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September 20, 2010

Mr. Roberto Puga

ASARCO Texas Custodial Trust
c/o Project Navigator, Ltd.

One Pointe Drive, Suite 320
Brea, California 92821

Re:  Analysis of the Structural Integrity of the 826° ASARCO Dual Smokestack —
Former ASARCO EI Paso Smelter and Estimated Cost to Retrofit and
Maintain for Fifty (50) Years

Dear Mr. Puga:

A structural (including seismic) analysis was completed to evaluate the stability of the
existing 826-foot high stack at the former ASARCO Smelter Site in El Paso, Texas. The
detailed evaluation is provided in Attachment A. The evaluation included analyzing the
outer shell and inner liner. Conclusions from the structural evaluation are the following:

e The outer shell is stable due to wind loads and meets the requirements for current
seismic code;

e The inner stack is not subjected to wind loads but does not meet requirements for
current seismic code;

e The inner stack could be brought to code by reducing its height by 110 feet.

A cost evaluation was prepared to quantify anticipated retrofit and maintenance costs that
would be required to bring the stack up to code and preserve it for fifty (50) years (see
Attachment B). The estimate was prepared to be appropriate for budgetary purposes and
evaluating the future disposition options of the stack. Conclusions from the cost
evaluation are the following:

e About $5.8 million is needed to bring the stack to code;
e Annual maintenance costs are about $114,000;

e The outside surface of the outer shell would need to be repaired, resealed and
repainted at years 12 and 32 at $440,000 each occurrence;

e The inner liner and outer shell (both their inside and outside surfaces) would need
to be repaired, resealed and repainted at years 22 and 42 at $1,130,000 each
occurrence;



Mr. Roberto Puga September 20, 2010
TEXAS CUSTODIAL TRUST Page 2

e Total estimated net present value cost for 50 years (discount rate of 2%) plus a
30% contingency is $14 million.

We hope this analysis is consistent with your needs. Please call us if you have any
questions or need additional information.

Very truly yours,

MALCOLM PIRNIE, INC.

doh VWA 1D e ———
Scott M= Brown, PE

Vice President

Attachments:
Attachment A — Structural Evaluation of 826-foot Cast-in-place Concrete Chimney
Attachment B — Cost Estimate to Keep 826-foot Stack at the Former ASARCO Smelter (50-years)



Attachment A
Structural Evaluation of 826-foot Cast-in-place Concrete Chimney
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MEMO
To: Copies:
Dennis Tucker Scott M. Brown, PE

Malcolm Pirnie
4646 E. Van Buren St., Suite 300
Phoenix, AZ 85008

From:

Ron Kolodzaike, PE
Jason Riggs, PE

Date: ARCADIS Project No.:

September 20, 2010 AZ001209.0001

Subject:
Structural Evaluation of 826-foot Cast-in-place Concrete Chimney

ARCADIS G&M of North Carolina, Inc.
First Citizens Bank Plaza

128 South Tryon Street

Suite 1100

Charlotte

North Carolina 28202

Tel 704.752.4258

Fax 704.752.0271

ARCADIS G&M of North Carolina, Inc.
NC Engineering License # C-1869
NC Surveying License # C-1869

ARCADIS U.S. Inc.

TX Engineering License #F-533

This Memo is in reference to the structural evaluation ARCADIS recently completed of the ASARCO
Chimney stack in El Paso, Texas. The purpose of the analysis was to assess whether the existing 826’
chimney stack appears to meet current code requirements for Wind and Seismic loading. It is our
understanding that the Owner wishes to evaluate leaving the stack in place. It will no longer be in use,
therefore, thermal stresses from flue gasses were not considered in the analysis. The stack is
approximately 826’ high and consists of an inner concrete liner that is structurally independent of the main
stack shell. Information for the analysis was obtained from the original construction plans dated 1966. The

chimney stack consists of the following structural elements.

e The shell is approximately 62-feet outside diameter and three feet thick at the base and tapers to

approximately 31-feet outside diameter and nine inches thick at the top.

e The shell is reinforced at the base with No. 9 reinforcing bars (fy=60 ksi assumed) approximately

8” on center. The volume of concrete in the shell is 5,673.3 cy.

e The liner is approximately 35-feet outside diameter and three feet thick at the base and tapers to

approximately 16-feet diameter and nine inches thick at the top.

e The liner is reinforced at the base with No. 11 reinforcing bars (fy=60 ksi assumed) approximately

6” on center. The volume of concrete in the liner is 2,950 cy.

e Concrete strength (fc) is specified at 4,000 psi and construction strength test results indicate the

original concrete met the specifications.
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ARCADIS

The shell and liner were analyzed in accordance with International Building Code (IBC) 2003, the current
Texas building code, for the loading conditions occurring at the base of the stack, which is generally the
point at which stresses are the greatest. Analysis was completed using the methods for design outlined in
the American Concrete Institute’s (ACI's) Code Requirements for Reinforced Concrete Chimneys (ACI
307-08) which references, American Society of Civil Engineers, Minimum Design Loads for Buildings and
Other Structures (ASCE 7-02) for load determination for wind speeds and seismic requirements for Non-
Building Structures as also referenced and required by IBC 2003. During the analysis, it was discovered
that the newer ACI document had several typographical errors; therefore the earlier 1998 version was
used as a cross-reference and to reconcile the pertinent equations and units. Assumptions regarding the
site and structure were made to complete the analysis and are summarized below. For the purpose of our
analysis, the stack was evaluated at the base. Other sections of the stack and the foundation were not
evaluated.

e Occupancy Category Il — An occupancy category of lll for buildings and other structures that
represent substantial hazard to human life in the event of a failure was assumed due to the
proposed proximity of the chimney to a redeveloped area for office and the potential of an
environmental release of the liner contamination in dust and debris if a critical failure occurred.
This occupancy category is also consistent with the requirements of ACI 307-08 Importance factor
of 1.15 to be used for wind loading. Comparable importance factors were applied to the seismic
loading as well.

e Seismic Site Class D — Due to the absence of a geotechnical determination a seismic site class of
D was conservatively assumed, as recommended by ACI 307.

The load analysis for wind was completed for the first and second modes of vibration based on
approximate structural period formulas provided in the ACI 307 equations. In addition to determining the
dynamic wind loads, an average static wind load pressure was determined for comparison to the original
design wind load (found in the original calculations provided) and was determined to be similar.

Per ACI 307, the seismic load analysis was completed by using a dynamic response spectrum analysis
method that consists of developing response spectrums and determining seismic loads through an elastic
modal method, as outlined in ASCE 07-02. Initially, the equivalent lateral load analysis was performed
using the approximated first mode period calculated for determining the dynamic wind loading. As
confirmation of the first mode and fundamental period an eigensolution analysis was performed utilizing
RISA 3D software. With the information from the RISA generated eigensolution, the response spectrum
curve for the Equivalent Lateral Load analysis was refined and a Modal Analysis was completed utilizing
RISA 3D software again.

RISA 3D only allows the use Seismic Response Coefficients (Cs) for buildings and the chimney falls under
Nonbuilding Structures Requirements (ASCE 9.14) with Cg i, = 0.14 Sps | instead of Cg i, = 0.044 Sps |
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ARCADIS

for building structures. Therefore, the Seismic Basic Load cases are adjusted by applying a load factor to
the load combinations equal to Cs i, (nonbuilding) divided by the Cs value for buildings used in RISA.

The seismic load analysis of the liner was completed utilizing the same method as previously described
for evaluating the shell, with one exception. Wind loading was neglected due to the fact that the shell
shields the liner from the wind load. The liner and shell were not checked for thermal stresses because
the stack will no longer be in use.

The method prescribed by ACI 307-08 was used to determine the design strength of the shell and liner. In
general, the method consisted of varying the angle from the center of the circular shell or liner that
corresponds to the area of the concrete under flexural compressive stress and determining the neutral
axis for the vertical axial load Pu. Due to typographical errors that were found in the ACI 307-08 design
strength equations, ACI 307-98 was cross referenced for reconciliation of ACI 307-08 equations 5-6, 5-18
and 5-19.

Very preliminary condition assessments consisting of limited visual observations were completed by
ARCADIS personnel. Based on the general observed condition, the age, and past use of the structure,
additional reduction factors of 5% and 15% were applied to the design strengths for the Shell and the
Liner respectively to account for some degradation of the structural integrity.

The maximum moments and design strengths for the base of the shell and liner are detailed in the
calculations for the load cases evaluated. The maximum base moment (actual) for the shell was
determined to occur under seismic loading and was approximately 876,000 kip-ft. The reduced allowable
moment design strength of the shell was determined to be 973,141 kip-ft. The maximum base moment
(actual) for the liner was determined to occur under seismic loading and was approximately 441,000 kip-ft.
The reduced allowable moment design strength was determined to be approximately 396,665 kip-ft.

Based on our analysis, we have concluded that the stack shell will most likely meet the current code
requirements for Wind loading and Seismic loading but the stack liner may not meet current code
requirements pending a more comprehensive assessment of the chimney being completed. In
anticipation of the liner having to be modified in order to meet current codes, several different concepts
were discussed. One method discussed was simply reducing the height of the liner. Lowering the stack
would effectively reduce the liner weight and center of gravity at which seismic loads would occur. In order
to obtain cost estimates for potential repairs, the stack was re-evaluated by lowering the stack height until
the loads were below the allowable reduced moment. It was determined that the stack liner would need to
be lowered by approximately 110-feet to reduce the base moment to 365,005 kip-ft which is below the
reduced allowable moment of approximately 392,749 kip-ft.
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Calculation Summary and Conclusions
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
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Summary of Calculations

The purpose of the analysis is to assess whether the existing 826’ chimney stack meets current code requirements for Wind and Seismic loading. It is our
understanding that the owner intends to leave the stack in place, but it will no longer be in use, therefore, thermal stresses from flue gasses were not
considered to be appropriate. The stack is approximately 826’ high and consists of an inner concrete liner that is independert of the main stack shell.
Information for the analysis was obtained from the original construction plans dated 1966. The main stack consists of the following structural elements.

The shell is approximately 62-feet outside diameter and three feet thick at the base and tapers to approximately 31-feet and nine inches thick at
the top.

The shell is reinforced at the base with No. 9 reinforcing bars (fy=60 ksi assumed) approximately 8" on cener and was constructed in 12-foot lifts
utilizing slip form construction methods. The volume of concrete in the stack is 5,673.3 cy.

The liner is approximately 35-feet outside diameter and three feet thick at the base and tapers to approximately 16-feet and nine inches thick at
the top.

The liner is reinforced at the base with No. 11 reinforcing bars (fy=60 ksi assumed) approximately 6” on center and was constructed in 12-foot
lifts. The volume of concrete in the stack is 2,950 cy.

Concrete strength (f'c) is specified at 4,000 psi.

The stack shell and liner were analyzed following the methods for design as outlined in the American Concrete Institute’s (ACI's), Code Requirements for
Reinforced Concrete Chimneys (ACI 307-08) that references, American Society of Civil Engineers, Minimum Design Loads for Buildings and Other
Structures (ASCE 7-02). During the completion of the analysis it was discovered that the newer ACI document had several misprints therefore the
earlier 1998 version was used to cross reference and reconcile the pertinent equations and units. Site specific assumptions made are summarized on
the reference and assumptions sheet.

The load analysis for wind was completed for the first and second modes of vibration based on approximate structural periodsin the ACI 307 equations.
In addition to determining the dynamic wind loads an average static wind load pressure was determined for comparison to the original specified wind
load that was provided as part of the 1965 design criteria for the original design.

The load analysis for the seismic was completed by the Equivalent Lateral Load and Modal Analysis procedures outlined in ASCE 7-02. Initially the
Equivalent analysis was done by hand using the approximated first mode period calculated for determining the dynamic wind loading. As confirmation of
the first mode and fundamental period an eigensolution analysis was done utilizing RISA 3D software. With the information from the RISA generated
eigensolution and the response spectrum curve the Equivalent Lateral Load analysis was performed and a Modal Analysis was completed utilizing RISA
3D software again. RISA only allows the use Seismic Response Coefficients (Cs) for buildings and the chimney falls under Nonbuilding Structures
Requirements (ASCE 5.14) with Cs min = 0.14 Spg | in instead of Cs min = 0.044 Sps | for building structures; therefore the Seismic Basic Load cases are
adjusted by applying a load factor to the load combinations equal to C; i, (nonbuilding) divided by the Cs value for buildings used in RISA.

The seismic load analysis of the liner was done by the same method used for evaluating the shell but wind loading was neglected as the shell would
shield the liner. The liner and shell were not checked for thermal stresses as the stack would no longer be in use.

To determine the design strength of the shell and liner the method as prescribedby ACI 307 was used. In general, the method consisted of varying the
angle from the center of the circular shell or liner that corresponds to the area of the concrete under flexural compressivestress and determining the
neutral axis for the vertical load Pu. Preliminary condition assessments consisting of visual observations were completed by ARCADIS personnel. Based
on the general observed condition, the age and past use of the structure additional reduction factors of 5% and 15% were appled to the design strengths for
the Shell and the Liner respectively to account for some degradation of the structural integrity.

Conclusions

Based on our analysis, we have concluded that the stack shell will most likely meet the current code requirements for Wind loading and Seismic loading but
the stack liner may not meet current code requirements pending a more comprehensive assessment of the chimney being completed. In anticipation of the
liner having to be modified in order to meet current codes, several different concepts were discussed. One method discussed was simply reducing the
height of the liner. Lowering the stack reduces would effectively the liner weight and center of gravity at which seismic loads would occur. In order to obtain
cost estimates for potential repairs, the stack was re-evaluated by lowering the stack height until the loads were below the allowable reduced moment. It was
determined that the stack liner would need to be lowered by approximately 110-feet to reduce the base moment to 365,334 kip-ft.
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References and Assumptions
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
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Software
Microsoft Excel

RISA 3-D 8.0

Technical Publications

American Society of Civil Engineers, Minimum Design Loads for Buildings and Other Structures (ASCE 7-02)
American Concrete Institute, Code Requirements for Reinforced Concrete Chimneys (ACI 307-08)

American Concrete Institute, Code Requirements for Reinforced Concrete Chimneys (ACI 307-98)

Assumptions

Water 62.4 pcf
Concrete 150 pcf
Steel 490 pcf
Wind Exposure Category C
Seismic Site Class D Required site class assumption if no soil information is available per ACI 307
Occupancy Category 11l Assumption based on potentail evironmental hazard if critical failure occurs
Concrete Compressive Str (f'c) 4000 psi from testing reports dated 1966 and 1967
Rebar Yield Strength (fy) 60000 psi from drawings
Drawings

M.W. Kellogg Compnay, Construction Plans for American Smelting & Refining Co. El Paso Tx, Chimney Shell and Liner, dated 3/17/66
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Basic Load Cases and Load Combinations
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Basic Load Cases

SHELL

Original 1966 Design Current Code Requirements

Dead Load (D)
Wind Load (W)

W along

w combined along + across

W along

w combined along + across

Seismic Load (E)
E

Thermal (T)

22,977 kips 22,977 kips, based on 5673.3 cy of concrete as shown on dwgs
30 psf 20.94 psf (average) V=90 mph, Mean hourly for first mode
453,412 k-ft 347,422 k-ft, Moment at base for 1* mode
not determined 188,720 k-ft, Moment at base for 1* mode
not determined 308,151 k-ft, Moment at base for 2" mode
not determined 0 k-ft, Moment at base for 2" mode
Zone 2 - Moderate damage Ss=0.366, S1=0.109
440,600 k-ft 875,963 k-ft, Moment at base, Equivalent Lateral Load Procedure
335,205 k-ft, Moment at base, Modal Analysis Procedure
236 degrees to 10 degree difference 0 Not applicable, Chimney not in use

Note: See Wind and seismic load calculations for review of load determination

Load Combinations ACI 307-08
D W | Wcombined E
. aong Moments at base
(kIpS) (k-ft) along + across (k-ft)
(k-ft)
Wind, First Mode
Uv=0.9D+12T+1.6 Waon, 20,679 555,875 Eq. 5-2
Uv=12D+12T+1.6 Woong 27,572 555,875 Eq. 5-2a
Uv =0.9D + 1.2T + 1.6 W combined along + across 20,679 301,953 Eq. 5-3
Uv =1.2D + 1.2T + 1.6 W combined along + across 27,572 301,953 Eq 5-3a
Wind, Second Mode
Uv=0.9D+12T+1.6 Woon, 20,679 493,042 Eq. 5-2
Uv=12D+12T+1.6 Woong 27,572 493,042 Eq. 5-2a
Uv =0.9D + 1.2T + 1.6 W combined along + across 20,679 0 Eg. 5-3, Across wind not applicable
Uv =1.2D + 1.2T + 1.6 W combined along + across 27,572 Eq 5-3a, Across wind not applicable
Seismic, Equivalent Lateral Load Procedure
Uv=09D+12T+1.0E 20,679 875,963 Eq. 5-4
Uv=12D+12T+10E 27,572 875,963 Eqg. 5-4a
Seismic, Modal Analysis Procedure
Uv=09D+12T+1.0E 20,679 335,205 Eq. 5-4
Uv=12D+12T+10E 27,572 335,205 Eqg. 5-4a
Shell Design Strength ACI 307-08
Reduced phi*Mn = 973,141 k-ft Mu,max = 875,963 k-ft, Maximum moment
for Pu = 20,679  k-ft
SR (Mu/(phi*Mn))= 0.90 <1.0; OK
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Basic Load Cases and Load Combinations
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001

