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I. PURPOSE 

The purpose of this analysis is to develop the design of the emplacement drift invert for the 
Underground Facility portion of the Engineered Barrier Segment (EBS) ofthe repository. The 
underground facility portion of the EBS consists of emplacement drift openings, emplacement 
drift backfill (if needed to enhance the EBS) and invert system.  

The objective of this analysis is'to support the Viability Assessment with an emplacement drift 
invert design compatible with the ground control system, the subsmfe waste handling system, 
aand the waste package support system.  

The scope of this analysis covers design of the emplacement drift invert structure that provides 
support for the ground control system, the subsurface waste handling system, and the waste 
package support system. This analysis will evaluate concrete and steel materials for the invert 
scte and will determine the Invert configuration, the structural properties, and the strengths 
of materials proposed for the inver This analysis will include investigation of loadings from 
construction operations, ground control, waste package handling for emplament and retrieval 
and for off normal conditions, and waste package support (edestal and pier). This analysis will.  
identify interfaces with ground control, waste handling, and waste package support systems as 
shown in Reference 5.30. Developments in the design of the waste package emplacement 
equipment, power supply system, waste package support system, and in-drift monitoring will be 
incorporated. The impact ofpotential application of fill material (which may be added to 
enhance the EBS) and any fitture backfllling needed will be addressed.  

The design ofthe emplacement drift openings, emplacement drift backfill, and waste package 
support pier assembly is not covered by this analysis.  

2. QUALITY ASSURANCE 

The EBS and the emplacement area of the ground control system are classified as QA-l and QA
2, according to Classfi cation ofthe Preliminary MGDS Repository Design (TBV-228) 
(Reference 5.5, page 17), therefore, the emplacement drift invert is considered quality affecting 
and subject to Quality Assurance Requirements and Description (QARD), (Reference 5.11) 
requirements.  

This design analysis activity has been evaluated in accordance with QAP-2-0, Conduct of 
Activities, and has been determined to be applicable to the requirements of the QARD (Reference 
.5.11). TMe outputs of this analysis are subject to QA controls in accordance with NLP-3-1 S, 
Documentation ofQA Controls on Drawings, Speclficatons, Design Analyses, and Technical 
Documents.  

The existingA/nconfirmed input data used in this analysis are preliminary and unconfirmed and, 
therefore, the outputs requir confirmation. Because of the preliminary nature of this analysis,
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the formal tracking system described in NLP-3-15, To Be Vebrifed (TMB1,) and To Be Determined (TBD) Monitoring yStem, is not applicable. The conclusions from this design analysis cannot be used as input to documents supporting procurement, fabrication, or construction without 
further confirmation.  

3. METHOD 
The emplacement drift invert will be designed by hand calculations and computer analyses, considering rock, thermal, and seismic loads. Installation and operating loads and loads from potential backfilling materials are also considered in the invert design.  

4. DESIGN INPUTS 

4.1 DESIGN PARAMETERS 

4.1.1 Category I rock mass mechanical properties used in this analysis are as follows: 

Young's modulus: 7.76 GPa (Reference 5.21, Table 4, page 48) 
Poisson's ratio: 0.21 (Reference 5.27, Table 7-6, page 7-13) 
Cohesion: 1.5 Mha (Reference 5.21, Table 5, page 49) 
Friction angle: 43" (Reference 5.21, Table 6, page 50) Tensile Strength: 1.32 MPa for the Tsw2 unit (Reference 5.21, Table 8, page 52) 

These rock mass mechanical properties am based on full peripheral mapping data obtained during the ESF construction. Compared to similar properties based on scanline mapping data, rock mass properties are generally lower, and therefore, 
are considered to be conservative for this analysis.  

4.1.2 The remaining applicable design parameters used in this analysis are included in 
Section 4.3 as assumptions.  

4.2 CRITERIA 

Thea following design criteria, applicable to this analysis, wer developed in response to requirements Minthe Repository Design Requirements Document (RDRD) (ference 5. 1), and to related requirements in the Engineered Barrer Design Requir-ements Document 
(EBDRD) (Reference 5.6).  

4,2.1 The Repository Segment shall be designed so that facilities (ivert) are easily maintained. Maintainabilty considerations shall include the use ofdurable materials. These criteria are addressed (Section 7.2) by the selected use of concrete or steel components for the invert segment, which enhances durabilit
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and allows fot ease of maintenance and/or replacement with cast-in-place concrete 
if required (EBDRD 3.52.8.A.1 and RDRD 3.2.5-28.A.1).  

4.22 The Repository Segment shall be designed for a maintainable service life of at 
least 100 years (RDRD 32.5.4.A) which is exceeded by Assumption 43.2 which 
assumes a service life of at least 150 years for the EBS (CDA EBDRD 3.2.5.4).  
Both ofthese requirements equal or exceed Key 016 of Section 4.3.1. This 
criterion is addressed (Section 7.2) by the selected design of the invert segment 
using concrete or steel, which allows access for maintenance and/or replacement 
for the service life of the structure.  

4.2.3 Geologic Repository Operations Area Systems, Structures, and Components 
important to safety shall be designed to accommodate natural phenomena such as 
earthquakes. This criterion is in the analysis (Section 7.3) following the 
methodology of Reference 5.2. The concrete invert is designed to withstand loads 
shown in Section 4.3.1. Key 064 (EBDRD 3.2.6.1.A and B and RDRD 3.2.6.1.A).  

42.4 The design of structures shall include the effects of stresses and movements 
resulting from variations in temperature, including the effect of emplaced waste 
packages. This criterion is addressed (Sections 7.1.5 and 7.3) in the analysis and 
the concrete invert was designed to withstand these loads (EBDRD 3.2.6.1.D and 
RDRD 32.6.11).  

42.5 The Repository Segment facilities shal be designed to incorporate the use of 
noncombustible and heat resistant materials. This criterion is addressed (Section 
7.2) by specifying concrete or steel materials for the invert segment (EBDRD 
32.622 and RDRD 32.62.2.D).  

4.2.6 All designs shall comply with U.S. Nuclear Regulatory Commion direction 
supplemented by the criteria of DOE Order 6430.1A to the extent there is no 
conflict. The applicable criteria of DOE Order 6430.1A, Le., Division 1 (General 
Requiremnts) Sections 0109 (Reference Standards and Guides), 0111-1 
(General) 0111-2 (Loads), 0111-3 (Structural Systems for Buildings and Other 
Structures), 0111-99 (Special Facilities); Division 3 (Concrete), Sections 0320 
(Concrete Reinforcement), 0340 (Precast Concrete); Division 5 (Metals) Sections 
0512 (Buildings and Other Structures), 0532 Metal Fastening;, and Division 13 
(Special Facilities) Sections 1300-1 (Coverage and Objectives) and 1300-32' 
(Safety Class Items) are addressed throughout this analysis (EBDRD 3.3.1.X and 
RDRD 3.3.1.A, 3.3.4B).  

4.2.7 The Repository Segment shall accommodate the emplacement concept (TBD) 
selected during advanced conceptual design. Advanced conceptual design related 
to the emplacement drift invert has changed from a scenario of fill material to 
currently one of structural materials, Le., steel or concrete. In addition, the 
advanced conceptual design showed emplacement with railcars; however, Key
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066, Sectiorn 4.3.1 mreqir gantry emplacement (EBDRD 3.2.3.3.A.S and RDRD 
3.2.3.2.2.A.7) (Section 7.1.5).  

4.3 ASSUMPTIONS 

All assumptions below require confinnaon as the design proceeds.  

4.3.1 The following Key Assumptions from the Controlled Degn Assmptioýs 
Document (CDA) (Reference 5.3) relate to the design of the emplacement drift 
invert segment.  

Key 011: Waste packages will be emplaced i-drift in a horizontal mode.  
(Sections 4.3.5 and 7.1.5) 

Ke• 016: .The repository will be designed for a retrievabfiity period ofup to 100 yea after initiation of emplacement. (Section 4.2.2) 

Key 064: The seismic design of repository Systems, Structures and Components 
important to safety shall be based on the methodology presented in Referece 5.± 
(Section 7.3) 

For the emplacement drift invert, seismic design parameters in Reference 5.4, are assumed to correspond to Frequeny-Category I, Reference 5.2. Based on Reference 5.4, Table 1, page 6, a mean peak horizontal acceleration of 027 g and mean peak horizontal velocity of 16 cm/sec are obtained. These values are further assumed to be applicable both to vertical and horizontal ground motions. As a conservative consideration, factors for reduction ofground motion with depth 
(Reference 5.4, Table 3, page 17) are not used in the analysis. Furthermore, based on Reference 52, page 3-21, a seismic wave ftequncy of 10 Hz is chosen for 
thisa alysis.  

The seismic waves are numerically represented by the sinusoidal velocity waves (P-wave and S-wave) propagating vertically Upwards through the emplacement 

The following parameters are at the earth's surface and apply to analysis for v 'bbmto ground motion in both the horizontal and vertical directions: 

Peak acceleration: 0.27g (Reference 5.4, Table 1) (Rounded to 03 g and 
used in Section 7.3 and Attachment I) 

Peak velocity: 16 cmlsec (Reference 5.4, Table 1) (Section 7.3, Table I and 
Attachment I[) 

Frequency. 10 Hz (Reference 5.2) (Section 7.3, Table I and Attachment I) 

1zv983.wpd 06/05/98
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Duration: up to 3.0 sec (Reference 52) (Section 7.3, Table I and 
Attachment I) 

Key 066: Waste packages wl be placed center in-drift on pedestals, using 
gantry emplacement (Sections 4.3.5, 7.1.5 and 7.1.3).  

Key 070: The following diameters are assumed for underground openings: 
Emplacement Drift (TBD) (Sections 4.3.5 and 7.1.5).  

43.2 The following Engineered Barrier Design Requirements Document (EBDRD) 
assumptions from the CDA (Refernce 5.3) relate to the design of the 
emplcemet drift invert segment.  

CDA EBDRD 3.2.5.4: EBS structures, systems, and components shall be 
designed for a maintainable preclosure service life of at least 150 years following 
first emplacement of waste (Section 7.2).  

CDA EBDRD 3.7.1 J.2: The waste package mass shall not exceed 83,000 Kg 
(Sections 4.3.6 and 7.3).  

4.3-3 The following Design Concept Subsurface (DCSS) assumptions from Reference 
5.3 relate to the design of the emplacement drift invert segment.  

DCSS 023: Maximum allowable preclosure rock surface temperature in the 
emplacement drift will be 2000 C (Section 43.4).  

