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Experiment and dynamic constitutive analysis of lightweight aggregate
concrete under local compression

YU Zhenpeng, HUANG Qiao, REN Zheng

(School of Transportation, Southeast University, Nanjing 210096, China)

Abstract; To investigate the dynamic behavior of lightweight aggregate concrete under uniaxial compression, the
displacement controlled uniaxial compression experiments were carried out together by considering five loading rates
and four loading areas, and the stress-strain curves of lightweight aggregate concrete were obtained. The effects of
loading rates and loading areas on the peak stress, peak strain and elastic modulus were analyzed and discussed.
The constitutive model of viscoelastic and plastic damage of concrete was developed by correcting the model
parameters, and the rationality of proposed model was verified through experimental data. Results show that loading
rates and loading areas have a significant effect on stress-strain curves of the concrete. Loading areas exhibit greater
effects on elastic modulus, peak stress and peak strain of the lightweight aggregate concrete. The proposed model
can accurately describe the strain rate effect and nonlinear behavior of the lightweight aggregate concrete under
dynamic loading.
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Tab.1  Test conditions and numbers of lightweight aggregate
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Fig.1 Test equipment and samples
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Fig.2 Failure modes of lightweight aggregate concrete
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Fig. 5  Effect of loading rates on the peak stress of LC30
concrete
WA 5 (a) Bz, iR EE L g 22 R ) (1.0x
107 ~1.0x7%) 7 i, FLIEAE ) B2 BT R Aok

TRBE L om B T i R R e 1.1~ 1.6 ff 2 1),
FE Jm#R A2 60 mmx60 mm FRAERHEEE - T00 , $5
SR AR R R Ik 1.52 . A A8 AR IR BE 0
(B W B ey, X 5 HA AR Y o X i s JR gk 52
O 8 A& M e {7 g 412 veh 28 B AV R B A A []
1 TR BE T AR AR B AL 1) AR s HC B 728 38R0
SRELSS. AR AT A IR BE 450405 01 2 9 WL AR, v
708 38 X TR - A A0 T Ak 7 A IR AR T AT VR
+ Bh 35 B AR R I B

TN 5(b) Bz R ) 2 i AR A ] Jon 28 n7 22
FRBEL 4 2H W E Wy (E IO 2 (L, o 48w AR
60 mmx60 mm .20 mmx20 mm A1 15 mmX15 mm,
AR BHIREBE T RH X 4 AT N 28 B | B T 1,46,
4.35.5.88 5. HF R0 m a8 R EE £ O EBAL, JE
RS2 T HIREE BB 53 % 52 T3 I X I s A
TEZERZ IR BE + T | e 25 BUR 0 I 830 1X iR
e - WAL AT R
2.4 IEEMTE

WSROI I IE = AR a2 1V | E= QIR APOR 2 ¥ S Y e
WEEAEL I AR S e, AR P 4 2 S BHIR B 4= 1 g — 10 A
2k, SIS O IR BE W (N A2 B dls | e TF
FER BRI WAL, anlEl 6 .

1.2 ¢
" 100 mmX100 mm
¢ 60 mmx60 mm
K11l * 20 mmx20 mm
W ¥ 15 mmX15 mm
i u D
2, ‘o Ty
o o m " L
i g
& 0.9 v
0.8 L . . . . :
0 0.5 1.0 1.5 2.0 2.5
lg(&i/€4)
(a) JNZI AR F2 5 1
Lir = 1.0x107s"
*5.0x107s
g LOf =, »50x1075
W Y ¢ 1.0x107s™
T 0.9+
i
Y -
E 0.8 F . 1
& 3
07+
0.6 Lo . . .
100100 6060  20x20  15%15
JinZ 1w A /mm?
(b) ik m A i

El6 LC30RETIEENTRER
Fig. 6  Effect of loading rates on the peak strain of LC30

concrete
WRYGIE 6 (a) Bz , A A48 A2 30 2 A RHE
TG - W AR 50, TR BB L R AR RT3 AR, M 2



