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. i W6X20 STEEL SET Qz) 1.8 m (6 ft) SPACING: 
S...... ....  

FLAC Runs for a W6x20 steel set at 1.83 meter (6 ft) spacing using Welded Wire Fabric (WWF) 
...... no lagging for Support Class I and Rock Property Category 5 (Ref 5.20, Table 14) produced the 
...... ... following max. reaction forces per meter in the steel sets (values from Ref 5.20, Pages 283-286): 

II . Load Axi al IMom ent Shear Axial.1  Momnent? Shear-: 
Case (N) (N-rn) 1(N) (kip)--t)J(kp)] 

Static 7762 5585 24770 3.19 7.53 10.18 
Dynamic 9670 5580 24560 3.97 7.53 10.09 

Footnotes: 
...... N x 6 ft spacing/3.2808 ft/m x .0002248 kip/N = N x .000411 = Force (kip) 

'N-m x 6 ft spacing /3.2808 ft/m x .0007376 k-ft/N-m = N-m x .001349 = Moment (k-ft) 

...... ... By inspection, the maximum values from the above table will result in interaction values less than 
unity since the combined axial forces and moments are less than the combined axial forces and 

...... moments used from the worst case W6x20 static & seismic load calcs of Attachment l.A (Pages 
. .. .18 & 23) and the jacking loads of Attachment VIII (Page VfII-2). Therefore, the W6x20 at 6 ft 

spacing with WWF (no lagging) is adequate for the -above rock load reaction forces from Ref 5.20.
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ATTACHMENT W 
DI: BABEE0000-01717-0200-00003 REV 02 

TITLE: ESF Ground Support - Structural Steel Analysis Page]U-17 of 17--1% 

4.......... .. .... ...... ..... .  
STABLE 1A. SEISMIC COMPUTER RUN IDENTIFIERS (ATTACHMENT II )

7 

S 

9 
10 

12 

13 

14 

15 S..... •.......  
16 

17 
° 18 

20 

21 

22 

23 

24 

25 

26 

27 

26 
29 

30 

31 

32 

33 

34 
35 

36 

3 .° 

38 

39 

40 

42 

43

2 Dead Load (D) + Utility Loads (U) + Rock Load (R) (No seismic) 

..... ........  
.. ~~~.. ..... ................ .... . . . . . . . . . . . . .  

• '..... . . . . . . ... ....... . ..:.  

........ . . . .........................  ~~~~~~~~~~. ........ ............................................ ...............  .............................. ...... . . . ..... ...

E 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

. ...... •...... •. ..  

- ...... .. . ..... ....  

.. ...... "....... . .  

.!..... . ...... , .  

-i. ... ;• •.. ... .

RURN FILENAME, ROCK, ISTATION, i: ,.MEMBER, ISPACING., ;LOADING' 

1 plOk2dy.sav PTn 10+00 W8x31 2 ft D+U+R+E 

2 p07k2dy.sav TCW 07+00 W8x31 4 ft D+U+R+E 

3 p18k2dy.sav TSW, 18+00 W8x31 4 ft D+U+R+E 

4 p34k2dyx.sav TSW2  34+00 W8x31 2 ft D+U+R+E 

5 m07_k2dy.sav TCW 07+00 WMx20 4 ft D+U+R+E 

6 m18 k2dy.sav TSw 1  18+00 W6x20 4ft D+U+R+E 

7 m27 k2dy.sav TSW 27+00 WA6x20 4 ft D+U+R+E 

8 m34_k2dy.sav TSW, 34+00 W6x20 4 ft D+U+R+E 

9 m53_k2dy.sav TSW2  53+00 \ Wx20 4 ft D+U+R+E 

SDead Load (D) + Utility Loads (U) + Rock Load (R) + Seismic Load (E) 

TABLE lB. STATIC COMPUTER RUN IDENTIFIERS (ATTACHMENT II ) 

