance and slow performance
improvement can no longer meet the requirements of concrete performance in certain special/harsh envi-
ronments. The full exploitation or expansion of concrete properties (e. g. high performance, multifunction-
ality, structural-functional integration) has become an important direction for the sustainable development
of concrete materials,and an important way to achieve sustainable infrastructure development. The excel-
lent mechanical, electrical, optical, magnetic and biological intrinsic properties of nano titanium oxide parti-
cles can improve the macro-meso-microscopic properties of concrete,and its application is expected to de-
velop high performance (including high mechanical properties and high durability)and multifunctional con-
crete. This paper systematically introduces the preparation, microstructure, hydration properties, rheologi-
cal properties,workability, mechanical properties, shrinkage properties,durability,functional properties and
applications of nano titanium oxide composite concrete,and discusses the challenges and development strat-
egies for the subsequent development of nano titanium oxide composite concrete.
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Fig. 3 Mechanical enhancement mechanisms and effects of nano-SiO,-coated nano-TiO, on concrete’s mechanical properties
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Fig. 10 Bactericidal performance and mechanisms of nano TiO,-engineered concrete for wastewater system
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Fig. 12 Structural modal identification and damage detection for frame structures using self-sensing concrete
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Latest Research Progress on Nano-Engineered Concrete

DINGSiqi ', WANG Xinyue °, WANG Jialiang °,
LI Zhen *,ZHANG Liqing ° s HAN Baoguo **

(1. Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University,
Hong Kong 999077, China; 2. School of Civil Engineering,Dalian University of Technology,
Dalian 116024, China;3. Department of Civil and Architectural Engineering, Aarhus University,
Aarhus 8210,Denmark;4. College of Aerospace and Civil Engineering, Harbin Engineering
University, Harbin 150001, China;5. School of Civil Engineering and Architecture,

East China Jiaotong University, Nanchang 330013, China)

Abstract: As one of the most obvious manifestations of tangible footprint of human civilization on Earth,
concrete is largely and widely applied,and has become the largest amount of man-made engineering materi-
al in the world. Compared with other engineering materials, concrete consumes less production resource
and energy,has fewer harmful by-products,and causes less environmental impact. Additionally, due to its
excellent mechanical properties, such as compressive strength and fatigue resistance, along with its water
and fire resistance,the infrastructure constructed by applying concrete has the advantages of high safety,
durability,and low maintenance. Consequently, concrete remains a reliable choice for sustainable develop-
ment of the field of human construction and engineering and remains indispensable in the future. However,
inherent shortcomings and current performance limitations of concrete do not meet the requirements for
the construction and expansion of human living spaces in the future. Moreover, the production and use of
large quantities of concrete have a significant impact on resources, energy,and environment. Nanoscience
and nanotechnology can be used to understand and control concrete at its fundamental level, enabling the
realization of (ultra) high-performance and multifunctional/smart concrete, which in turn can give impetus
to addressing the aforementioned challenges and achieving sustainable development. This article focuses on
three core research advancements related to enhancement/modification mechanisms, preparation and per-
formance control,and performance and functionality characterization for engineering applications of nano-
engineered concrete. It mainly introduces the explanation/principle investigation of scientific phenomena in-
cluding nano-core effect,nano-core effect zone,nano-core effect-induced enrichment effect for interface en-
hancement, nano-core effect-induced ultrahigh-density calcium silicate gel, and nanoscale pore structure
characteristics, the exploration of advanced technologies for performance modulation and large-scale prepa-
ration of nano-engineered concrete(e. g. , surface treatment, self-assembly, and in-situ growth techniques,
etc. ) ,as well as the understanding gained from the expansion of the properties of nanoengineered concrete
and the validation of engineering applications in the fields of civil engineering, transportation, municipal,

marine,energy.and military.
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Abstract: Extending the service life of reinforced concrete structures can effectively reduce the economic,
environmental , resource and energy costs throughout their life cycle. However,a large number of reinforced
concrete structures often suffer from corrosion of reinforcing bars due to chloride ion erosion in various en-
vironments, which leads to deterioration of performance, the loss of functionality and even safety acci-
dents. As a barrier between reinforcing steel and the external environment, protective layer concrete can ef-
fectively prevent chloride ions from contacting the surface of reinforcing steel, thus delaying the corrosion
of reinforcing steel and improving the durability of reinforced concrete structures. Ultra-high-performance
concrete has a dense microstructure due to its low water-to-cement ratio and elimination of coarse aggre-
gates,which can greatly impede the transport of chloride ions within it,and thus it is expected to signifi-
cantly improve the service life of reinforced concrete infrastructure. Based on this, this paper firstly summa-
rizes the basic mechanism of chloride ion transport inside cementitious materials,including the movement
mode and physicochemical binding mechanism of chloride ions inside the cementitious, and analyzes the
current research status and improvement methods of the chloride ion penetration and chloride ion binding
capacity of ultra-high-performance concrete.
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Fig. 3 Comparison of durability for UHPC compared with HPC and conventional concrete
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Table 1 Research on the durability of UHPCC,HPC and conventional concrete
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Fig. 6 Multi-component, multi-phase and multi-scale distribution of cement-based composites
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Fig. 7 Modification effect of nanomaterials on the mechanical properties of cement-based composites( Where NS/NC/NA/
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Table 2 Enhancement effects of CNTs on the mechanical properties of cement-based composites
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A CNTs BYIR HE 1 19 508 9 10 50r 7K 0 B 1k
BIRBEART 12%; 53 4h bt me b MR M L T A
CNTs (TR EE T #2516 %,