DCSS 027: Concrete (subject to restrictions on chemical composition of 
cemntitious materials) and steel are allowable preclosure construction material in 
all openings (Section 7.2).  

DCSS 034: A single ground support tyWe will be used in the emplacement drifts.  
Candidate ground support types under consideration (Sections 4.3.4 and 7.2): 

" Precast concrete 
* Cast-in-place concrete 
* Steel sets.  

DCSS 037: Invert material will consist ofconcrte/crushed tuffmaterial 
combination. Other material additives may be used as necessary. Note, the 
concrete/crushed tuff combination has been abandoned due to consideration of 
full lining systems. Concrete material is being used for the invrt (Section 7.2).  

4.3A Materials for the emplacement drift invert segment will be of reinforced concrete 
or structural steel and shall have the following design strengths in this analysis 
(Sections 7.2 and 9.2):
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* Concrete: compressive strength 62.1 MPa (f',-9000 psi) minimum 
. Concrete Reinforcement: yield strength 413.7 MPa (60000 psi) miium 

Structural steel: yield strengths 248.22 MPa (36,000 psi) and 344.75 
Mpa (50,000 psi) depending on applications shown in Attachment L 
The tunnel is judged to be a non-corrosive environment because of the 
generally chy conditions (Reference 5.26, Section 6.3.2.2), therefore 
corrosion allowance beyond reserve capacity of the steel members is 
not considered necessary.  

Concrete and steel meet the requirements of Section 4.2.5 for the maximum 
emplacement drift temperature of 2000 C (Section 4.3.3, DCSS 023). Design 
strength of concrete was selected because it represents the lower range of high 
strength concrete; i.e., high-strength concretes have specified compressive 
strengths of 6000 psi (41.31 MPa) or greater (ACI 363R-92, Chapter 1). Design 
strengths of structural steel were selected because they represent the most 
frequently used grades of steel (ASTM A36 and ASTM A572).  

The following properties are assigned to the concrete invert for use in the 
numerical analysis.  

Young's modulus: 27.58 GPa (4 x 10'psL, ACI-318, Section 8.5) 
Poisson's ratio: 021 (ACT 363R-92, Section 5.4) 
Density: 2000 kg/M' (Reference 5.29, page 8-4) 

4.3.5 Emplacement drift diameter will be 5.5 meters maximum in this analysis.  
Section 4.3.1, Key 070 does not assume a diameter for the emplacement drift.  
The value assumed above allows waste packages placed horizontally center in
drift, on pedestals, using gantry emplacement (Section 4.3.1, Key 011 and Key 
066). Any change to the emplacement drift diameter will most probably be a 
small increase which will not have a significant impact on the invert analysis.  
(Section 7.1.5) 

4.3.6 Construction and operating loads shall have the following maximum values in this 
analysis: 

TBM: 285 MT (2796 kN) 
TBM transport dolly wheel load: 20 MT (196 kN) 
Impact load: 25 percent of TBM dolly wheel load which is reasonable for a one 

time removal of the TBM in each emplacement drift.  
Gantry: 60 MT (588 kN) Derived in Attachment L 
Waste package: 83 MT (814 kN) Rounded to 85 MT (834 kN) in Attachment I 

and bounded at 9OMT (883kN) in Attachment H. (Section 4.32, EBDRD 
3.7.1J.2) The waste package was bounded at 883kN for analysis of the 
concrete invert because the waste package is stored directly on the invert

Inv9s3.wd o0"5s9
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which results in more impact to the design with any waste package weight 
change.  

Waste package emplacement impact: Load will not exceed the vertical seismic 
value of 0.3g.  

The weight of the tunnel boring machine (TBM) will be 285 MT which is 
reasonable for a TBM of 5.5 meters diameter. The TBM will be removed from 
the completed drift over the construction access rails and will be supported by two 
rail mounted dollies, each with eight wheels. The weight of the TBM will be 
supported equally between the domes. The weight of the TBM (295 MT) divided 
by sixteen wheels results in a wheel load of 17.8 MT which is rounded up to 20 
MT (196 KN) for this analysis and provides an upper bounding value. A system 
of rollers could also be used and could be designed to be within the upper bound 
of 20 MT per wheel The 20 MT wheel load will be larger than any construction 
wheel load. Construction wheel loads for locomotives and muck cars will be the 
largest construction loads and will not exceed 20 MT per wheel Spacing of dolly 
wheels along a single track will not be less than three feet between centerline of 
wheels. Using two feet diameter wheels, the three feet spacing allows a minimum 
of one foot between outside perimeter of wheels.  

Gantry weight of 60 MT is reasonable for a heavy steel frame and lifting 
mechanism, including drive motors, necessary to handle waste packages of 85 
MT. (Section 7.3 and Attachment I) 

4.3.7 The configurations of the emplacement drift invert segment developed in Section 
7.1.5 and analyzed in Attachments I and I, are based on preliminary layout of 
drift opening, gantry emplacement, seel ground support, and precast concrete 
liner segments. Figure 11-4, shown in Attachment H and extracted from Reference 
S.- shows the waste package support layout, specifically the steel support, pier, 
precast concrete invert segment, and related dimensions to be used as the basis for 
the precast concrete invert configuration in Figure H-3 ofAttachment 11. Figure 
U-3 shows the dimensions of an upper bounded condition for this design analysis.  

43.8 Initial stresses used in this computer model are estimated based on gravitational 
stresses generated by the overburden weight. The horizontal to vertical in situ 
stress ratio of 0.5 was used in the computer model (Reference 5.22, pages 15 and 
19) (Attachment IL page H-67) 

4.3.9 A 60 percent initial ground relaxation prior to the installation of invert and lining 
is assumed and used in this analysis. The rational is based on Reference 5.19, 
Section 7.12.4.1. (Section 7.3) 

4.3.10 The hoop stress level induced in the concrete invert by the heat output from 
emplaced waste packages will remain in a range not exceeding 15 MPa.

tnz983.wpd 06105/98
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(Reference 5.15# Sections 7.6.2.2.1 and 7.6.2.2.2) (Section 7.3 and Attachment IH, 
Section 4) 

4.3.11 A uniform spacing of 28 m for the emplacement drifts is assumed. (Reference 
5.9, page 56) (Attachment 11, page H-50) 

4.3.12 A normal stiffniess of50 GPa and a shear strength of 10 GPa are assumed for 
simulating the interface between the tunnel rock and concrete invert. The values 
ame based on the summary ofjoint stiffness values for the tuM (Reference 5.10, 
page 19) (Attachment H, page H-53) 

4.3.13 A live load of24 kPa (500 psi) will be used to design the cover plate for the steel 
invert. This uniform load exceeds the load required for storage facilities (UBC, 
Table 16-A) by a factor of two and is used to provide durability to the steel invert 
allowing multiple reuse of the invet. (Attachment I) 

4.3.14 Loads on the emplacement drift invert from equipment used during off-normal 
conditions and other off-normal loads will not exceed the operating loads in 
Section 4.3.6. Equipment used during off-normal conditions will access the 
emplacement drift using the gantry rails, or over a layer of crushed rock fill 
material. Gantry rails can support multiple wheel loads equal to the gantry wheel 
loading. Crushed rock fill will spread any wheel loads and reduce the loading on 
the inverts. Off-normal equipment loads can be managed to not exceed operating 
loads. Some off-normal loads, such as a dropped waste package, may damage the 
invert and repair or replacement of the invert may be required. (Section 7.3) 

4.3.15 Loads on the emplacement drift invert from backfill materials to enhance the EBS 
will not exceed the loads of the waste package support and loaded gantry.  
(Sections 7.1.4 and 73 and Attachment 11) 

4.3.16 A soft layer underneath the concrete invert is assumed to have one tenth of the 
Young's modulus of the rock mass and to have the same Poisson's ratio as the 
rock mass. This soft layer represents a layer of grout to be injected under the 
invert after installation to provide uniform support for the invert. (Attachment 11) 

43.17 A bulk density of 2274 kg/m' is used for the TSw2 unit. (Reference 5.19, 

Attachment I, page U-67) 

4.4 CODES AND STANDARDS 

4.4.1 American Concrete Institute (ACI) 

ACI 117R-90 Standard Specification for Tolerances for Concrete 
Construction and Materials

1nv983.wpd 06/0519
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ACI 211.1-91 Standard Practice for Slecting Proportions for Normal, 
Heavyweight and Mass Concrete 

ACI 301-96 Standard Specification for Structural Concrete 

ACI 305R-91 Hot Weather Concreting 

ACI 306R-8 Cold Weather Concreting 

ACI 318/318R-95 Building Code Requirements for Structural Concrete 
(ACI 318-95) and Commentary (ACI 318R-95).  

ACI 363R-92 State-of-the-Art Report on High-Strength Concrete 
(Reapproved 1997) 

4.4.2 American Institute of Steel Construction (AISC) 

AISC M016-89 AISC Manual of Steel Construction, Allowable Stress 
Design, Ninth Edition, 1989.  

4A.3 American Railway Engineering and Maintenance-of-Way Association 

(AREMA) 

AREMA-97 AREA Manual for Ralway Engineering 

4AA Not wed.  

4.4.5 American Society for Testing and Materials (ASTM) 

ASTM A6/A6M-96b Standard Specification for General Requirements for.  
Rolled Struchurl Steel Bars, Plates, Shapes, and Sheet 
Piling 

ASTM A36/A36M-96 Standard Specification for Carbon Structural Steel 

ASTM A307-94 Standard Specification for Carbon Steel Bolts and 
Studs, 60,000 psi Tensile Strength 

ASTM A325-96a Standard Specification for Structural Steel Bolts, Steel, 
Heat Treated, 120/105 ksi Minimum Tensile Strngth 

ASTM ASI0/A5IOM-96 Standard Specification for General Requirements for 
Wire Rods and Coarse Round Wire, Carbon Steel

lnvy93.wpd 060S198
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ASTM A563-96 Standard Specification for Carbon and Alloy Steel 
Nuts 

ASTM A572/A572M-97 Standard Specification for High-Strength Low-Alloy 
Columbium-Vanadium Structural Steel 

ASTM A615/A615M-96a Standard Specification for Deformed and Plain Billet 
Steel Bars for Concrete Reinforcement 

ASTM C3 I/C3 1 M-96 Standard Practice for Making and Curing Concrete 
Test Specimens in the Field 

ASTM C33-97 Standard Specification for Conicrete Aggregates 

ASTM C39-96 Standard Test Methods for Compressive Strength of 
Cylindrical Concrete Specimens 

ASTM C94-97 Standard Specification for Ready-Mixed Concrete 

ASTM Cl09/C109M-95 Standard Test Method for Compressive Strength of 
Hydraulic Cement Mortars (Using 2 Inch or 50 mm 
Cube Specimens) 

ASTM C138-92 Standard Test Method for Unit WeightYield and 
Air Content (Oravimetric) of Concrete 

ASThM C143-90a Standard Test Method for Slump of Hydraulic.  