RUN : FILENAME .: ROCK' STATION .... MEMBER: SPACING J LOADING1 . .. . . ..... T Y P E :: I " ; " 1.. . : : ... : " : 

10 m10k250w.sav PTn 10+00 W8x31 2 ft D+U +R 

11 m07k250w.sav TCW 07+00 W8x31 4 ft D+U +R 

12 m18k250w.sav TSW1  18+00 W8x31 4 ft D+U +R 

13 m34k250xsav TSW, 34+00 W8x31 2 ft D+U +R 

14 m07-k2.sav TCW 07+00 W6x20 4 ft D+U +R 

15 m18_k2.sav TSW, 18+00 W6x2O 4 ft D+U +R 

16 m27_k2.sav TSW2  27+00 W6x20 4 ft D+U +R 

17 m34_k2.sav TSW, 34+00 W6x2O 4 ft D+U +R 

18 m53_k2.sav TSW, 53+00 W6x20 4 ft D+U +R

S....... ..... ;. ..  

• ... .- ..... ....  

....... . ..... •. .  

S.......-:.....:. ..

..................
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...... TABLE 2A, SUMMARY OF REACTIONS AT BASE OF STEEL SETS' (SEISMIC LOAD CASE -W~x31) 

RUN E LEM. NODE FORCES (SI UNITS) 2  CON VER. FORCES (ENGLISH. UNITS)' 

..... Nodil Nod2 F-Shear J F-AxiaI lATR F-Shear j F-Axial 

.... 1 48 48 01 +2.946E+04 +5.693E+05 1.3704E-04 4.04 78.02 
01 01 02 -1.025E+04 +7.314E+05 -1.40 100.23 
40 40 41 +1.350E+04 +8.288E+05 II1.85 135 

.... 41 41 42 -2.737E+04 +6.597E+05 -3.75 90.41 

.... 2 48 48 01 +6.615E+03 +4.946E+04 2,7409E-04 1.81 13.56 
01 01 02 +1.695E+03 +9.691 E+04 0.46 26.56 
40 40 41 -1.342E+03 +1.048E+05 -0.37 28.72 

41 41 42 +6.926E0 +7.383E+04 18 02 

3 48 48 01 +1.809E+04 +2.272E+05 2.7409E-04 4.96 62.27 
01 01 02 +5.482E+03 +2.344E+05 t*1.50 64.25 
40 40 41 -5.996E+03 +2.688E+05 -11.64 73.68 
41 41 42 -1.776E+04 .+3.082E+05 -4.87 84.47 

4 48 48 01 +4.106E+04 +2,219E+05 1.3704E-04 5.631 30.41 
01 01 02 +5.026E+03 +3.794E+05 0.69 52.00 

..... 40 40 41 -3.537E+03 +4.062E+05 .- 0.48 55.67 
41 41 42 -2.736E+04 +2.459E+05 -3.7.5 33.1o 

FOOOTNOTEST ____ _____ ____ 

1... From Computer Runs 1 thru 4 identified in Table 1A (Attachmentj11 
2. SI Units =Newtons 

.... 3. Conversion Factor = F(newtons) x Spacing(ft)13.28084(ftlm) x 0.22481(lbflnewton) x 0.001(kipllbf) F(kip) 
4. English Units = Kips 
5. Pinned Nodes (Moment = 0) fire at Nodes 01 & 41 
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S ...... TABLE 2B. SUMMARY OF REACTIONS AT BASE OF STEEL SETS' (SEISMIC LO

.... ........ ....... ....... .......... ....... .......  ... ... ... ... .. ... ... ... .. ...... . .• • ........ ....