3.4 IhEEtERE

Bk 12 R A PEREAL  VF 2 R LR A LR
SFHL L HL RS IEEPERE ) CNTs, b 7] I 7K e 5
SAPR LU L R | F R B S W AT AR
DREREYE . Li 2 Y & B CNTs AT 5 i 7k e v
S SR AN R R L LS 0 MY R R A B R TR
A R Fe T ok M AL B CNTs 1 IR T /K U8 1 3 O
(AR BE . X2 iy 2 T M A B R R AR
CNTs (142 1f B 9 /1N oA B 42 fok 1) W BEE L A0 T 1
FH R 6 HL 4 821 0T v 3 5% 10 7 R B S, D) o toF
A0 14 F 22 80 H o AR ) SR L LK VSR 1
FLPHAS AL R e i Al 3k 14 %6, Yu Z5-7 & BUAH HE
FARIL M E e m) CNTs, R A 1Y CNTs
AT 7K U8 ¥ 5 o R A B e L R TR SN 3R
TR S0 A 3 f) 2% T3 PR R B AR T CNT's 19 B AH 35
B2 WIS T KK BB PERE . Han 5B
B CNTs B A /KIEH0 3 2 30 — 58 i TR ke 1 vl
YE R FBAG R, o) 8 52 22 TR 4R fap A o o 28 Af
PR O FEE B N . D’ Alessandro 25
AL A CNTs & A 7K U ¥ I8 7 i 28 52 R 16
PG 3 R A R EUE K 63, 3, 16 B A IE 9% 52 R AE BR i
AR EE N 74.9, Liebscher Z5M 48 i H Ay
B S PR B CNTs & A 7K 8 ¥ 5% vl i AR
IAEAE .11 wt. Y8R CNTs & A KIS KT
15 VEJE RN HE 1 min BRI JHE 33°C. CNTs B&
TR KRR A R RS T S i T DU T
O B B W S BE. Nam 25U gy 5 BOR 0.6
wt. % CNTs & & 7K Ié 1 3 7e o 1 I = 58 %/ F
—10dB #7957l L33 3. 2GHz, Zhang %" Bf
FREMO0.8 wt. WBER CNTs 7] i /KB IAH
—36dB WY B SR R KRB I CNTs B4 48
() 4.3 f%; T Singh 2" B E T HBA 0.15 wt. %
CNTs (KIS AE 8. 2~12. AGHz T B N 1Y HL, 7%
GRS BE T IR 2] 27dB B 4516, EAh, Wei 21058

K CNTs & & KU % 3% 5 A 5w i S5 b g
(0. 818 S/cm) Fl % D1 5 R AL (57. 98 pV/°C) Y [F]
W, S PR BAE 0. 734~0.947W/(m « KD A,
M Hassanzadeh-Aghdam %£"" A4 CNTs 75 &
HE S R o A 3 5] HLL 5 SRR 22 R A A
THIRG 45 i . CNTs Al B i 48 S iR e E A LS R
B, HSRAEBKS CNTs R 5 L K K E
AL M5 CNTs fY T AR AR 7] 5 30 2R 5000 B 8 56
B

3.5 CONB fEKEEESMEHESHE X

FRBFEBUR R . CNTs 1938 A 0] 838 K I8
L5 A FOREY 72 P RE RN A PR fE L R B AT
HL2E A K R G S T R . DR, CNTs & —
KEEYERE (2T RE K U 3L B A ARG BEAR 44 K 1T
B, CNTs BRI KR LB R KRR &M K
4l 28 120 A5 18 4 5% e L K8 Ik 5 A 0 R 3
o/ MERCR . X R T ARFBE T CNTs B A
KU b R} 1 P BE B B BRI AR 25 AR L
HJE CNTs 78K e FE 44 i) o3 w55 L3 5 / i
PERCR B YIAH 56, T CNTs (985K M &5 il % 5%
1o 1 2 T RE DA BB AT =2 ) A i AE AR AR O S 3K
o R 22 AR K SR T R 5 B 5] A L Bt
Z AN, CNTs J& i 5 — ik JE il sp’ Flosp® 284k
2R AR, T A D d A RN T S A R O I N O
G A2 P AR L M D 5 AR B 5 B T 4 A L S
A R R B R B BF S R CNTs 38
T4y K LA 5 AR L LXK R 3 B A b R A 1
SR /AR A T R 3 B B AR AR