<22 /S =S B A N S ¢

5 50 %

MWARZ ST (1.0x107° ~1.0x107%) s™ B, JHo i 28 %% A
AN R LR B 4 AR AR R A TE 8%
Z W, R TREE T AR LM R AR BB
W T AR A R U BIAR RT3 AR, I A2 AR
e L AW RN S SE RN, T 22008 AN, ARFEAH DG SCHR
WFFE, BN R A 52 i, Tnagny 28 440 T
ARSNGB E 2518, SCHR[ 13 ] XA T 4,
FHAAAE 3 FIOULAL . 1) TRRE T 1 17 722 Pt o o 268 g 7%
FRRMIHG A 2) TR BE W (BN A2 B I 4817 A% 32 48
el I 53 ) TR B8 - W1 1 A5 AN I fm 8 7 722 2 g 3 K
AR, A SRS RHREE PR A5 RS FiR LA 3 Ak
ARWIE.

HRAE I 6 (b)), m WLAS [F) i 8 AR e B LR B
WA NN AR S YR T A A ) 1 AR A A8 AR
£ 60 mmx60 mm .20 mmx20 mm 1 15 mm x
15 mm , RERHREE LW (H N A2 BN | SRR
S ST TR B A 2T AR, 7 N 2t
T v J] IR - 19 24 SR A B o 2 DX s TR 6+
W RE T A0 i v, 3 EICHLEAE 7 A8 7 A0 AR
2.5 EMRE

SRS HE A DR TR R T AR AR O 2 BRI
Z— AFFE AN 7 3 AN 48 1A AR e B IR e
SRR R R R AR 8] 4 R RHR BE LV ) - R
A2, SRS TOCIRBE T SMERTR T X L
WK R TR AL, Q& 7 BT 7R S AN [R) o niy 22
AN BT AR SR AR BE T SRR i .

1.6
ﬁ 14F¢ . .
o L2} .
B $ ‘
m\ﬁ 1.0f -8------- ® o —w----- e
=
3 0.8 » *100 mmx100 mm
E ¢ 60 mmX60 mm
0.6 4 20 mmx20 mm
v 15 mmXx15 mm
04l ; i ; ; :
0 0.5 1.0 1.5 2.0 2.5
lg(&i/€4)
(a) AR AL ZE 5w
167wy ox107s
J 5.0><10’js’; N
3 | 4 1.0x10™s .
ﬁ 1210 50x107s"
RS «1.0x107s™ N
A ogl
ui N
Sﬂi
sl L
= 4
'
L ]
0 Lu L

100x100 60x60 2020  15X15
(b) T FREZ WA
E7 LC30R&ETEERERSRY
Fig.7  Effect of loading rates on the elastic modulus of LC30

concrete

HRAEE 7 (a) Frzs , AL INERN AR 5 550 48 42 6}
TR oA i R ), YRR A X e e A [R] Jn 28K i AR
B, IR B A8 287 (1.0%107° ~1.0x1073) s7', Hiif
PR S R AR AR A AN AL, 22 T 28 v FR R 4 A 0
] R ARNRGE - R AN SR AR A
2% e A7 . FRYEAH S SCRRAF 5T 4516, Bl 2 T 48 0 AF %6
Hefin s AR (AR R = I, SCHR [ 12 ] Hp 8 3 TR
TN AE R H (1.0%107° ~1.0x107" ) 87", HE P A
ARG R KN 11.1%. A5 3 B AR AL 3
il 5 B AN A Y.

e R m R A 60 mmx60 mm .20 mmx20 mm
115 mmx 15 mm BYEREERHEEE 1, Nk N A8 K K
(1.0X107°~1.0x107°) ™", B4 B EE + A8 1k i 5h
R B AE 20% LAY, TR S+ B it 5
BEBLPERE ST B DIEAR A i R A i, SR
DAL p T SR i 8 FRAS [R5 5 T e A B 5E +
PR AR, BRI AR XK B 5.