No EEM NODE FORCES (SI UNITS?~ CON VEk. FORCES (ENGLISH UNITS)' 
RUNJELE. F-hea I ACTOR' 

______ Nod2 FSerF-Ax~ial j F-Shear j Fý-Axial 
5 48 48 01 +9.245E+03 +2.151E+04 2.7409E-04 2.53 5.90 

01 01 02 -1.525E+02 +3.071E+04 -0.04 8.42 
40 40 41 +1.162E+02 +3.195E+04 0.03 8.76 
41 41 42 -4.998E+03 +2.083E+04 -1.37 5.71 

6 48 48 01 +2.114E+04 +1.051E+05 2.7409E-04 5.79 28.81 
01 01 02 +2.872E+02 +5.643E+04 to 0.08 15.47 
40 40 41 -2.530E+02 +7.635E+04 " -0.07 20.93 
41 41 42 -2.202E+04 +1.531±05 6.04 Ai 

7 48 48 01 +2.517E+04 +1.300E+04 2.7409E-04 6.90 3.56 
01 01 02 +8.836E+02 +7.251E+04 0.24 19.87 
40 40 41 -1.020E+03 +8.315E+04 -0.28 22.79 
41 41 42 -2,845E+04 +3.529E+04 ;7L80 9.67 

8 48 48 01 +1.236E+04 +9.559E+03 2.7409E-04 3.39 2.62 
01 01 02 +9.089E+02 +7.749E+04 It 0.25 21.24 
40 40 41 -7.561E+02 +8.131E+04 t -0.21 22.29 
41 41 42 -6.258E+03 +7.554E+04 " -1.72 20.70 

9 48 48 01 +2.456E+04 +1.328E+04 2.7409E-04 6.73 3.64 
01 01 02 +9.359E+02 +7.082E+04 I 0.26 19.41 
40 40 41 -5.696E+02 +7.827E+04 " -0.16 21.45 
41 41 42 -2.250E+04 +4.287E+04 -6.17 11.75 

FOOOTN'O[tS: - -______

From Computer 
SI Units

Runs 5 thru 9 identified in Table 1A (Attachment 11) 
= Newtons

1.  
2.  
3.  
4.  
5.

m 
0 
0 
0 

t5 
0 

C) 
CD 
C) 

C) 
6 

5t
0

Conversion Factor = F(newtons) x Spacing(ft)13.28084(ftlm) x 0.22481(Ibflnewton) x 0.001(kipllbf) = F(kip) 
English Units = Kips 
Pinned Nodes (Moment = 0) are at Nodes 01 & 41

i .......i........ t ....... ....... ......... ....... i ....... ........ .... ... ....... ........ i ...... ....... .... .... ... ..... ....... ......... I ...... ... ..... ........... ! ....... ............... ...... .... ....... ........ ...... ...
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TABLE 2C. SUMMARY OF REACTIONS AT BASE OF STEEL SETS1 (STATIC LOAD CASE - W8x31) 

RUN ELEM. I NODEs I FORCES (SI UNITS)' I CONVER. FORCES (ENGLISH UNITS)' I f T 1 1FAcTOR3 

____ I_____JNodi Nod2 j F-Shear F-Axial .i______[ F-Shoar F-AxaI 

10 48 48 01 +1.805E+04 +3.410E+05 1.3704E-04 2.47 46.73 
01 01 02 -7.099E+03 +4.667E+05 " -0.97 63.96 

40 40 41 +1.246E+04 +4.875E+05 " 1.71 §L81 
41 41 42 -1.513E+04 +3.543E+05 " -2.07 48.55 

11 48 48 01 -1.207E+03 -5.178E+04 2.7409E-04 -0.33 -14.196 
n1 n4 n,2 .-1 An3E+n3 +1 379flE+4 " -0.38 3.78

40 40 41 -1.682E+03 +3.749E+04 " -0.46 10.28 

41 41 42 -1.576E+04 -2.465E+04 " -4.32 - 6.76e 

12 48 48 01 . +1.207E+05 2.7409E-04 454 33.08.  