T Bk CNTs i 1 )8, H fif#F 58 & % R
FHERES 15 L 75 4 800k R0 e o 40 A5 A B Ok
CNTs R A& 1 CH 4 2 1k b 38 45 26 4 5845 i
1 23 T A 006 1 4 Al AN BB D 1 fk 24 O Ok
23 CNTs 16K V8 3L 8 4 A RE b i o feps e,
Gao %R R 43 BOHE ok 4 B CNTs FA fk A
B S5 PR WD 5 AL BT [A] 4 15min, 4 H J) K
1E 81-94 W B, CNTs Ak A 55 4 78 K U8 i 3 h
B R e AR . 78 X 22 S 4 K A R A ) X 40 A
P S W AN K i S ) 0 KR 4352 R CNTs (9
OMRRCR . LSRR AR 3 ¢ 1 Y B R A A R
RA W T8k P CNTs, {HA BF5E R 2 1k &
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foAk B 25 5 B0 CNTs 48 4 48 40 . % T B FG 34
ZEHT 0 Parveen Nl IR AR 2 M R AN U Tk
(Pluronic F-127)1E 3 T & 14 7 & 70 H CNTs, H
75 W 7R Pluronic F-127 5 CNTs 1B & W A8 75 4 ik
Th J& ol ik SV HE 2 19 0 BOR A& . Wang 260777 3
FHR T AL A CNTs LA 25 CNTs B4 1%
[P, X CNTs #4745 i@ J2 U0 F Y 2% 11 48 1 ik 2
AAEAT LABEAR CNTs 26 18 68 | 2k 3% H 78 7 Wb 14 7
MM 5 T L2 T 4 JE )2 T AE I PR S 4R CNTs
Mtk v s SRR B R ML A ae . Xl
fil & — P fif e CNT's 43 80 IR) B0 A5 30 F B IR A 28
SEHL CNTs (5 5436 5 7K U8 3% &2 A b1 RE I BE 1 1 B
PERFF 5T

4 it

HARE 254 AL 5 ) BEPE RE A9 CNTs J2 3
W Bt A K R BT B0 SO K U8 A A2 G R 40 oK
Bz — RSB TS T, B o 2 R
R 7K e 5 BEAT BHE 9 K RO b B 7 22, R4 UH-
PCC B9k &5 Ky sk B, AT A T 1m0 3t et UH-
PCC By 327 (i A 25 P RE  [A] i 37— 5 19 2 g
Frrk. @k Bt UHPCC Jg 2% R A ¥k g — J5 I
AT A K YR FE L BEAR A A i R R, 5 — O W
A]AE R S5 A i D BE URH AR S A P ORAR A S
FRSUP R AT 5 2 R A IR R Ak 2 A UH-
PCC J P BE /W5 i K/ 22 D BE (9 B 10 40 K K e
AR BB A0 5 5 0 SR B T B A [ i
X 3 A SRAG M IR A 7 i L AR 4 A7 i R B AT 5
Y dp A BA B X

) 3 0 3 A H IR R g R,
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A Review on Nano-Engineered Ultra-High
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WANG Danna' . NUERAILI Maimaitituersun®,
WANG Xinyue’, HAN Baoguo' "

(1. School of Civil Engineering and Architecture,Zhejiang University of Water Resources and Electric Power,
Hangzhou 310018, China;2. School of Transportation,Kashi University, Kashi 844000, China;
3. School of Civil Engineering, Tianjin University, Tianjin 300072, China;4. School of Civil
Engineering, Dalian University of Technology,Dalian 116024 ,China)

Abstract: Ultra-high performance cementitious composites(UHPCC) are the most innovative and promising
new generation of cementitious composites over the past three decades. However, while low porosity and
high density contribute to the extremely high strength of UHPCC, they also lead to issues such as high
capillary suction,severe autogenous shrinkage,rapid hydration rate,and large temperature stresses within
the material. Nanofillers with small size and nano effects are helpful to improve the continuity of cementi-
tious raw materials at the nanoscale across multiple scales. They make up for the nanostructure defects of
cementitious composites,thereby modifying their mechanical and durability properties from the bottom up,
and at the same time endowing cement-based composite materials with functional properties. Carbon nano-
tubes(CNTs)not only have the inherent characteristics of carbon fiber materials, but also have high electri-
cal conductivity,thermal conductivity, heat resistance,and corrosion resistance, which is an excellent type
of nanofillers and an ideal reinforcing filler for composites. Based on this, this paper summarizes the rele-
vant properties and research status of UHPCC, nanofillers reinforced cementitious composites, particularly
CNTs reinforced cementitious composites, and analyzes the optimization methods for achieving the ultra-
high performance of UHPCC. Nano-modification of UHPCC holds promise for fundamentally designing the
structure and properties of cementitious composites, achieving complementary strengths and synergistic
effects in performance. It is one of the innovative approaches in the development of UHPCC.
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ances; mechanisms
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Fig. 3 (a)Schematic of GO nanosheets adsorption on the cement surface;

(b) Substitution reaction of GO during the adsorption process

A2 7 R AE AT S0 0 0 o R S AR L K
Py THT TG M AR 2 UL Y IR A SR A BOPE A
M EREML B AR . AR T RE L H R R A A
R TR DL N A SR A S D RE 4 2 1R Y ) X
MARHHEAT SO 5 DT S B A B 0 A A P R RRE 4y
BRG0G0 3 e R 9 R D R
2R 2 B RN 3R 2 R Ik 7K 7] (Polycarboxylate Ether
Superplasticizer, PCE) 277 | #E 3% 26 43 # %)
PCE KX K Je Kk fid B2 L7 TERIAE . H B 1

[67]

Bk R B A 50y A R0 M M IS B A
BRI HEH . Yan S5 58 i He BN B AR ] 2K 8
114 2% T 958 A 1) A 5% 7 o A 5 - 3 1 35 P R0 R
A R BRI K FD , KBl PCE 7E8# GO 1E Ca
(OHD, W R ootk Jr i R, Kl 4, %
BRIRSY FHARUR R A Y4 f . H F WA 00l
(TR /W S TN IR R » BB 1% 76 JURL 22 8] 7= A 25 1]
HEF AR o DA DR UE A7 88 05 76 7K 8 73 TP i B
B Sajjad S5 B BF 5T iE— 2B B8 E T LE K AN



