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Experimental Study on Horizontal Cyclic Shear and Vertical
Excitation Behavior of STC Reinforced Sand
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(College of Water Conservancy and Hydropower ,Hohai University ,Nanjing ,Jiangsu 210098 ,China)

Abstract: With the rapid development of the automotive industry in China, “black pollution”
caused by scrap tires has become increasingly significant. A reinforcing earth structure using scrap
tire columns (STC) is presented in the current research.Horizontal cyclic shear tests and vertical
excitation tests were conducted to validate the effectiveness of scrap tire columns reinforced sand
(STCRS) on horizontal and vertical damping. The results of the horizontal shear tests show that
when the maximum shear strain is 1% ,the equivalent damping ratio of STCRS increased by about
10% more than the sand itself,and the shear modulus decreased by 20% ~25% ,improving the
horizontal damping performance. In the vertical vibration tests, the acceleration attenuation
showed characteristics of fast speed and large amplitude,indicating that STCRS had a significant
damping effect compared to unreinforced sand.STC reinforced sand as a material for seismic isola-
tion is feasible,and is also a new use for scrap tire resources.
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Fig.2 Particle size grading curve of sand used in test
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Table 1 Physical parameters of sand used in test
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Fig.3 Diagram of horizontal cyclic shear test device for STC
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Table 2 Conditions for horizontal cyclic shear tests
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Table 3 Equivalent damping ratio and dynamic shear modulus
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Table 4 Maximum acceleration in each point and their

attenuation rates
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Hi2E 4 AN 9 AT, B s B T R A 1
STCRS HIR SR ITHY 70 (9 U5 — £ o o J5E 34 1 ¥



B3TEH M &

5 STC A 2K -9 2R 55 177 5 % o] 3900 45 1 18 6 0T 5

499

/N STCRS By B )2 J2 8] %2 36l 2% 37 L K 4R ) 0 2
K,STCRS 1y BRI R 0.722 g, it KT KA
TR 0.473 g s 7 AL 8 A 31 150 R 52 0 11 oAy o 3ok
TE R SR A0 v 750 9 3 K o 268 TR T n 8 7
STCRS HHRus T2 . H A7 4k 22 06k /N A0 8 L 36 I 4
S TE 4 T 0 53 S %) T 0 8 ) i A SR AR

AL, STCRS 7555 — )2 555 = )2 19 J2 18] 2 fiE
FEUR 46.8 Y0, 20— F- (14 RE 1wl T FE B L R WM R A R
I o S 3 R DR B B R IH A I TR 2 e 40
B % ) AR RIOCR B AT

4 ZitERE

AR — PR OE 2 TH %8 16 4 (Scrap tire
columns, STC) Y& + %5 #4 , 748 13 = N K F1E
I BT 50 F 0 ) PRI I AR 5T T STC i b iy
KO FI R R . W1 ES ISR .

(D KP-HE BT Y1 R 50 B, 120 39 R AR T, A
XFRARI S, STCRS W45 24 B JE L3 m 2y 10 %, 55
R Eh BT UIRE RN 20 % ~25% . R IH % 6 I i v
HLA 1) — 72 B K 0 i R

(2) PRI K R B STCRS A4 8 ] Jin ik J&F
T VI 3 R R W R L AR I A T R, R IR AR
3 0 A D LA ) ) % o ek R A

(3) R IHEE IG I i w0 T e )22 6 il o &1, 7 314
Jon 35 ik 58 4 [ EF S A b A U PR R

ARSCAXR X STC i 7 #0 647 T 16 32 050
R KT P B 0 R R ) R R R R it — 2B
TRAWFGE STC i + i Ji i A b L A5 20 227 e HoAth
A2 % IR A B 3 S5 A7 3R 56

2 % Xk (References)

(1] #PKEE.2014 SRR LE A AT L 49 PR AL AN 7 2L EB/ OL ] ht-
tp://news.cria.org.cn/3/19777 . html,2014-03-19/2014-06-07.
CAO Qing-xin.Challenges and Expectations of the Comprehen-
sive Utilization for Waste Rubber Industry in 2014 EB/OL].
http://news. cria. org. cn/3/19777. html, 2014-03-19/2014-06-
07. (in Chinese)

