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Pull-out test study on mechanical characteristics of geogrid-aggregate interface

YAN Mu-han"?%3  LING Xian-zhang®, TANG Liang?>, XIAO Hong', SONG Xu-guo?
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3. School of Civil Engineering, Harbin Institute of Technology, Harbin, Heilongjiang 150090, China)

Abstract: Geogrids are often used in the aggregate cushion of the composite foundation to limit the lateral displacement and reduce
the differential deformation. It depends on the interaction between geogrids and aggregate particles. In this study, a series of large-size
pull-out tests was performed on bi-axial and tri-axial geogrids embedded in aggregates with three particle-size gradations. The test
results showed that higher normal stress, better gradation and more suitable aggregate particle sizes yielded the increase of the
pull-out resistance. The classic punching-shear failure model was proven to be valid for explaining the shear effect between
transverse ribs of bi-axial geogrids and the aggregate layer during the pull-out process. The bearing resistance of oblique ribs of
tri-axial geogrids can also be calculated based on this theory, as long as the effective length of the oblique rib is calculated in a
reasonable manner. Furthermore, an empirical method was proposed to calculate the peak pull-out resistance of the extruded geogrid
embedded in the aggregate considering the sizes of apertures and aggregates, and interlock effect. The concept of key particles was
proposed in this paper to measure how well the apertures of geogrids match the size of the particles. This may help designers choose
the type of geogrids and improve the reinforcement effect.
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Fig.1 Large-scale pull-out test apparatus
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Table 1 Physical and mechanical indexes of aggregates

mES%E C, Cc  WEEA/I() KT pnn/(g * cm™)

WA 540 1.67 43.69 1.78
WH2 250 1.02 40.77 1.56
WA3 145 096 42.47 1.63
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Fig.3 Diagram of geogrid unit structure
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Table 2 Geometric dimensions of bi-axial geogrids

S/mm Wgr/mm Wj/mm H/mm

40 3 42 2
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Table 3 Geometric dimensions of tri-axial geogrids

Wgr/mm H/mm
S/mm Wjy/mm

) R I A
40 14 1.2 6 13 1.6
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Table 4 Summary of intact geogrid-aggregate testing

schemes
WS RMERA BRI AR B g/kPa
EGG 1~4  SUak& it — 1 0.0,2.5,5.0,7.5
EGG 5~8  Maks it — 2 0.0,2.5,5.0,7.5
EGG9~12  XUr ksl - 3 0.0,2.5,5.0,7.5
EGG 13~16 = F#Hl 0 1 0.0,2.5,5.0,7.5
EGG 17~20 =Rl 0 2 0.0,2.5,5.0,7.5
EGG 21~24 =Ja#&H 0 3 0.0,2.5,5.0,7.5
EGG 25~28 = [t&Hl 90 1 0.0,2.5,5.0,7.5
EGG 29~32  =[al#& i 90 2 0.0,2.5,5.0,7.5
EGG 33~36  =[a#&Hl 90 3 0.0,2.5,5.0,7.5
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Table S Summary of rib-reduced geogrid-aggregate
testing schemes

RS MR AR BN ) g/kPa
LRG 1~4 R [ A 1 0.0,2.5,5.0,7.5
LRG 5~8 L) A 2 0.0,2.5,5.0,7.5
LRG 9~12 L) A 3 0.0,2.5,5.0,7.5
LRG 13~16  =[a#&#it 1 0.0,2.5,5.0,7.5
LRG 17~20  =[a#sit 2 0.0,2.5,5.0,7.5
LRG21~24  =[a¥s M 3 0.0,2.5,5.0,7.5
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Fig.5 Pull-out curves of geogrids and aggregates
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Fig.6 Relationship between peak pull-out force and
vertical load for tri-axial geogrids
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Table 6 Calculation parameters of geogrids

WA Ay/m? Ay/m?
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Fig.12 Frictional resistance curves of geogrids and
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Table 7 Calculation parameters of modified internal
friction angles
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