ZEF 5 A A SR e R B TR B 2R 103
BB ERA S N PCE I 340 R 4, fE g B — b A7 8% 4 BT ¥, Fonseka 2859 71 J

B GO LB FEI 401K

T H A ) B O3 BOEOR B A B R
M DA A 5 0 S0 A 0 L B 0 40 1, TR O T R A
G R DAL B AF 0 Ay HOBOR . il an, BRI T
20 2 TRV P R A e T Oy =X, AT R S R
HEA B 5 8RR . Baig 25 5 i R 2 M BE
(Polyvinyl Alcohol, PVA) ¥ & A1 BR BE T. 25 % A A
BN GNP0. 5wt. % 1wt %, 1. 5wt YO AT T
WFFE 45 R R IR A AL BT R 1Y 4 B

T ELE A TR I ] D T X A s 0 Al A Y
EUAL VI N VAR & NEC S TR i DA i g T

anionic backbone
@ (carboxylic acid groups)

A

long graft side chain
(hydriphilic polyethylene ox1de)

(b) Stacks of graphene

PCE Ml 75 £ R Xt GO #E47 7 40 Bl ab B, 45 51 %
B, 5 5198 PCE 43 BUM L, 52 & 43 B AR &b 289 TR
T AP RHEE 28 T HT B o7 A i 3 |l R R R S
B e T 24V 2591 30%0 . AT IR T B
FEW B . HE— 25 W 9T E 5 25 5 (il £
ﬁfﬁﬁl&ﬂ(ﬁﬂﬂﬁﬁ%hﬁﬁﬁﬁxﬁﬁmﬁm Wang
LU B B AR T TR RS R R R
B AR A B A WO AR A o WO R G Bk g
7 AR B PCE) b B 5 A7 85 s 15 T 0 Vi B8 43 1) 42
BT 61.8%.99.3% .74. 0% . 124. 3% , L HL T B
() 53 BRI SRS 3 T T A A L

B4 (QRZBST:;(0)ERONAEHH; (OBIFHNBER R HHARLED

Fig. 4 Microstructural views of (a) polycarboxylate molecule,

(b) flocculation of graphene sheets, (¢) homogeneous dispersed graphene
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Fig. 6 Porosity and pore structure of UHPC incorporating graphene[m
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Fig. 8 Enrichment effect of nanomaterial at the interface between FRP bar and UHP
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Abstract; Graphene,as a two-dimensional nanocarbon material, exhibits excellent mechanical properties,a-
long with outstanding electrical and thermal conductivity,low density,and superior chemical and thermal
stability. Its incorporation into ultra-high performance concrete(UHPC) offers significant potential for de-
veloping structurally and functionally integrated UHPC with enhanced mechanical strength,durability,and
multifunctional or smart capabilities. This review systematically summarizes recent advances in graphene-
modified UHPC research. It begins with an overview of different types of graphene materials and their dis-
persion techniques,followed by a detailed analysis of their effects on the early-stage physicochemical prop-
erties of UHPC (e. g. , hydration behavior, rheological properties, and workability) and its hardened-state
performance(e. g. , static and dynamic mechanical properties, durability, and multifunctional/smart func-
tionalities) . Finally, the current challenges and strategic directions for further development of graphene-
modified UHPC are critically discussed. This comprehensive review aims to accelerate research progress in
graphene-modified UHPC and provide valuable insights for sustainable development of ultra-high-perform-
ance concrete materials.
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Fig. 1 The flash evaporation method tests the thermal conductivity and specific heat capacity device
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Table 1 Thermal conductivity of UHPC
Temperature(°C) 25 100 200 300 400 500 600
Thermal conductivity(W m 'eKhH 2.00 .83 1. 64 1. 24 1. 20 1. 10 1. 00
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Fig. 2 The thermal conductivity of UHPC

varying with temperature
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Fig. 4 Testing apparatus for thermal conductivity and

specific heat capacity using the steady-state method
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(d)
B3 AEEERBHREE UHPC K SEM 547 : (a) MBI BTAY SEM B 1% ;
(b)300°C Bt #9 SEM Bl ; (¢)400°C Bt i) SEM E 5 ; (d)500°C B 49 SEM [ 1%
Fig. 3 SEM analysis of the UHPC before and after thermal cycling at different temperatures: (a) SEM image before
thermal cycling; (b)SEM image at 300C ; (¢)SEM image at 400°C ; (d)SEM image at 500C
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E S XL

Bolina 25" 013 o Hb iz I 7 3 F B 25 4400
E R TN 26 15 R Sl il UHPC (19 Fe #28 flAi] i B
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1 AR S A 1 Ak 2 R A B AR A, FE B I IR B T
FTAR . 3R 2 45 T R T IE AR 1) UHPC L #A
R LR,
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Table 2 Specific heat capacity of UHPC

Temperature(°C) 25

100 200 300 400 500 600

Specific heat capacity(J « kg '« K1) 1009

1229 1230 1232 1269 1280 1310
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Fig. 5 'The specific heat of UHPC varying with temperature
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Fig. 6 The specific heat capacity of UHPC with different contents of coarse aggregates/steel fibers
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Fig. 7 Volumetric heat capacity and thermal diffusivity

of UHPC with respect to CNT content
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(b) SWO.5, at the time of 11 hours
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Fig. 8 The internal temperature field of SSWs-UHPC pier caps
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Fig. 9 The variation of coefficient of thermal

expansion of UHPC over time
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Table 3 The coefficient of thermal expansion of

