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STAND-UP TIME

TIME THAT AN UNSUPPORTED 

UNDERGROUND EXCAVATION 

REMAINS STABLE

(hr, days, months, years,…)

Assignment

Definition

ANALYTICAL: MATHEMATICAL 

RELATIONS BETWEEN 

RELATED PARAMETERS

Introduced by

Lauffer

(1958)

EMPIRICAL: ANALYSIS OF 

HISTORICAL CASES (MINING, 

CIVIL CONSTRUCTION).



EMPIRICAL APPROACHES

Lauffer’s classification (1958)

VERY GOOD 

ROCK
VERY POOR 

ROCK

7 CATEGORIES OF ROCK: FROM VERY GOOD (A) TO VERY POOR (G)



ACTIVE SPAN IS THE WIDTH OF THE TUNNEL OR THE 

DISTANCE FROM THE TUNNEL FACE TO THE SUPPORT, 

WHATEVER IS MINOR

Ground

Quality

EMPIRICAL APPROACHES

Lauffer’s classification (1958)

Ground

response to 

excavation



Barton and Beniawski analysed several historic cases 

and introduced an important improvement:

RMR

Q

EMPIRICAL APPROACHES

Barton’s & Beniawski’s

Ground quality categories

(qualitative assignment)

Ground quality indexes 

(quantitative assignment)



ANALYTICAL APPROACHES

Ramamurthy, Nguyen

RAMAMURTHY (2007)

• IN-SITU STRESS

• SPAN

• COMPRESSIVE STRENGTH

• TANGENT MODULUS

• SEEPAGE PRESSURE

• OTHER (JOINT , BLASTING 

DAMAGES, SHAPE OF TUNNEL 

FACE) 

NGUYEN (2015)

• SPAN

• DEPTH

• DISPLACEMENT OF THE WALL

• YOUNG MODULUS

• DENSITY

• TIME DEPENDANT CONSTANTS 

OF THE ROCK MASS

• DISTANCE FROM THE TUNNEL 

FACE

• RADIUS
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VALIDATED THROUGH REAL CASES AND CONSISTENT 

WITH 1989 BENIAWSKI´S APPROACH



ANALYTICAL APPROACH TO 1989 

BENIAWSKI’S CHART



ANALYTICAL APPROACH TO BENIAWSKI’S CHART  

Chart of Beniawski

Minery

Civil 

construction

123 historic cases



ANALYTICAL APPROACH TO BENIAWSKI’S CHART  

Starting point

(7, 7.7)

(85,1.7)

Log(T)=A40+B40∙log(S)
A40 = 2,310 

B40 = -1,653
Lineal relation
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Power Law: T=α·Sβ

Log(T)=A+B·log(S)

RMR A B
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RMR α β
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0,83
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T=α·Sβ

(α=10A ; β=B)

Lineal relation between

Logarithms of T and S

Power relation

between T and S
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Graph of α and β

VALUES FROM THE CHART
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α and β adjustment

α(RMR) = 0,004 ∙ %
&
,
'()*)

	 (2)

β RMR = −0,81Ln RMR + 1,35	 (3)

ADJUSTMENT

R2 > 0.99
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General equation

T=α (RMR) ∙ Sβ(RMR) (1)

α(RMR) = 0,004 ∙ %
&

,
'()*)

 (2)

β RMR = −0,81Ln RMR + 1,35 (3)

6 = 
. 

8 ∙ 9
.�:∙;<; ∙ =� 
.>�∙?@  ;<; ��.�A             (8)   
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Domain of application

For each RMR value

Self- supported

boundary

Immediate collapse

boundary

SE_40

SC_40

RMR SE SC
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Relation Span-RMR in boundaries

VALUES FROM THE CHART
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Span=f(RMR) adjustment

COLLAPSE ∶ S = 0,0104 ∙ HIH
J
,
K((

	 (5)

STABLE ∶ S � 0,0249 ∙ HIH
J
,
N(O

	 (6)

Correlation between span

and RMR in boundaries

ADJUSTMENT 

R2 > 0.99



P � 0.004 ∙ %&.'(∙QRQ ∙ S� &.TJ∙UV 	 QRQ �J.KN (4)

W�: Self-supported boundary
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Boundary equations

S = 0,0104 ∙ HIH
J

,
K((

	 (5)

S = 0,0249 ∙ HIH
J

,
N(O

	 (6)

if T < TC : Immediate collapse

WX:Immediate collapse boundary

W� � 
. 

8 ∙ Y:.88∙	
.:�Z
∙ 	� �.�8[
.A\∙�] 	 (7)

WX = 
. 

8 ∙ Y�.>�∙	
.Z�A
∙ 	� 
.AA[
.A�∙�] 	 	 (8)

(5)

(4)

(6)

(4)

if  T > TE : Self-supported excavation

By eliminating RMR:



SURFACE IN A 3D SPACE

PROJECTION ON 

S-T PLANE
PROJECTION ON 

S-RMR PLANE
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Graphical representation of the approach
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6
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P � 0.004 ∙ %&.'(∙QRQ ∙ S� &.TJ∙UV 	 QRQ �J.KN (4)

S = 0,0104 ∙ HIH
J

,
K((

	 (5)

S = 0,0249 ∙ HIH
J

,
N(O

	 (6)
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Projection on the S-T plane
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Projection on the S-RMR plane
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Verification

W� � 
. 

8 ∙ Y:.88∙	

.:�Z

∙ 	� �.�8[
.A\∙�] 	 (7)

WX = 
. 

8 ∙ Y
�.>�∙	
.Z�A ∙ 	� 
.AA[
.A�∙�] 	 	 (8)

P = 0.004 ∙ %&.'(∙QRQ ∙ S� &.TJ∙UV 	 QRQ �J.KN (4)
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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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