wE 7(b) Fras, iz A 60 mmx60 mm,
20 mmx20 mm 1 15 mmx 15 mm, Jg 8 T30 %) 45
BEIFSE B AH R i AN [R] i 2807 A8 SR 5E + 4 41
SV RO R ARNREE TR PR AR XS T
SARTET IR RS B4R F 2 1.81,6.90 ,12.44 £
2.6 BERMMEFEESHT

SHAEF IR S FE R gk T iR e + 3t
PR32 FIHLER AR I T 50 HL ff Ak R 8 i 4% 24
FBHIHEAT 3T

MR R e A k) AN 7 BRI
e+ AHAEA AR RREE L 4 A A H 2 B AR
N VERA O, HBRE S 3(a) FiR i T8 4 4~
I ERTE A T T RIS R e R 2
JRy BN A W s LG B SO 2% X 3 A% O TR B 1 52 2]
T AR, 52 Jyad Rt v o] FEIR B XA —E 19 2y
WA, TR EE 2 2 = 18 /R, HAR I BEE 2k
AN T 3G . AR IE A B 3(b) ~3(d) fir
AN AFAVERIAIREE L 4 4> A i A & AR
(I RIV5 R IR AR~ B a3 1.2 250 T R
S48 A RVE TR, A il S AE OB B RO TR
8 TR 4380 )N, 2 SRR K, A0 TR e 1 T i
PR A A S IR

3 SRR AMBE AR 50T

3.1 BiREMBERHAAEEE

TESCHR T 0T LT RE B A0 ) B 0
AFGEERL. —FBh Oy, A0 33 b A 25 1 [] 1
AT, 25 AN Sl B A 2 VR T 1) 8 A2 26 5
o7, B A BT A A AR £ 22 REAB I AL 20K,



53

RARMS, 25 RRAORHREE LR AT TR & S A b 23

XF TSRSV A 6k 5 A 800 T3 [l v % e
AR A e M AR ARl AR Sk, A
oc=E,: &°=E,: (¢ —&"). (1)
K. o HARNTT, E, FoPENIE K, & Ao
PR ARG, o IR AR TR, & AR AR SR
MG BITREE T s R AR SR
oc=(1-d)o=(1-d)E,:(eg —-&"). (2)
K d P &, 500 25 2 BOM R ) 4809 B IR
1L, Blo< d <1.
32 AETEELEN
3.2.1 BV ShEN
B IRL Bk - F A Ak A SR i 2 e A AE TR e 1
WAL TCA 3358 43, 00 38 1 3 3 3k D) 1) A oL 7E A
BN ) A5 (BN AT, o T AR RN ) A3 8] 25 T 1
AN, i LA S8 FL 3 S TR E M R 1 &
SEMATRAEE 1 S AR ) R R XA A SEPRAg L.
XoF T I 0 A Y A DU HE AN S e o EORG B Y
Hide T, AR AR A

e’ =bo, (3)
b= Ben(l) % 2 (4)
[

A, & NI RIREE L 32 B2 E B A S 44
0 < E<1,£=0.1 70 BIXFTR TR0 7723 (8] R 25
PEFNFEAR S ARl A G SR S B A e A
£=02"0

H(+) N Heaviside PREL, iE LN

Hx) = I,x > 0
0,x <0O.

(- >ﬂ~j Macaulay Tﬁ%,fﬁ)\(ﬂﬂ (x) = al +2x ‘
3.2.2 Ptk

TREE L ATEHFRA SR , 58RI K J Fidi
PSR & AE 3 A TE SR D H i 47
7. XT TN & d | TERfE B 1= HESR Y,
AR s R A SR T sh i R, R e
TRBE 17530 7 A5 453 A A i 5 2000

TES AR 127 5 AT 3 R AR B
FEATEHOPIRES  38 eREL G(Y,r) WE

G(Y,r)=g(Y) —g(r). (5)

Kb, 6 =0 HERy i i, g(-) A H I
HOPREL; Y IR EE AR ¢ IR RE R OR
r oA B2 e BB e BRI ME, ¢ = max|r,,
max, Y| H ) AR IR 7 RE R R IS (L