Cement Concrete 

ASTM C150-97 Standard Specification for Portland Cement 

ASTM C171-97 Standard Specification for Sheet Materials fbr Curing 
Concrete 

ASTM C172-97 Standard Practice for Sampling Freashly Mixed 
Concrete 

ASTM C173-94a Stardard Test Method for Air Content of Freshly 
Mixed Concrete by the Volumetric Method 

ASTM C231-97 Stardard Test Method for Air Content of Freshly 
Mixed Concrete by the Pressure Method 

ASTM C260-95 Standard Specification for Air-Entraining Admixtures 
for Concrete
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ASTM C309-97 Standard Specificatition for Liquid Membrane
Forming Compounds for Curing Concrete 

ASTM C494-92 Standard Specification for Chemical Admixtures for 
Concrete 

ASTM C1064-86 Standard Test Methods for Temperature of Freshly 
(Reapproved 1993) Mixed Portland Cement Concrete 

ASTM Cl 107-97 Standard Specification for Package Dry, Hydraulic
Cement Grout (Nonshrink) 

ASTM D75-87 Standard Practice for Sampling Aggregates 

ASTM F436-93 Standard Specification for Hardened Steel Washers 

4.4.6 American Welding Society (AWS) 

AWS D1.1-98 Structural Welding Code-Steel, 16th Edition 

4.4.7 Concrete Reinforcing Institute (CRSI) 

CRSI-DA4-90 Manual of Standard Practice, 1990, 25th Edition 

4A.8 Department of Energy (DOE) Orders 

DOE 6430.1A-89 General Design Criteria 

4.4.9 International Conference of Building Officials (ICBO) 

UBC-97 Uniform Building Code (UBC) 

4.4.10 Precast Prestressed Concrete Institute (PC) 

PCI MWL 116-85 Manual for Quality Control for Plants and Production 
of Precast Prestressed Concrete Products, Third 
Edition 
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Consulting Group, Inc, 

5.13 CRWMSM&O 1998. Software Qualtfication Reportfor Structural Analysis ard Design (S374D-II), Version 22.3,, Computer Soflware Configuration Item (CS) Number 30024 V22. Document Identifier (DI) 30024-2003, Rev 00. Las Vegas, Nevada: 
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5.27 CRWMS M&O 1997. Yucca Mountain Site GeorechnilcalReport B00000000-017175705-00043 REV 01. Las Vegas, Nevada. CRWMS M&O. MOL.19980212.0354.  

5.28 Dayton Superior Corporation, 1986. Precast-Prestressed Concrete Handbook Revision 4-89. Miamisburg, Ohio: Dayton Superior Corporation.  

5.29 Merrit, F. S. 976. Sandard Handbookfor Civil Engineers. Second Edition. ISBN 0-07.  041510-2. New York, New York: McGraw-Hill Book Company.  

.30 CRWMS M&O 1998a. Interface Control Document For The Mined Geologic Disposal SVstem Waste Package and Reposizory Subsurface Facilitles and Systems For Mechanical and Envelope Interfaces Between Engineered Barrier System Operations and Waste Package Operations. BOOOOOOOO-01717-100-00009 REV 00. Las Vegas, Nevada.  CRWMS M&O. MOL(Not Available) 

5.31 CRWMS M&O 1997. Sofiware Qualification eportfor Fast LagrangtanAnalysLs of Continua (FLAC) Version 3.30. CSCI Number 30022 V3.3. DI: 30022-2003, REV 00.  Las Vegas, Nevada: CRWMS M&O. MOL.19980123.0651.  

6. USE OF COMPUTER SOFrWARE 

6.1 STAAD-III, Version 22.3a, (Reference 5.13), is the computer software used for the analysis of the steel invert p=ented in Attachment L The computer software has been verified and validated, according to QAP-SI-series of CRWMS M&O Computer Software Quality Assurance procedures. STAAD-MI is a specialized computer code developed specifically for solving structural analysis problems.  

The computer software used in this analysis is appropriate for this application since the STAAD-III program was specifically selected and validated for the purpose of analyzing and designing steel frames and accessories. T'he program was used within the validated range as described in the verification and validation documentation The program was obtained from Software Configuration Management in accordance with appropriate 

The computer software is installed on an IBM-compatible PC equipped with a Pen•tun 
microprocessor.  

6.2 Fast Lagrangian Analysis of Continua (FLAC) Version 3.3 (Reference 5.31, and Reference 5.12), a finite difference code, was used to perform the mechanical analysis of the concte invert segment as preented in Attachment IL The analysis was performed on a Pentium PC. FLAC is approved for use in design in accordance with M&O Computer Software Quality Assurance procedures. FLAC is appropriate for the applications used in this analysm FLAC was obtained from Software Configuration Management in
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accordance with the applicable M&O procedures. FLAC software was used within the 
range of validation as specified in software qualification documentation.  

6.3 Computational support software Mathiad Plus 6.0 was used in Attachments I and IV to 
perform structural calculations for detemining steel and concrete requirements. User 
defined formulas, inputs and results are shown in attachments. Mathcad represents 
equations, text and graphics as would be seen in a text book. Mathematical computations 
are performed internally. Mathcad is appropriate for this application.  

The computer software is installed on a Compaq Desk Pro with a Pentium microprocessor, 

6.4 Graphic support software MicroStation 95 was used in Attachments IV and V to perform 
measurement analysis of areas and to determine the cemtroid of areas and volumes.  
Results are shown in attachments. MicroStation 95 is appropriate for this application.  

The graphic software is installed on a Compaq Desk Pro with a Pentium microprocessor.  

7. DESIGN ANALYSIS 

7.1 INTRODUCTION 

7.1.1 General 
This design analysis develops configurations for the emplacement drift invert suitable for use with steel, precast concrete, and cast-in-place concret ground control systems. The emplacement drift invert is designed to support the subsurface waste handling system 
gantry and the waste Package support system Loads from construction operations are 
evaluated and included in the invert design. Loadings from retrieval operations and offnormal conditions arc assessed. The impact of fill materials and future backfilling is 
determined. Interfaces with ground control, waste handling and waste package support 
systems are identified (Reference 5.30). Impacts from the developments in the design of 
the waste package emplacement equipment, power supply system, waste package support 
system, and in-drift monitoring system are identified and incorporated into the design.  

7.1.2 Ground Control System 

The ground control system design is not part of this analysis. The ground control system 
may consist of concrete or steel materials or a combination of concrete and steel or may be ofrockbolts and shot=rte. This analysis will consider steel sets with and without a steel 
liner, precast concrete liner segments, and cast-in-place concrete for the ground control.  
Concrete liners will be not exceed 200 mm thick as analyzed in Reference 5.15, Section 
7.6.2.2.2.
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7.1.3 Subsurface Waste Handling System 

Waste packages will be transported by the subsurface waste emplacement system from the 
surface to the entrance of the emplacement drift. A rail mounted transporter will carry the 
waste package to the emplacement drift entrance. The waste package within the 
transporter will sit on a special railcar designed to hold it in place during transportation.  
At the emplacement drift entrance the railcar and waste package will be pushed from the 
transporter onto an unloading dock immediately inside the drifE A rail-mounted gantry 
(Section 4.3.1 Key 066) will then straddle the waste package and railcar, lift the waste 
package, and carry it to an assigned location in the emplacement drift. At that location the 
gantry will lower the waste package onto the waste package support system which is 
installed on top ofthe concrete invert system. (Reference 5.14, Section 7.1.1, page 16) 
The waste package support system will require redesign to be compatible with the steel 
inverL (Reference 5.8) The ground control system, gantry, waste package support 
system, and invert systems are shown in Figures 7-1 and 7-2 for illustrative purposes. The 
power supply for the rail mounted gantry within the emplacement drifts will be provided 
through a third rail collector system which will be mounted on the drift invert system.  
(Reference 5.24, Section 8.3, page 62) 

7.1.4 Waste Package Support System 

The waste package support assembly is of a modular design allowing flexibility in waste 
package placement within the drifts and component replacement of the support assembly 
if the support becomes damaged. The waste package support assembly consists of a steel 
and concrete pier and a steel "V" shaped support that is directly in contact with the waste 
package. Attachment 11, Figure 11-38 shows the waste package support layout designed to 
be placed on the concrete inverL The support pier may be placed or can be designed to ' 
be placed directly on the invert of the drift or on top of a concrete invert if installed. The 
waste package support system keeps the waste package off of the invert and allows 
drainage along the invert through an opening in the base of the pier. The waste package 
support system is designed to accommodate the potential application of fill material that 
would act as a filter bed to allow drainage or any fiuture backfilling that may be needed.  
(Reference 5.8 and Section 43.15) 

7.1.5 Invert Configurations 

The emplacement drifts are configured for in-drift horizontal emplacement of the waste 
Packages in accordance with assumption in Section 4.3.1 Key 011, and will be placed 
center in-drift, on pedestals, using gantry emplacement in accordance with the assumption 
in Section 4.3.1 Key 066. The emplacement drift invert system is considered part of the 
underground facility portion of the EBS and the invert will form the support structure for 
the subsurface waste emplacement system and the waste package support system. The 
invert may also be part ofthe ground control system in the emplacement drift forming the 
base support structure for the ground control structural system and be capable of 
withstanding loads resulting from installation and from thermally induced strains from the 
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hot emplaced waste packages, Section 4.2.4, creating'a preclosure rock surface 
temperature of 200o C maximum, Section 4.3.3, DCSS 023.  

The invert structure muit also ac'ommodate a number of other functions. During 
excavation of the emplacement drift, the invert structure will be installed behind the TBM 
head and will support the TBM construction rail.  

The invert must be robust enough to accommodate loads from the TBM trailing gear and 
rail traffic for muck removal and materials handling. On completion of emplacement 
drift excavation, the TBM will be partially disassembled and backed through the drift 
over the rail on rollers (or domes) designed to support the heavy TBML 

The configurations of the emplacement drift invert segment shown in Attachments I and 
1I, are based on preliminary evaluation of waste package handling in accordance with the 
criteria in Section 4.2.7, and assumptions in Section 4.3.1 Key 011 and Key 066. All 
dimensions shown defining the invert geometries are in accordance with the assumption 
in Section 4.3.7, and are used here to determine the minimum properties of the invert 
materials. The precast invert configuration shown in Figure U-37 is used as the basis for 
the analysis of the concrete invert in Attachment 1I. Diameter of the empl ent drift 
opening is TBD in accordance with the assumption in Section 4.3.1, Key 070, but is 
assumed to be 5.5 meters maximum (Section 4.3.5) for this analysis.  

