Eﬁ#ﬁ*ﬂ'i*ﬁ %364 Fsly 8 H 2019 4¢

Acta Materiae Compositae Sinica Vol.36  No.8  Aug 2019

DOI: 10. 13801/j. cnki. fhelxb. 20181030, 002

i

R B BEAT BN SZ R L Bl B SR AN -0

BEIREBRBERLIE-HEAZHNFMERE

Ahm, EFK, BREL, R2E

. KRR S, Mt 2111025 2. i K2 I&ﬁiﬂ%@ 2111005 3. M A/KFIR =B BE, F AT 210029)

B IR HEIRARREE - ?J'”E%ijjj} o7 PR AR IR ML R B - BR L. X B % S
YRI5 o e 7 B ) i TR B

ﬂ?ﬁé&ib&%%?&ﬁﬁfyﬁﬁﬁﬁhéﬁ,E}IFFD'C@(X#‘ e - AR EORHR BE ) R-57 = 5 % AT SRR, XA BT A
SRR RHRBE R0 2 5 % I 1ERE (’} %-Q%i?‘ﬁ’ﬂYmﬁiﬁ*ﬁ'lg iﬁbﬂz’%ﬁ,/u 'ﬁjﬁ (m?f%

EL(thﬁi%ﬂy *Jr{t : Ly, - 1y L =
21 EI%”T’FE* ED B4R BB IR E I B R ARG &

KA TEEL s E-BY R0 By VIR IE(E Lﬁ%ﬁﬂ‘ﬁ ﬁ‘z
hESERS O{%‘ 528. 41

ﬂ/w@fi s VT ’l-‘ ) I’]Ltlnﬂllmf“[uﬂ:itﬁ{w?%%i fﬂmﬁﬁ?y *Jr/us +. %?I 7'3 &) 25 &
fﬂl\ﬁﬂ?ﬁ PERIRE LR E A ﬁiﬁ#ﬁﬁ%( 0B S RANTTR . N A R 1]

iﬁk*ﬂ:lmﬁgl A
O

@i echanical property of self-compacting lightweight aggregate concrete under

(1. School of Transportation, Southeast U
Hohai University, Nanjing 211100,\C ina);
o

Abstract: In order to study

bined compression-shear

to study the uniaxial compre

combined comp

9 ZHAOQO Zhiqing® , XIE Xinghua® @9@

7' Nanjing 211102, China; 2. Engineering Manage eopartment»

YU Zhenpeng', HUAN

3. Nanjing Hydraulic Research Institute, Nanjin 9, China)

@nical properties of self-compacting lightweight ag oncrete under com-

ytraulic servo machine and material compression-s e5ting machine were used

sion, uniaxial splitting tension and compression-shear¢pmposite loading of self-com-

pacting lightweight aggregate concrete. The failure modes and force—defor§gc%rves of aggregate concrete were

compared with those of ordinary concrete and lightweight aggregate
loading. The results show that the failure modes of self-compac
compression-shear loading are different from those of ordinan§a c

ly, with the increase of axial compression ratio, the fricti

te under combined compression-shear

eight aggregate concrete under combined
te and lightweight aggregate concrete. Similar-

ce of shear failure section is gradually obvious, and

the concrete slag is also increased. At the same tim ear failure strength, residual load and shear failure dis-

placement of self-compacting lightweight aggrega@crete are gradually increased, and the shear failure strength

affected by axial compression ratio is higher than that of ordinary concrete and concrete. While its residual load by

axial compression ratio increases more than ordinary concrete, slightly lower than lightweight aggregate concrete.
Based on the principal stress space and the compression-shear test data of ordinary concrete and lightweight aggre-

gate concrete, the unified failure criterion equation of concrete under combined compression-shear loading was pro-
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posed, and the failure criterion of self-compacting lightweight aggregate concrete was proposed based on octahedron

stress space. The proposed failure criterions have good applicability.
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mpacting lightweight aggregate
LC30), MR JGI/ T283—2012" " iy i
R R IR BB L R4 1 . Lo L KB
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Mix ratio of self-compacting lightweight aggregate concrete with design strength of 30 MPa

kg/m®

Quality of each component of concrete per cubic meter

Concrete grade

Cement Water Lightweight aggregate

Fine aggregate

Mineral powder Water reducing agent

SCLC30 388 197 300

710 166 8.32

Note: SCLC30—Self-compacting lightweight aggregate concrete with design strength of 30 MPa.
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Table 2 Physical properties of Shale ceramsite (lightweight aggregate)