20-Sep-10
LINER
Basic Load Cases Original 1966 Design Current Code Requirements
Dead Load (D) 11,948 kips 11,948 kips, based on 2950 cy of concrete as shown on dwgs

Wind Load (W) 0 psf 0.00 psf (average) V=90 mph, static load only for comparison

W aiong not determined 0 Note: Wind loading not applicable on liner,

W combined along + across not determined 0 Note: Wind loading not applicable on liner,

W aiong not determined 0 Note: Wind loading not applicable on liner,

W combined along + across not determined 0 Note: Wind loading not applicable on liner,

Seismic Load (E) Zone 2 - Moderate damage Ss=0.366, S1=0.109
E not determined 441,235 k-ft, Moment at base, Equivalent Lateral Load Procedure
100,843 k-ft, Moment at base, Modal Analysis Procedure
Thermal (T) 236 degrees to 10 degree difference 0 Not applicable, Chimney not in use

Note: See seismic load calculations for review of load determination

Load Combinations ACI 307-08
D W | W combined E
. aong Moments at base
(kIpS) (k-ft) along + across (k-ft)
(k-ft)
Wind, First Mode
Uv=0.9D + 1.2T + 1.6 W yg 10,753 0 Eq. 5-2
Uv=12D+ 12T + 1.6 W y0g 14,338 0 Eqg. 5-2a
Uv =0.9D + 1.2T + 1.6 W combined along + across 10,753 0 Eq. 5-3
Uv =1.2D + 1.2T + 1.6 W combined along + across 14,338 0 Eq 5-3a
Wind, Second Mode
Uv=0.9D + 1.2T + 1.6 W yg 10,753 0 Eq. 5-2
Uv=12D+ 12T + 1.6 W y0g 14,338 0 Eqg. 5-2a
Uv =0.9D + 1.2T + 1.6 W combined along + across 10,753 0 Eq. 5-3
Uv =1.2D + 1.2T + 1.6 W combined along + across 14,338 0 Eq 5-3a
Seismic, Equivalent Lateral Load Procedure
Uv=09D+12T+1.0E 10,753 441,235 Eq. 5-4
Uv=12D+12T+1.0E 14,338 441,235 Eqg. 5-4a
Seismic, Modal Analysis Procedure
Uv=09D+12T+1.0E 10,753 100,843 Eq. 5-4
Uv=12D+12T+1.0E 14,338 100,843 Eqg. 5-4a
Shell Design Strength ACI 307-08
Reduced phi*Mn = 396,665 k-ft Mu,max = 441,235 k-ft
for Pu = 10,753  k-ft

Stress Ratio, SR (Mu/(phi*Mn))= 111 > 1.0; No Good
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Basic Load Cases and Load Combinations
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

SHORTENED LINER (Approximately 716-feet tall

Basic Load Cases Original 1966 Design Current Code Requirements
Dead Load (D) NA kips 11,320 kips, based on 2950 cy of concrete as shown on dwgs

Wind Load (W) 0 psf 0.00 psf (average) V=90 mph, static load only for comparison

W aiong not determined 0 Note: Wind loading not applicable on liner,

W combined along + across not determined 0 Note: Wind loading not applicable on liner,

W aiong not determined 0 Note: Wind loading not applicable on liner,

W combined along + across not determined 0 Note: Wind loading not applicable on liner,

Seismic Load (E) Zone 2 - Moderate damage Ss=0.366, S1=0.109
E not determined 365,005 k-ft, Moment at base, Equivalent Lateral Load Procedure
107,255 k-ft, Moment at base, Modal Analysis Procedure
Thermal (T) 236 degrees to 10 degree difference 0 Not applicable, Chimney not in use

Note: See seismic load calculations for review of load determination

Load Combinations ACI 307-08
D W | W combined E
. aong Moments at base
(kIpS) (k-ft) along + across (k-ft)
(k-ft)
Wind, First Mode
Uv=0.9D + 1.2T + 1.6 W yg 10,188 0 Eq. 5-2
Uv=12D+ 12T + 1.6 W y0g 13,584 0 Eqg. 5-2a
Uv =0.9D + 1.2T + 1.6 W combined along + across 10,188 0 Eq. 5-3
Uv =1.2D + 1.2T + 1.6 W combined along + across 13,584 0 Eq 5-3a
Wind, Second Mode
Uv=0.9D + 1.2T + 1.6 W yg 10,188 0 Eq. 5-2
Uv=12D+ 12T + 1.6 W y0g 13,584 0 Eqg. 5-2a
Uv =0.9D + 1.2T + 1.6 W combined along + across 10,188 0 Eq. 5-3
Uv =1.2D + 1.2T + 1.6 W combined along + across 13,584 0 Eq 5-3a
Seismic, Equivalent Lateral Load Procedure
Uv=09D+12T+1.0E 10,188 365,005 Eq. 5-4
Uv=12D+12T+1.0E 13,584 365,005 Eqg. 5-4a
Seismic, Modal Analysis Procedure
Uv=09D+12T+1.0E 10,188 107,255 Eq. 5-4
Uv=12D+12T+1.0E 13,584 107,255 Eqg. 5-4a
Shell Design Strength ACI 307-08
Reduced phi*Mn = 392,749 k-ft Mu,max = 365,005 k-ft
for Pu = 10,188  k-ft

Stress Ratio, SR (Mu/(phi*Mn))= 0.93 > 1.0; No Good
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Shell Wind Load Analysis of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
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Calculation Scope

Determine the average static wind loading for comparison to original wind load design pressure.
Determine first and second mode base moments due to wind loading (W aong @1d W combined along + across) @Nd across the chimney, based on ACI 307-08 previsions

Maximum Base Moment Results

Eirst Mode Mo
W along = 347,421,606 ft-lb
W combined along + across = 188,720,485 ft-lb

Second Mode

W along = 308,151,485 ft-lb
W combined along + across = - ft-lb  Not applicable
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Shell Wind Load Analysis of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
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Scope of Calculations: Evaluate Stack Shell for current code requirements of ACI 307-08

Eirst Mode Wind Loading

Determine hourly design speed and wind load

V(Z) mean = (L.A7) V, (2/33)**** x (0.65)
V(33)

Ve=()*° V=

| =

V=

Determine Along-Wind Load for circular shapes

Z=

d@z)=

y =

V(2) mean = (1.47) V, (2/33)%*** x (0.65) =

W(Z) mean = Cdr(z) X d(Z)X p(Z)

Cdr (Z) =
Cdr (Z) =
Cdr (Z) =

d(h)
h

h -1.5d(h) =
p(z) = 0.00119 K4 V(z)? =
and Ky =
W(2) = (3.02X G, X Mw(b))/ h®=
MW(b) = W(Z) mean X (¥) X Z
G, =0.3+ (11.0[T x V(33)]°%") / (h+16)°%

w(z) = w(z)mean +w'(z) =
M along-wind = w(z) I 22 =

(ft/s)
92.22 (ft/s)
96.51 mph

1.15
90.00 mph

413.00 ft
46.50 ft
826.00 ft

136.09 (ft/s)
632.84 (Ib/ft)

0.65 for z < h -1.5d(h)
1.00 for z >= h -1.5d(h)
0.65

31.25 ft
826.00 ft

779.13 ft

20.94 psf
0.95

385.58 Ib/ft
215,884,539 (Ib-ft)
0.81

1,018.42 Ib/ft
347,421,606 |b-ft

ACI 307-08 Equation Ref.

Eq. 4-1, mean hourly design speed

Importance factor for stacks
Wind Speed per ASCE-7

set z = h to determine wind at base

Distance between z points

Eq. 4-2, mean wind load
Eq. 4-3

Eq. 4-4

top outside diameter of chimney
chimney above ground level

Eq. 4-5, pressure due to mean hourly design wind spe

Eq. 4-6
base bending moment due to W(z) nean
Eq. 4-7, Gust factor

Along-wind load per unit length
Along-wind moment at the base, let I=y

T4 =5(0%/d(b) mean) X (Pa/E ) *® x (t(h)/t(b)) **~ 3.58 s/cycle Eq. 4-8, natural period of an unlined chimney
d(b) = 62.50 ft outside diameter at base
d(b) mean = 59.50 ft mean diameter at base
t(h) = 0.75 ft thickness of shell at the top
t(b) = 3.00 ft thickness of shell at the bottom
fc= 4,000.00 psi compressive strength of concrete
Eo 519,119.50 kip/ﬂz modulus of elasticity of concrete
* o = WIVg 0.0047 kip-s“/ft® mass density of concrete
9= 32.20 fifs?
W= 22,977 kips Chimney shell weight
V= 153,179.10 ft* 5673.3 cy Chimney shell volume per dwg sheet 6127-1ED

Check if across-wind loads apply, if 0.5V(Z.)mean<Ve<1.3V(Z:)mean @nd d(z) at h/3 < 1.6d(h) then Ma appli paragraph 4.2.3.2

h/3 = 275.33 ft
d(z) ath/3 = 51.00 ft approximate d per construction plans
1.6d(h) = 50.00 ft Across winds apply
Zy =5/6h= 688.33 ft

V(Z cr) mean = 147.23 ft/s



£2 ARCADIS

Shell Wind Load Analysis of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO

AZ001209.0001

20-Sep-10
1-3V(Zcr)mean = 191.40 ft/s
O-SV(Zcr)mean = 73.61 ft/s
Vo= 42.00 ft/s Across wind applies
V mean = 111.00 ft/s Vary Vean between 0.5 and 1.3 V(z,,) yean to Solve for

Maif V jean < V(Zer) mean

Ma = (G/g) Sg Cy (*a/2) V2 d(u) h2* [Pi/4(e s +
« Y2 x Sp(2L/(h/d(u) + Ce))? =

Maif V nean >=V(Z¢r) mean

[1'0’0-95((\/ mean V(Z cr) mean )N(Z cr) mean )] *Ma =

G=

g =

SS\/ =

CL=C,Fis =
C,=-0.243 + 5.648i - 18.182% =
i= 1/(log . (5/6h/Z ;) =

Z,=
F,5 =-0.089 + 0.337 log, (h/d(u)) =
Fig =

d(u) =

h/d(u) =

o, =

Vo =fdu)/S, =

f=1T=

S, =0.25F 1, =

F 14 =0.333 + 0.206 log . (h/d(u)) =
Fia=

¢ S = 001 + (O-lo[vmean - V(ZCI') mean ]) /V(ZCI') mean =

o =

0 =Kq v adU)?)/wiu) =

ka = kao FlB =

Kao = -1.0/((1+5i)(1+(|k-1[/i+0.10)))=
K=V mean!V o

wt(u) =

Sp = (k™ 1(B°® Pi®®))exp[-1/2((1-k *)/B))?] =
B =0.10+2i =

L=

Ce=

Combined across-wind and along-wind loads

My (@) =Ma(@)? +M(2)%)% =

Where’ W| (Z) = W(Z) mean (V mean / V(Z Cf) mean ) 2 =

M @) = w (@)1%/2
M.(@) =

39,893,725 Ib-ft

49,219,544 |b-ft

4.00
32.20 ft/s
0.57 (first mode)

0.15
0.15
0.11
0.06 ft
0.96
0.96

36.67 ft
22.53

0.0765 Ib/t’

42.00 ft/s
0.28 Hz
0.24

0.97
0.97
-0.01
0.01
-0.0006
-0.07
-0.07
2.64
12,695 Ib/ft

0.811
0.31
1.20
3.00

188,720,485 ft-Ib
94,360 ft-tons

540.71 Ib/ft

184,455,719 ft-lb
39,893,725 ft-Ib

Eq. 4-9 Peak base moment due to across wind

Eq. 4-10 Peak base moment due to across wind

Eq. 4-11
Eq. 4-12
Eq. 4-13

Eq. 4-14, but not > 1.0 or < .020

Mean outside diameter of upper third of stack

Eq. 4-15

eq. 4-16,
eg. 4-17, but not >1.0 or <0.60

Eq. 4-18, but not < 0.01 or > 0.4

Eq. 4-19
Eq. 4-20
Eq. 4-21
Eq. 4-22
average wt per unit length for top third of stack

Eq. 4-23
Eq. 4-24

Eq. 4-27, Combined along and across wind moments

Eq. 4-28, tluctuating wind not required to include
with across wind loads



£2 ARCADIS

Shell Wind Load Analysis of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO

AZ001209.0001
20-Sep-10

Scope of Calculations: Evaluate Stack Shell for current code requirements of ACI 307-08

Second Mode Wind Loading

Determine hourly design speed and wind load

V(Z) mean = (L.A7) V, (2/33)**** x (0.65)
V(33)

Ve=()*° V=

| =

V=

Determine Along-Wind Load for circular shapes

Z=

d@z)=

y =

V(2) mean = (1.47) V, (2/33)%*** x (0.65) =

W(Z) mean = Cdr(z) X d(Z)X p(Z)

Cdr (Z) =
Cdr (Z) =
Cdr (Z) =

d(h)
h

h -1.5d(h) =

p(z) = 0.00119 K4 V(z)? =
and Ky =

W(2) = (3.02X G, X Mw(b))/ h®=

MW(b) = W(Z) mean X (¥) X Z

G, =0.3+ (11.0[T x V(33)]°%") / (h+16)°%
w(z) = w(z)mean +w'(z) =

M along-wind = w(z) I 22 =

T, = 0.82(h*/d(b) mean) X (P ok /E ) *® X (t(h)/t(b))”
% X (d(N) mean /A(0) rean) % =

d(b) =

d(b) mean =

d(h) mean =

(ft/s)
92.22 (ft/s)
96.51 mph

1.15
90.00 mph

413.00 ft
46.50 ft
826.00 ft

136.09 (ft/s)
632.84 (Ib/ft)

0.65 for z < h -1.5d(h)
1.00 for z >= h -1.5d(h)
0.65

31.25 ft
826.00 ft

779.13 ft

20.94 psf
0.95

270.47 Iblit
215,884,539 (Ib-ft)
0.57

903.30 Ib/ft
308,151,485 Ib-ft

0.92 s/cycle
62.50 ft
59.50 ft
29.75 ft

0.75 ft

3.00 ft

4,000.00 psi
519,119.50 K/ft*
0.0047 Kip-s’/ft*
32.20 ft/s?
22,976.87 kips

153,179.10 ft® 5673.3 cy

ACI 307-08 Equation Ref.

Eq. 4-1, mean hourly design speed

Importance factor for stacks
Wind Speed per ASCE-7

set z = h to determine wind at base

Distance between z points

Eq. 4-2, mean wind load

Eq. 4-3
Eq. 4-4

top outside diameter of chimney
chimney above ground level

Eq. 4-5, pressure due to mean hourly design wind spe

Eq. 4-6
base bending moment due to W(z) nean

Eq. 4-7, Gust factor

Along-wind load per unit length
Along-wind moment at the base, let I=y

Eq. 4-8, second mode natural period of an unlined chi
outside diameter at base

mean diameter at base

mean diameter at top

thickness of shell at the top
thickness of shell at the bottom
compressive strength of concrete

modulus of elasticity of concrete
mass density of concrete

Chimney shell weight
Chimney shell volume per dwg sheet 6127-1ED

Check if across-wind loads apply, if 0.5V(Z.)mean<V<1.3V(Zo)mean @nd d(z) at h/3 < 1.6d(h) then Ma appli paragraph 4.2.3.2

h/3 =
d(z) ath/3 =
1.6d(h) =

zy, =5/6h=

275.33 ft
51.00 ft
50.00 ft

688.33 ft

approximate d per construction plans

Across winds apply



£2 ARCADIS

Shell Wind Load Analysis of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001

20-Sep-10
V(Zcr)mean = 147.23 ft/s
1-3V(Zcr)mean = 191.40 ft/s
O-SV(Zcr)mean = 73.61 ft/s
Vg = 200.22 ft/s Ve > 1.3V mean ; Across wind does not apply
V mean = 0.00 ft/s Vary Vean between 0.5 and 1.3 V(z,,) yean t0 Solve for the max Ma
Ma If V mean < V(Z cr) mean
Ma = (G/g) Sey C (*a/2) V2 d(u) h2* [Pild(s s+
« 1Y2x Sp(2L/(h/d(u) + Ce))? = 0.00 Ib-ft Eq. 4-9 Peak base moment due to across wind
Ma If V mean >= V(Z cr) mean
[1.0-0.95((V mean - V(Zcr) mean V(Z o) mean)] * Ma = 0.00 Ib-ft Eq. 4-10 Peak base moment due to across wind
g= 32.20 ft/s
Sy = 0.57 (first mode)
CL=C,Fis = 0.15 Eqg. 4-11
C o =-0.243 + 5.648i - 18.182i% = 0.15 Eq. 4-12
i= 1/(log. (5/6h/Z ;) = 0.11 Eq. 4-13
Z,= 0.06 ft
F.5 = -0.089 + 0.337 log, (h/d(u)) = 0.96 Eg. 4-14, but not > 1.0 or <.020
Fig = 0.96
d(u) = 36.67 ft Mean outside diameter of upper third of stack
h/d(u) = 22.53
o, = 0.0765 Ib/ft®
Vg =5du)T = 200.22 ft/s Eq. 4-15
f=1T= 1.09 Hz
S, =0.25F 5 = 0.24 eq. 4-16,
F1a =0.333 + 0.206 log . (h/d(u)) = 0.97 eg. 4-17, but not >1.0 or <0.60
Fia= 0.97
*s = 0.01 + (O-lo[vmean - V(Zcr) mean ]) /V(Zcr) mean = -0.09 EQ- 4-18, but not <0.01 or > 0.4
*s = 0.01
*a=ka e adU)®)/wiu) = -0.0009 Eq. 4-19
Ka =Kao Fi1g = -0.11 Eq. 4-20
Koo = -1.0/((1+5i)(1+(|k-1|/i+0.10)))= -0.11 Eq. 4-21
k=V meanNcr = 0.00 Eq. 4-22
wt(u) = 12,695 Ib/ft average wt per unit length for top third of stack
Sp = (k™ 1(B°® Pi®®))exp[-1/2((1-k *)/B))?] = 0.000 Eq. 4-23
B =0.10+2i = 0.31 Eq. 4-24
L= 1.20
Ce= 3.00
Combined across-wind and along-wind loads
My (@) =Ma(@)? +M(2)?)°%° = 0.00 ft-Ib Eq. 4-27, Combined along and across wind moments
0.00 ft-tons
Eq. 4-28, tluctuating wind not required to include
where, W (Z) = W(Z) mean (V mean /V(Z cr) rnean)2 = 0.00 Ib/ft with across wind loads
M @) = w (@)1%/2 0.00 ft-Ib

M.(2) = 0.00 ft-Ib



#2 ARCADIS

Shell Seismic Analysis of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Calculation Scope
Determine base moments due to seismic loading (E), based on ACI 307-08 previsions. ASCE 7-02 followed per ACI 307-08 direction.