UHPC at different heating rates
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11.764+ 12.33+  9.93+
CTEC(-10 °*+ K™ —

0. 04 0. 04 0.07

Kodur %55 Fil FH #HL A 43 B A0k I B UHPC
IR K 2%, [ 10 k2R HIZ 5 2 0 45 1 UHPC #4
i Bk 22 B0 45 % L IZ I AT L, UHPC #4 ik R Fifi
BF A AP T 43 4 A B B 55 — B B, B 20°C ~
100°CIEFE P - i1 T UHPC ok 8 3¢ 4 i ki
TP K R B % L Y B T A By
BRI 100°C ~300°C v il P4, #4082 K 38 7 DA K 19
R R, 3X 2 B T UHPC w3 7K 0% BR K R4
B K 78 & i 850, n B S B0 K 43 T R AR 2F T UH-
PC R i K 25 = BB, B 300°C ~600°C
0 [N UHPC A #4052 i 25 2k 25 Bl O 2 o oo i 34 o
BT CSHJZhRRK 12 & & Ca(OH), fif
BB B 7K 43, 400°C ~ 500°C 2 [i) 4 1S K B B A
1%, Y BE # 2F 500°C 1, i1 T UHPC Hh XK 1Y
A7 A AR DL R K Ui 3R A 1) AR B T e R4 S 4R ik
Roxa B PR B L B 600°C ~900°C Z (]
0 28 ) I N NN Rl A N B

1.2

._.
=)
J

o
%
T

o
o
T

o
IS
T

Thermal expansion (%)

e
o
T

~ N S S SN S S
0 100 200 300 400 500 600 700 800 900
Temperature (°C)

B 10 UHPC # Bk R bR A T "
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Fig. 11 The microstructure of UHPC after different temperature exposures
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Abstract : Ultra-high performance concrete(UHPC) ,as a novel cement-based composite material,is primari-
ly composed of Portland cement, silica fume, quartz sand, steel fibers, and high-range water-reducing ad-
mixtures. This material achieves exceptional mechanical properties and durability through an ultra-low wa-
ter-to-binder ratio,high cementitious material content,and fiber reinforcement. Current research on UHPC
primarily focuses on its mechanical properties and durability. However, the characteristics of raw materi-
als,preparation and processing,and engineering applications of UHPC are intrinsically linked to its thermal
properties, making the investigation of UHPC’s thermal properties critically important. In this back-
ground, this paper systematically reviews the research progress on the thermal properties of UHPC. It first
explores the characteristics of UHPC raw materials, preparation and processing, mechanical properties,and
durability of UHPC. Secondly,a comprehensive analysis is conducted on its thermal conductivity,heat ca-
pacity, thermal diffusivity performance, thermal expansion performance, and fire resistance
performance. Finally,the paper discusses current research challenges and future directions regarding the
thermal properties of UHPC,aiming to promote in-depth studies in this field and provide guidance for the
sustainable development of concrete.
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Fig. 2 Concrete crack resistance test

(2) ETAFEY

(a) Maintenance of geotextile

(b) FRHPFIFRY

(b) Maintenance agent maintenance

(OFie=

(¢) Maintenance film maintenance

3 ARFFAXAAEERLE

Fig. 3 Crack resistance test of different curing methods
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Table 1 Concrete cracking test under different environments
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Table 2 Concrete cracking test with different

external curing materials
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Table 3 Observation results of concrete early cracking
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Table 4 Comparison table of concrete crack reduction
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Table 5 Concrete early cracking results under different external curing conditions
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Table 6 Concrete early cracking in field curing test
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Fig. 8 Shrinkage deformation value and shrinkage rate

of concrete with different mixing amounts
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Table7 Concrete test mix proportion
£ RS KB He (ipipIN SAP B8 (R EEM L) Sl
C-1 0
C-2 0. 05
C-3 0.4 0.02 0.1 1%
C-4 0.2
C-5 0.3

RS AEHBESAP AFHFHRBE LT TIEMHEMNKER

Table 8 Working performance test results of fresh concrete cured in SAP with different mixing amounts

B dfr i B2 (MPa)
%5 YHE JE (mm) RO HEFNH L ()
3d 7d 28d
C-1 54 3.7 13. 4.32 5. 26 6. 68
C-2 49 3.8 14. 4.22 5.19 6.52
C-3 38 3.6 15. 4.16 5.12 6. 38
C-4 26 3.5 19. 3. 90 4.92 6.01
C-5 11 3.7 22. ¢ 3. 50 4.62 5. 89
x99 AESAPBENRELIRHNARY
Table 9 Concrete early crack resistance coefficient with different mixing amounts of SAP
G = C-1 C-2 c-3 C-4 C-5
E(GPa) 18.79 18. 47 18.19 17.92 17.65
K 1101. 52 1061. 018 1022. 182 924. 948 949. 620
K/KO0 1 0.963 0.928 0. 840 0. 862
3.1.3 FRFEZKkZXKE Z’E%V‘]%ﬁ‘@fﬁﬂ@%%o W%ﬁ/ﬁﬁﬁ%ﬁ%gﬁﬁﬂ"ﬂ(

