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Development and application of a 2D biaxial compression test system
for granular materials

ZHANG Lian-Wei', ZHANG Jian-Min'?, ZHANG GA'?, SUN Zhen-Yue'
(1. Institute of Geotechnical Engineering, Tsinghua University, Beijing 100084, China; 2. State Key Lab of Hydroscience and Engineering ,
Tsinghua University, Beijing 100084, China)
Abstract: A set of two-dimensional biaxial compression test system was developed to investigate the stress-strain behavior and
its variation with the micro-fabric for granular materials. During testing a specimen was assembled using very small metal bars
with elliptical sectional shapes and then was loaded in both horizontal and vertical directions. Three different stress paths,
including constant lateral pressure, constant mean principal stress and constant principal stress ratio, could be easily realized. A
new method of non-invasive measurement using both digital photo technology and image correlation analysis was developed so
that the displacement of each metal bar in the specimen could be truly traced and as a result the displacement field of each
specimen and its micro-fabric evolution during application of loading could be measured with a high degree of accuracy. The
new test system was applied in monotonic shear tests for two-dimensional assemblies of mental bars with different elliptical
sections, showing its essential effectiveness for the investigation of the micro-fabric variation and mechanical behavior.

Key words: granular material; biaxial compression; micro fabric; shear band

0 3l

FORA B 22, e ld % ) ek g5k vk
F HL N g AR P S e, B R A R e v 2k
) P 55 0 A2 R R AIE DL SRR R A G . S R R
AN A A B RDIRAS LAl AL 48 J s A, 6
A2 KA A 5 ) N AR R Y 2 (R N ARG R, ST
DA R ) AS R A5 I RN AE A FoO 3 ) 2447 Ry BAT B L
Y S

H 1964 4 Brewer 5| A LIS LK, 3K
A FRFOE S I8 S FOCRRIR AR 22 W 1 2847 2h 520 (R
AT WS R Y, T RE SRR R G 40 W 4
Je AL A e 12 SO ik E A EAS . B

jilll

ORI RS = 20, T B S b i L, B
RES A, (AL REE XA PR AR 1) BEAR TR AORE [ K
HES IS AT 230 BB B, i PRC 258 UG
FEFP, Al RRLRE K G B AR AR (90 50k AS I HE 51 BT T
B HERRAAR ) J1 24T R BT 5 A B0k ] () B figh A
FREPED), TS th Y BB R O S 2 8L JF LS
FRESZ B SOHLTE S RE I PR . DR AS 43 B R
B ASRE AR BRI . R W BB 5 100 5k

EEMB.: HEARBFIEEEIINH (504780160 Jbutii AR
S E AV H (8061003)
WEsEAA: 2007-02-12



55013

SRIET, A, “HERDIRAORDOURN 40156 R SRR 5 149

RMBHESZ )R TS R b ML A, AT
T4 7R ) 41U AR 51 RS R ) BEAS T
8 08 A B AL S HOT I IE R USSR &
P

DIAEEYBLETE VOIRFRS QUISIR RN % B SEATR b R S
I T B R U P A BB )38 O BRI R 401l
BEEZSGN: DA 3 ST I W 1 2 i B s @R BRI A8 TE
I FE AP ) AL R IE A A T FE 20 0 2 Wi I 2R
kK BORLIRAA L A0 A ZE AL AR I A A Rl e A
5o A NIEREAR EAN T 3 A KRIEN B, FWE=
SEAAIN T, PURE MK 1 1 22 1) ) 9 4 A2 £
KA T S I BOR V) RS54 A EOR |
SEM HERZESCIL T AR ALk 1 5 /50 B, HLAR
ANIE)J5 100 U b AL 53 A (8 23 BRI 9E T P REALAL 45 17
4. Oda®. Mahmood HI Mitchell 454557 1% /52
T T /e A AR P o IR TV ) R s Y
e 1 BIM BLES & N N AR S R AR IE, A
R S8 BR B AL LE 3N AR T 1k R v PR A R R I
5 0h 5 BRPRIAE 9 20 A 35 A0 R 11 07 v 2 SR 2 e ) R
AN AR AZ TG, AR BRI S5, Rt & 0l
BELEAS L ) BR3¢ B SRAF AR 41U 244 1)
FECAR A R, BIERCR I ERE AR, b, X
WA CT HoAR A4 2l b 45 B H
B THR AN, KR, FERGES L, o
B R ETIN AR 8 5 AT R R AR . LA,
H AT e A7 0BT RO RO ) 272050 v & At
REJIIAREE A, PSR R 40 B0 1086 M 5 A
FURIHERE [, b ES 5 BE ML 18 4 W0 2R A8 4k 5 i 1)
BRI AL A K VS HE S 1) A N7 $E 1L 78 3 1R A 3 Ik Al
FFEHA .