Seismic loading was determined utilizing the Equivalent Lateral Load Procedure and the Modal Analysis Procedure per ASCE 7-02

Maximum Base Shear and Moment Results

V, Base Shear (k) Mo (k/ft)
Equivalent Lateral Load 1547.00 875,963 Resultant of Vx and Vz and Mx and Mz from RISA 3D
Modal Analysis by CQC 1795.00 335,205 Resultant of Vx and Vz and Mx and Mz from RISA 3D

Use equivalent lateral load as controlling loads
See Attached Spreadsheet and RISA Data Input and Output file for calculations.

Quick check on Shear Stress
Area of Sheel at base = 78,588.90 in2
Shear Stress = 0.02 ksi Ok by engeineering judgement



"SEISMIC.xIs" Program

Version 1.0
SEISMIC DESIGN SPECTRAL ACCELERATION VALUES
per 1996 U.S. Geological Survey (USGS) Gridded Data
Job Name:|ASARCO Subject:  [826' Concrete Chimney Struct. Eval.
Job Number:]AZ001209.0001 Originator: [gmm | Checker: [jpr

Input:

(5-Digit) Zip Code :

Results:

Latitude and Longitude for Zip Code:

Precise Latitude =
Precise Longitude =
Latitude (used) =
Longitude (used) =

Design Spectral Acceleration Values:

Ss =
S1 =

Input:

Precise Latitude and Lon

Precise Latitude =
Precise Longitude =

Results:

31.7609
-106.4790
31.8
-106.5

36.5714

10.9088

gitude:

31.77
-106.52

Latitude and Longitude Used:

Latitude (used) =
Longitude (used) =

Design Spectral Acceleration Values:

Ss =
S1=

31.8
-106.5

36.5714

10.9088

deg.
deg.
deg.
deg.

%g
%g

deg.
deg.

%g
%g

(Note: "Clear Contents" or input either 0 or N.A. for Zip Code
if results based on Zip Code are not desired.)

for 2% Probability of Exceedance in 50 years (USGS 1996)
Ss = 0.2 sec. (short) period mapped spectral acceleration
S1 = 1.0 sec. period mapped spectral acceleration

(Note: "Clear Contents" or input either 0 or N.A. for Lat. and Long.
if results based on Lat. and Long. are not desired.)

for 2% Probability of Exceedance in 50 years (USGS 1996)
Ss = 0.2 sec. (short) period mapped spectral acceleration
S1 = 1.0 sec. period mapped spectral acceleration

References: a. "Seismic Design Parameters for Use with the 2000 International Building Code,
2000 International Residential Code, 1997 NEHRP Seismic Design Provisons,
and 1997 NEHRP Rehabilitation Guidelines" CD - Version 3.01
by: E.V. Leyendecker, A.D. Frankel, and K.S. Rukstales
Prepared by the U.S. Geological Survey (USGS) - February 2000

Text file used for Lat. and Long. vs. Ss and S1 values only was: "MCE_10-48states.out"

b. Interim User Guide for Seismic Design Parameters" - Version 4.00
with "2003 NEHRP Recommended Provisions and FEMA 450" CD - June 2003
by: E.V. Leyendecker, A.D. Frankel, and K.S. Rukstales

Prepared by the U.S. Geological Survey (USGS) - June 2004

Text file used for zip codes only was: "2003-Zip-Codes.txt"
c. USGS Seismic Hazards internet web site located at:

http://eqhazmaps.usgs.gov/
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"IBC2003E.xIs" Program
Version 1.8

SEISMIC BASE SHEAR AND OVERTURNING MOMENT
Per IBC 2003 and ASCE 7-02 Specifications
For Ground Supported Vertical Cylindrical Steel Tanks, Vessels, and Stacks

Job Name: |ASARCO Subject: [826' Concrete Chimney Struct. Eval.
Job Number: |AZ001209.0001 Originator:jgmm | Checker:|jpr
Input Data: Equivalent Lateral Force Procedure Based Approximation of T for the first mode

Occupancy Category =

Importance Factor, | = 1.25
Soil Site Class = D
Location Zip Code = 79901
Spectral Accel., Ss = 0.366
Spectral Accel., S1 = 0.109
Height, h=[ 818.000
Diameter, d = 62.000
Wall Thickness, t=| 36.0000
Empty Weight, We = 22977
Total Weight, Wt = 22977
Liquid Contents? No
Structural System = 10a
Results:
Site Coefficients:
Fa = 1.507
Fv 2.364

Maximum Spectral Response Accelerations:

SMS =
SM1 =

0.551
0.258

Design Spectral Response Accelerations for Short and 1-Second Periods :

Seismic Use Group Il ,Table 1604.5
ASCE 7-02 Table 9.14.5.1.2, p. 192
IBC Table 1615.1.1, page 322

g}

?2%/3

IBC Figure 1615(1) or USGS
IBC Figure 1615(2) or USGS h
ft. (ht of stack to top fdn)
ft.
in.

kips
kips ASCE 7-02 Section 9.14.5.2

TR

Cast-in-place concrete silos,
stacks, and chimneys having
walls continuous to the fdn.
(ASCE 7-02 Table 9.14.5.1.1)

V = Cs*W

Seismic Base Shear

IBC Table 1615.1.2(1), page 323
IBC Table 1615.1.2(2), page 323

SMs = Fa*Ss, IBC Egn. 16-38, page 322
SMm1 = Fv*S1, IBC Eqgn. 16-39, page 322

SDs = 2*Sms/3, IBC Eqn. 16-40, page 322
Sp1 = 2*SM1/3, IBC Eqn. 16-41, page 322

IBC Table 1616.3(1), page 326
IBC Table 1616.3(2), page 326
Most critical of either category case above controls

SDS = 0.368
Sb1 = 0.172
Seismic Design Category:
Category(for SDS) = C
Category(for Sp1) = C
Use Category = C
Fundamental Period:
T= 3.580
Rigid or Flexible?| Flexible

sec., T = 0.00000765*(h/d)2*(W*1000/h*d/(t/12))"(1/2)
Criteria: If T < 0.06, then Rigid, else if T >= 0.06, then Flexible

Seismic Design Factors and Coefficien

Response Modifier, R =
Overstrength Factor, Wo =

Defl. Amplif. Factor, Cd =

15
1.75
3

ts:
ASCE 7-02 Table 9.14.5.1.1, pages 190-191
ASCE 7-02 Table 9.14.5.1.1, pages 190-191
ASCE 7-02 Table 9.14.5.1.1, pages 190-191

(continued:)

15 of 39 9/17/2010 8:36 AM



"IBC2003E.xIs" Program
Version 1.8

Seismic Base Shear: (using ASCE 7-02, 9.14.5) See Comments below
Cs= 0.306 Cs = Spbs/(R/1), ASCE 7-02 Section 9.5.5.2.1, Eqn. 9.5.5.2.1-1
Cs(max) = 0.040 Cs(max) = Sp1/((R/1)*T), ASCE 7-02 Sect. 9.5.5.2.1, Egn. 9.5.5.2.1-2
Cs(min) = 0.064 CS(min) = 0.14*SDS*l, ASCE 7-02 Sect. 9.14.5.1, Eqn. 9.14.5.1-1
Use: Cs = 0.064 Cs(min) <= Cs <= CS(max)
V=] 1477.80 |kips, for Flexible: V = CS*W, ASCE 7-02 Eqn. 9.5.5.2-1

Seismic Shear Vertical Distribution: (using ASCE 7-02, 9.14.5)
Assume triangular force distribution, with resultant acting at 2*h/3
Cvx = 1.0 Cvx = Wx*hx~k/(SWithirk) = 1.0, ASCE 7-02 Eqgn. 9.5.5.4-2, page 148
Force at 2*h/3, F=| 1477.80 |kips, F = Cvx*V, ASCE 7-02 Sect. 9.5.5.4, Eqn. 9.5.5.4-1, page 148

Overturning Moment at Base: (using ASCE 7-02, 9.14.5
Mo =] 805,894.15 |it-kips, Mo = F*(2*h/3) (at top of foundation or support structure)
Estimated Mo, RISA moment used for design checks

Comments:

Cs, min is taken for Nonbuilding structures under ASCE 9.14.5 and supercedes Cs, min for building structures
equal to Cs, min = 0.044 Spg | under section 9.5.5.2.1

16 of 39 9/17/2010 8:36 AM



fRARCADIS .

Shell RISA 3D Model for Seismic Loads by Equivalent Lateral Load and Modal Analysis Procedure
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Calculation Scope

Determine Seismic (E) shell base loads utilizing RISA 3D for the Equivalent Lateral Load Procedure and the Modal Analysis Procedures . RISA only allows the use
Seismic Response Coefficients (Cs) for buildings a and the chimney falls under Nonbuilding Structures Requirements (ASCE 5.14) and C; ,;, = 0.14 SDS1 in instead of

of C, min = 0.044 S5 | ; therefore the Seismic Basic Load cases are adjusted by applying a load factor to the load combinations equal to C, ., (nonbuilding) with the
Csvalue used in RISA. See below for calculations

Reference
Csmin (nonbuildings) = 0.064 See equivalent lateral load spredsheet

W= 23,762.00 (k) DL from RISA

Vx (Risa Base Shear) = 867.265 (k) See RISA Seismic Calculation Sheet
Csx = VIW 0.036
Adj Factor = Cs min (nonbldg)/Csx 1.762

Vz (Risa Base Shear) = 884.256 (k) See RISA Seismic Calculation Sheet
Csx = VIW 0.037
Adj Factor = Cs min (nonbldg)/Csx 1.728

Use average AF 1.75




Seismic Generation Input

Seismic Code:

Ct Z:
Ct_X:

Ct Exp. Z:
Use Group:
SD1 (g):

Base Elevation(ft):10.5

Seismic Generation Detail Results
3.726

T_Z Used (sec):
T_X Used (sec):
Importance Fac.:

V_Z (K):
V_X (K):

Seismic Generation Force Results
Floor Level

Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :

RISA-3D Version 8.1.3

© o0 ~NO Ol WN P

WWWWWWNRNRNNMNNRNNNNNRRRRRRERRRRR
ORWONRPOODXDNOURWNRLROO©O~NO®UOR™WNLEREO

ASCE 7-2002

3.799

890.417
873.307

Height
(ft)
803.225
790.896
778.567
766.238
753.908
741.579
729.25
716.921
704.592
692.263
679.933
667.604
655.275
642.946
630.617
618.288
605.958
593.629
581.3
568.971
556.642
544.313
531.983
519.654
507.325
494.996
482.667
470.338
458.008
445.679
433.35
421.021
408.692
396.363
384.033

T_Z (sec):
T_X (sec):
Ct Exp. X:

SDS (g):

T_Z Method A:
T_X Method A:

Design Cat.:
Gov. Eqgn.
Gov. Eqgn.

Weight
(k)
76.229
153.573
155.195
156.817
158.439
160.06
161.682
163.304
164.926
166.547
169.34
172.149
174.987
177.841
179.507
182.402
185.312
188.251
191.206
192.918
195.914
198.925
201.966
205.022
206.779
209.876
212.989
216.131
219.289
223.861
225.672
224.694
235.011
248.281
258.877

3.726
3.799
.75

.367

3.018
3.018
C

R_Z:
R_X:

Seismic Weight LC: 1 DL

S1(9):

15
15

.109

T_Z Upper Limit: 4.828
T_X Upper Limit: 4.828

ASCE Eqn 9.5.5.2.1-2
ASCE Eqn 9.5.5.2.1-2

Force Z
(k)
15.575
30.422
29.793
29.158
28.519
27.876
27.23
26.581
25.93
25.277
24.793
24.299
23.795
23.282
22.607
22.083
21.549
21.009
20.462
19.778
19.225
18.665
18.101
17.533
16.855
16.286
15.714
15.142
14.568
14.082
13.421
12.614
12.431
12.353
12.091

Force X
(k)
15.276
29.838
29.22
28.598
27.971
27.341
26.707
26.071
25.432
24.791
24.317
23.832
23.338
22.835
22.173
21.658
21.135
20.605
20.068
19.398
18.855
18.306
17.754
17.197
16.531
15.973
15.412
14.851
14.288
13.811
13.163
12.371
12.192
12.116
11.859

CGZ
(f

o

eNelNeolNeolNeolNelNelNelelNoNolNolNelNelNelNeNeolNolNolNeololNeolNelNeolNolNololNolNolNolNolNolNolNol

[G:\BDG\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\shell.r3d]

CG X
(f

o

eNelNeolNeolNolNeNelNelelNoNolNolNelNelNelNeNeolNeoNolNeololNolNelNeolNolNololNelNolNolNolNolNolNol
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Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Base

36
37
38
39
40
41
42
43

144

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

371.704
359.375
347.046
334.717
322.388
310.058
297.729
285.4
273.071
260.742
248.413
236.083
223.754
211.425
199.096
186.767
174.438
162.108
149.779
137.45
125.121
112.792
100.463
88.133
75.804
63.475
51.146
38.817
26.488
14.158
1.829

272.499
280.445
288.509
302.582
316.834
331.268
351.963
372.9
387.964
403.208
418.632
427.929
437.345
453.219
469.274
485.509
495.392
505.393
522.079
538.944
555.99
566.459
577.045
594.542
660.468
775.572
920.05
1009.993
1016.48
1022.967
771.279
0

Seismic Generation Diaphragm Results

Floor Level

Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
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Width (2)
(ft)
36.67
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37.453
37.844
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40.584
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Length (X)
(ft)
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35.62
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38.97
39.342
39.714
40.086
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41.203
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9.619
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7.553
6.934
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5.891
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3.709
3.225
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2.282
1.844
1.463
1.202
.99
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.226
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Z Plus
(ft)
1.834
1.853
1.873
1.892
1.912
1.931
1.951
1.97
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2.01
2.029
2.049
2.068
2.088
2.107
2.127
2.147
2.166
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1.179
971
.748
AT73
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.064

Z Minus
(ft)
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20
21
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39
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41
42
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44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

44.106
44.497
44.889
45.28
45.671
46.063
46.454
46.845
47.237
47.628
48.02
48.411
48.802
49.194
49.585
49.976
50.368
50.759
51.15
51.542
51.933
52.325
52.716
53.107
53.499
53.89
54.281
54.673
55.064
55.455
55.847
56.238
56.63
57.021
57.412
57.804
58.195
58.586
58.978
59.369
59.76
60.152
60.543
60.935
61.326
61.717
62.109

41.947
42.319
42.692
43.064
43.436
43.808
44.18
44.553
44.925
45.297
45.669
46.042
46.414
46.786
47.158
47.53
47.903
48.275
48.647
49.019
49.391
49.764
50.136
50.508
50.88
51.252
51.625
51.997
52.369
52.741
53.113
53.486
53.858
54.23
54.602
54.975
55.347
55.719
56.091
56.463
56.836
57.208
57.58
57.952
58.324
58.697
59.069

2.205
2.225
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2.342
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2.381
2.401
2421
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2.695
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2.734
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2.792
2.812
2.831
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2.871
2.89
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2.929
2.949
2.968
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2.47
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2.507
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2.581
2.6
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June 24, 2010 at 9:44 AM
dynamic Chimney quadmeshed.r3d

826' Concrete Chimney Shell

CHIMNEY ISOMETRIC

Results for LC 1, DL

Arcadis
JPR




826' Concrete Chimney Shell

Aug 10, 2010
1:27 PM

Checked By:

Company : ARCADIS
Designer : JPR
Job Number
Global
Display Sections for Member Calcs 5
Max Internal Sections for Member Calcs 97
Include Shear Deformation Yes
Include Warping Yes
Area Load Mesh (in"2) 144
Merge Tolerance (in) A2
P-Delta Analysis Tolerance 0.50%
Vertical Axis Y
Hot Rolled Steel Code AISC: ASD 9th
Cold Formed Steel Code AISI 99: ASD

Wood Code

NDS 91/97: ASD

Wood Temperature

< 100F

Concrete Code

ACI 2002

Masonry Code MSJC 05/IBC 06 ASD
Number of Shear Regions 4
Region Spacing Increment (in) 4

Biaxial Column Method

PCA Load Contour

Parme Beta Factor (PCA)

.65

Concrete Stress Block

Rectangular

Use Cracked Sections Yes
Bad Framing Warnings No
Unused Force Warnings Yes

Basic Load Cases

BLC Description Category X Gravity Y Gravity Z Gravity Joint Point  Distributed Area (Me...Surface (...

