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Date: 05/3117 Time: 09:01
Sample: 1 2337
Included observations: 2337

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

1 0790 0.790 14609 0.000

2 0678 0144 25379 0.000

3 0596 0.065 33712 0.000

B 4 0532 0.040 40335 0.000

5 0495 0.074 4608.6 0.000

6 0456 0.021 5095.9 0.000

7 0433 0.053 5536.3 0.000

2 0432 0.088 59752 0.000

il 9 0426 0.045 6401.2 0.000

| 10 0414 0022 63035 0.000

il 11 0413 0059 72052 0.000

P 12 0406 0.02Z7 75919 0.000

| 13 0385 0018 79591 0.000

| 14 0.383 0.017 83048 0.000

| 15 0371 0.019 8629.6 0.000

P 16 0.366 0.028 B8945.0 0.000

| 17 0358 0.017 92478 0.000

P 18 0.354 0.026 95435 0.000

! 19 0.338 -0.014 98136 0.000

[ 20 0331 0.016 10072, 0.000
|
1
|
U
il
|
U
I
U
I
il
I
I
1
P
1

iiiiiiiill[]l

21 0324 0.012 10319, 0.000
22 0302 -0.031 10534, 0.000
23 0295 0.019 10739. 0.000
24 0289 0.013 10936. 0.000
25 0298 0.049 11146, 0.000
26 0.304 0.023 11365. 0.000
27 0308 0.024 11580. 0.000
28 0307 0.007 11814, 0.000
29 0306 0.014 12036. 0.000
30 0300 0.003 12250, 0.000
31 0312 0.060 12480. 0.000
32 0304 -0.011 12700. 0.000
33 0.283 -0.038 12888, 0.000
34 0274 0008 13067. 0.000
35 0277 0.041 13250, 0.000
36 0274 -0.003 13428 0.000
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* Zero-order correlation or Pearson correlation
' Condition index(CT)

(PF-BEFOR PCA) Ghm RS 3 8 °0Ne Ty 6’9‘“;} Jowo b Jous

VAR B SIG Cl Std. Error TOTAL PREDICTION TEST
(Constant) 3.055 1.00 1.000 0.12 R-SQUARED MSE R-SQUARED MSE
UCsS -0.052  0.37 5.102 0.06
RQD -0.290  0.02 7.956 0.12
RMR 0.021 0.85 9.544 0.11
DIPJS1 0.194 0.00 10.838 0.05
DDR1 0.084 0.01 13.750 0.03
JS1 0.337 0.00 15.992 0.10
JAPP1 0.004 0.95 19.389 0.07 0.6410 0.1790 0.2559 1.2777
DIPJS2 0.158 0.00 20.364 0.05
DDR2 -0.045 0.23 27.819 0.04
JS2 0.245 0.01 38.485 0.10
JAPP2 -0.131  0.01 61.883 0.05
D 0.425 0.00 100.372 0.03
SIG.TOTAL 0.00
Lo (et (Sadeod (oudld S yhuo 42y (Suwad <l po F Jgoa
ZERO ORDER Correlations
UCS RQD RMR DIPJS1 DDRI1 JS1 JAPP1 DIPJS2 DDR2 JS2 JAPP2 D
UuCs 1.000 229 237 .259 -.199 .028 -.100 .061 -.114 .307 -.240 -.199
RQD 229 1.000 .823 -.267 -.011 703 -.669 -.014 -.021 .649 -.628 291
RMR 237 .823 1.000 -.170 -.043 610 -.862 125 .018 531 =711 254
DIPJS1 259 -.267 -.170 1.000 -.072 -.507 192 147 -.088 .045 .032 -.599
DDR1 -199  -.011 -.043 -.072 1.000 -.106 .043 .033 284 -.079 -.023 175
JS1 .028 703 .610 -.507 -.106 1.000 -.527 117 -.032 256 -.339 331
JAPP1 -.100  -.669 -.862 192 .043 -.527 1.000 -.045 -.107 -.386 .621 -.327
DIPJS2 .061 -.014 125 147 .033 117 -.045 1.000 .189 =315 -.065 -.251
DDR2 -.114  -.021 .018 -.088 284 -.032 -.107 .189 1.000 -.185 .009 .196
JS2 307 .649 531 .045 -.079 256 -.386 -315 -.185 1.000 -.513 .146
JAPP2 =240  -.628 =711 .032 -.023 -.339 .621 -.065 .009 -.513 1.000 =211
D -.199 291 254 -.599 175 331 -.327 -.251 .196 146 =211 1.000