The invert configuration must acommodate the above requirements and must be made of 
materials suitable for anticipated conditions. Various invert design configurations are 
described below and analyzed in this analysis.  

7.1.5.1 Steel Invert 

The steel invert will be a two part system consisting of a construction support system and 
an emplacement gantry support system. The construction support system will carry 
construction loads and will be removed for reuse upon completion of the emplacement 
drift excavation. The construction rail' will be carried on special steel supports placed 
between the steel sets. The gantry support system will serve the subsurface waste 
handling operations and will be a permanent part of the repository. The gantry rails will 
be mounted on heavy steel supports placed between the steel sets. Figures 7-3 and 7-4 
show the configuration of the steel invert. Both parts of the steel invert will be 
constructed of steel materials consisting of structural shapes and plates. This invert will 
be suitable for use with steel sets and a steel liner as a ground control system.  

7.1.5.2 Steel Invert and Cast-in-place Concrete Invert 

This alternate will be a two part system consisting of a steel invert for the construction 
support system and a cast-in-place concrete invert for the emplacement gantry support 
system. The construction support system will carry construction loads and will be 
removed for reuse upon completion of the emplacement drift excavation. The
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construction support system can be used to carry the forming and concrete placement equipment for installing the cast-in-place concrete invert. The cast-in-place gantry support system will serve the subsurface waste handling operations and will be a permanent part of the repository. Figure 7-5 shows the configuration of the cast-in-place 
Concrete invert. The removable steel part of the invert will be of the Same configuration described in Section 7.1.5.1 and shown in Figure 7-3. The cast-in-place concrete invert will have the advantage of a controlled alignment that will facilitate rail installation and equipment operation. This invert will be suitable for use with steel sets and a steel liner as a ground control system. The cast-in-place invert will enclose the lower part of the 
steel sets and steel liner.  

7.1.5.3 Precast Concrete Invert 

The precast concrete invert will be a one part system consisting of a single concrete structure providing both the construction Support system and the emplacement gantry support system. The construction support system will consist of an access rail installed in the center portion of the precast concrete invert to carry construction loads. Once emplacement drift constructon is completed and the TBM is eracted, the construction access rail will be removed for reuse and the gantry rails will be installed on the raised haunches of the invert. The gantry support system will serve the subsurface waste handling operations and will be a permanent part of the-repository. Figure 7-6 shows the configuration of the precast concrete invert. This invert will be suitable for use with steel sets and a steel liner, a concrete segmental liner, or a cast-in-place liner as a ground 
control system.  

7.1.5.4 Precast Concrete Invert With Cast-in-place Concrete Invert 
And Haunches 

This alternate will be a two part system consisting of a precast concrete invert for the construction support system and a cast-in-place concrete invert with haunches for the emplacement gantry support system. The consruction support system will consist of an access rail installed in the center portion of the precast concrete invert to carry construction loads. Once emplacement drift construction is completed and the TBM 
extracted the construction access rail will be removed for reuse. The construction support 
sysem can be used to carry the forming and concrete placement equipment for instalig the cast-in-place concrete invert. A cast-in-place concrete invert with haunches will then be installed for the gantry support system to serve the subsurface waste handling operations. Both parts of the invert system will be a permanent part of the repository.  Figures 7-7 and 7-8 show the configuration of the precast concrete invert and the cast-inplace invert. The cast-in-place part of this alternate will have the advantage of a controlled alignment that will facilitate rail installation and equipment operation. Tis invert will be suitable for use with steel sets and a steel liner, a concrete segmental liner, 

or a cast-in-place liner as a ground control system.  

7.1.5.5 Partial Precast Concrete Invert with Cast-in-place Concrete Haunches
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This alternate will be a two part system consisting of a partial precast concrete invert for 
the construction support system and cast-in-place concrete haunches added to the precast 
portion for the emplacement gantry support system. The construction support system will 
consist of an access rail installed in the center portion of the partial precast concrete invert 
to carry construction loads. Once emplacement drift construction is completed and the 
TBM exracted, the construction access rail can be used to carry the forming and concrete 
placement equipment for installing the cast-in-place concrete haunches. After haunch 
construction is completed the construction access rail will be removed for reuse. The 
cast-in-place haunches will provide the gantry support system that will serve the 
subsurface waste emplacement system. Both parts of the invert system will become a 
permanent part of the repository. Figures 7-9 and 7-10 show the configuration of the 
partial precast concrete invert and cast-in-place haunches. The cast-in-place haunches in 
this alternate will have the advantage of a controlled alignment that will facilitate rail 
installation and equipment operation. This invert will be suitable for use with steel sets 
and a steel liner, a concrete segmental liner, or a cast-in-place liner as a ground control 
systemi.  

7.1.6 IN-DRIFT MONITORING 

In-drift monitoring will be achieved with the use of a proposed "remote inspection 
gantry" that would operate over the emplacement drift invert gantry rails. The 
monitoring would include vision systems, thermal instruments, radiological instruments 
and air and gas instruments. (Reference 5.25, Section 7.6.5, page 55) 

7.2 INVERT MATERIALS 

Two types of materials are considered for the emplacement drift invert system in this 
analysis, inverts constructed from either concrete or steel. Two types of invert materials 
are considered because of potential performance assessment concerns stemming from 
extensive use of concrete in the emplacement drifts. If concrete becomes unacceptable, 
the alternative steel material will be used. Invert material consisting of a combination of 
concrete and crushed tuff, Section 4.3.3 DCSS 037, was considered and abandoned when 
full lining systems were selected.  

The invert segment is usually part of the ground support acting in ring compression and 
forming the foundation for any ground support structure. Assumption 4.3.3 DCSS 034 
addresses e types of ground support; ie., precast concrete., cast-in-place concrete, and 
steel sets.  

Steel and concrete (both precast and cast-in-place) materials are proposed for use for the 
emplacement drift invert in accordance with assumptions in Section 4.3.3 DCSS 027.  
Steel and concrete materials satisfy the criteria in Sections 4.2.1,4.2.2 and 4.2.5. Steel 
and concrete are durable materials that can be maintained as necessary for a service life of 
150 years. Concrete, cast-in-place or as precast invert segments or steel inverts can be
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repaired as necessary or replaced with like materials. Steel and concrete materials are noncombustible and heat resistant. Structural steel yield strength is 248.22 MPa minimum and concrete compressive strength is 62.1 MPa, Section 43.4, for this analysis.  

Section 7.1.5 describes invert design configurations with steel, steel and cast-in-place concrete, precast concrete, precast and cast-in-place concrete and precast concrete with cast-in-place concrete haunches. Invert configurations will be suitable for use with steel sets and a steel liner, a concrete segmental liner or a cast-in-place liner as ground support 

Structural steel ground support will consist of steel sets made of wide flange shapes. The steel ground support may be a continuous steel ring or a partial steel ring supported on a precast concrete invert. Where the partial steel ring is supported on a precast concrete 
invert, the invert will be designed as described below.  

Where a continuous steel ring (steel set) and a steel liner Is used for ground support, a two part steel invert, Section 7.1.5.1 and Figure 7-3, will be placed between the steel sets and will support the construction access rail and be designed with clearances and load capacity to allow removal ofthe TBM. After the emplacement drift is completed and the TBM removed, the construction access rail and steel invert will be removed for use in constructing another emplacement drift. The gantry support rail will then be installed on a steel support beam independent of the steel sets.  

As an alternative to attaching the gantry rail to a steel support beam, a cast-in-place concrete invert, Section 7.1.52 and Figure 7-5, can be used for gantry rail support.  Initially a steel invert, Figure 7-3, would be installed to support the construction access rail and for TBM removal. After the drift is completed and the TBM extracted, the access rail and steel invert will be removed for reuse. A cast-in-place concrete invert, Figure 
7-5, will then be installed to carry the gantry support rail.  

Where steel sets with a steel liner, precast concrete segmental liner, or cast-i-place concrete liner are used for ground support, precast concrete inverts or a combination of precast invert segments and cast-in-place inverts, Sections 7.1.5.3, 7.1.5.4 and 7.1.5.5, will be used. A cast-in-place concrete invert and/or liner may be placed as a second stage ground support following installation ofrockbolts or steel sets. A cast-in-pl•e Hlirwould most likely include a cast-in-place invert over precast inverts installed for 
construction access, Figures 7-7 and 7-9.  

A precast concrete invert suitable for construction and repository, Section 7.1.53 and Figure 7-6, can be used with the ground control support described above. The precast invert would support both the construction access rail and the gantry rail. T-he construction access rail will be removed prior to installing the gantry rail.  

A combination precast and cast-in-place concrete invert, Section 7.1.5.4 and Figures 7-7 and 7-8, are also suitable for use with the ground control support described above. Figure 7-7 shows a precast invert segment that will be compatible with the ground support and 
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will carry the construction access rail. Once the emplacement drift construction is 
complete a cast-in-place concrete invert, Figure 7-8, is installed directly over the precast 
invert. The cast-in-place portion will carry the gantry support rail.  

Another combination of precast and cast-in-place concrete is shown in Figures 7-9 and 7
10. A partial precast concrete invert, suitable for use with the ground control described 
above, is installed to support the construction access rail, Figure 7-9. Once the 
emplacement drift construction is completed cast-in-place concrete haunches, Figure 7
10, are installed to carry the gantry support rail.  

7.3 LOADING CONDITIONS 

As part of the EBS, the emplacement drift invert provides support for the following 
loading conditions resulting from construction End waste emplacement operations: 

" Ground control structures 
"* Construction access rail 
"* TBM removal by rail 
"* Waste package handling during emplacement and retrieval 
"* Waste package handling during recovery fiom off-normal conditions.  

(Off-normal equipment loads will not exceed operating loads.) (Section 
4.3.14) 

"* Emplacement drift backfill to enhance the EBS. (Loads will not exceed the 
loads ofthe waste package and gantry.) (Section 43.15) 

The emplacement drift invert segment is subjected to dead (rock) loads, seismic loads, 
thermal loads, installation loads, construction loads, and operating loads. An allowance 
for thermally induced stress is shown in Section 4.3.10. Seismic loads are shown in 
Section 4.3.1 Key 064. Construction and operating loads are shown in Section 4.3.6 and 
are bounded by the following related values in this analysis: 

TBM: 285 MT (2795 kM) 
"IBM transport dolly wheel load: 20 MT (196 kN) 
Gantry: 60 MT (588 kN) 
Waste package: 85 MT (834 kN) Bounded at 90 MT (884 kN) for concrete inverts.  
Waste package emplacement impact Load will not exceed the vertical seismic value 

of 0.3g.  