1 Dynamic Mass None -1

20 Earthquake Load Z ELZ 66
21 Earthquake Load X ELX 66
22 | Earthquake Load Z Plus X Eccentr ELZ+X 66
23 | Earthquake Load Z Minus X Eccent ELZ-X 66
24 | Earthquake Load X Plus Z Eccentr ELX+Z 66
25 | Earthquake Load X Minus Z Eccent ELX-Z 66

RISA-3D Version 8.1.3
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Company
Designer
Job Number

. ARCADIS
. JPR

Load Combinations

826' Concrete Chimney Shell

Aug 10, 2010
1:27 PM

Checked By:

Description Solve PDelta SRSS BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 DL Yes 1 1
2 Unscaled Modal SX Yes SX| 1
3 Unscaled Modal SZ Yes Sz | 1
4 DL + SX Yes 1 1 |SX.. 1
5 DL-SX Yes 1 1 SX.. -1
6 DL+SZ Yes 1 1 |Szx.| 1
7 DL-SZ Yes 1 1 Szx.| -1
8 ASCE 5 (b) (a) Yes DL| 1 |ELX]|1.75
9 ASCE 5 (b) (b) Yes DL| 1 [ELX.}1.75
10 ASCE 5 (b) (c) Yes DL| 1 [ELX.}1.75
11 ASCE 5 (b) (d) Yes DL| 1 |ELZ|1.75
12 ASCE 5 (b) (e) Yes DL| 1 [ELZ. 1.75
13 ASCE 5 (b) () Yes DL| 1 [ELZ.11.75
14 ASCE 5 (b) (g) Yes DL| 1 |ELX]|1.75
15 ASCE 5 (b) (h) Yes DL| 1 [ELX.}1.75
16 ASCE 5 (b) (i) Yes DL| 1 [ELX.}1.75
17 ASCE 5 (b) (j) Yes DL| 1 |ELZ|1.75
18 ASCE 5 (b) (k) Yes DL| 1 [ELZ.J1.75
19 ASCE 5 (b) () Yes DL| 1 [ELZ.j1.75

Dynamics Input

Number of Modes 50

Load Combination Number 1-DL

Acceleration of Gravity

32.2 (ft/sec"2)

Convergence Tolerance

0.0001

RISA-3D Version 8.1.3
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Company : ARCADIS Aug 10, 2010
Designer : JPR 1:27 PM
Job Number 826' Concrete Chimney Shell Checked By:
Response Spectra Data
X Direction Spectra IBC 2000, Parametric Design Spectra, SDS = 0.368, SD1 = 0.172
Modes Used All 50 modes
Mode No. for Signs
Modal Combination Method cQcC
Damping Ratio 5 Percent
Z Direction Spectra IBC 2000, Parametric Design Spectra, SDS = 0.368, SD1 = 0.172
Modes Used All 50 modes
Mode No. for Signs
Modal Combination Method CcQC
Damping Ratio 5 Percent
Frequencies / Participation
Mode Number Frequency Period Percent Modal Participation
(Hz) (Sec) X Spectra Y Spectra Z Spectra
1 .268 3.733 275 33.78
2 .268 3.733 33.779 275
3 1.058 .945 .007 21.811
4 1.058 .945 21.811 .007
5 2.464 406 11.73
6 2.464 406 11.73
7 3.281 .305
8 4.283 .233
9 4.379 228 .013 7.595
10 4.379 .228 7.595 .013
11 6.597 152
12 6.634 151 .051 5.235
13 6.634 151 5.235 .051
14 9.154 .109 .072 3.792
15 9.154 109 3.792 .072
16 9.681 .103
17 10.496 .095
18 11.834 .085 2.89
19 11.834 .085 2.89
20 14.385 .07
RISA-3D Version 8.1.3 [G:\BDG\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\shell.r3d] Page 3



Company : ARCADIS Aug 10, 2010
Designer : JPR 1:27 PM
Job Number 826' Concrete Chimney Shell Checked By:
Freguencies / Participation, (continued)
Mode Number Frequency Period Percent Modal Participation
(Hz) (Sec) X Spectra Y Spectra Z Spectra

21 14.614 .068 .005 2.192

22 14.614 .068 2.192 .005

23 15.794 .063

24 17.478 .057 .005 1.522

25 17.478 .057 1.522 .005

26 18.18 .055

27 20.433 .049 .004 1.14

28 20.434 .049 1.14 .004

29 21.614 .046

30 21.951 .046

31 23.398 .043 .003 .807

32 23.399 .043 .807 .003

33 25.785 .039

34 26.44 .038 .002 .64

35 26.44 .038 .64 .002

36 27.357 .037

37 29.46 .034 .002 522

38 29.461 .034 522 .002

39 29.547 .034

40 32.425 .031 .001 .505

41 32.427 .031 .505 .001

42 33.119 .03

43 33.64 .03

44 35.305 .028 .001 468

45 35.307 .028 468 .001

46 37.482 .027

47 38.029 .026 .001 444

48 38.031 .026 444 .001

49 38.319 .026

50 38.94 .026

Totals : 95.516 95.517
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Company : ARCADIS Aug 10, 2010
Designer : JPR 1:27 PM
Job Number 826' Concrete Chimney Shell Checked By:
Spectra Scaling Factor
'Scaling Factor Z: 1 | Scaling Factor X:
Joint Reactions (By Combination)
LC Joint Label X [K] Y [K] Z [K] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N2991 0 23921.836 0 2.24 .01 3.195
2 1 Totals: 0 23921.836 0
3 1 COG (ft): X:0 Y: 269.287 Z:0
4 2 N2991 -1799.91 -.014 -.069 -38.989 -.639 -335187.68
5 2 Totals: -1799.91 -.014 -.069
6 2 COG (ft): NC NC NC
7 3 N2991 -.069 -.013 -1799.927 -335204.654 -.674 -38.992
8 3 Totals: -.069 -.013 -1799.927
9 3 COG (ft): NC NC NC
10 | 4 N2991 -869.357 23921.829 -.033 -16.592 -.299 -161892.454
11 | 4 Totals: -869.357 23921.829 -.033
12 | 4 COG (ft): X:0 Y: 269.287 Z:0
13 | 5 N2991 869.357 23921.843 .033 21.071 .318 161898.844
14 | 5 Totals: 869.357 23921.843 .033
15 | 5 COG (ft): X:0 Y: 269.287 Z:0
16 | 6 N2991 -.034 23921.83 -890.964 -165924.064 -.324 -16.106
17 | 6 Totals: -.034 23921.83 -890.964
18 | 6 COG (ft): X:0 Y: 269.287 Z:0
19 | 7 N2991 .034 23921.843 890.964 165928.543 .343 22.496
20 | 7 Totals: .034 23921.843 890.964
21 | 7 COG (ft): X:0 Y: 269.287 Z:0
22 | 8 N2991 -1527.805 0 -.016 -21.426 -2.669 864089.886
23 | 8 Totals: -1527.805 0 -.016
24 | 8 COG (ft): NC NC NC
25 | 9 N2991 -1527.805 0 -.016 -21.442 -3406.656 864089.946
26 | 9 Totals: -1527.805 0 -.016
27 | 9 COG (ft): NC NC NC
28 | 10 N2991 -1527.805 0 -.016 -21.409 3401.319 864089.826
29 | 10 Totals: -1527.805 0 -.016
30 | 10 COG (ft): NC NC NC
31 |11 N2991 -.016 0 -1558.05 -881194.394 -.666 21.83
32 |11 Totals: -.016 0 -1558.05
RISA-3D Version 8.1.3 [G:\BDG\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\shell.r3d] Page 5



Company : ARCADIS Aug 10, 2010
Designer : JPR 1:27 PM
Job Number 826' Concrete Chimney Shell Checked By:
Joint Reactions (By Combination) (Continued)

LC Joint Label X [K] Y [K] Z K] MX [k-ft] MY [k-ft] MZ [k-ft]
33 |11 COG (ft): NC NC NC
34 |12 N2991 -.016 0 -1558.05 -881194.379 3300.146 21.772
35 |12 Totals: -.016 0 -1558.05
36 | 12 COG (ft): NC NC NC
37 |13 N2991 -.016 0 -1558.05 -881194.41 -3301.477 21.888
38 | 13 Totals: -.016 0 -1558.05
39 | 13 COG (ft): NC NC NC
40 | 14 N2991 -1527.805 0 -.016 -21.426 -2.669 864089.886
41 | 14 Totals: -1527.805 0 -.016
42 | 14 COG (ft): NC NC NC
43 | 15 N2991 -1527.805 0 -.016 -21.442 -3406.656 864089.946
44 | 15 Totals: -1527.805 0 -.016
45 | 15 COG (ft): NC NC NC
46 | 16 N2991 -1527.805 0 -.016 -21.409 3401.319 864089.826
47 | 16 Totals: -1527.805 0 -.016
48 | 16 COG (ft): NC NC NC
49 | 17 N2991 -.016 0 -1558.05 -881194.394 -.666 21.83
50 | 17 Totals: -.016 0 -1558.05
51 | 17 COG (ft): NC NC NC
52 | 18 N2991 -.016 0 -1558.05 -881194.379 3300.146 21.772
53 | 18 Totals: -.016 0 -1558.05
54 | 18 COG (ft): NC NC NC
55 | 19 N2991 -.016 0 -1558.05 -881194.41 -3301.477 21.888
56 | 19 Totals: -.016 0 -1558.05
57 119 COG (ft): NC NC NC
RISA-3D Version 8.1.3 [G:\BDG\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\shell.r3d] Page 6



£2 ARCADIS

Shell Strength Design of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Scope of Calculation: Evaluate shell design strength for load combination Load Combination Uv=0.9D + 1.0E
ACI 307-08 Reference and Comments

P /Pt =K, = 1.7%1 Q+2%en*Ko* W, Qq + 2* W *[ 4

P, = factored vert load = 20,679,300 lbs 0.9D, See Basic Loads and Load Combination sheet
outer radius = 375.00 in from dwgs, see Sketch 1
inner radius = 339.00 in
r = avg radius of sect = 357.00 in
t = thickness of conc shell = 36.00 in
f'. = conc strength = 4,000 psi
B, = 0.85 >=0.65 Eq. 5-15/5-16
P/ttt = 0.40226 Good Eqg. 5-6
00
Ky = 1L.7*Q* +2*e *K*w*Qq +2*w*/ 0.40226 Eq. 5-6
I=t-n,*b= 0.42 Eq. 5-9
Q1= 0.03532714 Eg. 5-10
ly=m+ y-p = -2.13 Eq. 5-11
n= 0.30 rad 0.955414 <1.0 Eq. 5-14, See figure 5.1 below
17.17 degree
y = 0.71 rad 0.757255 >=-1.0 Eq. 5-13, See figure 5.1 below
40.78 degree
t = 0.50 rad 28.61179 degree Eq. 5-12, See figure 5.1 below
n, =# opngs in compress zone 1.00 See Sketch 1 attached
b = 1/2 central angle subt by opening = 4.80 deg See figure 5.1 below, and Sketch 1 attached
b = 1/2 central angle subt by opening = 0.08 rad
€., = conc strain = .07*(1-cos & ) / (1+cos & )<= .003 0.00300 0.03876 €, = steel strain = *m*(1+cos &)/ (1-cos & )< .07
a = 1/2 central angle subt by neutral axis = 31.093 deg vary a until Pu / rit*fc' = K1
a =1/2 central angle subt by neutral axis = 0.54 rad
Ke =Eg /fy = 483.33 Eq. 5-7
E, mod of elast of r/f = 29,000,000 psi
fy, reinf strength = 60,000 psi
W= oy /f'= 0.048 Eq. 5-8
ry= 0.0032
vertical reinforcing, # 9 @ 8.63 in o.c.
9 par = 1.13 in
A, = 1.39 in*/ ft
perimeter using avg radius = 2,243.10 in
total vertical r/f area @ base = 259.74 in?
total area conc shell @ base = 80,751.50 in?
for a<=5deg 81.677 =Q Eq. 5-20
for 5 deg < a <=10 deg 0.008 =Q Eqg. 5-21
for 10 deg < a <= 17 deg 0.852 =Q Eq. 5-22
for 17 deg < a <= 25 deg 0.897 =Q Eqg. 5-23
for 25 deg < a <= 35 deg 0.853 =Q Eq. 5-24
for35deg< a 0.890 =Q Eqg. 5-25

Use, Q = 0.853



£2 ARCADIS

Shell Strength Design of Stack

AZ001209.0001

826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO

20-Sep-10
M, /P *r=Ksz=cosa +K,/K;, M, =P *rK, Eq. 5-18
My = 875,963 k-ft 1.0 E, See Basic Loads and Load Combination sheet
K3 =cosa +K,/K, = 2.08
Ky, =1.7°QR + €, *K* W, Q, + 22 W *K = 0.49 Eg. 5-19
Q2= ((y -
m)(1+2cos"2(a)+(1/2)(4sin(2a )+sin2y -
sin2 u)- z)/(1-cosa)= 2.40 Eq. 5-26
z =4cos(a)(sin(a)+sin(y )-sin(u)) 2.99
R=sint -(f -n,;*b)*cosa - (n,/2)*[sin( g
+ b)-sin(g- b)= 0.039 Eqg. 5-27
g = 1/2 angle btw 2 openings, 0 if 1 or zero
openings = 0
K=siny +sinm+(p-y - m)*cosa 2.77
M, =P, r K3 = nominal moment strength = 1,280,449 k-ft 1295441
f = (moment) 0.80
Maiowanie = f * M, = 1,024,359 k-t 0.855
Reduction Factor = 0.95
reduced M ziowaple = 973,141 k-ft 0.900

OK




$2 ARCADIS

Shell Strength Design of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Figure 5-1 from ACI 307-08

REINFORCED COMCRETE CHIMMNEYS W79

— Merticel reinforramant

B, = area of verical
‘sinorcement

PLAN zar unit mngh
|— ricos p-cos o= fr{l.cosa)
fmEs

7 S5, oos pEcosa+ (1 - s ) f
| i

|~ F s o - oosy) = el - co8 o
an

w(iagyor | o

= DA infin —hﬁ._\_\:*—b

i
! f1+ensn
"1 -comaf— T é’_ I
e LE, !\ Tooosn
oos 1=1- Pyl 1 -cosda) | e = QU7 InAn,

roosn — roasy

STRAIN DIAGRAM

ccosp=sosa-(cosalfy

0BSiLxa___ f
Fel T 11
Fi(ru-msni—{;_

compraagion | lension

STRESS DIAGRAM

Flg. 5 ju)=Ereees gud svale diggros

Campression
IO ——

5,
Comgression e
Zone ——"

FLAH
Dimans ons not shown: same a: Fa 5. a)

Dimessins net shawn: same as Fa, &1
Fip 5 Nib=Theo cpven e i coipre oiim Time Fig 5 Iied =T syomene tric opsmi e

el in cowtire Ssiee. Tove



£2 ARCADIS

Shell Strength Design of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Sketch 1 - Drawn from information obtained from original construction drawings




£2 ARCADIS

Liner Seismic Analysis of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Calculation Scope
Determine base moments due to seismic loading (E), based on ACI 307-08 previsions. ASCE 7-02 followed per ACI 307-08 direction.

Seismic loading was determined utilizing the Equivalent Lateral Load Procedure and the Modal Analysis Procedure per ASCE 7-02

Maximum Base Shear and Moment Results

V, Base Shear (k)  Mx (k-ft) Mz (k-ft) Mo (k/ft)
Equivalent Lateral Load 755.00 441,235.00 Resultant of Vx and Vz and Mx and Mz from RISA 3D
Modal Analysis by COC 652.00 100,843.00 Resultant of Vx and Vz and Mx and Mz from RISA 3D

Use equivalent lateral load as controlling loads
See Attached Spreadsheet and RISA Data Input and Output file for calculations.