Cylinder Bulk density/ Apparent density/ Hygroscopic Hygroscopic Porosity/ ~ Maximum particle
strength/MPa (kgem™3%) (kgem *) coefficient(1 h) /% coefficient(24 h) /% % size Dpax/mm
6.9 789 1 398 2.18 3.28 48. 2 16
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Table 3 Loading conditions of self-compactin;&l\ ight aggregate concrete

N e} K\\(\@V

No. Loading schemes Axial pressure/kN Loading schemes Axial pressure/kN
SCLC30-C Compression — SCI 3%1 % Compression-shear 1% feAs
SCLC30-T Splitting — 230-2 % Compression-shear 29 foAs
SCLC30-0% Compression-shear 0 SCL.C30-3% Compression-shear 3% feAs
Notes: f.— Uniaxial compression strength; A,—Section area \{s \g’ failure.
Axial load Load sensor
displacement sensor
Reaction rod
Specimen
Shear load F \
—_—

-

&1

Load sensor Shear plane

displacement sensor
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Fig. 1 Compression-shear loading equipment and loading indication of self-compacting lightweight aggregate concrete
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Fig. 3 Stress-strain curves of self-compacting light mass

aggregate concrete under uniaxial compression
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Table 4 Characteristic values of self-compacting lightweight aggregate concrete under compression-shear

No. Shear peak strength/kN Shear stress/MPa Relatively stable strength/kN Shear peak displacement/mm
SCLC30-0% 193. 36 4. 60 0 2.12
SCLC30-1% 288. 35 6. 86 85.02 2.56
SCLC30-2% 407. 43 9.69 124.67 2.92
SCLC30-3% 454. 23 10. 81 182. 32 3. 88
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Table 5 Mathematical regression equation coefficients of

self-compacting lightweight aggregate concrete

compression-shear loading (Eq. (2))

FaN

Types of concrete  a b Correlation coefficienl\é@
€302 3.27 196 0.9719 ~
L.C30020) 5.12 0.97 0.8244

SCLC30 4.77  6.06  0.9629

Notes: C—Plain concrete; LC—Lightweight aggregate concrete.
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Table 6 Mathematical regression equation coefficients of

@& *6 HEXEBHMREIE-BRESZTNEF

self-compacting lightweight aggregate concrete

compression-shear loading (Eq. (3))

Types of concrete ¢ d Correlation coefficient R?
3020 2.07 0.34 0.9719
LC30L2] 2.56 0.15  0.8244
SCLC30 1. 87 0.84 0.9629
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Table 7 Mathematical regression equation of friction
coefficient of self-compacting lightweight aggregate

concrete shear failure section

Types of concrete 300201 LC30[201 SCLC30
Friction coefficient p 1. 46 5.51 4.23
Correlation coefficient R? 0. 9544 0.9939 0. 9874
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Fig. 10 Time history axial deformation curves of three kinds of concrete



+ 1992 -

EAMBENR

iﬁa $SC R R TR BEE 1 BT U0 YR T T Y B[R]
B,
3 BEITWIREN
TREE 2 2 E-55 2 SAE I, HIRN ) o fIY

ISP RICIBTROR W Z S PRt AV I SIN s <1}
J1 0, FERE = FNT) 03152

o o ? ,
01=?+ > + 7 (5)