01 01 02 +2.345E+03 +1.462E+05 " 0.64 40.07 

40 40 41 -1.143E+03 +1.442E+05 " -0.31 39.52 

41 41 42 -1.358E+04 +1.309E+05 " -3.72 35.87 

13 48 48 01 +3.282E+04 +1.111E+05 1.3704E-04 4.50 15.23 

01 01 02 +2.449E+03 +2.539E+05 " 0.34 34.80 

40 40 41 -2.068E+03 +2.647E+05 " -0.28 36.28 

41 41 42 -1.538E+04 +1.082E+05 " -2.11 14.82 

FOOO TES: 
S1. From Computer Runs 10 thru 13 identified in Table 1B (Attachment . ) 
2. SI Units = Newtons 
3. Conversion Factor = F(newtons) x Spacing(ft)/3.28084(ft/m) x 0.22481(lbflnewton) x 0.001(kipllbf) = F(kip) 
4. English Units = Kips 
5. Pinned Nodes (Moment = 0) are at Nodes 01 & 41 
6. Negative axial forces (tension) for Run No. 11 indicate that the rock is moving away from the steel set/invert & are a result 

of modelling assumptions in FLAC runs to provide conservative rock loads. In reality, the steel set remains in compression at all 

times.  

...... ....  
......... ......... .............. ....... ........................ ......................................................... ......................... ..........  
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TABLE 2D. SUMMARY OF REACTIONS AT BASE OF STEEL SETS' (STATIC L

1. From Computer Runs 14 thru 18 identified 
2. SI Units = Newtons

.OAD CASE - W6x20)

(A 

A 

IR

in Table 1 B (Attachment II )

Conversion Factor = F(newtons) x Spacing(ft)/3.28084(ftlm) x 0.22481(lbf/newton) x 0.001(kip/Ibf) = F(kip) 
English Units *= Kips 
Pinned Nodes (Moment = 0) are at Nodes 01 & 41 
Negative axial forces (tension) for Runs No. 14 & 16-18 indicate that the rock is moving away from the steel settinvert & are a 
result of modelling assumptions in the FLAC runs to provide conservative rock loads. In reality, the steel set remains in 
compression at all times.

r..... ....... .... .......... .. ..................

VS 
: t

RUN ELEM. NODE5  FORCES (SI UNITS)2f CONVER. FORCES (ENGLISH UNITS)4 • • . . . :. :. :: . . : !.. •F A C T O R :: i " :,:•iiii•;::!. ii .  

NodlI Nod2 F-Shear F-Axial . FACTOR. F-Shear F-Axial 

14 48 48 01 +4.352E+03 -1.685E+04 2.7409E-04 1.19 - 4.6t 
01 01 02 -2.331E+02 +1.043E+04 "-0.0 2.86 
40 40 41 +2.307E+02 +9.822E+03 is 0.06 2.69 
41 41 42 -7.839E+02 -1.633E+04 -0.21 -4.486 

15 48 48 01 +1.645E+04 +4.356E+04 2.7409E-04 4.51 11.94 
01 01 02 +5.369E+01 +3.370E+04 , -0.01 9.24 
40 40 41 + 1.172E+02 +3.892E+04 is . -0.03 10.66 
41 41 42 -1.879E+04 +4.925E+04 i -5.15 13.50 

16 48 48 01 +2.040E+04 -2.092E+04 2.7409E-04 5.59 -5.736 
01 01 02 +8.914E+02 +5.366E+04 0.24 14.71 
40 40 41 -8.040E+02 +5.721E+04 -0.22 15.68 
41 41 42 1 -2.027E+04 -5.566 

17 48 48 01 +8.100E+03 -2.764E+04 2.7409E-04 2.22 -7.586 
01 01 02 +8.765E+02 +5.838E+04 0.24MO 
40 40 41 -5.700E+02 +5.361E+04 i -0.16 14.69 
41 41 42 -1.458E+03 +2.165E+04 -0.40 5.93 

18 48 48 01 +2.058E+04 -2.727E+04 2.7409E-04 5.64 -7.47 
01 01 02 +8.523E+02 +5.076E+04 " 0.23 13.91 
40 40 41 -4.445E+02 +5.212E+04 of -0.12 14.29 
41 41 42 -1.820E+04 -1.464E+04 is-4.99 4.01 