£2 ARCADIS

Liner Seismic Analysis of Stack

AZ001209.0001
20-Sep-10

826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO

Scope of Calculations: Evaluate Stack Liner for current code requirements of ACI 307-08

Fundamental Period Approximation

d(h)
h

T3 =5(n2/d(b) mean) X (P oc/E ) *° x (t(h)/1(0)) >~
d(b) =

d(0) mean =

t(h)

t(b)

Ecki
'ck:WNg

31.25 ft
826.00 ft

6.79 s/cycle
35.39 ft
32.39 ft

0.83 ft

3.00 ft
4,000.00 psi
519,119.50 Kip/ft*

0.004658385 Kip-s/ft*

32.20 ft/s?
11,947.50 kips

79,650.00 ft* 2950 cy

ACI 307-08 Equation Ref.
top outside diameter of chimney
chimney above ground level

Eq. 4-8, natural period of liner
outside diameter at base
mean diameter at base

thickness of shell at the top
thickness of shell at the bottom
compressive strength of concrete

modulus of elasticity of concrete
mass density of concrete

Chimney shell weight
Chimney shell volume per dwg sheet 6127-1ED




"IBC2003E.xIs" Program
Version 1.8

SEISMIC BASE SHEAR AND OVERTURNING MOMENT
Per IBC 2003 and ASCE 7-02 Specifications
For Ground Supported Vertical Cylindrical Steel Tanks, Vessels, and Stacks

Job Name: |ASARCO Subject: [826' Concrete Chimney Liner Eval.
Job Number: |AZ001209.0001 Originator:jgmm | Checker:|jpr
Input Data: Equivalent Lateral Force Procedure Based Approximation T

Occupancy Category =

Importance Factor, | = 1.25
Soil Site Class = D
Location Zip Code = 79901
Spectral Accel., Ss = 0.366
Spectral Accel., S1 = 0.109
Height, h=[ 818.000
Diameter, d = 35.390
Wall Thickness, t=| 36.0000
Empty Weight, We = 11947
Total Weight, Wt = 11947
Liquid Contents? No
Structural System = 10a
Results:
Site Coefficients:
Fa = 1.507
Fv 2.364

Maximum Spectral Response Accelerations:

SMS =
SM1 =

0.551
0.258

Design Spectral Response Accelerations for Short and 1-Second Periods :

Seismic Use Group Il ,Table 1604.5
ASCE 7-02 Table 9.14.5.1.2, p. 192
IBC Table 1615.1.1, page 322

g}

?2%/3

IBC Figure 1615(1) or USGS
IBC Figure 1615(2) or USGS h
ft. (ht of stack to top fdn)
ft.
in.

kips
kips ASCE 7-02 Section 9.14.5.2

TR

Cast-in-place concrete silos,
stacks, and chimneys having
walls continuous to the fdn.
(ASCE 7-02 Table 9.14.5.1.1)

V = Cs*W

Seismic Base Shear

IBC Table 1615.1.2(1), page 323
IBC Table 1615.1.2(2), page 323

SMs = Fa*Ss, IBC Egn. 16-38, page 322
SMm1 = Fv*S1, IBC Eqgn. 16-39, page 322

SDs = 2*Sms/3, IBC Eqn. 16-40, page 322
Sp1 = 2*SM1/3, IBC Eqn. 16-41, page 322

IBC Table 1616.3(1), page 326
IBC Table 1616.3(2), page 326
Most critical of either category case above controls

SDS = 0.368
Sb1 = 0.172
Seismic Design Category:
Category(for SDS) = C
Category(for Sp1) = C
Use Category = C
Fundamental Period:
T= 6.590
Rigid or Flexible?| Flexible

sec., T = 0.00000765*(h/d)2*(W*1000/h*d/(t/12))"(1/2)
Criteria: If T < 0.06, then Rigid, else if T >= 0.06, then Flexible

Seismic Design Factors and Coefficien

Response Modifier, R =
Overstrength Factor, Wo =

Defl. Amplif. Factor, Cd =

15
1.75
3

ts:
ASCE 7-02 Table 9.14.5.1.1, pages 190-191
ASCE 7-02 Table 9.14.5.1.1, pages 190-191
ASCE 7-02 Table 9.14.5.1.1, pages 190-191

(continued:)
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"IBC2003E.xIs" Program
Version 1.8

Seismic Base Shear: (using ASCE 7-02 procedure "a" or "c", page 196)
Cs= 0.306 Cs = Spbs/(R/1), ASCE 7-02 Section 9.5.5.2.1, Eqn. 9.5.5.2.1-1
Cs(max) = 0.022 Cs(max) = Sp1/((R/1)*T), ASCE 7-02 Sect. 9.5.5.2.1, Egn. 9.5.5.2.1-2
Cs(min) = 0.064 CS(min) = 0.14*SDS*l, ASCE 7-02 Sect. 9.14.5.1, Eqn. 9.14.5.1-1
Use: Cs = 0.064 Cs(min) <= Cs <= CS(max)
V= 768.39 kips, for Flexible: V = CS*W, ASCE 7-02 Eqn. 9.5.5.2-1

Seismic Shear Vertical Distribution: (using ASCE 7-02 procedure "a" or "c", page 196)
Assume triangular force distribution, with resultant acting at 2*h/3
Cwx = 1.0 Cvx = Wx*hx~k/(SWithik) = 1.0, ASCE 7-02 Egn. 9.5.5.4-2, page 148
Force at 2*h/3, F = 768.39  |kips, F = Cvx*V, ASCE 7-02 Sect. 9.5.5.4, Eqn. 9.5.5.4-1, page 148

Overturning Moment at Base: (using ASCE 7-02 procedure "a" or "c", page 196
Mo =] 419,030.94 |it-kips, Mo = F*(2*h/3) (at top of foundation or support structure)
Estimated Mo, RISA moment used for design checks

Seismic Base Shear: (ASCE 7-02 procedure "b", page 196, and APl 650 Appendix E)
N.A.

Ti= sec., Ti=T (assumed)

Ts= N.A. sec., Ts = SD1/Sps, ASCE 7-02 page 105

Tc= N.A. sec., Tc = 2*p*SQRT(d/(3.68*g*TANH(3.68*h/d))), Eqn. 9.14.7.3.6.1-8
Sai = N.A. Sai = SDS, for Ti <= Ts, ASCE 7-02 Egn. 9.14.7.3.6.1-4
Sac = N.A. Sac = 6*SD1/Tc”2, for Tc > 4.0, ASCE 7-02 Eqn. 9.14.7.3.6.1-7
Wi = N.A. kips, Wi =0.991*W (for W1 from API 650, Fig. E-2)
Wec = N.A. kips, Wc = 0.01*W (for W2 from API 650, Fig. E-2)

Ci= N.A. Ci = Sai*I/R, ASCE 7-02 Eqgn. 9.14.7.3.6.1-2

Vi= N.A. kips, Vi = Sai*l/R*Wi = Ci*Wi, ASCE 7-02 Eqgn. 9.14.7.3.6.1-2
Cc= N.A. Cc = Sac*l/R, ASCE 7-02 Eqn. 9.14.7.3.6.1-3

Ve = N.A. kips, Vc = Sac*I/R*Wc = Cc*Wec, ASCE 7-02 Egn. 9.14.7.3.6.1-3

V= N.A. kips, V = Vi + V¢, ASCE Eqgn. 7-02 9.14.7.3.6.1-1, page 197

Overturning Moment at Base: (using ASCE 7-02 procedure "b", page 196, and API 650 Appendix E

Xs = N.A. ft., Xs = h/2 (assumed)

Xi= N.A. ft., Xi=0.487*h (for X1 from API 650, Appendix E Fig. E-3)
Xc= N.A. ft., Xc =0.987*h (for X2 from API 650, Appendix E Fig. E-3)
Mo = N.A. ft-kips, Mo = Ci*We*Xs + Ci*Wi*Xi + Cc*Wc*Xc, APl 650 Sect. E.3.1

Comments:
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£2 ARCADIS

Liner RISA 3D Model for Seismic Loads by Equivalent Lateral Load and Modal Analysis Procedure
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Calculation Scope

Determine Seismic (E) liner base loads utilizing RISA 3D for the Equivalent Lateral Load Procedure and the Modal Analysis Procedures . RISA
only allows the use Seismic Response Coefficients (Cs) for buildings a and the chimney falls under Nonbuilding Structures Requirements (ASCE

9.14) and C, i, = 0.14 Sgl in instead of of C, ., =0.044 Sy ; therefore the Seismic Basic Load cases are adjusted by applying a load factor to the load
combinations equal to C ., (nonbuilding) with the Cs value used in RISA. See below for calculations

Reference

Csmin (nonbuildings) = 0.064 See equivalent lateral load spreadsheet

W= 11,733.00 (k) DL from RISA
Vx (RISA Base Shear) = 330.859 (k) See RISA Seismic Calculation Sheet
Csx = VIW 0.028
Adj Factor = Cs min (nonbldg)/Csx 2.281
Vz (RISA Base Shear) = 330.859 (k) See RISA Seismic Calculation Sheet
Csx = VIW 0.028
Adj Factor = Cs min (nonbldg)/Csx 2.281

Use average AF 2.28



Seismic Generation Input

Seismic Code:
Ct Z:

Ct X:

Ct Exp. Z:
Use Group:
SD1 (g):

Base Elevation(ft): 10.5

Seismic Generation Detail Results

T_Z Used (sec):
T_X Used (sec):
Importance Fac.:

V_Z (k):
V_X (K):

Seismic Generation Force Results

Floor Level

Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :

RISA-3D Version 8.1.3
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WWWWWWNDNNNNNMNMNNNMNNNRPRPRPRPEPRPEPERPRPRERERE
O WONPFPOOONOOOUOUOOPMAWNRPOOO~NOOOGOMAWDNE,O

ASCE 7-2002

4.868
4.868

332.826
332.826

Height
(ft)
812.137
798.194
784.251
770.308
756.365
742.422
728.479
714.536
700.593
686.65
672.707
658.764
644.821
630.878
616.935
602.992
589.049
575.106
561.163
547.22
533.277
519.334
505.391
491.448
477.505
463.562
449.619
435.676
421.733
407.79
393.847
379.904
365.961
352.018
338.075

T_Z (sec):
T_X (sec):
Ct Exp. X:

SDS (9):

T_Z Method A:
T_X Method A:
Design Cat.:
Gov. Eqn.

Gov. Eqgn.

Weight
(k)
46.233
93.538
95.097
96.656
98.215
99.774
101.333
102.892
104.452
106.011
107.57
109.129
110.688
112.247
113.806
115.365
116.925
118.484
120.043
121.602
123.161
124.72
126.279
128.641
131.827
135.052
138.317
141.62
144.962
148.343
151.764
155.223
158.721
162.258
165.834

7.075
7.075
.75

.367

3.043
3.043
C

R Z:
R _X:

Sgismic Weight LC: 1 DL

S1(9):

15
15

.109

T_Z Upper Limit: 4.868
T_X Upper Limit: 4.868

ASCE Eqn 9.5.5.2.1-2
ASCE Eqn 9.5.5.2.1-2

Force Z
(k)
6.661
13.017
12.776
12.528
12.273
12.012
11.746
11.475
11.198
10.918
10.633
10.344
10.053
9.758
9.461
9.162
8.862
8.56
8.257
7.954
7.65
7.347
7.045
6.786
6.566
6.339
6.108
5.872
5.632
5.388
5.142
4.893
4.643
4.392
4.14

Force X

(k)

6.661
13.017
12.776
12.528
12.273
12.012
11.746
11.475
11.198
10.918
10.633
10.344
10.053
9.758
9.461
9.162
8.862

8.56
8.257
7.954

7.65
7.347
7.045
6.786
6.566
6.339
6.108
5.872
5.632
5.388
5.142
4.893
4.643
4.392

4.14

CGZ
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Diaphragm : 36 324.132 169.449 3.889 3.889 0 0
Diaphragm : 37 310.189 173.103 3.638 3.638 0 0
Diaphragm : 38 296.246 176.797 3.389 3.389 0 0
Diaphragm : 39 282.303 180.529 3.143 3.143 0 0
Diaphragm : 40 268.36 185.258 2.914 2.914 0 0
Diaphragm : 41 254.417 191.007 2.701 2.701 0 0
Diaphragm : 42 240.474 196.834 2.486 2.486 0 0
Diaphragm : 43 226.531 202.739 2.272 2.272 0 0
Diaphragm : 44 212.588 206.728 2.041 2.041 0 0
Diaphragm : 45 198.645 208.754 1.799 1.799 0 0
Diaphragm : 46 184.702 210.781 1571 1571 0 0
Diaphragm : 47 170.759 212.808 1.355 1.355 0 0
Diaphragm : 48 156.816 216.907 1.165 1.165 0 0
Diaphragm : 49 142.873 223.124 .995 .995 0 0
Diaphragm : 50 128.93 229.418 .833 .833 0 0
Diaphragm : 51 114.987 235.791 .681 .681 0 0
Diaphragm : 52 101.044 261.59 .583 .583 0 0
Diaphragm : 53 87.101 307.231 .509 .509 0 0
Diaphragm : 54 73.158 353.651 413 413 0 0
Diaphragm : 55 59.215 506.847 .388 .388 0 0
Diaphragm : 56 45.272 639.831 .286 .286 0 0
Diaphragm : 57 31.329 645.444 .138 .138 0 0
Diaphragm : 58 17.386 651.057 .043 .043 0 0
Diaphragm : 59 3.443 491.801 .001 .001 0 0
Base 0
Seismic Generation Diaphragm Results
Floor Level Width (2) Length (X) Z Plus Z Minus X Plus X Minus
(ft) (ft) (ft) (ft) (ft) (ft)
Diaphragm : 1 17.666 16.801 .883 .883 .84 .84
Diaphragm : 2 17.965 17.086 .898 .898 .854 .854
Diaphragm : 3 18.265 17.371 .913 .913 .869 .869
Diaphragm : 4 18.564 17.656 .928 .928 .883 .883
Diaphragm : 5 18.864 17.941 .943 .943 .897 .897
Diaphragm : 6 19.163 18.225 .958 .958 911 911
Diaphragm : 7 19.463 18.51 .973 .973 .926 .926
Diaphragm : 8 19.762 18.795 .988 .988 .94 .94
Diaphragm : 9 20.062 19.08 1.0083 1.003 .954 .954
Diaphragm : 10 20.361 19.365 1.018 1.018 .968 .968
Diaphragm : 11 20.661 19.649 1.033 1.033 .982 .982
Diaphragm : 12 20.96 19.934 1.048 1.048 .997 .997
Diaphragm : 13 21.259 20.219 1.063 1.063 1.011 1.011
Diaphragm : 14 21.559 20.504 1.078 1.078 1.025 1.025
Diaphragm : 15 21.858 20.789 1.093 1.093 1.039 1.039
Diaphragm : 16 22.158 21.073 1.108 1.108 1.054 1.054
Diaphragm : 17 22.457 21.358 1.123 1.123 1.068 1.068
Diaphragm : 18 22.757 21.643 1.138 1.138 1.082 1.082
Diaphragm : 19 23.056 21.928 1.153 1.153 1.096 1.096
Diaphragm : 20 23.356 22.213 1.168 1.168 1.111 1.111
Diaphragm : 21 23.655 22.497 1.183 1.183 1.125 1.125
Diaphragm : 22 23.955 22.782 1.198 1.198 1.139 1.139
Diaphragm : 23 24.254 23.067 1.213 1.213 1.153 1.153
Diaphragm : 24 24.554 23.352 1.228 1.228 1.168 1.168
Diaphragm : 25 24.853 23.637 1.243 1.243 1.182 1.182
Diaphragm : 26 25.152 23.921 1.258 1.258 1.196 1.196
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Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :

RISA-3D Version 8.1.3

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

25.452
25.751
26.051

26.35

26.65
26.949
27.249
27.548
27.848
28.147
28.446
28.746
29.045
29.345
29.644
29.944
30.243
30.543
30.842
31.142
31.441
31.741

32.04
32.339
32.639
32.938
33.238
33.537
33.837
34.136
34.436
34.735
35.035

24.206
24.491
24.776
25.061
25.345
25.63
25.915
26.2
26.485
26.769
27.054
27.339
27.624
27.909
28.193
28.478
28.763
29.048
29.333
29.617
29.902
30.187
30.472
30.757
31.041
31.326
31.611
31.896
32.181
32.465
32.75
33.035
33.32

1.273
1.288
1.303
1.318
1.332
1.347
1.362
1.377
1.392
1.407
1.422
1.437
1.452
1.467
1.482
1.497
1512
1.527
1.542
1.557
1.572
1.587
1.602
1.617
1.632
1.647
1.662
1.677
1.692
1.707
1.722
1.737
1.752

1.273
1.288
1.303
1.318
1.332
1.347
1.362
1.377
1.392
1.407
1.422
1.437
1.452
1.467
1.482
1.497
1.512
1.527
1.542
1.557
1.572
1.587
1.602
1.617
1.632
1.647
1.662
1.677
1.692
1.707
1.722
1.737
1.752

121
1.225
1.239
1.253
1.267
1.282
1.296

131
1.324
1.338
1.353
1.367
1.381
1.395

1.41
1.424
1.438
1.452
1.467
1.481
1.495
1.509
1.524
1.538
1.552
1.566
1.581
1.595
1.609
1.623
1.638
1.652
1.666
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June 24, 2010 at 9:45 AM

r.r3d

826' Concrete Chimney Liner

LINER ISOMETRIC

Arcadis
JPR




Company : ARCADIS Aug 10, 2010

Designer : JPR 1:12 PM
Job Number 826' Concrete Chimney Liner Checked By:

Global

Display Sections for Member Calcs 5

Max Internal Sections for Member Calcs |97

Include Shear Deformation Yes

Include Warping Yes

Area Load Mesh (in"2) 144

Merge Tolerance (in) A2

P-Delta Analysis Tolerance 0.50%

Vertical Axis Y

Hot Rolled Steel Code AISC: ASD 9th

Cold Formed Steel Code AISI 99: ASD

Wood Code NDS 91/97: ASD

Wood Temperature < 100F

Concrete Code ACI 2002

Masonry Code MSJC 05/IBC 06 ASD

Number of Shear Regions 4

Region Spacing Increment (in) 4

Biaxial Column Method PCA Load Contour

Parme Beta Factor (PCA) .65

Concrete Stress Block Rectangular

Use Cracked Sections Yes

Bad Framing Warnings No

Unused Force Warnings Yes

Basic Load Cases

BLC Description Category X Gravity Y Gravity Z Gravity Joint Point  Distributed Area (Me...Surface (...