1)
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UCS RQD RMR DIPJS1 DDRI1 JS1 JAPP1  DIPJS2 DDR2 JS2 JAPP2 D

UCsS . .000 .000 .000 .001 329 .057 167 034 .000 .000 .001
RQD .000 . .000 .000 429 .000 .000 412 370 .000 .000 .000
RMR .000 .000 . .003 246 .000 .000 .024 .386 .000 .000 .000
DIPJS1 .000 .000 .003 . 128 .000 .001 .010 .081 240 306 .000
DDR1 .001 429 246 128 . .046 .249 .303 .000 .104 355 .003
JS1 329 .000 .000 .000 .046 . .000 .031 305 .000 .000 .000
JAPP1 .057 .000 .000 .001 .249 .000 . 237 .044 .000 .000 .000
DIPJS2 167 412 .024 .010 303 031 237 . .001 .000 151 .000
DDR2 .034 370 386 .081 .000 .305 .044 .001 . .002 443 .001
JS2 .000 .000 .000 .240 104 .000 .000 .000 .002 . .000 .010
JAPP2 .000 .000 .000 .306 355 .000 .000 151 443 .000 . .000
D .001 .000 .000 .000 .003 .000 .000 .000 .001 .010 .000

Joe yo hten jlaal el o 1, PCA Jl olg o CI BT g, 5l eoliiwl b oo asen iS5l aslsl o
Vo g Q Jslaz j0 oz ol a5 oS esslie sadasle Doz Jae g ooy o 5l ol 51 PCA) Lol sleadlse
il o 4355l Wbe 33 Jgaz ,8 eadaizle was g bl Jow s 0gd o asle
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(PF-AFTER PC) ason 1 Bdo 3l w0319 €15 it (Famw S5 Joo A Joo

VAR B SIG Cl Std. Error TOTAL PREDICTION TEST

(Constant) 196 123 1.000 0.13 R-SQUARED MSE R-SQUARED MSE
ucs -0.110  .683 1.393 0.07
RQD -0.238  .000 1.402 0.05
RMR -0.117 200 1.404 0.05
DIPJS1 0.420  .011 1.405 0.06
DDR1 0.024  .005 1.406 0.06
JS1 -0.001 811 1.406 0.05

JAPPL 20061 000 1.406 005 0.6410 0.1790 0.2999 1.1313
DIPJS2 0.455  .001 1.407 0.06
DDR2 -0.036  .000 1.407 0.09
JS2 0.219 237 1.407 0.10
JAPP2 -0.198 393 1.425 0.11
D -0.235 449 11383 0.15

SIG . TOTAL 0.00

b yusio (s akod (ausiS S yho a0 (SKod ol ps Jga @ Jgu

ZERO ORDER Correlations
UCS RQD RMR DIPJS1 DDRI JS1 JAPP1 DIPJS2 DDR2 JS2 JAPP2 D

ucs 1.000  -.488 331 -.350 -.265 -.078 .049 .071 -.180 -.156 -.012 -.041
RQD -488  1.000 102 -.107 -.084 -.028 .021 .020 -.055 -.065 -.009 -.012
RMR 331 .102 1.000 .073 .056 .016 -.010 -.015 .038 .033 .003 .009
DIPJS1  -350 -.107 .073 1.000 -.059 -.017 .010 .016 -.040 -.033 -.002 -.009
DDR1 -.265  -.084 .056 -.059 1.000  -.014 .010 011 -.030 -.030 -.003 -.007
JS1 -.078  -.028 .016 -.017 -.014 1.000 .005 .003 -.009 -.015 -.003 -.002
JAPP1 .049 .021 -.010 .010 .010 .005 1.000 -.001 .005 015 .003 .001
DIPJS2 .071 .020 -.015 .016 .011 .003 -.001 1.000 .008 .003 -.001 .002
DDR2 -180  -.055 .038 -.040 -.030 -.009 .005 .008 1.000  -.017 -.001 -.005
JS2 -.156  -.065 .033 -.033 -.030 -.015 .015 .003 -.017 1.000 -.010 -.003
JAPP2 -.012  -.009 .003 -.002 -.003 -.003 .003 -.001 -.001 -.010 1.000 .000
D -.041  -.012 .009 -.009 -.007 -.002 .001 .002 -.005 -.003 .000 1.000
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UCS RQD RMR DIPJS1 DDRI1 JS1 JAPP1  DIPJS2 DDR2 JS2 JAPP2 D