e
2

oy = %— [% + 7 @

3.1 BELITERNZTNE @
B CIP 3 N @ 1) J1¥ 4l =

MNERN ST o1\ 0p Flos, W4 A 321 A3 2 18] 1

KFR, 15 HRE - -5 \‘ FH B il TR o D) G 3=

2
ﬁoﬁﬁﬂﬁiﬁ*Nngﬁ%@,ﬁm—mEﬂ
AR AL AT o @S

CHR L B EIZ 2 107 ik IR
. Mg
zﬁw§§§%
r“ﬁFJJt Y~ (D E =

S BRI B - B A 25 A1
S 170 B R OB 0 3 3 M
SO TR Y TR - o I 2 A T A L
Eﬁ%iﬁﬁﬂm&iﬁ%@wﬁﬁﬁw,
U T O R B S0 A i
%%%%ﬁﬁ,ﬁQMEn%%m%i JE-3
A HEFR B R % @W%@iﬁQo
T, S ﬂg¢“=—£rﬁ%ﬁw
b 3 2R 5 = ) B 1L b 2R 2
T0 % o [ 0 3 9 - TR A U O 7 B
SR 1 S R IR LA MR
BRI A 1 SRR AR I A R
-0.12
-0.14 +
-0.16 |
-0.18 |+
-0.20
-0.22 +
-0.24 +
-0.26 +
-0.28 +

_030 1 1 1 1 1
0.10 0.15 0.20 0.25 0.30 0.35 0.40

= C3020
o LC302!
A SCLC30

Third main stress/compressive strength o./f,

First main stress/compressive strength a,/f,
B 11 JE-BYE A 1E R T IR EE 4 3 0 ) 28 RV e )
Fig. 11 Failure criterion of principal stress of concrete under

combined compression-shear stress

SUEAe R mﬁﬁﬁAﬁ§$<)
By A

AL I RS 5 = F N ) o i AR AL B R R R AR
Rt AR AL A RS AL AR, B an R ST
NI SRR EE R8T 2 G A2 1 0 ) A T g —
IHE )7 78

63—a ay(i

A l+‘fc (8)
A SCH % R BHEEE L -3 52 A %2 15
b 10 7 A = 3 N 7 e B A B AN SR [ 20 135

Qi R BE L A B R BE 1 -5 25 2 )l Bl

PEAT RO [ 23 ARV AN R 11 AR SRR 9
JN7 3 725 ) 28— M U ) 18] 7 45 0 R

——0.03828 —0.69545 2~ R?=0.9015  (9)

oy
fe fe
s HT ) F R A A]

11 (o m
i L 1) A8 R o ) ER T s Al b R SR R

TR BE L IR K Nt T T R 5k L AR
BHEBE L 1k B2 JPREE T F R T 78 18] R
INE

3. ;ﬁi}\ﬁﬁsr‘j} Zs 8]
JNT AR R 7 7R 78 = A 35 0 7 %0 0 S5 Ak v L
S RIER 1 oo MR HT o s ok #HE

SR EE - IR ol AR IR EE L i PIR N
b, BTN N ) A TR I o BT 1) Rk
{tb{ﬁi lﬂﬁﬁf/?, /\':F' Gm*ﬂ;ﬁg@jj Toct

e U
Ooet = —(61 —|—6; @

n
Toa = 3&;3\562)2+(02 —0) + (oy — 0"

§§§5 an
% 35 3CHk [ 20 1f 5 38 1R 5 4 5 B4 R B 1

10

O
ggygwa & IR AEWIRFSE . ZEARHE L . TR %
+

FE /N THT AR I 7 23 18] 4 S 9 DU Rz JH — Y o B0 &
HH EE T 0k R ERSC 2R RE 6% S TRT 35 M 0 YR O L Yl
RO RE A S W]y, R /T AR B ) 2% () B 6% 44 4
(2R R Bt + -9 5 & 32 STV AT R ME DN G 2%
BRI 4 h SC &=

T,

£:a+l)[%] (12)

Je

RIEASC AR LR ERREL - RS20
TSRO . 2 12) BEAT B m ) o A
MR E 12 AR R i B SR RHR B A
TET A R ) 25 1) B3 IR U



ARG . % AW SR RHREE LR35 % 01 1Ak e + 1993 -«

BN, REE LB .