B RPN BB S, A S PR ) e B
Y AR B RE B ORI B, B4 A

RrE . FERPRIN B R AT — 2] ¢, SRR OifE
TR Y, B 7 s B R AR RE RO v, B, M RHR
Ykttt —25 & R | B FHL0 IR ES | 7500 4b 453
5 1 3R P v AR R B B
A Sk, A TRIE AR 5 R RRHCR
Y=al, +/3/,. (6)
Kb 1T, AR RON S o I — AR AR
AR S35tk s B985 ARty o WL, o =
@7—U42?—1L}wvgﬁﬂ%%ﬁﬁﬁﬁﬁ,
9 B PRI (BT FEE. KRR SCHR[ 5, sl v il
SEIRAN A7 R 2 FVEBCR 1.16, U « = 0.121 2
U T 45 TR - 20 B RSB B 3 e A
ro = (1 - a)f, (7)
Ao £, SR TRz FRARAS T I A B i, —
JEBCH (0.3 ~ 0.5)f, ,Hd £ SAREE+ S FRR
XA RE R CRIEA T30 19, B

. Y, !
s (=) (8)

X Y, S R REREOCR s ry N RIIR BT RERE
JBCRBE 5 r, D7 LRIV REREICR; w . n N3N

AR L A A0 07 o ) L2 R A A 2 A 1 D0 4
3 1 52 A s e g ik 0

d=1-""(1 - ) —Aexp[B(l —”H. (9)

3 To

X AL B ARl AR R 24, Al AR i e A 2 19 1
11072 2 LAAs E .
3.3 HEMEBERBESIH

% JER B T B 52 T I A AR AR AR R HR B
A SRR AR R G 25 R v ) DT TR EE
ZTRRE )N | ] FEVRLBE % him 28 IX A A% 0 TR 5 1
ZYgVE i, DT S BOR B+ B R NI EE 3G R, Ty
S R B D R o 8 T AR /N T 4 R 1Y 2L
JOE, AT SE A X TR BB ) A SRR AR B 3 — S HUR R K
o SR E .

R U0 B AU 5 5 2R, T A I\ A o J 22 JBOx
BOBPRATETIR T R R o HIREE LN S
UM SC R U A BRI

In a =4.900 - 0.532In S. (10)

HRIEAZAUA R AR IR 2, AT o) VR B8 1 o S PR 4
AR B T I R

oc=(1-d)aE,: (¢ -&") =

(1- d)e4,900—0,5321n5E0 C (s -g).

(11)



$ 24 . ®oR

= AN

5 50 %

FHE SRR N &0 .
34 ERERLSH

3L (3) ~ (11), ] MATLAB % 2 52 BILIR B
- SRR AT AR R R AR ) B (S TR EE R AR
JIZEERES BN T WG PR R JAAS B ARl
FEGR . AR TR BE 1 6 A RN AR SRR R Y ik

5 10 15 20 25 30
NAE/107
(a) 100 mmx100 mm

Vi AE/107
(¢) 20 mmx20 mm

5, B E R RIS ) o B e BBETR rp A S 40|
FSCHR[5],f A =1.0,B =0.213.

1 FIRTHRSECRITT AR AL A H] MATLAB i
SIS BIFRADRHEEE AN R0 2800 28 R AU AR
M-I AR 2, Ho R T oS Rk s T o — o
E, nE 8 PR AR A RHEERE iR R0 - AR k.