UCS . .000 .000 .000 .000 .108 217 132 .002 .007 424 256
RQD .000 . .052 .045 .091 328 .370 378 192 151 443 424
RMR .000 .052 . 123 .190 .398 434 408 276 302 483 445
DIPJS1 .000 .045 123 . 177 394 434 401 264 301 486 442
DDR1 000 091  .190 177 L 412 439 429 317 316 479 457
JS1 .108 328 398 394 412 . 470 484 445 408 483 489
JAPPL 217 370 434 434 439 470 : 494 466 407 478 494
DIPJS2 132 378 408 401 429 484 494 . .449 481 496 487
DDR2 .002 192 276 264 317 445 466 449 . 395 493 470
J$2 007 51 302 301 316 408 407 481 395 : 434 4
JAPP2 424 443 483 486 479 483 478 496 493 434 . .500
D 256 424 445 44D 45T 489 494 487 470 482 500
S e Jos (F 5 1) o USs illas o%ng 7,5 el saiizye O Jsaz o bl sbdae 5 mls

ot Slpedal Casay e S, Joe (n e Az

Gkl s (5 gl ) Joux

WITHOT PCA WITH PCA
R? MSE R? MSE
TOTAL TOTAL TOTAL TOTAL
PREDICTION TEST PREDICTION TEST PREDICTION TEST PREDICTION TEST
0.641 0.2559 0.179 1.2777 0.641 0.2999 0.179 1.1313
4
3.5 1 y = -0.4476x + 4.3529 ] °
3 - R%=0.2999 ‘
2.5 - * 9
k] 2 -
1
i 1.5 -
1 -
0.5 -
O T Ll Ll T T T T
0 0.5 1 1.5 2 2.5 3 3.5 4
Regression output
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Prediction Summary

Powder factor Considering the importance of predicting the penetration rate of Tunnel Boring
Water tunnel Machine (TBM), in this paper, application of Time Series model to predict the

Co-linearity
Principle Components Analysis
Statistical method

penetration rate has been examined. The results show that the values of
penetration rate in different excavated cycles could be considered as a time series
model. Changes in the values of penetration rate in different cycles are well
illustrated in the predicted results of penetration rate using time series approach.

Introduction

Currently, Tunnel Boring Machine (TBM) is one of the most modern and advanced tunneling machines. Penetration rate
determines costs and time of the project in mechanized tunneling; thus, prediction of the penetration rate is very important
and decisive. Penetration rate is the ratio of the length of tunnel excavated to the actual boring time during a continuous
boring activity, or in other words, it equals instant penetration rate of the machine and is usually expressed in millimeter
per revolution of the cutter head or meter per hour.

Methodology and Approaches

Time Series is a statistical theory that has currently been utilized in many sciences, including engineering, and plays a
crucial role in prediction. Time Series considers the time sequence of a phenomenon and predicts future values of the
series on the basis of past and present values. Repetition sequence of penetration rate has made it possible to use this
approach. In this regard, EViews software has been used to generate the time series models.

Results and Conclusions

Since the value of penetration rate in each cycle of excavation embraces the effect of all effective parameters, the
prediction can be conducted just by considering the values of penetration rate in past cycles. Investigating the values of
penetration rate in different excavated cycles show that these values could be considered as a time series model. Different
models by ARMA method have been examined and finally, the model ARMA (5, 7) with correlation coefficient of 87%
has been selected as the optimum model for predicting the penetration rate. Changes in the values of penetration rate in
different cycles are well distinguished and predicted using the optimum model. Results demonstrate that time series
approach has the capability of predicting the penetration rate of TBM. In this approach for predicting the penetration rate,
there is no need to access the values of the other parameters associated to rock mass and operational parameters.
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Summary
Squeezing ground condition is one of the most common challenges in
construction of tunnels. Weak rock mass or high subjected stresses leads to
squeezing phenomena in tunnels. One of the practical solutions for reducing the
stresses in lining of the tunnels is implementing High Deformable Concrete (HDC) elements as deformable fuses to absorb
the induced energy. Using HDC with equal compressive strength but more deformability and compressive strain (about 20
to 50 percent) than the conventional concrete leads to increasing the flexibility and energy absorption of tunnel sections