1 Dynamic Mass None -1

8 Earthquake Load Z ELZ 59
9 Earthquake Load X ELX 59
10 | Earthquake Load Z Plus X Eccentr ELZ+X 59
11 | Earthquake Load Z Minus X Eccent ELZ-X 59
12 | Earthquake Load X Plus Z Eccentr ELX+Z 59
13 | Earthquake Load X Minus Z Eccent ELX-Z 59

RISA-3D Version 8.1.3 [G:\BDG\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\liner.r3d] Page 5



Company
Designer
Job Number

. ARCADIS
. JPR

Load Combinations

826' Concrete Chimney Liner

Aug 10, 2010
1:12 PM

Checked By:

Description Solve PDelta SRSS BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor BLC Factor

1 DL Yes 1 1
2 Unscaled Modal SX Yes SX| 1
3 Unscaled Modal SZ Yes Sz | 1
4 DL + SX Yes 1 1 |SX.. 1
5 DL-SX Yes 1 1 SX.. -1
6 DL+SZ Yes 1 1 |Szx.| 1
7 DL-SZ Yes 1 1 Szx.| -1
8 ASCE 5 (b) (a) Yes DL| 1 |ELX]|2.28
9 ASCE 5 (b) (b) Yes DL| 1 [ELX.}2.28
10 ASCE 5 (b) (c) Yes DL| 1 |ELX.}2.28
11 ASCE 5 (b) (d) Yes DL| 1 |ELZ|2.28
12 ASCE 5 (b) (e) Yes DL| 1 |[ELZ. 2.28
13 ASCE 5 (b) () Yes DL| 1 |[ELZ.12.28
14 ASCE 5 (b) (g) Yes DL| 1 |ELX]|2.28
15 ASCE 5 (b) (h) Yes DL| 1 |ELX.}2.28
16 ASCE 5 (b) (i) Yes DL| 1 |ELX.}2.28
17 ASCE 5 (b) (j) Yes DL| 1 |ELZ|2.28
18 ASCE 5 (b) (k) Yes DL| 1 |[ELZ.12.28
19 ASCE 5 (b) () Yes DL| 1 |ELZ.]2.28

Dynamics Input

Number of Modes 50

Load Combination Number 1-DL

Acceleration of Gravity

32.2 (ft/sec"2)

Convergence Tolerance

0.0001

RISA-3D Version 8.1.3
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Company : ARCADIS Aug 10, 2010
Designer : JPR 1:12 PM
Job Number 826' Concrete Chimney Liner Checked By:

Response Spectra Data

X Direction Spectra IBC 2000, Parametric Design Spectra, SDS = 0.368, SD1 = 0.172
Modes Used All 50 modes

Mode No. for Signs

Modal Combination Method cQcC

Damping Ratio 5 Percent

Z Direction Spectra IBC 2000, Parametric Design Spectra, SDS = 0.368, SD1 = 0.172
Modes Used All 50 modes

Mode No. for Signs

Modal Combination Method CcQC

Damping Ratio 5 Percent

Frequencies / Participation

Mode Number Frequency Period Percent Modal Participation
(Hz) (Sec) X Spectra Y Spectra Z Spectra

1 144 6.958 .54 33.97
2 144 6.939 33.968 .54
3 .631 1.585 572 16.408
4 .631 1.585 16.41 .573
5 1.551 .645 .002 9.126
6 1.551 .645 9.125 .002
7 2.842 .352 .657 5.832
8 2.842 .352 5.832 .657
9 3.447 .29
10 4.3 .233
11 4.452 .225 .399 4.904
12 4.452 .225 4.904 .399
13 6.319 .158 1.943 2.616
14 6.319 .158 2.616 1.943
15 7.246 .138
16 8.41 119 1.76 2.063
17 8.41 119 2.063 1.76
18 10.706 .093
19 10.707 .093 1.98 1.063
20 10.707 .093 1.063 1.98

RISA-3D Version 8.1.3 [G:\BDG\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\liner.r3d] Page 7



Company : ARCADIS Aug 10, 2010
Designer : JPR 1:12 PM
Job Number 826' Concrete Chimney Liner Checked By:

Frequencies / Participation, (continued)

Mode Number Frequency Period Percent Modal Participation
(Hz) (Sec) X Spectra Y Spectra Z Spectra

21 11.513 .087

22 13.193 .076 1.526 .837
23 13.193 .076 .837 1.526
24 15.633 .064

25 15.841 .063 1.319 496
26 15.841 .063 496 1.319
27 17.505 .057

28 18.627 .054 .889 517
29 18.627 .054 517 .889
30 19.524 .051

31 21.529 .046 1.115 011
32 21.529 .046 .011 1.115
33 23.283 .043

34 23.939 .042

35 24.502 .041 182 .753
36 24.502 .041 .753 .182
37 27.278 .037

38 27.527 .036 122 .668
39 27.527 .036 .668 122
40 29.953 .033

41 30.594 .033 .091 579
42 30.594 .033 579 .091
43 31.452 .032

44 33.689 .03 .065 .509
45 33.689 .03 .509 .065
46 35.667 .028

47 35.836 .028

48 36.809 .027 .046 456
49 36.81 .027 456 .046
50 39.925 .025 .034 42

Totals : 94.05 94.436

RISA-3D Version 8.1.3 [G:\BDG\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\liner.r3d] Page 8



Company : ARCADIS Aug 10, 2010
Designer : JPR 1:12 PM
Job Number 826' Concrete Chimney Liner Checked By:
Spectra Scaling Factor
'Scaling Factor Z: 1 | Scaling Factor X: 1
Joint Reactions (By Combination)
LC Joint Label X [K] Y [K] Z [K] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N2381 0 11799.392 0 -.004 0 0
2 1 Totals: 0 11799.392 0
3 1 COG (ft): X:0 Y: 279.48 Z:0
4 2 N2381 -659.767 -.002 -2.935 -288.564 -.403 -100843.082
5 2 Totals: -659.767 -.002 -2.935
6 2 COG (ft): NC NC NC
7 3 N2381 -2.935 -.002 -660.178 -100939.643 -.311 -288.65
8 3 Totals: -2.935 -.002 -660.178
9 3 COG (ft): NC NC NC
10 | 4 N2381 -659.767 11799.39 -2.935 -288.568 -.403 -100843.082
11 | 4 Totals: -659.767 11799.39 -2.935
12 | 4 COG (ft): X:0 Y: 279.48 Z:0
13 | 5 N2381 659.767 11799.394 2.935 288.561 .403 100843.082
14 | 5 Totals: 659.767 11799.394 2.935
15 | 5 COG (ft): X:0 Y: 279.48 Z:0
16 | 6 N2381 -2.935 11799.39 -660.178 -100939.647 -.311 -288.65
17 | 6 Totals: -2.935 11799.39 -660.178
18 | 6 COG (ft): X:0 Y: 279.48 Z:0
19 | 7 N2381 2.935 11799.394 660.178 100939.639 311 288.65
20 | 7 Totals: 2.935 11799.394 660.178
21 | 7 COG (ft): X:0 Y: 279.48 Z:0
22 | 8 N2381 -756.431 0 .229 126.657 6.563 442039.78
23 | 8 Totals: -756.431 0 .229
24 | 8 COG (ft): NC NC NC
25 | 9 N2381 -756.43 0 .23 126.697 -857.893 442039.715
26 | 9 Totals: -756.43 0 .23
27 | 9 COG (ft): NC NC NC
28 | 10 N2381 -756.431 0 .229 126.617 871.019 442039.846
29 | 10 Totals: -756.431 0 .229
30 | 10 COG (ft): NC NC NC
31 |11 N2381 .23 0 -759.146 -443538.13 4.679 -126.664
32 |11 Totals: .23 0 -759.146
RISA-3D Version 8.1.3 [G:\BDG\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\liner.r3d] Page 9




Company : ARCADIS Aug 10, 2010
Designer : JPR 1:12 PM
Job Number 826' Concrete Chimney Liner Checked By:

Joint Reactions (By Combination) (Continued)

LC Joint Label X [K] Y [K] Z [K] MX [k-ft] MY [k-ft] MZ [k-ft]
33 111 COG (ft): NC NC NC
34 |12 N2381 .229 0 -759.146 -443538.169 826.826 -126.602
35 |12 Totals: .229 0 -759.146
36 | 12 COG (ft): NC NC NC
37 |13 N2381 .23 0 -759.145 -443538.092 -817.467 -126.727
38 | 13 Totals: .23 0 -759.145
39 |13 COG (ft): NC NC NC
40 | 14 N2381 -756.431 0 .229 126.657 6.563 442039.78
41 | 14 Totals: -756.431 0 .229
42 | 14 COG (ft): NC NC NC
43 | 15 N2381 -756.43 0 .23 126.697 -857.893 442039.715
44 | 15 Totals: -756.43 0 .23
45 | 15 COG (ft): NC NC NC
46 | 16 N2381 -756.431 0 .229 126.617 871.019 442039.846
47 | 16 Totals: -756.431 0 .229
48 | 16 COG (ft): NC NC NC
49 | 17 N2381 .23 0 -759.146 -443538.13 4.679 -126.664
50 | 17 Totals: .23 0 -759.146
51 | 17 COG (ft): NC NC NC
52 | 18 N2381 .229 0 -759.146 -443538.169 826.826 -126.602
53 | 18 Totals: .229 0 -759.146
54 | 18 COG (ft): NC NC NC
55 | 19 N2381 .23 0 -759.145 -443538.092 -817.467 -126.727
56 | 19 Totals: .23 0 -759.145
57 119 COG (ft): NC NC NC

RISA-3D Version 8.1.3 [G:\BDG\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\liner.r3d] Page 10



£2 ARCADIS

Liner Strength Design of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Scope of Calculation: Evaluate design strength for load combination Load Combination Uv=0.9D + 1.0E
ACI 307-08 Reference and Comments

P /Pt =K, = 1.7%1 Q+2%en*Ko* W, Qq + 2* W *[ 4

P, = factored vert load = 10,752,750 lbs 0.9D, See Basic Loads and Load Combination sheet
outer radius = 212.34 in from dwgs, see Sketch 1
inner radius = 176.34 in
r = avg radius of sect = 194.34 in
t = thickness of conc shell = 36.00 in
f'. = conc strength = 4,000 psi
B, = 0.85 >=0.65 Eq. 5-15/5-16
P/ttt = 0.38423 Good Eqg. 5-6
00
Ky = 1L.7*Q* +2*e *K*w*Qq +2*w*/ 0.38430 Eq. 5-6
I=t-n,*b= 0.50 Eq. 5-9
Q.= 0.04436741 Eg. 5-10
ly=m+ y-p = -1.81 Eq. 5-11
n= 0.39 rad 0.924903 <1.0 Eq. 5-14, See figure 5.1 below
22.35 degree
y = 0.94 rad 0.591138 >=-1.0 Eq. 5-13, See figure 5.1 below
53.76 degree
t = 0.65 rad 37.40917 degree Eq. 5-12, See figure 5.1 below
n, =# opngs in compress zone 1.00 See Sketch 1 attached
b = 1/2 central angle subt by opening = 8.90 deg See figure 5.1 below, and Sketch 1 attached
b = 1/2 central angle subt by opening = 0.16 rad
€., = conc strain = .07*(1-cos & ) / (1+cos & )<= .003 0.00300 0.02180 €, = steel strain = *m*(1+cos &)/ (1-cos & )< .07
a = 1/2 central angle subt by neutral axis = 40.710 deg vary a until Pu / rit*fc' = K1
a =1/2 central angle subt by neutral axis = 0.71 rad
Ke =Es /fy = 483.33 Eq. 5-7
E, mod of elast of r/f = 29,000,000 psi
fy, reinf strength = 60,000 psi
W= oy /f'= 0.105 Eq. 5-8
ry= 0.0070
vertical reinforcing, # 11 @ 6.175 ino.c.
OB par = 1.41 in
A = 3.03 in*/ ft
perimeter using avg radius = 1,221.07 in
total vertical r/f area @ base = 308.77 in?
total area conc shell @ base = 43,958.67 in?
for a<=5 deg 294.673 =Q Eq. 5-20
for 5deg < a <=10 deg 5.243 =Q Eq. 5-21
for 10 deg < a <= 17 deg -0.413 =Q Eq. 5-22
for 17 deg < a <= 25 deg 2.122 =Q Eqg. 5-23
for 25 deg < a <= 35 deg 0.932 =Q Eq. 5-24
for35deg< a 0.890 =Q Eqg. 5-25

Use, Q = 0.890



£2 ARCADIS

Liner Strength Design of Stack

AZ001209.0001

826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO

20-Sep-10
M, /P *r=Ksz=cosa +K,/K;, M, =P *rK, Eq. 5-18
My = 441,235 k-ft 1.0 E, See Basic Loads and Load Combination sheet
K3 =cosa +K,/K, = 3.35
Ko =17*QR + €, %K * W Q, + 2 W *K= 1.00 Eq. 5-19
Q2= ((y-
m)(1+2cos™2( a)+(1/2)(4sin(2a )+sin2y -
sin2 u)- z)/(1-cosa)= 2.24 Eq. 5-26
z =4cos(a)(sin(a)+sin(y )-sin(u)) 3.27
R=sint -(f -n,;*b)*cosa - (n,/2)*[sin( g
+ b)-sin(g- b)= 0.076 Eq. 5-27
g = 1/2 angle btw 2 openings, 0 if 1 or zero
openings = 0
K=siny +sinm+(p-y - m)*cosa 2.56
M, =P, r K3 = nominal moment strength = 583,331 k-ft 1295441
f = (moment) 0.80
Maiowanie = f * M, = 466,665 k-t 0.946
Reduction Factor = 0.85
reduced Mallowable = 396,665 k-ft 1.112

NG




$2 ARCADIS

Liner Strength Design of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Figure 5-1 from ACI 307-08
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£2 ARCADIS

Liner Strength Design of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Sketch 2 - Drawn from information obtained from original construction drawings




£2 ARCADIS

Modified Liner Seismic Analysis of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Calculation Scope
Determine base moments due to seismic loading (E), based on ACI 307-08 previsions. ASCE 7-02 followed per ACI 307-08 direction.

Seismic loading was determined utilizing the Equivalent Lateral Load Procedure and the Modal Analysis Procedure per ASCE 7-02

Maximum Base Shear and Moment Results

V, Base Shear (k)  Mx (k-ft) Mz (k-ft) Mo (k/ft)
Equivalent Lateral Load 713.00 365,005.00 Resultant of Vx and Vz and Mx and Mz from RISA 3D
Modal Analysis by COC 713.00 107,255.00 Resultant of Vx and Vz and Mx and Mz from RISA 3D

Use equivalent lateral load as controlling loads
See Attached Spreadsheet and RISA Data Input and Output file for calculations.