PR 5 A K 5T SAP P97 19 8R4 3R
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Fig. 9 Shrinkage deformation value and shrinkage rate of

concrete with different additional water-binder ratios
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Table 10 Concrete test mix proportion

. B SAP i
5 KL N N LAk
IR L Coly R BE M AL %0
Sl 0 0.2
S2 0. 40 0.02 0.2 1%
S3 0. 04 0.2

F11 FAEMMARKETREELIREHAREY
Table 11 Early crack resistance coefficient of concrete

under different additional water-binder ratios

ETRE S1 S2 S3
E(GPa) 18.09 17. 82 17. 29
K 942. 476 919. 786 866. 762
K/KO 1 0.976 0. 920

3.2 SAP B BB R4
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Fig. 10 28d micro morphology of SAP concrete
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[2] Rahman M K,Baluch M H, Al-Gadhib A H. Modeling of
4 %T’% shrinkage and creep stresses in concrete repair[ J]. ACI
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Investigation on Surface Crack Resistance and Curing
Measures of Airport Cement Concrete Pavement during
Construction in Strong Wind and High Temperature Weather

GE Hongbin'"

(1. Xiamen Iport Group,Xiamen 361000, China;2. Panport Airport Construction, Xiamen 361000, China)

Abstract; The airport cement concrete pavement is prone to surface shrinkage cracks during construction
under strong wind and high temperature conditions. Based on this,in this paper,the influence effects and
mechanisms of curing methods on early shrinkage and crack resistance of concrete were investigated
through indoor tests to simulate strong wind environment and high temperature environment in summer,
and the applicability of different curing methods in engineering practice was verified by on-site experi-
ments. The indoor experiment results demonstrated that the concrete was more prone to cracks under
strong wind than under high temperature. The indoor and on-site experimental results showed that it was
difficult to ensure a crack-free concrete surface by employing traditional geotextile,simply spraying curing
agent or using only water-saving moisturizing curing film,among them, utilizing composite geotextile cu-
ring film has the best anti crack effect. In addition,incorporating polymer water absorbent resin enables the
concrete to be cured internally,so it can be used as a supplementary curing measure to further improve the
crack resistance of concrete in strong wind and high temperature weather.

Keywords: Airport pavement;cement concrete;surface cracks; maintenance methods
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Research on Restoring Force Model
Characteristics of Prestressed Steel
Reinforced Concrete Frames
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2. Yangzhou University,College of Architectural Science and Engineering, Yangzhou 225000, China)

Abstract ; On the basis of reasonable selection of material constitutive model,the numerical model of single-
bay prestressed section steel-concrete frame was constructed by using ABAQUS and Open SEES finite ele-
ment software,respectively,and numerical analyses of the whole process of monotonic and hysteretic force
were carried out,and the hysteretic characteristics of this type of frame structure were analyzed. The main
parameters affecting the hysteresis characteristics of this type of frame were determined through paramet-
ric analysis,and the restoring force model was established as a result. The results show that:the numerical
model constructed by ABAQUS software can intuitively reflect the damage morphology and stress distri-
bution of the frame,and the simulated peak load is 191kN,with an error of 10% from the test;the numeri-
cal model constructed by OPENSEES finite element software can macroscopically reflect the energy-consu-
ming capacity of the frame,and the simulated peak load is 186kN, with an error of 12% from the test;both
the axial compression ratio and the length to slenderness ratio are sensitive parameters of prestressed steel
and concrete members, the load capacity of the specimen increases with the increase of the design axial
compression ratio,and decreases with the increase of the length and slenderness ratio,but too small length
and slenderness ratio leads to the destruction of the specimen faster,which is not conducive to the ductility
of the specimen;the prestressing effect on the ductility of the hysteresis curve is not obvious;according to
the mechanical properties of the section, the geometrical parameters of the member, the restoring force
constructed by means of linear regression can be a good fit for this type of frame.
Keywords : Prestress; steel reinforce concrete; composite frame;finite element analysis;restoring force model
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Fig. 2 Stress-strain distribution of cross section under equilibrium failure mode
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Fig. 3 Stress-strain distribution of cross section under tensile failure mode
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Fig. 5 Stress-strain distribution of cross section under compression failure mode
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Table 2 Ultimate load simulation results
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Calculation for Bearing Capacity of FRP-SSC Beams
in Positive Section with Active CO, Storage

GUO Bingbing'*,LU Pengchao', YU Qi*, WANG Yan’,NIU Ditao'"

(1. College of Civil Engineering, Xi’an University of Architecture and Technology,Xi’an 150010, China;
2. State Key Laboratory of Green Building, Xi’an University of
Architecture and Technology,Xi’an 150010, China;
3. Qingdao Qingjian New Material Group Co. LTD,Qingdao 266041, China)