[2] Yoy & E K IR RZE AT IR S5 kL AR
#,2011,41(5) :2-5.
JIANG Zhen-hai.Current Situation and Development of Com-
prehensive Utilization of Waste Tire in China[ J].Rubber Ref-
erence Materials,2011,41(5) :2-5.(in Chinese)

[3] Garga V K,O’Shaughnessy V. Tire-reinforced Earthfill. Part 1:

%

o

Construction of a Test Fill, Performance, and Retaining Wall
Design[ J].Canadian Geotechnical Journal,2000,37(1) ;75-96.
[4] O’Shaughnessy V,Garga V K. Tire-reinforced Earthfill. Part 2

(5]

(6]

(7]

(8]

9]

(1o]

[11]

[12]

[13]

[14]

[15]

[16]

Pull-out Behaviour and Reinforced Slope Design[ ] ]. Canadian
Geotechnical Journal,2000,37(1):97-116.
ZEEHAE PN IR AR S TH S I A5 T R AR R e A A L.
Tl #2013, 4338 T 1) :434-437.
LI Li-hua, SUN Long, XIAO Heng-lin, et al. Analysis of Dis-
carded Tire Strip Impact on Reinforced Embankment[ ] ]. In-
dustrial Construction,2013,43(S1) :434-437.(in Chinese)
WA B R E AR R H R I A T8 s R D R R 3R 0T .
2l bR AEAL . 2005,142(6) 1 78-81.
CAQO Wei-dong, WANG Chao, HAN Heng-chun. Summary on
Application of Waste Tires in Highway Engineering[ ] ]. Com-
munications Standardization,2005,142(6) :78-81.(in Chinese)
Lee J,Salgado R, Bernal A,et al.Shredded Tires and Rubber-
sand as Lightweight Backfill[ J]. Journal of Geotechnical and
Geoenvironmental Engineering,1999,125(2):132-41.
REA AR AR RS WO R S )], TR
J1%,2014,31(3) : 1-9.
ZHU Hong-ping, ZHOU Fang-yuan, YUAN Yong. Develop-
ment and Analysis of the Research on Base Isolated Structures
[J].Engineering Mechanics,2014,31(3) :1-9.(in Chinese)
ST JE R X AT AR — RN - T R AR R 2 e
(D) BB R 5 TR 24 . 2009, 6(3):13-16.
SHANG Shou-ping, ZHOU Zhi-jin, LIU Ke, et al. The
Research on the Steel-asphalt Isolation Lay[J].Journal of Rail-
way Science and Engineering,2009,6(3) :13-16.(in Chinese)
BRI WL VR A R S TR AR R B R R SR A A
(V] TR0 S50 ] B 2014, 36(2) :27-34.
QIAN Guo-zhen, XU Zhe, SHI Shu-zhong, et al.Introduction
of Two Simply Equipped Base-isolation Buildings in Country-
side[ ] ]. Earthquake Resistant Engineering and Retrofitting.
2014,36(2):27-34.(in Chinese)
Liu S H.Gao ] J. Wang Y Q. et al. Experimental Study on
Vibration Reduction by Using Soilbags[ ] ]. Geotextiles and
Geomembranes,2014,42(2014) :52-62.
Tsang H H. Seismic Isolation by Rubber-soil Mixtures for
Developing Countries[ J]. Earthquake Engineering and Struc-
tural Dynamics,2008,37(2) :283-303.
Tsang H H.Lo S H,Xu X, et al.Seismic Isolation for Low-to-
medium-rise Buildings Using Granulated Rubber-soil Mix-
tures: Numerical Study [ J ]. Earthquake Engineering and
Structural Dynamics,2012,41(14) :2009-2024.
Xiong W,Li Y Z.Seismic Isolation Using Granulated Tire-soil
Mixtures for Less-developed Regions: Experimental Valida-
tion[ J ]. Earthquake Engineering and Structural Dynamics.,
2013,42(14) :2187-2193.
Turer A, Ozden B. Seismic Base Isolation Using Low-cost
Scrap Tire Pads (STP)[J]. Materials and Structures, 2008,
41(5):891-908.
Mishra H K, Lgarashi A, Matsushima H.Finite Element Analysis
and Experimental Verification of the Scrap Tire Rubber Pad Isola-
tor[ J].Bulletin of Earthquake Engineering,2013,11(2) :687-707.