£2 ARCADIS

Modified Liner Seismic Analysis of Stack

AZ001209.0001
20-Sep-10

826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO

Scope of Calculations: Evaluate Stack Liner for current code requirements of ACI 307-08

Fundamental Period Approximation

d(h)
h

T3 =5(n2/d(b) mean) X (P oc/E ) *° x (t(h)/1(0)) >~
d(b) =

d(0) mean =

t(h)

t(b)

Ecki
'ck:WNg

31.25 ft
718.00 ft

5.00 s/cycle
35.39 ft
32.39 ft

0.83 ft

3.00 ft
4,000.00 psi
519,119.50 Kip/ft*

0.00441372 kip-s“/ft*

32.20 ft/s?
11,320.00 kips

79,650.00 ft* 2950 cy

ACI 307-08 Equation Ref.
top outside diameter of chimney
chimney above ground level

Eq. 4-8, natural period of liner
outside diameter at base
mean diameter at base

thickness of shell at the top
thickness of shell at the bottom
compressive strength of concrete

modulus of elasticity of concrete
mass density of concrete

Chimney shell weight
Chimney shell volume per dwg sheet 6127-1ED




"IBC2003E.xIs" Program
Version 1.8

SEISMIC BASE SHEAR AND OVERTURNING MOMENT
Per IBC 2003 and ASCE 7-02 Specifications
For Ground Supported Vertical Cylindrical Steel Tanks, Vessels, and Stacks

Job Name: |ASARCO Subject: [826' Concrete Chimney Liner Eval.
Job Number: |AZ001209.0001 Originator:jgmm | Checker:|jpr
Input Data: Equivalent Lateral Force Procedure Based Approximation T

Occupancy Category =

Importance Factor, | = 1.25
Soil Site Class = D
Location Zip Code = 79901
Spectral Accel., Ss = 0.366
Spectral Accel., S1 = 0.109
Height, h=[ 718.000
Diameter, d = 35.390
Wall Thickness, t=| 36.0000
Empty Weight, We = 11065
Total Weight, Wt = 11065
Liquid Contents? No
Structural System = 10a
Results:
Site Coefficients:
Fa = 1.507
Fv 2.364

Maximum Spectral Response Accelerations:

SMS =
SM1 =

0.551
0.258

Design Spectral Response Accelerations for Short and 1-Second Periods :

Seismic Use Group Il ,Table 1604.5
ASCE 7-02 Table 9.14.5.1.2, p. 192
IBC Table 1615.1.1, page 322

g}

?2%/3

IBC Figure 1615(1) or USGS
IBC Figure 1615(2) or USGS h
ft. (ht of stack to top fdn)
ft.
in.

kips
kips ASCE 7-02 Section 9.14.5.2

TR

Cast-in-place concrete silos,
stacks, and chimneys having
walls continuous to the fdn.
(ASCE 7-02 Table 9.14.5.1.1)

V = Cs*W

Seismic Base Shear

IBC Table 1615.1.2(1), page 323
IBC Table 1615.1.2(2), page 323

SMs = Fa*Ss, IBC Egn. 16-38, page 322
SMm1 = Fv*S1, IBC Eqgn. 16-39, page 322

SDs = 2*Sms/3, IBC Eqn. 16-40, page 322
Sp1 = 2*SM1/3, IBC Eqn. 16-41, page 322

IBC Table 1616.3(1), page 326
IBC Table 1616.3(2), page 326
Most critical of either category case above controls

SDS = 0.368
Sb1 = 0.172
Seismic Design Category:
Category(for SDS) = C
Category(for Sp1) = C
Use Category = C
Fundamental Period:
T= 5.000
Rigid or Flexible?| Flexible

sec., T = 0.00000765*(h/d)2*(W*1000/h*d/(t/12))"(1/2)
Criteria: If T < 0.06, then Rigid, else if T >= 0.06, then Flexible

Seismic Design Factors and Coefficien

Response Modifier, R =
Overstrength Factor, Wo =

Defl. Amplif. Factor, Cd =

15
1.75
3

ts:
ASCE 7-02 Table 9.14.5.1.1, pages 190-191
ASCE 7-02 Table 9.14.5.1.1, pages 190-191
ASCE 7-02 Table 9.14.5.1.1, pages 190-191

(continued:)
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"IBC2003E.xIs" Program
Version 1.8

Seismic Base Shear: (using ASCE 7-02 procedure "a" or "c", page 196)
Cs= 0.306 Cs = Spbs/(R/1), ASCE 7-02 Section 9.5.5.2.1, Eqn. 9.5.5.2.1-1
Cs(max) = 0.029 Cs(max) = Sp1/((R/1)*T), ASCE 7-02 Sect. 9.5.5.2.1, Egn. 9.5.5.2.1-2
Cs(min) = 0.064 CS(min) = 0.14*SDS*l, ASCE 7-02 Sect. 9.14.5.1, Eqn. 9.14.5.1-1
Use: Cs = 0.064 Cs(min) <= Cs <= CS(max)
V= 711.67 kips, for Flexible: V = CS*W, ASCE 7-02 Eqn. 9.5.5.2-1

Seismic Shear Vertical Distribution: (using ASCE 7-02 procedure "a" or "c", page 196)
Assume triangular force distribution, with resultant acting at 2*h/3
Cwx = 1.0 Cvx = Wx*hx~k/(SWithirk) = 1.0, ASCE 7-02 Eqgn. 9.5.5.4-2, page 148
Force at 2*h/3, F = 711.67 kips, F = Cvx*V, ASCE 7-02 Sect. 9.5.5.4, Egn. 9.5.5.4-1, page 148

Overturning Moment at Base: (using ASCE 7-02 procedure "a" or "c", page 196
Mo =] 340,651.09 |it-kips, Mo = F*(2*h/3) (at top of foundation or support structure)
Estimated Mo, RISA moment used for design checks

Seismic Base Shear: (ASCE 7-02 procedure "b", page 196, and APl 650 Appendix E)
N.A.

Ti= sec., Ti=T (assumed)

Ts= N.A. sec., Ts = SD1/Sps, ASCE 7-02 page 105

Tc= N.A. sec., Tc = 2*p*SQRT(d/(3.68*g*TANH(3.68*h/d))), Eqn. 9.14.7.3.6.1-8
Sai = N.A. Sai = SDS, for Ti <= Ts, ASCE 7-02 Egn. 9.14.7.3.6.1-4
Sac = N.A. Sac = 6*SD1/Tc”2, for Tc > 4.0, ASCE 7-02 Eqn. 9.14.7.3.6.1-7
Wi = N.A. kips, Wi =0.99*"W (for W1 from API 650, Fig. E-2)
Wec = N.A. kips, Wc =0.012*W (for W2 from API 650, Fig. E-2)

Ci= N.A. Ci = Sai*I/R, ASCE 7-02 Eqgn. 9.14.7.3.6.1-2

Vi= N.A. kips, Vi = Sai*l/R*Wi = Ci*Wi, ASCE 7-02 Eqgn. 9.14.7.3.6.1-2
Cc= N.A. Cc = Sac*l/R, ASCE 7-02 Eqn. 9.14.7.3.6.1-3

Ve = N.A. kips, Vc = Sac*I/R*Wc = Cc*Wec, ASCE 7-02 Egn. 9.14.7.3.6.1-3

V= N.A. kips, V = Vi + V¢, ASCE Eqgn. 7-02 9.14.7.3.6.1-1, page 197

Overturning Moment at Base: (using ASCE 7-02 procedure "b", page 196, and API 650 Appendix E

Xs = N.A. ft., Xs = h/2 (assumed)

Xi= N.A. ft., Xi=0.486*h (for X1 from API 650, Appendix E Fig. E-3)
Xc= N.A. ft., Xc =0.985*h (for X2 from API 650, Appendix E Fig. E-3)
Mo = N.A. ft-kips, Mo = Ci*We*Xs + Ci*Wi*Xi + Cc*Wc*Xc, APl 650 Sect. E.3.1

Comments:

34 of 39 9/17/2010 8:36 AM



£2 ARCADIS

Modified Liner RISA 3D Model for Seismic Loads by Equivalent Lateral Load and Modal Analysis Procedure
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Calculation Scope

Determine Seismic (E) liner base loads utilizing RISA 3D for the Equivalent Lateral Load Procedure and the Modal Analysis Procedures . RISA
only allows the use Seismic Response Coefficients (Cs) for buildings a and the chimney falls under Nonbuilding Structures Requirements (ASCE

9.14) and C, i, = 0.14 Sgl in instead of of C, ., =0.044 Sy ; therefore the Seismic Basic Load cases are adjusted by applying a load factor to the load
combinations equal to C ., (nonbuilding) with the Cs value used in RISA. See below for calculations

Reference
Csmin (nonbuildings) = 0.064 See equivalent lateral load spreadsheet

W = 11,066.00 (k) DL from RISA

Vx (RISA Base Shear) = 348 (k) See RISA Seismic Calculation Sheet
Csx = VIW 0.031
Adj Factor = Cs min (nonbldg)/Csx 2.045

Vz (RISA Base Shear) = 348 (k) See RISA Seismic Calculation Sheet
Csx = VIW 0.031
Adj Factor = Cs min (nonbldg)/Csx 2.045

Use average AF 2.05



Seismic Generation Input
Seismic Code:  ASCE 7-2002

Ct_z: .02 T_Z (sec): 5.24 R_Z: 15
Ct_X: .02 T_X (sec): 5.24 R_X: 15
Ct Exp. Z: .75 Ct Exp. X: .75 Seismic Weight LC: 1 DL
Use Group: 1

SD1 (g): 172 SDS (9): .367 S1(g): .109

Base Elevation(ft):10.5

Seismic Generation Detail Results

T_Z Used (sec): 4.358 T_Z Method A:  2.724 T_Z Upper Limit: 4.358
T_X Used (sec): 4.358 T_X Method A: 2.724 T_X Upper Limit: 4.358
Importance Fac.: 1.25 Design Cat.: C

V_Z (k): 347.693 Gov. Eqgn. ASCE Egqn 9.5.5.2.1-2

V_X (k): 347.693 Gov. Eqgn. ASCE Egqn 9.5.5.2.1-2

Seismic Generation Force Results

Floor Level Height Weight Force Z Force X CGz CG X

(ft) (k) (k) (k) (ft) (ft)
Diaphragm : 1 700.593 104.5 16.208 16.208 0 0
Diaphragm : 2 686.65 106.011 15.794 15.794 0 0
Diaphragm : 3 672.707 107.57 15.382 15.382 0 0
Diaphragm : 4 658.764 109.129 14.965 14.965 0 0
Diaphragm : 5 644.821 110.688 14.543 14.543 0 0
Diaphragm : 6 630.878 112.247 14.117 14.117 0 0
Diaphragm : 7 616.935 113.806 13.687 13.687 0 0
Diaphragm : 8 602.992 115.365 13.255 13.255 0 0
Diaphragm : 9 589.049 116.925 12.82 12.82 0 0
Diaphragm : 10 575.106 118.484 12.383 12.383 0 0
Diaphragm : 11 561.163 120.043 11.945 11.945 0 0
Diaphragm : 12 547.22 121.602 11.506 11.506 0 0
Diaphragm : 13 533.277 123.161 11.068 11.068 0 0
Diaphragm : 14 519.334 124.72 10.629 10.629 0 0
Diaphragm : 15 505.391 126.279 10.192 10.192 0 0
Diaphragm : 16 491.448 128.641 9.818 9.818 0 0
Diaphragm : 17 477.505 131.827 9.498 9.498 0 0
Diaphragm : 18 463.562 135.052 9.17 9.17 0 0
Diaphragm : 19 449.619 138.317 8.836 8.836 0 0
Diaphragm : 20 435.676 141.62 8.494 8.494 0 0
Diaphragm : 21 421.733 144.962 8.147 8.147 0 0
Diaphragm : 22 407.79 148.343 7.795 7.795 0 0
Diaphragm : 23 393.847 151.764 7.439 7.439 0 0
Diaphragm : 24 379.904 155.223 7.079 7.079 0 0
Diaphragm : 25 365.961 158.721 6.717 6.717 0 0
Diaphragm : 26 352.018 162.258 6.353 6.353 0 0
Diaphragm : 27 338.075 165.834 5.989 5.989 0 0
Diaphragm : 28 324.132 169.449 5.625 5.625 0 0
Diaphragm : 29 310.189 173.103 5.263 5.263 0 0
Diaphragm : 30 296.246 176.797 4.903 4.903 0 0
Diaphragm : 31 282.303 180.529 4.546 4.546 0 0
Diaphragm : 32 268.36 185.258 4.216 4.216 0 0
Diaphragm : 33 254.417 191.007 3.907 3.907 0 0
Diaphragm : 34 240.474 196.834 3.597 3.597 0 0
Diaphragm : 35 226.531 202.739 3.287 3.287 0 0

RISA-3D Version 8.1.3 [G:\..\ASARCO\AZ001209.0001 - El Paso Stack\Calculations\Shortened 110 liner.r3d] Page 1



Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Base

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

212.588
198.645
184.702
170.759
156.816
142.873
128.93
114.987
101.044
87.101
73.158
59.215
45.272
31.329
17.386
3.443

206.728
208.754
210.781
212.808
216.907
223.124
229.418
235.791
261.59
307.231
353.651
506.847
639.831
645.444
651.057
491.801
0

Seismic Generation Diaphragm Results

Floor Level

Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :
Diaphragm :

RISA-3D Version 8.1.3

© 0O ~NO Ul WN P

W WWWWNDNNNMNMNNNMNNMNMNMNMNNNNRPRPRPERPRPERPERPRPREREPRPRE
A WONPFPOOONOOOPMMWNREPOOO~NOOOOMAWDNEO

Width (2)
(ft)
20.062
20.361
20.661
20.96
21.259
21.559
21.858
22.158
22.457
22.757
23.056
23.356
23.655
23.955
24.254
24.554
24.853
25.152
25.452
25.751
26.051
26.35
26.65
26.949
27.249
27.548
27.848
28.147
28.446
28.746
29.045
29.345
29.644
29.944

Length (X)
(ft)
19.08
19.365
19.649
19.934
20.219
20.504
20.789
21.073
21.358
21.643
21.928
22.213
22.497
22.782
23.067
23.352
23.637
23.921
24.206
24.491
24.776
25.061
25.345
25.63
25.915
26.2
26.485
26.769
27.054
27.339
27.624
27.909
28.193
28.478

2.952
2.603
2.272
1.961
1.685
1.439
1.205
.985
.844
737
.598
.562
414

.062
.002

Z Plus
(ft)
1.003
1.018
1.033
1.048
1.063
1.078
1.093
1.108
1.123
1.138
1.153
1.168
1.183
1.198
1.213
1.228
1.243
1.258
1.273
1.288
1.303
1.318
1.332
1.347
1.362
1.377
1.392
1.407
1.422
1.437
1.452
1.467
1.482
1.497

2.952
2.603
2.272
1.961
1.685
1.439
1.205
.985
.844
737
.598
.562
414

.062
.002

Z Minus
(ft)
1.003
1.018
1.033
1.048
1.063
1.078
1.093
1.108
1.123
1.138
1.153
1.168
1.183
1.198
1.213
1.228
1.243
1.258
1.273
1.288
1.303
1.318
1.332
1.347
1.362
1.377
1.392
1.407
1.422
1.437
1.452
1.467
1.482
1.497

[eNeNeolNeolNelNeolelelNolNolNolNolNolNoelNo o)

X Plus
(ft)
.954
.968
.982
.997
1.011
1.025
1.039
1.054
1.068
1.082
1.096
1.111
1.125
1.139
1.153
1.168
1.182
1.196
1.21
1.225
1.239
1.253
1.267
1.282
1.296
1.31
1.324
1.338
1.353
1.367
1.381
1.395
1.41
1.424

[eNeNeoNeolNelNeolNeolelolNolNolNolNolNolNo o)

X Minus
(ft)
.954
.968
.982
.997
1.011
1.025
1.039
1.054
1.068
1.082
1.096
1.111
1.125
1.139
1.153
1.168
1.182
1.196
1.21
1.225
1.239
1.253
1.267
1.282
1.296
1.31
1.324
1.338
1.353
1.367
1.381
1.395
1.41
1.424
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Diaphragm : 35 30.243 28.763 1.512 1.512 1.438 1.438

Diaphragm : 36 30.543 29.048 1.527 1.527 1.452 1.452
Diaphragm : 37 30.842 29.333 1.542 1.542 1.467 1.467
Diaphragm : 38 31.142 29.617 1.557 1.557 1.481 1.481
Diaphragm : 39 31.441 29.902 1.572 1.572 1.495 1.495
Diaphragm : 40 31.741 30.187 1.587 1.587 1.509 1.509
Diaphragm : 41 32.04 30.472 1.602 1.602 1.524 1.524
Diaphragm : 42 32.339 30.757 1.617 1.617 1.538 1.538
Diaphragm : 43 32.639 31.041 1.632 1.632 1.552 1.552
Diaphragm : 44 32.938 31.326 1.647 1.647 1.566 1.566
Diaphragm : 45 33.238 31.611 1.662 1.662 1.581 1.581
Diaphragm : 46 33.537 31.896 1.677 1.677 1.595 1.595
Diaphragm : 47 33.837 32.181 1.692 1.692 1.609 1.609
Diaphragm : 48 34.136 32.465 1.707 1.707 1.623 1.623
Diaphragm : 49 34.436 32.75 1.722 1.722 1.638 1.638
Diaphragm : 50 34.735 33.035 1.737 1.737 1.652 1.652
Diaphragm : 51 35.035 33.32 1.752 1.752 1.666 1.666
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Sept 20, 2010
3:44 PM

Checked By:

Company : ARCADIS
Designer : JPR
Job Number 826' Concrete Chimney Liner Shortened 110'
Global
Display Sections for Member Calcs 5
Max Internal Sections for Member Calcs 97
Include Shear Deformation Yes
Include Warping Yes
Area Load Mesh (in"2) 144
Merge Tolerance (in) A2
P-Delta Analysis Tolerance 0.50%
Vertical Axis Y
Hot Rolled Steel Code AISC: ASD 9th
Cold Formed Steel Code AISI 99: ASD

Wood Code

NDS 91/97: ASD

Wood Temperature

< 100F

Concrete Code

ACI 2002

Masonry Code MSJC 05/IBC 06 ASD
Number of Shear Regions 4
Region Spacing Increment (in) 4

Biaxial Column Method

PCA Load Contour

Parme Beta Factor (PCA)

.65

Concrete Stress Block

Rectangular

Use Cracked Sections Yes

Bad Framing Warnings No

Unused Force Warnings Yes

Basic Load Cases

BLC Description Category X Gra... Y Gra... Z Grav... Joint _ Point Distrib...Area (... Surfac...