Abstract: With the comprehensive implementation of the China’s“Maritime Power”strategy.the utilization
of FRP reinforced seawater-sea sand concrete(FRP-SSC) structures presents significant potential in allevia-
ting the depletion of natural resources such as freshwater and river sand. The noteworthy advantage lies in
its ability to locally sourced materials, thus offering substantial application prospects. Carbonation curing
for FRP-reinforced seawater-sea sand concrete (FRP-SSC) structures on the other hand, can achieve high-
added-value utilization and active storage of CO, ,and reduce the adverse impact of the alkaline environment
inside the SSC on the long-term durability of FRP bars. In this paper,it is proposed to divide the section of
FRP-SSC beams into two kinds of concrete with different mechanical properties,carbonated and non-car-
bonated zones. According to the internal force balance and deformation coordination of the beam section,a
calculation method for the flexural capacity of FRP-SSC beams with active CO, storage is estab-
lished. Finite element numerical model also is employed. Then, the influence law of carbonation depth on
the flexural capacity of FRP-SSC beams is discussed. The results show that for FRP-SSC beams subjected
to compression failure (more ideal mode of damage), CO, storage can increase the flexural capacity by
7.75%. Considering that the flexural capacity in the ideal mode of damage is increased only by 16.7%
when the reinforcement ratio increases from 0. 74% to 1. 12% ,CO, storage shows a considerable improve-
ment in the flexural capacity of FRP-SSC beams under certain circumstances. When FRP-SSC beams un-
dergo tensile damage,CQ, storage has less effect on their flexural capacity.

Keywords: FRP-reinforced Seawater-sea Sand Concrete (FRP-SSC) structure; CO, storage; Flexural capaci-
ty; Theoretical calculation
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Table 1 Weight percentage of each component in the raw materials( % )

Chemical composition Sio, Al O, CaO Fe, O, MgO SO, K,O Na, O LOI
Cement 20. 85 4. 44 63.52 2.85 2.21 0 0.61 2.01
Sludge 58.92 18. 71 6.21 .14 3.68 0.21 2.77 1.12 0. 36
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Table 3 Test result data
Number Compressive strength(MPa) — water absorption( %)  Porosity-25mm(%)  Porosity-50mm( %) Porosity-75mm( %)
Bl 3. 88 33. 85 31. 15 29.91 32.17
B2 3.37 35.21 31.78 35.75 34.53
B3 2. 895 37.65 35. 54 38.56 37.13
BC1 4. 45 32. 46 30. 81 27.75 29. 24
BC2 3.97 34. 25 28.71 32.01 29.45
BC3 3.53 36. 35 31.01 32.92 31.59
BCB1 4.57 32.29 30. 5 26. 35 28.03
BCB2 4.13 32.51 27. 45 31.42 28.3
BCB3 3. 86 33.71 30. 25 32.54 31. 37

3.4 TOPSIS % Bttt
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ZARARBCE R 5 s . R AUE B A E i AT AR
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x4 BRETEER

Table 4 Entropy weighting method calculation results

Information  Information Weighting

entropy value utility value %
Compressive Strength 0.916 0. 084 24.944
Water absorption test 0. 832 0.168 49.731
Porosity 0.915 0. 085 25.325
50k 49.731

Weighting (%)

0 - - -
Information entropy  Information utility
value value

BS5 HEHENE
Fig. 5 Weight of each indicator

Weighting

XS5 TOPSISIEMEITELER

Table 5 TOPSIS evaluation method calculation results

Distance to Distance
Comprehensive
Number positive ideal — tonegative Ranking
score index
solution ideal solution
Bl 0.543919 0.51330818 0. 48552306 6
B2 0.51323847 0.53286496 0. 50938076 2
B3 0. 70900338 0. 70520508 0. 49865709 5
BC1 0. 6282799 0.67714349 0.51871561 1
BC2 0.61931167 0.47401079 0. 43355077 8
BC3 0.64671281 0. 36308915 0. 35956471 9
BCB1 0. 70520508 0.70900338 0.50134291 4
BCB2 0.65747172 0.61011786 0.48132129 7
BCB3 0. 52086357 0. 53038989 0.50453093 3
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Research on the Performance of Foam Concrete with
Different Sludge Contents and Activation Methods

YANG Jiapeng, .1 Zhipeng"~

(School of Civil Engineering, Tianjin University, Tianjin 300072, China)

Abstract ; Sludge,a type of urban solid waste,is commonly used as an auxiliary cementitious material due to
its inherent volcanic ash activity. Furthermore,hydrogen peroxide can react with certain components in the
sludge, such as carbonates, solidifying the sludge while generating gas,which can act as a foaming agent in
foam concrete. This study explores the performance of sludge-modified foam concrete under different acti-
vation methods and sludge content. The compressive strength,water absorption,and porosity of the modi-
fied sludge foam concrete are evaluated,and the TOPSIS method is employed for assessment to determine
the appropriate sludge content and activation method. The experimental results indicate that increasing the
sludge content and simplifying the activation method result in decreased compressive strength but im-
proved foaming effect of the modified sludge foam concrete. Calcination has a significant impact on com-
pressive strength, while grinding has a more pronounced effect on water absorption. Taking into account
compressive strength, water absorption, and foaming effect, this study concludes that sludge with a 10%
content,subjected to a single calcination process, can maximize the performance of the modified sludge
foam concrete.

