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Triaxial tests on saturated sands reinforced with horizontal-vertical inclusions

ZHANG Meng-xi, CHEN Gao-feng, ZHU Yin, LI Jin-jie
(Department of Civil Engineering, Shanghai University, Shanghai 200072, China)

Abstract: A series of consolidated undrained triaxial tests were carried out on saturated sand reinforced with horizontal-vertical(H-V)
inclusions of galvanized iron and perspex. The behavior of reinforced saturated sand was studied in terms of stress-strain relationship,
pore pressures, shear strength of the soil and the failure situation of specimen. The influences of different vertical configurations of
H-V reinforcing elements, confining pressures and reinforcing materials on the strength of reinforced saturated sand were discussed.
The relationship between 3 dimensional reinforcing and geocell reinforcing was presented; and cavitation occurred in dilatant soils
was discussed. It is shown that the peak deviator stress and shear strength at failure increase greatly for saturated sand reinforced with
H-V elements as compared with unreinforced sand and sand reinforced with conventional horizontal inclusions, especially for those
reinforced with galvanized iron sheet reinforcements. Meanwhile, reinforcements made of galvanized iron can improve the ductility
of saturated sand.

Key words: horizontal-vertical (H-V) inclusion; saturated sand; triaxial test; strength; deformation; cavitation
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Fig.1 Grain size distribution curve of sand used in tests
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Table 1 Experimental cases of H-V reinforced sand

TR kPRl R P,
AH / mm

0 T+

1 3 0 R B KT g
2 3 5 PERER Y. H-V I
3 3 10 PERER Y H-V I
4 3 15 PERER Y. H-V I
5 3 20 PERER Y. H-V I
6 3 0 LB RS KT g
7 3 5 HHLEEES H-V i
8 3 10 HHLEEES H-V i
9 3 15 HHLEEES H-V i
10 3 20 AHLEEES H-V i

3 CU L H CD AR5

XY ATD 1 — e ST CU Fil CD AR5 1% 0 o
ARGETHRIEAT CD R4, HHF BRI T %,
B SIL RE B AR — 3 L SO R A A A —
SEMERE, MRS TOUEAT 3 CPATIRE, Sk
BERZ, S4h, CD KBy UIHR g, R
i, HEHT T CU sk,

ARUGRIGAD R A I R b, 2Rgse, By
AL Chife/h T 0.075 mm [k
B 0.3%). A T HIE KA, U0
507 S SN AT T AR IR B R . CU i 45
RUoR, AR B By IR, fEBy DI

IR AL BRAK R g 23k BRRAEL AT P AR SIS, i
W ALBUK P I RIR E, BUERPREARG 4
K. BAEFLBRAK IR, A0 RN
TRFErR R, ARG IEA A CD B —FE, I fH R
B e TR A B U, Ak, g A
PR R DL, MR B oK T, 2
AT R A o RIS F 76 AN HEZK BY D) A R R A
B TAREER BN 0 FEHESA IO i BB PR R,
AR T f5% 1 B sk 200 kPa, 56 2 B L IR
A B A IS R AR, A B S 3 W b B
FEff, bRt RS EERE A U,

4 e R L

4.1 H-V I HaREE R

o LA 2 th I MR IR R S I B
W, AMEAIFR. H-V IR FERIR 5 WA iR e &
W 3 R, Horr LIRS s B S A
P00, RMETERIR, WA IGACT R, Ay
Bk g e, AR IR . B g 1
YR 4y B VERIR, e R N 2
T, IR AT sehr, BImmiE, AR
PRI o — MO (R W 45 5 2 e 2B A v T2,
M ] A Y, A 79 ity B2 S R e T i
T4k, I 30y rT LLE H, A7 B I s SN
VOB R T W I L AR

() A LIS WA J5

(OESaLES

(d) s faes)

B3 AHEBRERS

Fig.3 Failure situation of specimens



1348 b +

I - 2010 4F

4.2 [F—F KT N A-RER i Zedke it

H-V i v A - i 28 g 8 g - A il 2
W 4 fros. tHE 4 AT, APIES H-V Infginy -
AR 2 TR S AR A e 1 AP e+
Hfel, SENAREAL s TR N B B TN
Atk LR BN, H-V I e 2
B AE— A m, AR T AR ZKCE it
G B . Sah, N 4 TTLLE L, AL
BREEEER B N7 ) it 1. g DR (I8 KA ATLIBE B8 o A 1
R I8, 7 WA o A3 WL B I AT P I g - AR i 2 B %
W T, R AN R G A — R
SRR 0555 0 () I - I8 A 2 UV g 2% » AR FE R
IR SEVERR o

—o— Gt —a— KN
—a— H-VIIiAH=5 mm —a— H-V JIfiAH=10 mm
—— H-VIII#iAH=15 mm —o— H-V JIfiAH=20 mm
2 000 L MYV
1800
1600
1400 | §
1200 | A8
1000 &3
800 F
600 |
400 9
200 &

i )1 (o1-03) / kPa

1

N AR e, / %
(a) PEREER I

—— it —a— JKCOF N
—a— H-VIIiAH=5 mm —a— H-V JIfiAH=10 mm
—e— H-VIII#iAH=15 mm —o— H-V Il AH=20 mm

1400 | 4
1200 | 8
1000 |
800 |
600 |3

¥ J1(o1-03) / kPa

400 g
200 8

0 2 4 6 8 10 12 14
N e, | %
(b) AP0

B4 Koy =150 kPa N[ H-V InHN - 32 i 2k
Fig.4 Deviator stress versus axial strain under the same
confining pressure

4.3 ANRIEE H T N - AR i e
K 5 DB BE 20 mm FIPEREER K H-V Il

RAEEA R L R IR g - AR ih k. BT %0, Bl
5 R (R B4, sl 1 26 N 22 44 I SR Rk
BREEEER B N5 1) O 1. g U AP R A AR Sl ) B AR 3%~
4.5%2 [A]. F LI 4(by, A3 ALIE B 03 10 it 1. 5 g
(B R AR I AR 1.3%~3%2 18], 56T IC
Wo Hofl 05 e .

2000
1 800
1 600
1 400
1200
1000 +8
800 g
600 (d
400 H
200 §
o

0 2 4 6 8 10 12 14 16

I N A g / %

B 5 ANFEFEE TR S-RAR 2

Deviator stress versus axial strain under different

i 1) (o1-03) / kPa

—&— 03=50 kPa
—&— o3=150kPa —0— g3=200kPa

—e— 03=100 kPa

Fig.5
confining pressures

4.4 FLE-NZR SR T

Kl 6 N HEEEER B H-V InfifE il s 150 kPa R i1
FUR-PAR 2. F PP, B i) AR (3K,
B AL, SRR A AL g, HIkI 60
BRRAE, ARVGREG X —HBRAEZI 4 100 kPa, RFf
I R ) R BY R . LA T S R

40 R —=— KWt —— KT
B —a— H-VII/HAH=5 mm —s— H-VIIAH=10 mm
20 B8 —— H-VIIfjjAH=15 mm —o— H-VINfjAH=20 mm

w2 4 6 8 10 12 14
] T AR, %

FLEBUKIE ) u/ kPa
£

-100 T

-120 -

B6 FLEMNAR L

Fig.6 Pore pressure versus axial strain

4.5 H-V AR 1 53R BRI
I Ty R ARIE, K alia 4 R p' - ¢" A
PR, FRGEESHCC, o, WE 2.



55

K E A H-V I HANRD L R (6 = SR g o

1349

K2 H-VIIHWHRESH
Table 2 Strength parameters of H-V reinforced sand
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