160
140} 7
120} £
§100 1
5 80
2 gl
40
20

Vi AE/107
(b) 60 mmx60 mm

NiAE/107
(d) 15 mmx15 mm

B8 LC30;RE LN A-MTHEIE ISk

Fig.8 Stress-strain theoretical curves of LC30 concrete under uniaxial compression

UniEl 8(a) ~8(d) Fia, hnz i AU [R) e, B
lE= stk S D) | W S SRl W R E S 2 4 N
SBEZ AR, LA o] 0 0 AT — R R R e s 2
TN AR A [ B I A8 i ARk ) B SR LR B
1 S 5 R R e R A e S R A R A —
B AR 75 AR R U PR ) R
TR BE ) 5 B 5 10 1A M2 BB oy, B
JITA U 7 - IS i 255 106 i A Ao W] S 22 5

60 . .
5 . i1 5
-a- B LR
50t
<
S
< 40t
=
=
30
Fn#% AR 100 mmx 100 mm
20

0 0.5 1.0 1.5 20 25
lg(&i/€4)

(a) 100 mmx100 mm ;60 mmXx60 mm

P, H A B R TR 1 2 R T RS AR SR R
VERIFEAER 7 -0 A8 25 W B & R i 52 2 A
HAT I 22 S5 B ARSZ X R A B HR BE 1 R 32 &
Bl JIHERE I 7 - AR pR ZEARFAE (A 1) /3BT HE AL
3.5 REEBBERIE ST

PR RHREE i A~ T o000 75 21 4 {f
o A5 TR AR RAS B X6 R T LB T (X EE 43
Br, antEl 9 fiss.

200 -

—— I 2R A
-+~ A ik
180} = 4
= s = = == INETH 15 mmx15 mm
a 160+ _ A
E A
g 1401
1201
M4% AL 20 mmx20 mm
100 0 0.5 1.0 1.5 2.0 2.5

lo(&:/€4)

(b) 20 mmx20 mm;15 mmx15 mm

9 LC30REETIRIIEENH SEIRTHEIEERN HXTEE

Fig.9 Comparison of test value and theoretical value about peak stress of LC30 concrete



53

ARG, F . RADRHREE R e K s A b 25

Wk 9 R, AR R GE A+ BIS BOR B A
I A WAL g {5 18 P A 0] A R N0 (VD 5 2
i, BSOS BT A S (B 7 (E 2 g T
A B (L I E, B IRZELE 3.01%. AL
FRAHIA] , iz i AN S SR (IR 25 A
XA 5 2 A TR AR ] o A8 0 A AR, B
(B I AB R 22 AR K. P4 1 Be T AR A 7
FIH 32 IR TR TR 2 E AR 15 O T, BERB AR 4
L6 (i 1220 m w ) A K (9 S DIVAG S Y VAT K [ 254
1.

4 # @

1) BB BE 1 802 DUA B R 5 )i 3K | i
I 25359 5 K T REURTOIN 28 1 A 6 T6 6. 2 4R BHE
B AR AR A8 A 60 mmx60 mm , B T~
A 2 BNE(E RS T R I i — 2 0 ; 4 m 2k
HIAA 20 mmx20 mm A1 15 mmx 15 mm, i 26 2 A
NN T <R

2) MR AE R M 1.0x107°s 5 1.0x107 7
i, e R (R N 359G T i, B2 fis Bre
L1~ 1.6 5200, fie b 1.52 4%, g im BUs /D, %
Sy SR o A SRR AR e A R WANY SR 28 <Y SRR
A AN R SR A 1 A ] A e A e
B i R PE M 3 10 5421

3) FT R 25 R 22k v AR e %) TR B+ B ) B
SIA PRI A A 1 T 4R S RHEBE + AT BHEL
PEBEAAEL | BV AR 76 B8 405 o A 1 3R A S BT
WA RE sl 3 far AR AE F T R R AR 3R KR A 26 M
17h.

2% ik

(1] o v RS L A SR B2 AV TE - SCHG SERE AR K SC R [ M ] b AT
TR R R, 1997
GUO Zhenhai. Concrete strength and deformation of a test basis and
constitutive relation [ M ]. Beijing: Tsinghua University Press,
1997.

(2] 1R, WIERS, PRI, 45, 180908 AR S oRH IR BB A PR 25 1k

REAIRIROIST[ ). AR TR, 2007, 40(8) :35-40.
JI Bohai, HU Zhengqing, CHEN Jiashu, et al. An experimental
study on the behavior of lightweight aggregate concrete filled circular
steel tubes under pure bending load [ J]. China Civil Engineering
Journal, 2007, 40(8) : 35-40.