F ~TR !"~- - -______ _____________
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This analysis compares the average axial force in the steel set and concrete invert with the 

maximum shear force generated in the lower elements of the steel set. The average axial 

..... force is used because the steel set and invert exhibit ring compression. As modeled in FLAC, 

.... the rock squeezes the steel set into an oval shape, developing compressive forces in the sides 

. of the set and tensile forces in the top of the set and in the invert. The average of these 
"... forces represents the axial force distributed throughout the steel set and invert. The maximum .....  

shear in the lower elements of the steel set was selected from the shear diagrams shown in .....  

Reference 5.20. As shown in the diagrams, the maximum shear forces in the steel set occur 

at locations above the springline where utilities are supported. These shear forces are 

absorbed by the surrounding rock and are not applicable to determine the sliding of the steel 

set on the concrete invert. To be conservative, the maximum shear in an area near the steel / 

"concrete interface was found by looking at the FLAC data in Attachment II and determining 
... the cutoff point where the shear begins to decrease in value. For this analysis, the lower 

elements of the steel set refer to the segments between elements 35 and 40 and between 

elements 1 and 6.  
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TITLE: ESF Ground Support - Stmuc=al Steel

ATTACHMENT X 
DI: BABEE0000-01717-0200-00003 REV 0
I Analysis Page!U-[o8of[- Iz4

DETERMINATION OF SLIDING 

STEEL SET I SPACING W8x31, 4'0" o.c. W8x31, 2'0" o.c. W8x31, 4'0" o.c. W8x31, 2'0" o.c. W8x31, 4'0" o.c.  

FILE m07k250w.sav m10k250w.sav m18k250w.sav m34k250xsav p07k2dy.sav 

STATION TCW @ 7+00 PTN @ 10+00 TSWI @ 18+00 TSW2 @ 34+00 TCW @ 7+00 

LOADING Static Static Static Static Seismic+Static 

Axial sum (NIl m spacing) 2.360E+06 2.780E+07 1.153E+07 1.999E+07 6.355E+06 

Axial ave (NIl m spacing) 4.91 BE+04 5.791E+05 2.402E+05 4.165E+05 1.324E+05 

Axial ave (kips/spacing) 1.348E+01 7.936E+01 6.583E+01 5.707E+01 3.629E+01 

Controlling shear, N 4.972E+03 9.315E+03 1.1 87E+04 1.222E+04 7.011E+03 

Controlling shear, kips 1.363E+00 2.553E+00 3.253E+00 3.348E+00 1.922E+00 

Friction force (kips) 4.043E+00 2.381E+01 1.975E+01 1.712E+01 1.089E+01 

Result (friction>shear) O.K O.K O.K O.K O.K 

Overall •... I, 2.97 9.33 6.07 5.11 5.67 

Overall Summary: There is no sliding at any of the above stations.  

Axial and shear forces at each station are from Attachment II.  
Controlling shear refers to the maximum shear in the lower elements of the steel set.  

Calculations for this analysis are obtained by the process outlined on pages 111-105 and 111-106.

DETERMINATION OF SLIDING

STEEL SET / SPACING W8x31, 2'0" o.c. W8x31, 4V' o.c. W8x31, 2'0" o.c.  
FILE plOk2dy.sav p18k2dy.sav p34k2dyx.sav 

STATION PTN @ 10+00 TSW1 @ 18+00 TSW2 @ 34+00 
LOADING Seismic+Static Seismic+Static Seismic+Static 

Axial sum (NIl m spacing) 4.265E+07 1.776E+07 2.737E+07 
Axial ave (NIl m spacing) 8.886E+05 3.701 E+05 5.702E+05 
Axial ave (kips/spacing) 1.218E+02 1.014E+02 7.814E+01 

Controlling shear, N 1.206E+04 1.497E+04 1.568E+04 
Controlling shear, kips 3.305E+00 4.103E+00 4.296E+00 

Friction force (kips) 3.653E+01 3.043E+01 2.344E+01 
Result (friction>shear) O.K. O.K O.K.  
Overall F. S. k 11.05 7.42 5.46

Overall Summary: There is no sliding at any of the above stations.  

