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EMPIRICAL APPROACHES

Lauffer’s classification (1958)
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EMPIRICAL APPROACHES

Lauffer’s classification (1958)

Ground
response to
excavation
7 ACTIVE SPAN =@
Ground
SPAN Active Span Stand-up Time Description Qual lty
A 4 m 20 years Sound rock
B 4 m 6 months Fairly jointed rock
C 3 m 1 week Jointed rock
D 1,6 m 5 hours Friable rock
E 0,8 m 20 minutes Very friable rock
F 04 m 2 minutes Instant ground reaction
G 0,15 m 10 seconds Instant strong ground reactio

ACTIVE SPAN IS THE WIDTH OF THE TUNNEL OR THE
DISTANCE FROM THE TUNNEL FACE TO THE SUPPORT,
WHATEVER IS MINOR



EMPIRICAL APPROACHES

Barton’s & Beniawski’s

Barton and Beniawski analysed several historic cases
and introduced an important improvement:

Ground quality categories Ground quality indexes
(qualitative assignment) (quantitative assignment)
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ANALYTICAL APPROACHES

Ramamurthy, Nguyen

kM 2E (1-a)
tf E55 L*t*(l_a) = u;‘
Su(Po +u) 3yHa &

RAMAMURTHY (2007) NGUYEN (2015)
« IN-SITU STRESS « SPAN
« SPAN - DEPTH
« COMPRESSIVE STRENGTH « DISPLACEMENT OF THE WALL
« TANGENT MODULUS « YOUNG MODULUS
- SEEPAGE PRESSURE « DENSITY
« OTHER (JOINT , BLASTING « TIME DEPENDANT CONSTANTS

DAMAGES, SHAPE OF TUNNEL OF THE ROCK MASS

FACE) - DISTANCE FROM THE TUNNEL

FACE
- RADIUS

VALIDATED THROUGH REAL CASES AND CONSISTENT
WITH 1989 BENIAWSKI'S APPROACH




ANALYTICAL APPROACH TO 1989
BENIAWSKIPS CHART



ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Chart of Beniawski
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ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Starting point
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A, =2,310
B,,=-1,653

\ 4

Log(T)=A,,+B,,°10g(S)

Lineal relation




ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Log(T)=A+B-log(S)

Lineal relation between
Logarithms of T and S

Power Law: T=a-S#

T=a-SP

(a=10* ; B=B)

Power relation

between T and S

RMR A B
20 (-0,081 |-1,128
40 | 2,310 | -1,653
90 | 8,112 | -2,452

RMR o B
20 0,83 -1,128
40 204,32 -1,653
90 | 129378666,95 | -2,452




ANALYTICAL APPROACH TO BENIAWSKYI’S CHART
Graph of a and 8
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ANALYTICAL APPROACH TO BENIAWSKI’S CHART

a and 8 adjustment

a-p
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0’27RMR

o(RMR) = 0,004 - e (2)

B(RMR) = —0,81Ln(RMR) + 1,35 (3)




ANALYTICAL APPROACH TO BENIAWSKI’S CHART

General equation

T=a (RMR) - SBRMR) (1)

0’27RMR

o(RMR) = 0,004 - e (2)

B(RMR) = —0,81Ln(RMR) + 1,35  (3)

\ 4

T =0.004 - e0.27-RMR i S—(O.81-ln (RMR)-1.35) (4_)




ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Domain of application

Immediate collapse
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ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Relation Span-RMR in boundaries

SELF SUPPORTED-INMEDIATE COLAPSE BOUNDARIES
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ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Span=f(RMR) adjustment

SELF SUPPORTED-INMEDIATE COLAPSE BOUNDARIES
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1’377

COLLAPSE : S = 0,0104 - RMR (5)

Correlation between span
and RMR in boundaries STABLE : S = 0,0249 RMR™™ (6)

\ 4




ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Boundary equations

1’377

S =0,0104-RMR"~ (5)

T = 0.004 - 80.27-RMR ) S—(O.81-ln (RMR)-1.35) (4)

1’574

S =0,0249- RMR""" (6)

By eliminating RMR:

5
24{} Tg: Self-supported boundary

Ty = 0.004 - 7445"7%° . §-(134+0591n5)  (7) if T> T, : Self-supported excavation

6
( }Tczlmmediate collapse boundary

(4)

T, = 0.004 - e2825°°% . g-(055+0511nS) (g if T < T, : Immediate collapse




ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Graphical representation of the approach

PROJECTION ON " PROJECTION ON
S-RMR PLANE " S-T PLANE
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T =0.004 - 80.27-RMR . S—(O.Sl'ln (RMR)—-1.35) (4)

1’377

S=0,0104-RMR"~ (5)

1’574

S =0,0249-RMR""" (6)
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Projection on the S-T plane
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ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Projection on the S-RMR plane
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ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Verification

T, =0.004 - e2:82:5%635 | ¢—(0.55+051:In 5) (8)

Active span (m)

T = 0.004 - 60.27'RMR . S—(0.81'ln (RMR)—-1.35) (4)

No Support
Required

0.4

1E01 1.6+00 1E+1 1.6402 1.6403 1.6+04 1.E+05 1.E+06
Stand-up time (h)

\
Ty = 0.004 - e744's07%6 | ¢—(134+059n ) (7)




ANALYTICAL APPROACH TO BENIAWSKI’S CHART

Conclusions

CONCLUSIONS:

« An analytical formulation based on the 1989 Beniawski’s
Chart, is proposed in this research

« The approximation obtained fits very well with the original
one, show us the mathematical relation between variables
and can be a contribution in order to provide a theoretical
basis

 [In addition the new approach allow us to assess the stand-up
time in an easy way, keeping the reliability that provides an
empirical approach worldwide accepted.
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