A large number of studies has been carried out on improving ductility of concrete but because of commercial and
exclusive benefits the details has not been published. In this paper with manufacturing HDC elements and obtaining the
stress- strain compressive behavior in lab, we have studied the effect of HDC elements in flexibility of lining of tunnels.
The results show the effective performance of the HDC elements in increasing energy absorption amount and flexibility of
sections of the tunnel lining.

*Corresponding author
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Penetration Rate Summary

Prediction Considering the importance of predicting the penetration rate of Tunnel Boring
Time Series Machine (TBM), in this paper, application of Time Series model to predict the

Tunnel Boring Machine penetration rate has been examined. The results show that the values of

penetration rate in different excavated cycles could be considered as a time
series model. Changes in the values of penetration rate in different cycles are
well illustrated in the predicted results of penetration rate using time series
approach.

Introduction

Currently, Tunnel Boring Machine (TBM) is one of the most modern and advanced tunneling machines. Penetration rate
determines costs and time of the project in mechanized tunneling; thus, prediction of the penetration rate is very
important and decisive. Penetration rate is the ratio of the length of tunnel excavated to the actual boring time during a
continuous boring activity, or in other words, it equals instant penetration rate of the machine and is usually expressed in
millimeter per revolution of the cutter head or meter per hour.

Methodology and Approaches

Time Series is a statistical theory that has currently been utilized in many sciences, including engineering, and plays a
crucial role in prediction. Time Series considers the time sequence of a phenomenon and predicts future values of the
series on the basis of past and present values. Repetition sequence of penetration rate has made it possible to use this
approach. In this regard, EViews software has been used to generate the time series models.

Results and Conclusions

Since the value of penetration rate in each cycle of excavation embraces the effect of all effective parameters, the
prediction can be conducted just by considering the values of penetration rate in past cycles. Investigating the values of
penetration rate in different excavated cycles show that these values could be considered as a time series model. Different
models by ARMA method have been examined and finally, the model ARMA (5, 7) with correlation coefficient of 87%
has been selected as the optimum model for predicting the penetration rate. Changes in the values of penetration rate in
different cycles are well distinguished and predicted using the optimum model. Results demonstrate that time series
approach has the capability of predicting the penetration rate of TBM. In this approach for predicting the penetration rate,
there is no need to access the values of the other parameters associated to rock mass and operational parameters.
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cylindrical punch Summary
mandrel diameter In the present study, the performance of the cylindrical punch to estimate the
index tests uniaxial compressive strength of six types of sedimentary rocks and the effect

Uniaxial Compressive Strength (UCS)

Qom F " of punching mandrel diameter on the punch strength index has been examined.
om Formation

Results show that the diameter of the punching mandrel has a decisive effect on
cylindrical punch index.

Introduction
Block and cylindrical punch tests are index tests, which could be utilized to the indirect estimate of uniaxial compressive
strength of rocks. Advantages of these tests include simple, cheap and fast and irrespective of complicated sample
preparation procedure and independent of sample size.

Methodology and Approaches

A variety of sedimentary rocks including grainstone, mudstone-wackestone, boundstone, calclithite, gypsum, and silty
marl, that collected from outcrops of the Qom Formation around the Qom city (central Iran), were examined. At first,
petrography of samples was described and classified according to mineralogical descriptions. Then laboratory
identification tests, UCS and punch tests were performed on the samples at the laboratory. Punch tests were performed in
cylindrical method by four different diameters of mandrels (10, 13, 16 and 19 mm). Specific cylindrical punch tools
(Figs. 2, 3 and4) was designed for this purpose.