Keywords: Foam concrete;sludge activation;hydrogen peroxide; TOPSIS; porosity
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Research on Stress State Detection Method of Reinforced
Concrete Based on Magnetic Induction Chain

ZHANG Zhijian,ZHANG Benniu”

(School of Civil Engineering,Chongqing Jiaotong University, Chongqing 400074, China)

Abstract;: The stress state of reinforced concrete structures is a core indicator for evaluating their safety per-
formance and health status. Traditional stress detection methods have limitations, such as being able to
measure only relative stress,being difficult to detect deep inside materials,or being unable to directly meas-
ure the prestress of in-service structures. In view of the deficiencies of the existing technology.this paper
proposes a new method for detecting the stress state of reinforced concrete based on magnetic induction
chain. This method uses an external magnetic field device and Hall sensors on the concrete surface to pene-
trate and magnetize the internal steel bars using magnetic fields, forming a magnetic induction
chain. Combined with remote magnetic field measurement technology,it monitors magnetic field changes to
achieve real-time,non-destructive detection of the stress state of the steel bars. By establishing a mathe-
matical model of the force-magnetic coupling relationship,the correlation between changes in magnetic in-
duction intensity and stress is analyzed, allowing for quantitative assessment of the structural stress
state. Furthermore,the prestress level in the in-service structure can be indirectly deduced by comparing
the magnetic induction intensity between the experimental structure and the structure to be tested using a
calibration method. The research results show that this method has the advantages of high sensitivity,
strong reliability,and easy digital output,and can effectively overcome the material dispersion problem of
traditional methods, visually display the changes of steel bars under different stress states,and provide a
new approach for real-time and accurate structural detection.

Keywords: Magnetic induction chain; reinforced concrete; stress state detection; prestress; force magnetic
coupling;non-destructive testing
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Book Review of Self-Sensing Concrete in Smart Structures

LIU Zhigiang

(CCCC Highway Consultants Co. ,Ltd. ,Beijing 100010, China)

Abstract ; Self-Sensing Concrete in Smart Structures, published by Elsevier,is the first English monograph
in the field of self-sensing concrete and its smart structures. The monograph contains 11 chapters in 3
parts. The first part describes in detail the structure, composition, preparations, testing methods, sensing
properties,sensing mechanisms,and smart structures of self-sensing concrete. The second part gives the re-
sults of the authors’ systematic research in the field of self-sensing concrete materials and smart structures
from 2000 to 2014 ,including the self-sensing concrete with carbon fiber, nickel powder,and carbon nano-
tubes. The third part discusses the future challenges and countermeasures for the development of self-sens-
ing concrete and its smart structures. The monograph not only provides a comprehensive introduction to
the basic principles of self-sensing concrete and the research cases of self-sensing concrete-based smart
structures applications, but also presents a series of representative innovative researches results of self-
sensing concrete and its smart structures,as well as plans and deploys the future research and applications
of self-sensing concrete and its smart structures. This monograph can provide guidance and reference for
scientific researchers and engineers in the field of concrete materials and structures as well as smart materi-
als and structures.

Keywords: Concrete;self-sensing; smart; structures; book review
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Book Review of Smart and Multi functional
Concrete toward Sustainable In frastructures

LIU Wet

(China Wuzhou Engineering Group Corporation Ltd. ,Beijing 100053, China)

Abstract: Smart and Multifunctional Concrete toward Sustainable Infrastructures,published by Springer
Group,is the first English monograph in the field of smart and multifunctional concrete,which contains 24
chapters organized into 3 parts. The first part introduces the definition, classification,origin,and philosoph-
ical basis of smart and multifunctional concrete. The second part describes 22 specific types of smart and
multifunctional concrete in detail, including their definitions, classifications, principles, performances, and
applications. The third part discusses the current challenges and strategies of smart and multifunctional
concrete towards sustainable infrastructures. This monograph not only summarizes the historical develop-
ment of smart and multifunctional concrete, but also elaborates on the philosophical basis for the emer-
gence of smart and multifunctional concrete from the perspective of “entropy”. At the same time,it com-
prehensively introduces more than 20 types of smart and multifunctional concrete,as well as new types of
smart and multifunctional concrete that have already been prototyped or are undergoing rapid
development. Finally,the challenges of smart and multifunctional concrete towards sustainable infrastruc-
ture are systematically analysed, and corresponding strategies and development frameworks are pro-
posed. This monograph can be used as a learning material for students majoring in civil engineering, espe-
cially in the field of concrete materials and structures,as well as a guidance and reference for researchers
and engineers in the field of smart and multifunctional concrete.
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Book Review of Nano-Engineered Cementitious Composites :
Principles and Practices

LT Xiaomin

(Gansu Province Transportation Planning,Survey and Design Institute Co. LTD, Lanzhou 730050, China)

Abstract: Nano-Engineered Cementitious Com posites : Princi ples and Practices ,published by the interna-
tional publishing company Springer Nature Singapore Pte Ltd.,is the first English monograph in the field
of nano-engineered cementitious composites. The whole monograph contains 10 chapters. Chapter 1 sys-
tematically introduces the basic principles of nano-engineered cementitious composites,including the basic
theory of cementitious composites and the principles of nano-engineered cementitious composites. Chapter
2 comprehensively summarizes the research progress of nano-engineered cementitious composites,including
an overall introduction of the research advancements and progress on 23 specific nano-engineered cementi-
tious composites. Chapters 3-9 present the results of the systematic research in the field of nano-engineered
cementitious composites,namely carbon nanotubes-, graphene-,nano SiO,-,nano TiO,-,nano ZrO,-,nano
BN-,and electrostatic self-assembled carbon nanotube/nano carbon black fillers-engineered cementitious
composites by the authors of this work. Chapter 10 provides an in-depth analysis of the future development
and challenges of nano-engineered cementitious composites. This monograph can be used as a learning ma-
terial or reference book for students majoring in civil engineering.especially those focusing on cementitious
composites,and also as a guide and reference for researchers and engineers in the field of nano-engineered
cementitious composites as well as nano-engineered composites.
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