Axial and shear forces at each station are from Attachment I1.  
Controlling shear refers to the maximum shear in the lower elements of the steel set.  
Calculations for this analysis are obtained by the process outlined on pages Il1-105 and Il1-106.
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DETERMINATION OF SLIDING 

STEEL SET I SPACING W6x20, 4'0" o.c. W6x20 4'O" o.c. W6x20, 4'0" o.c. W6x20, 4'0" o.c. W6x2O, 4'0" o.c.  

FILE m07 k2.sav m18 k2.sav m27 k2.sav m34 k2.sav m53 k2.sav 

STATION TCW @ 7+00 TSW1 @ 18+00 TSW2 c 27+00 TSW2 @ 34+00 TSW2 @ 53+00 

LOADING Static Static Static Static Static 

Axial sum (N/l m spacing) 4.491E+05 3.141E+06 1.764E+06 2.286E+06 1.861E+06 

Axial ave (N/I m spacing) 9.357E+03 6.544E+04 3.675E+04 4.762E+04 3.877E+04 

Axial ave (kips/spacing) 2.564E+00 1.793E+01 1.007E+01 1.305E+01 1.063E+01 

Controlling shear, N 1.119E+03 4.490E+03 3.538E+03 2.929E+03 3.398E+03 

Controlling shear, kips 3.067E-01 1.231 E+00 9.697E-01 8.028E-01 9.313E-01 

Friction force (kips) 7.693E-01 5.380E+00 3;022E+00 3.915E+00 3.188E+00 

Result (friction>shear) O.KX O.K O.K O.K O.K 

Overall F.,S. R. 2.51 4.37 3.12 4.88 3.42 

Overall Summary: There is no sliding at any of the above stations.  

Axial and shear forces at each station are from Attachment II.  
Controlling shear refers to the maximum shear in the lower elements of the steel set.  
Calculations for this analysis are obtained by the process outlined on pages I11-105 and 111-106.  

DETERMINATION OF SLIDING 

STEEL SET/ SPACING W6x20, 4'0" o.c. W6x2O, 4'0" o.c. W6x2O, 4'O" o.c. W6x20, 4'0" o.c. W6x2O, 4'0" o.c.  
FILE m07 k2dy.sav m18 k2dy.sav m27 k2dy.sav m34c2k2d.sav m53_k2dy.sav 

STATION TCW @ 7+00 TSW1 @ 18+00 TSW2 @ 27+00 TSW2 0 34+00 TSW2 @ 53+00 
LOADING Seismic+Static Seismic+Static Seismic+Static Seismic+Static Seismic+Static 

Axial sum (NIl m spacing) 1.675E+06 5.270E+06 3.166E+06 5.029E+06 3.274E+06 
Axial ave (N/I m spacing) 3.489E+04 1.098E+05 6.596E+04 1.048E+05 6.821 E+04 

Axial ave (kips/spacing) 9.562E+00 3.009E+01 1.808E+01 2.872E+01 1.870E+01 
Controlling shear, N 1.576E+03 6.242E+03 4.392E+03 1.045E+04 4.199E+03 

Controlling shear, kips 4.319E-01 1.711E+00 1.204E+00 2.864E+00 1.151E+00 
Friction force (kips) 2.869E+00 9.027E+00 5.423E+00 8.615E+00 5.609E+00 

Result (friction shear) O.K O.K O.K O.K O.K 
Overall F.&&. 6.64 5.28 4.51 3.01 4.87 

Overall Summary: There is no sliding at any of the above stations.  

Axial and shear forces at each station are from Attachment I!.  
Controlling shear refers to the maximum shear in the lower elements of the steel set.  
Calculations for this analysis are obtained by the process outlined on pages I11-105 and Il1-106.
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