1 Dynamic Mass None -1
8 Earthquake Load Z ELZ 51
9 Earthquake Load X ELX 51
10 |Earthquake Load Z Plus X Ecce.. ELZ+X 51
11 |Earthquake Load Z Minus X Ec... ELZ-X 51
12 |Earthquake Load X Plus Z Ecce.. ELX+Z 51
13 |Earthquake Load X Minus Z Ec... ELX-Z 51

Load Combinations

Description Solve PDelta SRSSBLC Fac..BLC Fac..BLC Fac..BLC Fac..BLC Fac..BLC Fac..BLC Fac..BLCFac...

1 DL Yes 11

2 Unscaled Modal SX Yes SX| 1
3 Unscaled Modal SZ Yes Sz 1
4 DL + SX Yes 1] 1 SXi 1
5 DL-SX Yes 1)1 SX.. -1
6 DL+SZ Yes 1)1 |SZ. 1
7 DL-SZ Yes 1)1 Sz -1
8 ASCE 5 (b) (a) Yes DL| 1 [ELX]2.05
9 ASCE 5 (b) (b) Yes DL| 1 |EL.12.05
10 ASCE 5 (b) (c) Yes DL| 1 |EL.12.05
11 ASCE 5 (b) (d) Yes DL| 1 |[ELZ2.05
12 ASCE 5 (b) (e) Yes DL| 1 |EL.12.05
13 ASCE 5 (b) () Yes DL| 1 |EL.}2.05

RISA-3D Version 8.1.3

[G:\..\..\..\Calculations\Shortened 110 liner.r3d]
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Company : ARCADIS Sept 20, 2010
Designer : JPR 3:44 PM
Job Number 826' Concrete Chimney Liner Shortened 110' Checked By:

Load Combinations (Continued)

Description Solve PDelta SRSSBLC Fac..BLC Fac..BLC Fac..BLC Fac..BLC Fac..BLC Fac..BLC Fac..BLCFac...
14 ASCE 5 (b) (g) Yes DL| 1 [ELX2.05
15 ASCE 5 (b) (h) Yes DL| 1 |EL.42.05
16 ASCE 5 (b) (i) Yes DL| 1 |EL.12.05
17 ASCE 5 (b) () Yes DL| 1 |[ELZ2.05
18 ASCE 5 (b) (k) Yes DL| 1 |EL.12.05
19 ASCE 5 (b) () Yes DL| 1 |EL.42.05
Dynamics Input
Number of Modes 50
Load Combination Number 1-DL

Acceleration of Gravity

32.2 (ft/sec"2)

Convergence Tolerance

0.0001

Response Spectra Data

X Direction Spectra

IBC 2000, Parametric Design Spectra, SDS = 0.368, SD1 = 0.172

Modes Used All 50 modes
Mode No. for Signs

Modal Combination Method CcQC
Damping Ratio 5 Percent

Z Direction Spectra

IBC 2000, Parametric Design Spectra, SDS = 0.368, SD1 = 0.172

Modes Used All 50 modes

Mode No. for Signs

Modal Combination Method CcQcC

Damping Ratio 5 Percent

Freguencies / Participation

Mode Number Frequency Period Percent Modal Participation
(Hz) (Sec) X Spectra Y Spectra Z Spectra
1 191 5.244 .295 35.053
2 191 5.241 35.053 .295
3 .854 1.17 516 16.649
4 .854 1.17 16.649 516
5 2.101 476 1.819 7.675
6 2.101 476 7.675 1.819
7 3.786 .264
8 3.816 .262 3.949 3.072
9 3.816 .262 3.072 3.949
10 4,888 .205
11 5.904 .169 3.958 1.868
12 5.904 .169 1.868 3.958
13 8.234 121
14 8.293 121 3.19 1.575
15 8.293 121 1.575 3.19
16 10.954 .091 2.609 1.049
17 10.954 .091 1.049 2.609
18 12.285 .081
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Company : ARCADIS Sept 20, 2010
Designer : JPR 3:44 PM
Job Number 826' Concrete Chimney Liner Shortened 110' Checked By:
Freguencies / Participation, (continued)
Mode Number Frequency Period Percent Modal Participation
(Hz) (Sec) X Spectra Y Spectra Z Spectra
19 13.119 .076
20 13.862 .072 2.048 673
21 13.862 072 673 2.048
22 16.98 .059 1.559 .45
23 16.98 .059 .45 1.559
24 17.765 .056
25 20.014 .05
26 20.27 .049 1.337 .18
27 20.27 .049 .18 1.337
28 21.963 .046
29 23.675 .042 .196 1.012
30 23.675 .042 1.012 .196
31 26.429 .038
32 27.152 .037 .156 .834
33 27.152 .037 .834 .156
34 27.214 .037
35 30.678 .033 101 17
36 30.678 .033 717 101
37 31.195 .032
38 33.734 .03
39 34.24 .029 072 .613
40 34.24 .029 .613 .072
41 36.033 .028
42 37.823 .026 .049 .543
43 37.823 .026 .543 .049
44 40.769 .025
45 40.986 .024
46 41.386 .024 .034 499
47 41.386 .024 499 .034
48 44.888 .022 .023 456
49 44.888 .022 456 .023
50 45.924 .022
Totals : 94.829 94.829
Spectra Scaling Factor
'Scaling Factor Z: 1 | Scaling Factor X: 1
Joint Reactions (By Combination)
LC Joint Label X [K] Y [K] Z [K] MX [k-ft] MY [k-ft] MZ [k-ft]
1 1 N2381 0 11065.703 0 -.003 0 0
2 1 Totals: 0 11065.703 0
3 1 COG (ft): X:0 Y: 247.003 Z:0
4 |2 N2381 -712.516 -.002 -.099 -50.414 -.375 -107247.825
5 |12 Totals: -712.516 -.002 -.099
6 |2 COG (ft): NC NC NC
7 13 N2381 -.099 -.001 -712.528 |-107269.51 -.549 -50.422
8 |3 Totals: -.099 -.001 -712.528
9 |3 COG (ft): NC NC NC
10 | 4 N2381 -712.516 11065.701 -.099 -50.417 -.375 -107247.826
11 | 4 Totals: -712.516 11065.701 -.099
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Company : ARCADIS Sept 20, 2010
Designer : JPR 3:44 PM
Job Number 826' Concrete Chimney Liner Shortened 110' Checked By:

Joint Reactions (By Combination) (Continued)

LC Joint Label X [K] Y [K] Z [K] MX [k-ft] MY [k-ft] MZ [k-ft]
12 | 4 COG (ft): X: 0 Y: 247.003 Z:0
13 |5 N2381 712.516 11065.704 .099 50.411 .375 107247.824
14 |5 Totals: 712.516 11065.704 .099
15 |5 COG (ft): X: 0 Y:247.003 Z:0
16 | 6 N2381 -.099 11065.701 -712.528 | -107269.513 -.549 -50.422
17 | 6 Totals: -.099 11065.701 -712.528
18 | 6 COG (ft): X: 0 Y:247.003 Z:0
19 | 7 N2381 .099 11065.704 712.528 |107269.507 .549 50.421
20 | 7 Totals: .099 11065.704 712.528
21 |7 COG (ft): X: 0 Y:247.003 Z:0
22 | 8 N2381 -712.595 0 119 76.424 2.848 364961.426
23 |8 Totals: -712.595 0 119
24 | 8 COG (ft): NC NC NC
25 |19 N2381 -712.595 0 119 76.405 -864.384 364961.395
26 |9 Totals: -712.595 0 119
27 19 COG (ft): NC NC NC
28 |10 N2381 -712.595 0 119 76.444 870.081 364961.458
29 |10 Totals: -712.595 0 119
30 |10| COG (ft): NC NC NC
31 |11 N2381 119 0 -712.936 -365136.959 -1.332 -76.414
32 |11 Totals: 119 0 -712.936
33 |11| COG (ft): NC NC NC
34 112 N2381 119 0 -712.936  |-365136.94| 823.455 -76.384
35 |12 Totals: 119 0 -712.936
36 12| COG (ft): NC NC NC
37 |13 N2381 119 0 -712.936 -365136.978 | -826.119 -76.444
38 113 Totals: 119 0 -712.936
39 |13| COG (ft): NC NC NC
40 |14 N2381 -712.595 0 119 76.424 2.848 364961.426
41 |14 Totals: -712.595 0 119
42 14| COG (ft): NC NC NC
43 |15 N2381 -712.595 0 119 76.405 -864.384 364961.395
44 |15 Totals: -712.595 0 119
45 |15| COG (ft): NC NC NC
46 |16 N2381 -712.595 0 119 76.444 870.081 364961.458
47 |16 Totals: -712.595 0 119
48 |16| COG (ft): NC NC NC
49 |17 N2381 119 0 -712.936 -365136.959 -1.332 -76.414
50 |17 Totals: 119 0 -712.936
51 |17| COG (ft): NC NC NC
52 |18 N2381 119 0 -712.936  |-365136.94| 823.455 -76.384
53 |18 Totals: 119 0 -712.936
54 18| COG (ft): NC NC NC
55 |19 N2381 119 0 -712.936 -365136.978 | -826.119 -76.444
56 |19 Totals: 119 0 -712.936
57 [19| COG (ft): NC NC NC
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£2 ARCADIS

Modfied Liner Strength Design of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Scope of Calculation: Evaluate design strength for load combination Load Combination Uv=0.9D + 1.0E
ACI 307-08 Reference and Comments

P /Pt =K, = 1.7%1 Q+2%en*Ko* W, Qq + 2* W *[ 4

P, = factored vert load = 10,107,585 lbs 0.9D, See Basic Loads and Load Combination sheet
outer radius = 212.34 in from dwgs, see Sketch 1
inner radius = 176.34 in
r = avg radius of sect = 194.34 in
t = thickness of conc shell = 36.00 in
f'. = conc strength = 4,000 psi
B, = 0.85 >=0.65 Eq. 5-15/5-16
Pyt = 0.36118 Good Eq. 5-6
00
Ky = 1L.7*Q* +2*e *K*w*Qq +2*w*/ 0.36048 Eq. 5-6
I=t-n,*b= 0.49 Eq. 5-9
Q1= 0.04371325 Eg. 5-10
ly=m+ y-p = -1.84 Eq. 5-11
n= 0.38 rad 0.927567 <1.0 Eq. 5-14, See figure 5.1 below
21.94 degree
y = 0.92 rad 0.605643 >=-1.0 Eq. 5-13, See figure 5.1 below
52.72 degree
t = 0.64 rad 36.71546 degree Eq. 5-12, See figure 5.1 below
n, =# opngs in compress zone 1.00 See Sketch 1 attached
b = 1/2 central angle subt by opening = 8.90 deg See figure 5.1 below, and Sketch 1 attached
b = 1/2 central angle subt by opening = 0.16 rad
€., = conc strain = .07*(1-cos & ) / (1+cos & )<= .003 0.00300 0.02271 €, = steel strain = *m*(1+cos &)/ (1-cos & )< .07
a = 1/2 central angle subt by neutral axis = 39.950 deg vary a until Pu / rit*fc' = K1
a =1/2 central angle subt by neutral axis = 0.70 rad
Ke =Es /fy = 483.33 Eq. 5-7
E, mod of elast of r/f = 29,000,000 psi
fy, reinf strength = 60,000 psi
W= oy /f'= 0.105 Eq. 5-8
ry= 0.0070
vertical reinforcing, # 11 @ 6.175 ino.c.
OB par = 1.41 in
A = 3.03 in*/ ft
perimeter using avg radius = 1,221.07 in
total vertical r/f area @ base = 308.77 in?
total area conc shell @ base = 43,958.67 in?
for a<=5 deg 282.349 =Q Eq. 5-20
for 5deg < a <=10 deg 4.896 =Q Eq. 5-21
for 10 deg < a <= 17 deg -0.380 =Q Eq. 5-22
for 17 deg < a <= 25 deg 2.022 =Q Eqg. 5-23
for 25 deg < a <= 35 deg 0.922 =Q Eq. 5-24
for35deg< a 0.890 =Q Eqg. 5-25

Use, Q = 0.890



£2 ARCADIS

Modfied Liner Strength Design of Stack

AZ001209.0001

826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO

20-Sep-10
M, /P *r=Ksz=cosa +K,/K;, M, =P *rK, Eq. 5-18
My = 365,005 k-ft 1.0 E, See Basic Loads and Load Combination sheet
K3 =cosa +K,/K, = 3.53
Ky, =1.7°QR + €, *K* W, Q, + 22 W *K = 1.00 Eq. 5-19
Q2= ((y -
m)(1+2cos"2(a)+(1/2)(4sin(2a )+sin2y -
sin2 u)- z)/(1-cosa)= 2.26 Eq. 5-26
z =4cos(a)(sin(a)+sin(y )-sin(u)) 3.26
R=sint -(f -n,;*b)*cosa - (n,/2)*[sin( g
+ b)-sin(g- b)= 0.071 Eqg. 5-27
g = 1/2 angle btw 2 openings, 0 if 1 or zero
openings = 0
K=siny +sinm+(p-y - m)*cosa 2.58
M, =P, r K3 = nominal moment strength = 577,572 k-ft 1295441
f = (moment) 0.80
Maiowanie = f * M, = 462,058 k-t 0.790
Reduction Factor = 0.85
reduced M ziowaple = 392,749 k-ft 0.929

OK




$2 ARCADIS

Modfied Liner Strength Design of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Figure 5-1 from ACI 307-08
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£2 ARCADIS

Modfied Liner Strength Design of Stack
826-foot Concrete Chimney Preliminary Structural Evaluation for ASARCO
AZ001209.0001
20-Sep-10

Sketch 2 - Drawn from information obtained from original construction drawings
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Cost Estimate to Keep 826-foot Stack at the Former ASARCO Smelter (50-years)



Cost Estimate to Keep 826-foot Stack at the Former ASARCO Smelter (50-years)

Attachment B

Year No. ===> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Item 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Inspection 50,000
Design 400,000
Agency Comment Response 100,000
Permits for Constrution 30,000
Decon/Disposal (inner) 150,000
Decon/Disposal (outer) 150,000
Inner Liner Structural Retrofiting (create top access, reduce inner liner height) 3,550,000
Concrete Coatings (inner, both sides) 460,000
Concrete Coatings (outer both sides) 460,000
Environmental Enhancements 100,000
Security Enhancements 50,000
Paint (artistic design) 206,500
Basal Landscaping and Signage 65,000
Annual Inspections 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Annual Concrete Repairs 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Recoating (inner surfaces every 20 years and outer surface every 10 years) 230,000
Repaint every 10 years 206,500
Lights and Operations (annual) 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000
Structure Maintenance (annual) 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Insurance (annual) 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000
Annual Basal Maintenance 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
550,000| 5,221,500 114,000 114,000 114,000 114,000 114,000 114,000 114,000 114,000 114,000 550,500 114,000 114,000 114,000
Sum for 50 years 14,597,500
Discounted sum @ 2% DR 10,795,978
Contingency @ 30% 3,238,793
Discounted sum w/contingency 14,034,771
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Attachment B
Cost Estimate to Keep 826-foot Stack at the Former ASARCO Smelter (50-years)

Year No. ===> 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Item 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Inspection
Design
Agency Comment Response
Permits for Constrution
Decon/Disposal (inner)
Decon/Disposal (outer)
Inner Liner Structural Retrofiting (create top access, reduce inner liner height)
Concrete Coatings (inner, both sides)
Concrete Coatings (outer both sides)
Environmental Enhancements
Security Enhancements
Paint (artistic design)
Basal Landscaping and Signage
Annual Inspections 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Annual Concrete Repairs 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Recoating (inner surfaces every 20 years and outer surface every 10 years) 920,000
Repaint every 10 years 206,500
Lights and Operations (annual) 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000
Structure Maintenance (annual) 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Insurance (annual) 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000
Annual Basal Maintenance 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000

114,000 114,000 114,000 114,000 114,000 114,000 1,240,500 114,000 114,000 114,000 114,000 114,000 114,000 114,000 114,000
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Attachment B

Cost Estimate to Keep 826-foot Stack at the Former ASARCO Smelter (50-years)

Year No. ===> 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46
Item 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055
Inspection
Design
Agency Comment Response
Permits for Constrution
Decon/Disposal (inner)
Decon/Disposal (outer)
Inner Liner Structural Retrofiting (create top access, reduce inner liner height)
Concrete Coatings (inner, both sides)
Concrete Coatings (outer both sides)
Environmental Enhancements
Security Enhancements
Paint (artistic design)
Basal Landscaping and Signage
Annual Inspections 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Annual Concrete Repairs 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Recoating (inner surfaces every 20 years and outer surface every 10 years) 230,000 920,000
Repaint every 10 years 206,500 206,500
Lights and Operations (annual) 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000
Structure Maintenance (annual) 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000
Insurance (annual) 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000 74,000
Annual Basal Maintenance 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000 5,000

114,000 550,500 114,000 114,000 114,000 114,000 114,000 114,000 114,000 114,000 114,000| 1,240,500 114,000 114,000 114,000 114,000
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