Results and Conclusions

Despite the fact that cylindrical punch in rock mechanics studies was less appreciated, the results of this study indicate
that this index test can estimate Uniaxial Compressive Strength (UCS) of rocks fast, low cost and with reasonable
accuracy. From various diameters of mandrels used in this study, 10 mm diameter gives the best correlation coefficient
to estimate UCS using cylindrical punch test among all types of rocks. In addition, statistical calculation shows (Table 2)
that 10 mm diameter gives better performance for UCS determination. Due to circular shape and smaller shearing area of
cylindrical punch, sensitivity to the parallelism of both sides of the sample will decrease and cylindrical punch test can
perform quickly and more accurate than block punch test.
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Railway Tunnel In recent years, due to population growth, urban and inter-urban traffics are
Dynamic Analyze increasing, while the use of road tunnels and railway tunnels has reduced
Risk Management traffics, consumption fuel and etc. Koohin railway tunnel located in the

Impact-Probability Matrix Method

; . Qazvin-Rasht route in western part of the Alborz mountains is one of the great
Koohin Railway Tunnel

sections inter-urban tunnels in Iran. It is of clear importance that preventing
financial losses and casualties requires the structures to withstand the static
loads such as in-situ stress and dynamic loads such as earthquakes. Due to the
dynamic loads on the structure, several risks can be created in different
sections of tunnel. In this paper, the sections with 6, 15, 30, 40, 60, 80 and 100
meters of overburden along the Koohin tunnel alignment were investigated in order to determine the maximum risk.
This section in outset was analyzed by analytical methods under conditions of full-slip and no-slip caused by dynamic
loads triggered by Zanjan earthquake-prone fault and north Qazvin earthquake-prone fault, respectively. Next, the risk of
sections was examined by impact-probability matrix method. The results show that the highest risk created in sections
with 6, 80 and 100 meters of overburden.

Summary

This paper studies the dynamic response assessment of the Koohin tunnel case study and investigates the relationship of
discontinuity spacing on the lining and determines the severity of damage caused by the imposed quake loads. We
studied the occurrence risk of several failure modes to determine the most sensitive sections in fact.

Introduction

In recent decades, many projects have been done with topics in dynamic analysis to determine the failure risks from
different perspectives. But in the field of dynamic analysis on tunnels which is one of the signification issues of design
and analysis in next steps, generally it can be said that few studies have been done or have not been reported so far. In
fact, among several loads applied to the tunnel structure, dynamic loads have considerable distinction in compare to the
other loads and results in non-uniform stress distribution in sections. As a result, current study is essential for decreasing
the risk in important components and their sensitive sections.

Methodology and Approaches

In this research, primarily, Wang and Penzien method is used for dynamic analysis of the selected case study. In
advance, the risk in tunnel sections are determined using impact-probability matrix method which is consisted of
severity, probability of occurrence and detection stages. The severity calculation is offered using a new equation. In
addition, the probability of occurrence and detection were assumed to be constant.

Results and Conclusions

According to the result obtained from the risk analysis, sensitive sections are easily recognized according to the impact-
probability matrix method which suggests that there is no need to provide high strength for all section since we can
retrofit the special sections that are under severe load and damage.
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Fatigue Summary

Loading frequency Many natural or man-made rock structures are subjected to both static and
Toughness dynamic loads. The nature of dynamic failure in rock remains unclear,
Hysteresis loops . . . . .- . . .

strain softening especially in cyclic loading condition. In this research, fatigue behavior of a

brittle hard rock was evaluated using uniaxial cyclic loading. For this reason,
two types of test including load control and displacement control were
employed. The load control tests were conducted in different maximum stress
level and constant amplitude (68 % UCS) at 1 Hz frequency. The results of
fatigue tests have been evaluated by fatigue damage parameters including maximum and minimum axial strain,
maximum and minimum lateral strain, tangent and secant modulus, toughness and hysteresis energy. The results
indicated that this type of rock shows a low reduction in strength due to fatigue damage. Among the used parameters,
lateral strain shows the best three-stage fatigue damage behavior due to crack generation parallel to loading direction.

Introduction
Different materials show different responses when they are subjected to cyclic loading. Some materials become stronger
and more ductile, while others become weaker and more brittle. Obtained results are inconclusive and sometimes

discordant. However, available data on fatigue behavior remain insufficient for solving the practical tasks of predicting
rock bursts and earthquakes. The aim of the current work was to assess granodiorite hard rock fatigue behaviour under
different loading conditions to describe the fatigue damage process of the granitic rock.