Steel Invert Lods 

Loads on the steel invert for construction and gantry support are: 

Construction Support
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Live load on cover plate: 24 kPa (500 psf) Exceeds UBC-97, Table 16-A, 
Storage, by a f•ctor of two 

- TBM transport dolly wheel load: 20 MT (196 kN) Section 43.6 
- Impact loid : 25 percent of TBM dolly wheel load Section 4.3.6 

Gantry Support 
- Gantry load: 60 MT (588 kN) Section 4.3.6 
- Waste package load: 85 MT (834 kN) Section 4.3.6 
- Seismic load: 0.27g, used as a percentage of weight, is included in 

Reference 5.18, file GANTRY-H, used in Attachment L Section 4.3.1 
- Thermal load: Not applied. Expansion joint in steel members can be readily 

added in final design.  

Seismic load is not applied to the construction support invert because there is a low 
probability that the site seismic event will occur at the time the TBM is being 
removed. As it is proposed that the construction support invert be removed and reused, no waste package loading for the invert is considered. In addition, thermal loading is not considered becauke the invert will be removed and reused. If the steel 
invert remains in place an allowance for expansion under thermal load needs to be 
evaluated.  

Combinations of dead load, live load, and seismic load specifically related to the 
analysis of the invert are shown in Attachment L 

The steel invert is analyzed in Attachment I in accordance with the criteria and assumptions of this analysis and adheres to the dimensions shown in Figure U-37, 
Attachment H for the construction and gantry rails. The steel invert is modeled with 
the loading conditions above and the results are shown in Section 8.  

Concrete Invert Loads 

For the two dimensional FLAC modeis, the invert segments and lining segments are 
numerically installed after a 60 percent elastic ground relaxation, (Reference 5.19, Section 7.12.4.1) due to excavation, has taken place. The balance of ground 
relaxation will load the invert and lining& 

Seismic arid thermal loads incorporate the criteria requirements of Sections 423 and 
4.2.4 and the assumption of Section 4.3.3, DCSS 023. Reference 5.4 provides the 
seismic acceleration and velocity values in Section 4.3.1 for analyzing the seismic 
impacts of emplacement drift equipment on the invert.  

Installation loads include forces from handling of the precast invert and forces from 
the expansion of the precast concrete ground support wall and crown segments.  
Handling and placing of the precast invert will be by lifting lugs installed in the invert 
segment at two locations. (Attachment IV) Forces from expanding the precast
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concrete ground support segments and installing key wedges, by inspection, will not 
exceed the heat induced hoop stress shown in Table 1.  

The cast-in-place concrete invert Figure 7-5 and the cast-in-place haunches Figures 
7-4 and 7-10 are not loaded in the same manner as the precast invert loadings shown 
in Table 1, ie., rock load, TBM load, and heat induced load are not applicable. The 
precast invert is subjected to all the loads shown in Table 1. The cast-in-place 
concrete invert will be analyzed based on evaluation of the applicable stresses 
developed in this analysis for the precast invert and will not be modeled separately.  

Table I identifies the loads a precast concrete fiert will be subjected to during 
preclosure of the repository. The-concrete invert segment is analyzed as continuous 
along the emplacement drift alignment 

Table I. Loads of Concern with A Precast Concrete Invert Segment 

Type Descrption Magnitude Orientation Sources 
and 
Distribution' 

In situ rock loadihat ads on Invert Is Both Reference 
the Iner and Invert after Iktalled horizontally 5.19.  
instalation. This load Is after 60 % and Section caused by elastic ground eastc vertically 7.12.4.1 relaxaion of the in u ground tesses. relaxation 

It TBM transportation load. 196 IN per Vertically on Section 
This Is a moving lad that Is contact the 4.3.6 cocentrted at wheel construction 
contact points. rail on the 

Ill Gantzy load. This load Is a 688 kW Vertically on Section 
moving load. concentrated both 4.3.6 
at wheel or roWler contact shoulders of points. Listed Is the total the Invert 
weight of antr._ 

IV Individual waste package 883 MN Vertically on Section weight the Inverts. 4.3.6 
V Load range of heat- 15 MPa Hoop Section 

Induced concrete liners at 200 mm direction. 4.3.10 
hoop stress (force) that wll th•d•ness 
transfer to the Invert In form 
ofMal thrust acting on the 

__________ Ilnerinvert connection Joints. _______ _______
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-. 
a 

'escrpaon Magnitude

Potential earthquake 
Induced dynamic load on 
the invert.

OrienationSources 

Section 
4.,3.1

and

flI�frIhAfrm

T I__ _ _ I _ _ _ _

Acceleration 
0.3g 
Frequency.  
10Hz 
Peak ground 
vebckt. 16 
cnVS 
Duration 3 
smo,

i ---- * I

Both P- and 
S-waves 
Propagate 
vertdc 
towards the 
Wound 
surface

Loading Combinations for the Concrete Invert

Scenario 1: 

Scenario 2: 

Scenario 3: 

Scenario 4: 

Scenario 5:

Pre-emplacement rock load (I) + IBM Transportation Load (I1) 

Pre-emplacement rock load (1) + Gantry Weight (WI) with Waste 
Package Weight OV) 

Pre-emplacement rock load (I) +Heat-Induced load (V) + Emplaced 
Waste Package Weight (MV) 

Pro-emplacement rock load (1) + Heat-induced load (v) + Emplaced 
Waste Package Weight (IV) + Seismic Load (VI) 

Pre-emplacement rock load (1) + Gantry Weight (IH) with Waste 
Package Weight (IV) + Emplaced Waste Package Weight (IV)

The precast concrete invert configuration is analyzed in Attachm•nt H in accordance with the criteria and assumptions ofthis analysis. The concrete invert is modeled 
with the loading conditions above and the results are shown in Section 8.  

8. CONCLUSIONS 

"This analysis is based on existing, unconfirmed input data and the use of any data from this analysis as input to documents supporting construction, arcation, or procurement is 
required to be controlled as TBV in accordance with NLP-3-15.  

Conclusions and recommendations are presented and shown in the analyses and figures 
included in attachments. Attacbments are summarized below.  

8.1 The structural steel invert is analyzed in Attachment I. Figures 1-1 through 1-7 of Attachment I, show the plan, elevation. sections, and details developed by this
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analysis for the steel invert and components. The steel invert consists of two major 
parts: 

A. A removable/reusable steel section placed between the steel sets supporting 
construction access rails, Figures I-1 through 1-4. The steel invert for construction 
access was designed in Attachment I using ASTM-A36 steel materials and 
consists of the following major components: 

* Floor Plate: 3/8 inch thick with 23.9 kPa (500 psf) live load.  
* Framing: W8 x 48 with 20 MT wheel load.  
* Construction Rail Size: 438 N/m (90 poundslyard) Attachment I 

B. A gantry runway beam and rail anchored to a structural steel support, Figures 1-5 
through 1-7. The gantry runway and steel support were designed in Attachment I 
using ASTM-A572 steel materials and consists of the following major 
components: 

"* Gantry Runway Beam: W8 x 67 with 406.5 kN (91.4 kips) per wheel 
"* Gantry Rail Size: 657 N/n (135 pounds/yard) Attachment V 

The steel invert, as analyzed, is satisfactory for the TBM loads shown in Section 
4.3.6.  

8.2 The precast and cast-in-place concrete invert is analyzed in Attachment 11 for the 
loads shown in Table I and concrete stresses were determined. Figure 11-3 of 
Attachment 11 shows a section through the invert analyzed. Figure 1-2 shows an 
invert configuration based on using a 600 mm diameter wheel which lowers the top of 
the haunches and demonstrates the feasibility of using a larger wheel diameter. This 
configuration is bounded by the invert section shown in Figure 11-3 and was not 
analyzed. Using concrete stresses determined in Attachment 1I, the concrete invert is 
analyzed in Attachment IV to determine steel reinforcement and concrete 
compressive strength required. A concrete compressive strength of 62.1 MPa 
(Section 43.4) is suitable. Steel reinforcement is shown in Figure IV-I. Figures 
IV-2, IV-3, and IV-4 show a plan and details.  

The construction rail size is 438 N/n (90 poundslyard), Attachment I and the gantry 
rail size is 657 N/m (135 pounds/yard), Attachment V, the same size as used for the 
steel invert, for this analysis. The precast concrete invert, as analyzed, is satisfactory 
for the operating loads in Section 4.3.6.  

8.3 The configuration of casting-in-place an invert with haunches, Figure 7-8, over an 
installed precast invert and adjacent ground support, Figure 7-7, involves the 
additional cost of anchoring the cast-in-place section to the installed precast invert.  
Anchoring the cast-in-place section is necessary for stability against movement of 
the cast-in-place section during loading. Transfer of ground support loads to the cast-
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in-place invert through any anchoring system would most likely over stress the cast
in-place section. No further analysis of this alternative is considered.  

8.4 Casting the concrete haunches in-place (Figures 7-9 and 7-10, Attachment 11, Part 4, 
and Figure l-1) on a precast invert appeared more costly than a precast invert that 
included the haunches because the haunches must be attached to the precast invert 
with a system of dowels including threaded sleeves installed in the precast invert and 
steel reinforcement attached to the dowels that are inserted into the sleeves.  

8.5 Design of the steel invert supports construction and TBM loads and allows removal 
and reuse of the invert part placed between the steel sets. The gantry rail strctural 
steel support is bolted to the tunnel floor and conforms to waste package placement 
centered horizontally in-drift, on pedestals, using gantry emplacement (Section 4.3.1, 
Key 011 and Key 066).  

Design of the precast concrete invert conforms to waste package placement centered 
horizontally in-drift, on pedestals, using gantry emplacement (Section 4.3.1, Key 011 
and Key 066).  

8.6 The steel invert, designed to support construction access, is only usable with 
structural steel ground support and is removed and reused in another drift The gantry 
runway beam and rail are installed for gantry support and remain in place for 
emplacement drift waste emplacement operations.  

8.7 Attachment IV analyzes the steel reinforcement required-for the precast concrete 
invert based on a concrete compressive strength of 62.1 MPa. Steel reinforcement 
required for the precast invert is shown in Figure IV-I and is compatible with the 
concrete compressive strength.  

