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Deformation Behavoirs of Arched Openings Related with Roof Curvature

Jong-Woo Kim*

ABSTRACT Arched openings are generally excavated in underground construction works. Since
stress distribution around openings depends on geological structure in rock mass, any shape of
arched openings fully conformed with in-situ stress condition should be recommended to
maintain mechanical safety of structures. Shape of arched openings is specified by both roof
curvature and height-width ratio, and especially this report presents deformation behaviors
related with roof curvature. Scale model tests and numerical studies of various shaped openings
are conducted, where rectangular opening shows the greatest convergence. Through the analyses
of various arched opengings, as radius of roof curvature is increased, roof lowering and sidewall
closure are remarkably increased, whereas floor heaving is increased little by little. By the way,
it is useful that displacements of openings are roughly estimated in the stage of preliminary
investigation. To find out elastic displacements of arched openings with any roof curvature,
regressional formula and charts by least square method are represented. In addition elasto-
plastic deformation behavoirs of arched openings concerning associated and non-associated flow
rule are discussed.
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Fig. 1. Stress distribution of square and arched
openings in hydrostatic stress field (After
Hobbs).
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Table 1. Four different shaped openings

Model Shape W, "[mm] H,’lmm) r"lmm] A*[mm?]
1 Arch 90 60 48.8 4624
2 Arch 90 56 97.5 4685
3 Rectangular 90 52 oo 4680
4 Square 68 68 oo 4624

YW.: initial width
*r: radius of curvature

»H,: initial height
“A: sectional area
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Fig. 4. Variation of roof lowering with applied pres-
sure
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Fig. 7. Five different openings with various roof cur-
vatures.

Table 2. Five different shaped openings

Model r’[m] /W, A?[m?]
1 3 0.5 32.137
2 4 0.667 33.636
3 6 1 34.438
4 12 2 35.098
5 24 4 35.569

Yr: radius of curvature
?A: sectional area
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Table 3. Comparison between regressional and num-
erical displacements(Unit:cm)

(a) When 6,=6,=100 kg/em®

Classification Crown Sidewall Floor
Regressional 7.982 8.847 9.926
Numerical FLAC 7.933 8.028 10.190
ABAQUS 6.780 8.421 10.120

SAP90 7.297 7.953 9.272

(b) When 6,=50 kg/em®, 5,=100 kg/em®

Classification Crown Sidewall Floor
Regressional 9.438 3.608 10.218
Numerical FLAC 9.839 2.854 10.940
ABAQUS 7.795 3.684 10.740

SAP90 8.842 2.729 10.317
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Fig. 10. Displacement distribution around arched
openings in elasto-plastic rock.
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