Methodology and Approaches

Several core samples were prepared to perform this research. Before the fatigue tests, the physical and mechanical
properties of the rocks were measured. To record axial and lateral strains during the fatigue tests, four strain gauges
have been employed. The fatigue tests were conducted with three different maximum loads at 68% UCS amplitude
and 1 Hz frequency. Two multi-steps.loading tests with load and displacement control were done as well. he results of

fatigue tests have been evaluated by fatigue damage parameters including maximum and minimum axial strain,
maximum and minimum lateral strain, tangent and secant modulus, toughness and hysteresis energy

Results and Conclusions
The obtained results indicated that brittle hard rocks can be weakly affected by fatigue phenomenon. Because of micro -
fracturing mechanism of fatigue damage for this rock, lateral strain shows the best three-stage fatigue damage
processes. Hysteresis loops were very small and not generated in practice. Fatigue failure was occurred when axial
strain reaches to static failure strain. Also, the displacement control tests indicated that this type of rock shows faintly
strain softening behavior.
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Numerical Modelling Summary

3D Distinct Element method In this study, it is tried to evaluate the damage caused by two explosives
Blast Damage including ANFO and Emulsion using 3DEC software for two similar slopes.
Rock Mass Properties

Four different rock mass properties and two modes of discontinuities were
used. The failure zones of blasting damage were qualitatively examined by
3DEC, and quantitative evaluation was carried out using peak particle
velocity (PPV) values. Accordingly, geological discontinuities, in particular in
the direction of slope surface cause the control of blasting damage. With the
increase of rock mass strength, and with the discontinuities in the direction of
slope surface, the effect of an Emulsion explosion 10 meters far from the hole is less than the ANFO explosion. Due to
the effect of discontinuities, the use of presplit blasting is a suitable method for reducing damage in slopes.

ANFO
Emulsion

Introduction

The numerical modeling has been used due to its ability to simulate the blasting in order to investigate the effect of
rock mass and explosive properties on the development of damage. In order to illustrate the properties, several different
states were considered to examine the blasting damage effects.

Methodology and Approaches

The simple slopes with two geological discontinuities were considered. Each state was classified according to the
properties of the strong and medium rock mass. Following this, the borehole pressure was applied to them. The use of
PPV values along a line from the blast hole has provided the opportunity for a quantitative assessment. Indicators of
failure zones in 3DEC were also used to provide qualitative evaluation of the damage. Simulations were first performed
for the ANFO explosion. In the next step, in order to identify the effect of the explosive type, Emulsion explosion
simulation was used.

Results and Conclusions
Geological discontinuities cause the control of plastic flow of tension and shear failures. The use of engineering rock
mass classification systems is a good tool to predict blasting damage due to the consideration of rock mass data.

The maximum blasting damage extends slightly beyond 40 meters from the hole. In the ANFO explosion with the
slope-inclined discontinuity, an average reduction of 43% in damage was observed, and with discontinuities in the
direction of the slope surface, average reduction of 62% in damage per discontinuity was obtained. If the
discontinuities are similar to the direction of slope surface, they will be less sensitive to the increased borehole pressure
by stronger explosive.
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Flaw

Angle of inclination Summary

Number of flaws In this study, uniaxial compression tests were performed with intelligent
Coalescence

loading machine and using numerical modeling on the basalt specimens with
different angles of inclination and number of flaw. The results showed that the
uniaxial compressive strength (UCS), Young's modulus and axial strain in
flaw contained specimens were less than those in intact specimen, and the
difference depends on the geometry of the flaws.

Uniaxial compressive strength
Young's modulus
Axial strain

The coalescence patterns of the flaws in the specimens were studied and different types of crack propagation from flaw
tip in the specimen were characterized. Formation of tensile, shears and combined tensile-shear cracks and the
coalescence pattern of the flaws depends on the geometry of the flaws. By taking this into account, the failure mode and
crack initiation in specimens were studied. Also, the effect of flaws coalescence on the strength and fracture behavior of
basalt specimens were investigated under uniaxial compression. This survey of mechanical behavior of different
inclinations and number of flaws provides increased understanding of the fundamental nature of rock failure under
uniaxial compression.
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