9. ATTACHMENTS 

ATTACEMfNTS DESCRIPTION 

I Suctural Steel Invert 
U Concrete Invert 
InI Miscellaneous Reference Data 
IV Reinforced Concrete Design 
V Gantry Rail Design
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ATTACHMENT I 
STRUCTURAL STEEL INVERT 

DOE policy requires the subsurface design be performed using metric units.  
Much source information (e.g., vendor data/steel member sizes) used for 
design, however, is available only in English units. Because of this, 
calculations are generally performed in English units. The results are 
converted tometric units in the main body of the analysis, followed by the 
corresponding English values in parenthesis.
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ther D: ROM& Eq~ctk4r- c 
FAOE NO. I 

*£ TS ADT III A 
• Revision 22.3a .  
* Proprietsry Pregra. of 
* Research Eguineers, Inc.  
* Data- MAR it, 1999 
• Tile- 9S16811 

* USER ID: Researec, Euglieers. Inc. C 

1. STAAD SPACE COVER.1LATE FOR INVERT 
2. UNIT POUND INCH 
3. JOINT COORDINATES 
4. 0 FILENAME: COVER*PL.STD 
S. P PLATE SIZE 4.10 X 4'(BETWEEN STEELSETS) 
6. • SUPPORTED BY BEAM, CANTILEVEtED SO AT EDGE 
7. * LIVE LOAD 500 LB PER SQUARE FOOT 
9. 0 MAX ALLOW DEFLECTION L1240 
9. 1 -49 0 0 ;2 -44 0 0 ;3 -19 .0 ;4 0 0 0 

1a. 5 19 0 a :6 44 0 0 ;7 49. 0 0 
I1. 11 -49 0 t;12 -44 0 9 ;13 .19 0 9 ;14 0 0 1 

12. 15 15 0 $;16 44 0 9 ;17 49 0 9 
13. 21 .49 0 24;22-44 0 24;23 .19 0 24;24 0 0 24 
14. 25 19 0 24;26 44 0 24;27 49 0 24 
15. 31 -49 0 40;32 -44 0 40;33 .19 0 40;34 0 0 40 
16. 35 1t 0 40;36 44 0 40;37 49 0 40 
17. 41 -49 0 4t;42 .44 0 49;43 .19 0 4t;44 0 0 4: 
It. 45 19 0 45;46 44 0 49;47 49 0 4t 
19. ELEMENT INCIDENCE 
20. 1 1 2 12 I1;2 2 3 13 12;3 3 4 14 13 
21. 4 4 5 15 14;S 5 6 16 15;6 6 7 17 16 
22. 11 11 12 22 21;12 12. 13 23 22;13 13 14 24 23 
23. 14 14 15 25 24:15 15 16 26 2$;16 16 17 27 26 
24. 21 21 22 32 31;22 22 23 33 2:;23 23 24 34 33 
25. 24 24 25 35 34;23 25 26 36 35;26 26 27 37 36 
26. 31 31 32 42 41;32 32 33 43 42;33 33 34 44 43 
27. 34 34 35 45 44;35 33 36 46 45;36 36 37 47 46 
29. ELEMENT PROPERTY 
29. 1 TO 6 11 TO 16 21 TO 26 31 TO 36 THICKNESS 0.373 
30. CONSTANT 
31. E STEEL ALL 
32. DENSITY STEEL ALL 
33. SUPPORT 
34. 12 TO 16 23 25 32 TO 36 FINNED 
35. LOADING I 
36. SELFWEIGHT Y -1.0 
37. ELEMENT LOAD 
33. I TO 6 II TO 16 21 TO 26 31 TO 36 PRESSURE GY -3.5 
39. PERFORM ANALYSIS
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COVER PLATE FOR INVERT U. PAGE nO. 2 

PRO3LEM1 STATISTICS 

------------- a------------------------

NUMBER OF JOINTSIMEMBER÷ELEMENTSISUPPORTS - 351 241 32 
ORIGINALIFINAL BAND.WIDTH m SI I 
TOTAL PRIMARY LOAD CASES . 2, TOTAL DEGREES OF FREEDOM - 210 
SIZE OF STIFFNESS MATRIX - 11340 DOUBLE PREC. WORDS 
REQRDIAVAIL. DISIC SPACE = 32.291 1101.4 MU. EXMEM - 2962.9 MB 

++ Procesling Element Stiffness Matrix. 9:16:21 
++ Processing Olobal Stiffness Matrix. 9:16:12 
+÷ Proenssing Triangular Factorization. 9:16:12 
++ Calculating Joint Displaecments. 9:16:12.  
÷÷ Calculating Member Forces. 9:16:12 

40. PAREMETER 
41. DMAX 0.133 
42. CODE AlSC 
43. PRINT SUPPORT REACTION
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.- PAGE NO. 4COVER PLATE FOR INVERT

ELEMENT FORCES FORCE.LENOTH UNITS- ,OUN INCH 

O- ,ORCEIWIDTHITHICK. MOMENT - FORCE.-LENGTHWIDT

ELEMENT LOAD QX 
VONT

QY 
VONB

Ux 
FX

MY 
FY

MXY 
FXY

1 

TOP 
BOTT: 

2 

TOP 
BOTT:

3704.91 
SMAX- .1417.76 
SMAX- 4204.47 

1 37.36 
2472.36 

SMAX- -290.26 
SMAX- 2200.73

3 1 -27.19 
23111.66 

TOP : SMAX- -. 59 
BOTT: SMAX- 2331.93 

4 1 27.19 
2351.66 

TOP : SMAX- -. $9 
BOTT: SMAX- 2331.95 

3 1 -37.36 
2473.56 

TOP : IMAX- .390.26 
BOTT: SMAX- 2300.73 

6 1 .5.29 
3704.95 

TOP :MAX- -. 417.76 
BOTT: SMAX- 4204.46 

11 -319.01 
3133.17 

TOP : SMAX- 3012.60 
BOTT: SMAX- 123.63 

12 1 -12.65 
2041 .356 

TOP : SMAX- 1151.67 
BOTT: SMAX- 1205.51 

13 I 13.16 
376.31 

TOP SMAX- 234.35 
BOTT: SMAX- 171.12 

14 1 .13.16 
376.51 

TOP SMAX- 254.35 
BOTT: SMAX- 17t.12

-73.09 -38.72 
3704.9S .00 
SMIN- -4204.47 TMAX
SMIN- 1417.75 TMAX

-29.43 -33.49 
2473.56 .00 
SUIN" -2300.73 TMAX
SUIN- $90.26 TMAX-

-41.2 " 
2331.66 
SUIN- .2351.t1 
SMIN- .39 

.41.23 
2331.66 
SMIN- -2331.95 
SMIN- .39

-. 59 
.00 
TUAX
TMAX

0". 59 
.00 
TMAX
TMAX-

-29.43 -33.49 
2473.56 .00 
SMIN- -2300.73 TMAX
SMIN- 390.26 TMAX

.73.09 -33.72 
3704.93 .00 

•SMIN- .4204.46 TMAX
SMIN- 1417.76 TMAX

122.19 -14.43 
3533.17 .00 
SMIN- -833.653 TMAX
SUIN- .3012.60 TMAX

13.02 .22.61 
2041.56 .00 
SMIN- .1203.31 TMAX
SMIN- .1151.57 TMAX-

41.33 
376.31 

'SMIN
'SMIN

41.33 
376.51 

SMIN
SMIN-

5.45 
.00 

.173.13 TMAX

.254.35 TMAX-A 

5.46 
.00 

.172.11 TMAX

.254.33 TMAX-

.93.03 
.00 

1393.35 
1393.35 

-33.02 
.00 

955.23 
911 .23 

-34.$3 
.00 

1175.6t 
1173.63 

-54.3, 
.00 

1173.53 
1173.63 

-. 33.02 
.00 

9311.23 
951.23 

-93.05 
.00 

1293.33 
1393.33 

64.34 
.00 

1943.13 
1941.13 

21.35 
.00 

1173.59 
1173.59 

-3.67 
.00 

216.26 
216.26 

-3.67 
.00 

216.26 
216.26

13.12 
.00 

ANOLE- 16.9 
ANGLE- 16.9 

20.13 
.00 

ANGLE- 32.1 
ANGLE- 32.1

ANGLE
ANGLE-

5560 
.00 
'.9 
5.9

-.5.60 
.00 

ANGLE- 03.-9 
ANGLE-. -$.9 

.20.13 
.00 

ANGLE- -32.1 
ANGLE- -32.1 

-13.12 
.00 

ANGLE- 'I1.9 
ANGLE- -16:9 

23.03 
.00 

AMOLE- -.13.2 
ANGLE- .13.2 

16.73 
.00 

ANOLZ- .13.6 
ANGLE- -.1.6 

2.20 
.00 

ANOLE- 12.09 
ANOLE- 12.9 

-2.20 
.00 

ANGLE- -12.9 
ANOLE- .12.9



-ATTACEMENT I 
DI: BBDCOOOO41717-020000001 REV 01 

TITLE: Emplacement Drift Invert Str,_chal Design Analysis Page; 1-7 of 1-56 

COVER ?LATE FOR INVERT PAGE NO. 5 

ELEMENT FORCES FORCE.LENOTH UNITS- POUN INCH 

F'OR.CE OR STR•ESS " FORCE/IWIDTHITHICK. MOMENT" FOR.CE.LENGTHIWIDTH

ELEMENT LOAD QX ,VONT QY VONB
mx FX MY FY MXY FXY

15 

TOP 
BOTT: 

16 

TOP 
BOTT: 

21 

TOP 
BOTT: 

22 

TO? 
BOTT: 

23 

TOP 
BOTT: 

24 

TOP 
BOTT: 

25 

TOP: 
BOTT: 

26 

TOP 
BOTT: 

31 

TOP 
ROTT: 

32 

TOP 
BOTT:

1 12.65 

2041.56 
SMAX- 1151.67 
SMAX- 1205.51 

".1 39.01 
3533.17 

SMAX- 3012.60 
SMAX- 233.65 

1 .39.03 
3333.17 

SMAX- 3012.60 
IMAX- S93.65 

1 -12.65 
2041.56 

SMAX- 1151.67 
SMAX- 1205.51 

1 13.16 
376.51 

1MAX- 254.35 
SMAX- 179.1t 

.-!.16 
376.51 

SMAX- 254.35 
SMAX- 173.1t 

12.65 
2041.56 

.SMAX- 1151.67 
SMAX- 1205.51 

1 .39.01 
3533.17 

SMAX- 3012.59 
SMAX- 993.65 

1 S.tg 
3704.95 

SMAX- .1417.76 
9MAX- 4204.47 

1 37.36 
2473.56 

SMAX- .-90.29 
SMAX- 2t00.73

13.02 -22.61 
2041.S6 .00 
SMIN- .1205.51 TMAX
SMIN- -11SI.67 TMAX

132.19 o14.45 
3533.17 .00 
nSUIN- -.12.63 TMAX
SMIN- -3012.60 TMAX

-112.19 -14.45 
353t.37 .00 
SMIN- .t:3.65 TMAX
SMIN- .3012.60 TMAX

-13.02 .22.61 
2041.56 .00 
SMIN" .1205.51 TMAX
SMIN" .1151.67 TMAX

-41.33 5.46 
376.51 .00 

SMIN- .173.1t TMAX
3MIN- .254.33. TIAX

-41.33 3.46 
376.51 .60 

3MIN- -173.1t TMAX
SMIN- -254.35 TMAX

.13.02 -22.61 
2041.56 .00 
SMIN- .1205.51 TMAX
1MIN- -1151.67 TMAX

.132.19 -14.45 
3533.17 .00 
9MIN- -133.65 TIMAX
SMIN- .3012.59 TMAX

73.09 -3t.72 
3704.95 .00 
SMIN- -4204.47 TMAX
SMIN- 1417.76 TMAX

29.43 -33.49 
2473.56 .00 
3MI1- -2Z00.73 TMAX
SMIN- 390.26 TMAX-

21.35 
.00 

1179.59 
1173.59 

64.34 
.60 

1543.12 
1543.12 

64.34 
.00 

1545.13 
194t.13 

21.35 
.00 

117.5.9 
117S.59 

-3.67 
.00 

216.26 
216.26 

-3.67 
.00 

216.26 
216.26 

21.35 
.00 

1173.39 
1371.59 

64.34 
.00 

1941.12 
1941.12 

-93.05 
.00 

1393.35 
1393.35 

-33.02 
.00 

955.23 
955.23

-16.73 
.00 

A4OLE- 13.6 
ANOLE- 13.6 

-23.05 
.00 

ANGLE- 15.2 
ANGLE- 15.2 

-23.05 
.00 

ANGLE- 15.2 
ANGLE- 15.2 

-16.73 
.00 

ANGLE- 13.6 
ANOLE- 1.6 

-2.20 
.00 

ANGLE- -12.9 
ANGLE- -12.5 

2.20 
.00 

ANOLE- 12.9 
ANGLE- 12.9 

16.73 
.00 

ANGLE- -1.6 
ANGLE- -13.6 

23.03 
.00 

ANGLE- -15.2 
ANGLE- -15.2 

-12.12 
.00 

ANGLE- -16.9 
ANGLE- -16.9 

-20.15 
.00 

ANGLE- -32.1 
ANGLE- -32.1



ATTACEMENT I 

DI: BBDCOOOO0-01717-0200- 01 REV 01 
TITLE: Emplacemcnt Drift Invert Strucural Design Analysis Page: I- 6of 1-"5

COVER PLATE FOR INVERT
*-a 1D. RNO. E•smem k 
--PAGE NO.- 6

ELEMENT FORCES FORCELENOTH UNITS- POUN INCH 

FORCE OR STRESS - FORCEIWIDTHITHICX. MOMENT - FORCZ.LENOTHIWIDTH

ELEMENT LOAD QX 
VONT

33 1 -27.19 
2331.66 

TOP : SMAX- -. 39 
BOTT: SMAX- 2331.93

34 

TOP 
BOTT:

1 27.19 • 
23$1.66 

SMAX- -. 39 
SMAX- 2331.95

31 1 -37.36 
2472.16 

TOP SMAX- -.20.26 
BOTT: SMAX- 2200.73 

36 1 -1.29 
3704.91 

TOP : SMAX- -1417.76 
BOTT: SMAX- 4204.46

QY 
VOND

MX 
FX

I 

41.25 -..9 
231I.66 .00 
SMIN- .2331.91 TMAX
SMIN- .59 TMAX

41.21 -. 59 
2311.61 .00 
SMIN- .2311.93 TMAX
SMIN- .19 T[LAX

29.43 -33.43 
247&.36 .01 
SHIN- .2200.73 TMAX
SMIN- 190.26 TMAX

73.09 -3S.72 
3704.91 .00 
SMIN- -4204.46 TMAX
SMIN- 1417.76 TMAX-

MY 
FY

-14.35 
.00 

1173.62 
1173.63 

-04.13 
.00 

1173.62 
1171.69 

-53.02 
.00 

9315.23 
911.23 

-93.03 
.00 

1393.35 
1393.31

ANGLE
ANOLZ

ANGLE
ANGLE-

MXY" 
FXY 

-1.60 
.00 

-3.9 
-..9 

1.60 
.00 
3.9 
1.9

"*'*s*a***@se*S 0Eel *D OF iLEMENT FORCES .... **.0*0-*seso** 

45. PRINT JOINT DISPLACEMENT

20.11 
.00 

ANGLE- 32.1 
ANGLE- 32.1 

132.12 
.00 

ANGLE- 16.9 
ANOLE- 16.9



TITLE: Emplacement Drift Invert Strucwtual D

ATTACHMENT I 
DI: BBDCOOOOO-01717-0200-0Ol0 REV 01 

irn Analysis ' Page: -q of -.6S5

°h- M Raarch EPe==. bc.  
.-PAGE NO. 7COVER PLATE FOR INVERT

JOINT DISIFLACEMENT (INCH RADIANS) STRUCTURE TYPE - SPACE

JOINT LOAD

I 
2 
3 
4 
S 
£ 

7 
11 

12 
13 
14 
is 
1I 
17 
21 
22 
23 
24 
25 
26 
27 
31 
32 
33 
34 
35 
36 
37 
41 
42 
43 
44 
45 
46 
47

X.TRANS Y-TRANS

.00000 

.00000 

.0O000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.Cacao 

.00000 

.00000 

.00000 

.00000 

.0 0000 

.0 0000 

.00000 

.00000.; 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 
.00000 

.060000 

.800000 

.00000

.0303t 

.03934 
-. 01466 
-. 02913 
-. 01466 

.03934 

.0303t 
-. 02093 
.00000 
.00000 
.00000 
.00000 
.0000 

-. 02093 
-. 12524 
-. 09963 
.00000 

- .05C65 
.0 0000 

-. 09963 
-. 12524 
-. 02093 
.00000 
.00000 
.0000 
.00060 
.00000 

-. 02093 
.0303t 
.03934 

-. 01466 
-. 62913 
-. 01466 

.03934 

.0303t

Z-TRANS 

.00000 

.00000 

.00000 

.cc00a 

.00000 
.00000 
.00000 
.00000 
.00000 
.00000 

.90000 .00000 

.00000 
,00000 
.00000 
.00000 
,0000O 
.00000 
.0O000 
,O0000 
.00000 
.00000 
,.0000O 
,00000 
.0@000 
.00000 
,00000 
.00000 
.00000 
.0000 

.00000 

,O00000 
.00000

X-ROTAK Y-ROTAN Z-ROTAN

.00239 

.00421 
-. 00303 
-.00506 
-. 00303 
.00421 
.00239 
.00977 
.00730 

-.00032 
-. 00075 
*.00052 

.00730 

.00977 

.00000 

.00000 

.00000 

.00000 

.00000 
00o000 
.00000 

-. 00977 
-. 00730 

.00042 

.00075 

.00052 
-. 00730 
-. 00977 
-. 00239 
-. 00421 

.00303 

..Os0' 
.00303 

-. 00421 
-.00239

.00000 

.01000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.0oc00 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.600000 

.00000 

.00000 

.00000 

.00000 

.000 00 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000 

.00000

.00066 
.00167 

-. 00235 
.00000 
.00235 

-. 00167 
-. 00066 
.00460 
.00231 

-. 00154 
.00000 
.00154 

-. 00231 
-. 00460 

.006t7 

.00669 
-. 00036 
.00000 
-.00036 
-. 00669 
-.00697 

.00460 

.0023: 
-. 00154 
.00000 
.00154 

-. 0023t 
-. 00460 
.00066 
.0,0167 

-. 00235 
.00000 
.00235 

-. 00167 
-. 00066

wso**64*0S*** END OF LATEST ANALYSIS RESULT o 

46. FINISH 

*o*oe***.o*o*So END OF STAAD-11 *******ooo***e* 

*ees DATE- MAR 11.1999 TIME- 9:16:12 0 

g...e~e.... se.oesesseeoegeg.eseoeoeesooe..e. *e....ee...e 

* For questions em STAAD-[II. comtact: 
"* Research Engineers. lag at 
* West Coast: Ph- (714) 974-2500 Fax- (714) 921-2543 
* East Coast: 11- (50t) 615-3629 Fax. (501) 615-7230 " 
**********g . seleleeeeeal*ls..le*. .l.......so .me. sagesel

w" ,f7--" " ---- if" - -- |



* * ATTACEMENT I 
DI: BBDCOOOOO-01717-020000OO1 REV 01' 

TITL: Emplacement Drift Invert Strucaural Design Analysis Page: I-Mbf 1

4 

12 

13 

.4 

21 
22 

23 

124 
23 

14 

215 

.11 

20 

23 
34 

23 
36 

30 

33 
34 

42 

36

I t I -. * . * 

A-- -- & i~~~I II 
I f 1 .1 v1IA 

IIZ~ I f I I 
I :~~ L. J I 
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ATTACHMENT I 