[3] BN, JRikAR, FEREAN, 55 LR SORHIBE 1 1Y B 52 F ik
BT )], AERET IR (AR , 2011, 39(11)
114-119.

CHENG Congmi, SU Dagen, JIAO Chujie, et al. Experimental in-

vestigation into compression property of organic lightweight aggregate

concrete under uniaxial loading [ J]. Journal of South China Univer-
sity of Technology ( Natural Science), 2011, 39 (11): 114-119.

[4] ZE30R. PRz gektmtEaeiREE LK m st [ D]. P9, ii%
HFR R, 2012,

LI Wenbin. Research on the light-weight haydite aggregate concrete
[D].Xi” an: Xi’ an University of Architecture and Technology,
2012.

[5] 2o, SRAE, PREESS. IRBE LRV 2 [ M. dest Bl

H AL, 2014.

LI Jie, WU Jianying, CHEN Jianbing. Stochastic damage mechanics

of concrete structures [ M]. Beijing: Science Press, 2014.

BISCHOFF P H, PERRY S H. Compressive behaviour of concrete at

high strain rates[ J]. Materials & Structures, 1991, 24(6) :425-

450.

[7] MANDER J B, PRIESTLEY M J N, Park R. Theoretical stress-
strain model for confined concrete [ J]. Journal of Structural Engi-
neering, 1988, 114(8) :1804-1826.

[8] DILGER W H, KOCH R, KOWALCZYK R. Duectility of plain and
confined concrete under different strain rates[ J ]. Journal of the A-
merican Concrete Institute, 1984, 81(1) :73-81.

[9] ALDUAIJ J, ALSHALEH K, HAQUE M N, et al. Structural beha-
vior of selected lightweight concrete beams [ J]. Kuwait Journal of
Science & Engineering, 2003, 30(2) ;139-152.

(10734200, 5 F5 35 ok i, 45 TREBE 0 ) — R A8 4 il e ) 1 6 it
FE[1]. BITAAAR 1982, 3(1) :1-12.

GUO Zhenhai, ZHANG Xiuqin, ZHANG Dacheng, et al. Experi-
mental investigation of the complete stress-strain curve of concrete
[J]. Journal of Building Structures, 1982, 3(1): 1-12.

[ UL FEARAR , R DL s, AN TR A8 3R A E R B I i Vi B - 2l
ZIRREOIE[ )], A HR T, 2016, 32(2) :270-276.

SHI Linlin, SONG Yupu, SHEN Lu. Experimental study on uniaxial

—
[=)
[

compression properties of large aggregate and wet-screened concrete
at different strain rates [ J]. World Earthquake Engineering, 2016,
32(2): 270-276.

(120282, 2/ ATt AN TR g 2 IR B+ Bl 32 ek g ok

REARI BT )] ML, 2016,37(8) :66-75.
LI Jie, YAN Xiaohuan, REN Xiaodan. Large-sample experimental
study on uniaxial compressive behavior of concrete under different
loading rates [ J]. Journal of Building Structures, 2016, 37(8) .
66-175.

[13] 8 P50, 2o, IR Bk L2 3y i 2k B mF R (1], REe
AR (LRI 2013, 41(1) 7-10.

ZENG Shajie, LI Jie. Experimental study on uniaxail compression
behavior of concrete under dynamic loading [ J]. Journal of Tongji
University ( Natural Science) , 2013, 41(1) . 7-10.

[14] LU D, WANG G, Du X, et al. A nonlinear dynamic uniaxial
strength criterion that considers the ultimate dynamic strength of con-
crete [J]. International Journal of Impact Engineering, 2017, 103
(4):124-137.

[ 15V ARHRBE L HOARMURR . JGI51—2002 [S]. kAT hEEH T
Ak HiRRAE, 2002
Light aggregate concrete technology discipline; JGJ51—2002 [ S].
Beijing: China Architecture & Building Press, 2002.

(i A4L)