BEXF IR ), A SCHEE] T & B0 AT E
G YERLRAT R ) 25 R R R XU e 450 R 8, IF{HE
B K TR R PEMEAE O 23 BT AR S T 0 AR i 41
P A R P R R . WA ARG M R R, iR
R ARG PATR AT A, Wi gi G, wHT
55 KRR I 40 L2 A6 355 A0 5 g 2 i 3 R 1) 56
5%

1 RCARA R G E 4R 38 R G

PrREE RGO S 4ERDRA RIS, B2
TINZE AR YL A B
1.1 RETR

Wb A AT AR B = YE (RORDIRARE, LA 4144
(1) S AT B o T AR IR A, DRI R W AT (R F
FE IR B AN AR ALK (R S R 28, K 52 2% (K I 9%

G ERANAL, B X BEALM R AT 18] B Y PR T IR 58 .
0da'®, Matsuoka F1 Gekal” DL Kz 1| 7 2 Fil p5 4 g (814
B4 5 PR AR 1) 4 S R AACTE SO 1 457 B P B 2% 1
N2 AT AT TR AT ST, U T8RP

BRI 2R G0 (5] T2 A [54] 702 25 FEACUAR T 1) 4 S
PEHER B TR 1) — 4ERDIRA R A BE TN 5, ZEKF
AR EL AN 5 1) AT N s kAT Y . SR A
WM I GRS A s E T SRR R 5 4 A W
Syl ORI R ALR B R R o, T g
R, (T2 BN R AL R 25, R () IR R0
A7 17025 REREAE 22 A0 AR T RN A0 A0 ZEL AL A A 0 e
MR, (ETHRIX A Z M NIERR .
1.2 hnEisse

INERAR R (1) VR F7E T ST R B B AN 7 17 1)
H A1, IRt ReR gt gs. Affeil, nEpisde o
A0 H = Ry A R Rl EREAT TR . IR
1) e 7 b =R BY DIl ) AR U B A, SR HT N A%
Pl i a0 AKCF I I B AR, DA R
Fi:e

W 1 PR, N AR AN T TEHE
A, FERLORARRE R RS, ZE A PN B A KT T T
JEA AL, AR R KT R )y o HEZE B4 HCE T
e R 7T R QLY 1S A el il s s ek U RV E V& o A
HEZLIE THAE A e ) by o PR MG, TERE Y
M (Z ) FKPIm (X ) RS2 ERN ).

E 1 mEERTyB A

Fig. 1 Photo of the loading module of the biaxial compression

apparatus for 2D granular materials
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Fig. 2 Structure and working mechanism of the biaxial
compression apparatus for 2D granular materials
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Table 1 Main properties of the biaxial compression test system
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Fig. 3 Principal stress ratio curves and volume strain curves of
parallel tests
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Fig. 4 Vertical displacement contour and total displacement vector

during shearing process
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Fig. 5 Local photo of the sample during shearing process
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(Sampling angle: 0° | lateral pressure: 200 kPa)
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