=
'5 025 - (2) ABERE R - R G/ERT . 5
2 00 E TSR0 . R 0 0 1T 4 (5 4 it 25
% 022 1 ‘ L D B, 1R AL R A e R B 1 R AR
? 0.20 + FORHE BE AR R . (H 59 D1 5 far 2 32 Bl L 52 e 42
7 ﬁ? R 125 W 2 T 330 VR b R R s R AT R
i 014 L )y - P I BE AN BT VIR IR A% & TR+, 5RE
£ ol o LC30% Tk 4 AR
Z o0t PIAEY QO ) BT Em A, G AR L
§ 008 05 0005 o0ls 0025 0.035> AR EE 1 A % S0 el R B 1 R-8Y K5 B
Octahedral normal stress/compressive stress&gjfg 7 T/ﬁ{ﬁir‘%/EAWFH%*W%/E D“J?‘ﬁ%o
12 E@ﬁﬂﬁﬁﬁ%ﬂﬁ%@ﬁ@%&&% IR T AE AL 0, Rl T A SRR
Fig. 12 Octahedral stress space failure critodah OT concrete under TR B IR I 5 e s TR Y Y 1 DA DU 5 e i A8 A
combined compr@lr ﬁ?ﬂﬂﬁﬁfﬁ‘{th@ﬁiﬁ—@ Z SRR

% T
- %\ r [1] SATH , ANAND K B, PRAKASH A J, et al. Mod-

13 e‘@]@ resh and hardened stage properties of self-compac-

concrete using random kitchen sink algorithm[ ]J]. Inter-

national Journal of Concrete Structures & Materials, 2018,
@ 12(1) . 24.

[2] B, BN, k. 5. ’ﬂxJé?%ﬁ&rﬁ*@%ﬁiﬂ
LA T e Re R [T ). AR (5
1306-1314.

QUAN Changging, JIAO Lhu]le Yongliang, et al. In-

Zliiﬁ?azr“jjﬁlﬂﬂl/\ﬁﬁir“ i) .'L'Wi
FIR % 58 46 35 58 19 1 8 52 R

& fluence of steel fibre and hagdih\@lding content on the basic
%%j}ﬁ%?ﬁmu%%% ° ;B‘:EP ’ IEﬂ %Lﬁ%‘ mechanical properties eight concrete[J]. Acta Ma-
T EOW, HiE H TR B+ %2 01 -85 32 18 terice Composir@Q@ 2018, 35(5): 1306-1314 (in Chi-
EWIIEZ B by WA IR N A R 1 BT B O M S8 VA nese). 0
Gou MYINL 1 7,0 FEIR TR EE L BE IR E N, EA &0 [3] t%@mﬁgm@z%: A S Bl A AR 5 R LM
T AL, 1997,

1EAYE, ANGE AT AE-BY 52 J1, (R B =g
Z WSRO ek B S E . R 282
WAE - SVCIR g 187 N V3Tt o w1 A A L 3 ;

Rz (47 B ARSRE RN+ ARSI D] R, AR T

4 7= B @ kK2, 2015,

=A
WANG Lei. Research on properties of self-compacting light-

Zhenhai. Strength and deformation of concrete: Basis
\ and constitutive relationship of test{ M]. Beijing: Tsinghua

University Press, 1997 (in Chinese).

I A SRR R BE LR E & = A weight concrete[ D]. Harbin: Harbin Institute of Technolo-
TS . I 5] A I8 R B R R Rk R 1 gy» 2015 (in Chinese).
-804 A% 1T i 80 s fEXT e b, AR [5] YUNW C, YONG J K, SHIN H C, et al. An experimental
_szg%i/t\w research on the fluidity and mechanical properties of high-
(1) a WW?E*J'YE?%iﬁ%%}T Je %7 ?+ﬁﬁ strength lightweight self-compacting concrete[J]. Cement &

Concrete Research, 2006, 36(9): 1595-1602.
[6] YANG S, WANG L, YANG S, et al. Effect of internal cu-

BB . 55 IR EE A R BE L 2
WEVRI 25 R . 3L B 0400 PR B3 0 e o ettt of sl compacting conerte by o

ring on characteristics of self-compacting concrete by using
Lﬁj&ﬁ{ﬁﬁ@%i;{:ﬂ%‘ﬁ*’l’{tb@i*ﬁ IE] o Bﬁ%iﬁh}_“ Hﬁ*ﬂi fine and coarse lightweight aggregates[J]. Journal of Materi-
150> BT I A7 R B R e, B L) IR T T R R als in Civil Engineering, 2017, 29(10); 04017186,



+ 1994 -

&7 REIR

(7]

(8]

L9]

[10]

[11]

(12]

[13]

[14]

[15]

TANG P, BROUWERS H J H. The durability and environ-
mental properties of self-compacting concrete incorporating
cold bonded lightweight aggregates produced from combined
industrial solid wastes[J]. Construction & Building Materi-

als, 2018, 167 271-285.

PUTHIPAD N, OUCHI M, ATTACHAIYAWUTH A.
Effects of fly ash, mixing procedure and type of air-entraining
agent on coalescence of entrained air bubbles in mortar of self-
compacting concrete at fresh state[ J]. Construction & Build-

ing Materials, 2018, 180. 437-444, @
MULLER H S, HAIST M. Self-compacting lightweight
crete-technology and use[ J]. Concrete Plant Precast T 1-

ogy, 2002, 71(2): 29-37.

MULLER H S, MECHTCHERINE

lightweight concrete[ J]. Concrete Pl
2002, 18 (2): 36-39. (o]

MULLER H S, HAIST l\%’ﬂf@neral technical approval
self-compacting ligh i crete[ J]. Concrete Plant Pre-
(12): 8-17.

%\!G M F. Durability design and perform-

@olidating lightweight concrete[ J]. Construc-

cast Technology »

HWANG C L,
O

strength lightweight self-compacting concrete[ J]. Ce &
s of se

Concrete Research, 2006, 36(9): 1595-1602. @9
SHI C, WU Y. Mixture proportioning an @
consolidating lightweight concrete contsi%;& glass powder
[J]. ACI Materials Journal, 2005 4@. 355-363.
FUFUE ., B, L. \ fe 98 O TR O T
RIPLBTPEREL) ], A MRFRY 2018, 35(7): 1963-1974.
JIANU Haibo, CHEN Ying., Shear

1f-

LI Jiahang, et al.
strength of polypropylene fiber reinforced concrete dry joints

[J]. Acta Materice Compositae Sinica, 2018, 35(7): 1963-

A

1974 (in Chinese).

[16] REN Y., YU Z, HUANG Q. et al. Constitutive model and
failure criterions for lightweight aggregate concrete: A true
triaxial experimental test[J]. Construction & Building Mate-
rials, 2018, 171 759-769.

[17] WU Z M, WU X, ZHENG ] J, et al. An experimental study

on the performance of self-compacting lightweight concrete
exposed to elevated temperature[ J]. Magazine of Concrete

@Research, 2013, 65(13): 780-786.
%} SHI L, WANG L, SONG Y, et al. Dynamic multiaxial
strength and failure criterion of dam concrete[ J]. Construc-
tion & Building Materials, 2014, 66(1): 181-191.

A N RSE AN E (B fE S i B, A SR BE 1 N T HOR
AR JGJ/T283—2012[S]. duxit. dEbrifE ikt . 2012.

Ministry of Housing and Urban-Rural Construction of the

[19]

People’s Republic of China. Technical specification for appli-
cation of self-compac concrete: JGJ/T283-—2012 [ S].
mdards Press, 2012 (in Chinese).

MAE, G TS RERRE-TEEZN

view, 2018, 32(24): 4269-4275 (in Chinese).
WONG R C K, MASK Y, WONG R H al.

Shear

[22] Hpde ARILANEAE 5 A & @5 H
84 bR iE . GB/T 5008
., 2002,

Ministry of Housifg )and Urban-Rural Construction of the

People’s Rep @f China. Standard for test method of me-

i

gpérties on ordinary concrete: GB/T 50081—2002

mg; China Standards Press, 2002 (in Chinese).
A&

o

chani