DI: BBDC00000-01717-02 0O 0- 1 REV 01 

TITLE: Emplacement Drift Invert Structural Design Anaysis Page: 1-11 of I-65 

PAGE NO. 1

... m....**.m.....****ee** ......... O.OeeOOO.OOOe*e*

0 

0 
* 
a 
a 
a

5 T A A D - III 
Revolsin 22.3a 
Proprietsary fregra of 
Research Engineers, Inc.  
Date- M4AR 1, 1991 
TImeAc- @i6Z7,S7

* 0 
0 
0 
0 

3 
a

S EUSER IDs Researck Engineerse Inc. 0

STAAD SPACE WS BEAM SUPPORT WHEELER OF TBM 
0 FILENAME: INV-WHEL 
UNIT EIP FEET 
"* 2Wi,' IMPACT LOAD 
"* MAX ALLOWABLE DEFLECTION - LIiO10 
"* LOAD OF WHEELER - 20 MTIPER WHEELER - 44.1K 
"£ WHEEL SPACE - 31 
*.ADD 2* X 3/80 SHEAR PLATE AT TAPERED SUPPORT ENDS 
* ADD 31i" SHEAR PLATE AT BEAM CONNECTIONS 
• USE ASCE $90 RAIL 
* SEISMIC ACCELERATION - 0 
JOINT COORDINATES 
1 -2.54 0 0;2 -2.04 0 0;3 .1.6 0 0;4 1.2 0 0 
5 0-0 0;6 1.2 0 0;7 1.6 0 @;0 2.04 0 0;9 2.54 0 0 
11 -2.54 0 2.67;12 -2.04 0 2.67;13 .1.6 0 2.67;14 -1.2 0 2.67 
25 0 0 2.67;16 1.2 0 2.67;17 1.6 0 2.67;13 2.04 0 2.67;19 2.54 0 2.67 
21 -1.6 0 0.5;22 -1.6 0 2.17 
31 3.6 0 0.5;32 1.6 0 2.17 
MEMBER INCIDENCES 
I 1 2;2 2 3;3 3 4;4 4 S;5 S 6;6 6 7;7 7 g;S t 9 
11 11 12;12 12 13;13 13 14;14 14 I5;15 15 16 
16 16 37;17 17 IS;15 it 19 
21 3 21;22 21 22:23 22 13 
31 7 31;32 31 32;33 32 17 
UNIT INCH 
SUPPORT 
1 9 11 29 PINNED 
CONSTANT 
E STEEL ALL 
DENSITY STEEL ALL 
START USER TABLE 
TABLE I 
WIDE FLANGE 
WIX45 

ADD 3J1X PLATE TO INCREASE SHEAR CAPACITY 
16.39 S.5 0.77 t.11 0.655 154 60.9 1.96 0 0 
END 
MEMBER PROPERTIES 
4 3 14 13 22 32 TABLE ST WtX4$ 
1 1 11 It TAPERED 9.5 1.13 6.53 S.11 0.6t5 
2 3 6 7 12 13 16 17 21 23 31 33 UPT I WtX43

1.  
2.  
3.  
4.  

50.  
16.  
17.  
!1.  
19.  
20.  
16.  

12.  
13.  
14.  
21.  
216.  
27.  
23.  
29.  
20.  
21.  
22.  
23.  
24.  
30.  
36.  
327.  
33.  

39.  

30.  

40.  
41.



ATTACHIENT I 
DI: BBDCOOOOO-01717-0200-OOOl REV 01.  

TITLE: Emplacemet Drift Inv•rtSuctu S 2Design Analysis Page: I-fVof I-55

W$ BEAM SUPPORT WHEELER OF TBM 

FILENAME: INV-WHEL 
42. UNIT KIP FEET 
43. LOADING I 
44. SELFWEIGHT Y -1.0 
43. MEMBER LOAD 
46. 21 TO 23 31 TO 33 UN! OY -0 
47. LOADING 2 CASEI 
43. MEMBER LOAD 
49. 22 32 CON GY -44.1 0.23 
30. LOADING 3 CASE2 
31. MEMBER LOAD 
52. 21 31 CON GY -44.1 0.1 
53. JOINT LOAD 
34. 13 17 FY -33.1 
33. LOADINO 4 CASE3 
56. JOINT LOAD 
57. 13 FY .33.1 
SS. 17 FY -33.1 
39. 3 FY .44.1 
60. 7 FY -44.1 
61. LOAD COMBINATION 11 STATIC LO) 
62. .1 1.0 2 1.0 
63. LOAD COMBINATION 12 STATIC LOW 
64. 1 1.0 2 1.0 
65. LOAD COMBINATION 13 IMPACT LOJ 
66. 1 1.0 2 1.23 
67. LOAD COMBINATION 14 IMPACT LOJ 
6S. 1 1.0 3 1.23 
69. LOAD COMBINATION 15 IMPACT LO, 
70. 1 1.0 4 1.23 
71. PERFORM ANALYSIS

wr n) RasFw Enge:m, b 
-- PAGE NO. 2

03

LDINO 

WI NO 

WDINO 

DI NO

CASEI 

CASE2 

CASK1 

CAS32 

CASE3

PROBLEM STATISTICS 

NUMBER OF JOINTSIMEMBER+ELEMENTSISUPPORTS - 221 221 4 
ORIGINALIFINAL BAND-WIDTH - 16 4 
TOTAL PRIMARY LOAD CASES - 4, TOTAL DEGREES OF FREEDOM - 120 
SIZE OF STIFFNESS 16ATRIX ' 3600 DOUBLE'PREC. WORDS 
REQRD/AVAIL. DISK SPACE = 22.361 2180.9 MB, EXMEM m 1962.3 MB 

++ Proeossing Elemeut St s tness Matrix. 10:27:32 
++ Prossilans Global Stiftfess Matrix. 10:27:38 
++ ProcossinS TrIangular Fautorization. 10:27:33 
++ CaloulatinS Joint Displacements.. 10:27:53 
++ CaloulatiaS Member poroos. 10:27:32 

72. UNIT INCH 
73. PARAMETERS 
74. CODE AISC 
75. PROFILE WI ALL 
76. PRINT SVPPORT REACTION



ATTACHMENT I 

DI: BBDC00000-01717-0200-OOOO1 REV 01 

TITLE: Emplacement Drift Invert Structural Design Analysis ' Page: I-Iof I-55

LkI R==zo ENaO. m 3= 
.-PAGE NO. 3Wt BEAM SUIPORT WHEELER OF TEM

* FILENAME: INV-WHEL

SUPPORT REACTIONS -UNIT NiC INCH

JOINT LOAD 

2 
3.  
4 
it 

12 
13 
14 
1s 

5 I 

2 
3 
4 
11 
12 
13 
14 
1s 

11 1 

2 
3 
4 
11 
12 
13 
14 
15 

19 I 

2 
3 
4 

11 
12 
13 
14 
1I

FORCE-X 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.90 
.00 
.00 
.00 
.00 
.00

FORCE-Y 

.24 
22.13 
42.45 
44.10 
22.3t 
42.'6 
27.91 
33.30 
55.37 

.24 
22.13 
42.45 
44.10 
22.31 
42.69 
27.91 
$3.30 
55.37 

.24 
21.97 
34.73 
33.10 
22.21 
34.99 
27.70 
43.6t 
41.62 

.24 
21.97 
34.75 
33.10 
22.21 
34.99 
27.70 
43.6: 
41.62

STRUCTURE TYPE - SPACE

FORCE-Z 

.00 

.00 

.00 

.00 

.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.oc 
.00 
.00 
.00 
.00 
.00

1.IOMoX MOM-Y 

.00 .00 

.00 .00 

.00 .00 

.00 .00 

.00 .00 

.00 .00 

.00 .00 

.00 .00 

.00 .00 

.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
;00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00. .00 
.00 .00 
.00 .00 
.00 .00

MOM Z 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00

00000000000*00 END OF LATEST ANALYSIS RESULT o ****o* **e* 

77. PRINT SECTION MAX DISPLACEMENT

1 
3



ATrACHMENT I 
DI: BBDCOOOOO-01717-0200-O0001 REV 01 

'ITL: Emplcement Drift InvlStrut •_,l Design Analysis Page: I- of 1-55

oD.- R=Cse ENOwc. 4n_ 
PAGE NO. 4

W: BEAM SUPPORT WHEELER OF TBM

0 FILENAME: INY-WHEL

MAX MEMBER SECTION DISPLACEMENTS

SYSTEM

MEMBER 

1 
2 
3 
4 
5 
S 
7 
S 

11 
12 
13 
14 
13 
16 
17 
is 
21 
22 
23 
31 
32 
33

MAX DIS? 

.00020 

.00031 

.00034 

.00303 

.00303 

.00034.  

.00031 

.00012 

.00016 

.00023 

.00027 

.00240 

.00240 

.00027 

.00025 

.00014 

.00007 

.00329 

.00007 

.00007 

.00329 

.00007

•• * 80" 0 END OF SECT 

72. PRINT MA.XFORCE ENY NSE 4

LOCATION LOAD L/DISPL 

3.50 1$ 29369 
2.64 is 16906 
2.40 is 14233 
7.23 is 4747 
7.20 is 4747 
2.40 is 14253 
2.64 is 16907 
2.30 is 3382.1 
37.0 4 37227 
2.64 14 21431 
2.40 14 13041 
7.20 14 s003 
7.20 14 6003 
2.40 14 13041 
2.64 14 21432 
2.50 14 42370 
3.38 13 0 

10.02 13 60o3 
2.50 13 0 
3.30 13 0 

10.02 13 6083 
2.30 13 0 

DISPL RESULTS *'*'*'*'*'



ATTAC•rENT I 
DI: BBDCOOOOO-01717-0200-OOOO1 REV 01 

TITLE: Emplacmcnt Drift Invert Strucural Design Analysis Page: I-15of I-.1

-- FAOE NO. "5Wt BEAM SUPPORT WHEELER OF TBM 

* FILENAME: INV.WHEL

MEMBER FORCE'ENVELOPE 
ALL.U.IT..AE oKe.I.C.  

ALL UNITS ARE KIP INCH

MAX AND 

MEMB 

1 MAX 

MIN 

2 MAX 

MIN 

3 MAX 

MIN 

4 MAX 

MIN 

S MAX 

MIN 

6 MAX 

MIN 

7 MAX

MIN FORCE VALUES AMONOST ALL SECTION LOCATIONS

FYI 
FZ 

55.37 
.00 
.21 
.00 

35.34 
.00 
.19 
.00 

.01 
.00 
.00 
.00 

.06 
.00 
.00 
.00 

.00 
.00 

-. 06 
.00 

.00 
.00 

-. 05 
.00 

*.19
.00 

MIN -55.34 
.00 

MAX -. 21 
.00 

MIN -55.37 
.00 

MAX 43.61 
.00

DIST 
DI SI 

.00 
.00 

6.00 
6.00 

.00 
.00 

5.29 
5.23 

.00 
.00 

4.10 
4.1O 

.00 

.00 
14.40 
14.40 

.00 
.00 

14.40 
14.40 

.00 
.00 

4.10 
4.10 

.00 

.00 
5.21 
5.21 

.00 
.00 

6.00 
6.00 

.00 
.00

LD 
LD 

is 15 

15 

15 

1 
I 

IS 

14 
I 
2 

Is 

I 
1 
14 

is 

14 

Is 

3 

Is 

Is IS 

I 
I 

IS 

15 

1 
I

MZI 
MY 

.00 
.00 

-332.12 
.00 

-1.37 
.00 

-624 .24 
.00 

-2.42 
.00 

-624.01 
.00 

.2.75 
.00 

.624.49 
.00 

-2.75 
.00 

-624.49 
.00 

-2.42 
.00 

-*24.03 
.00 

.1.37 
.. 00 

-6244.24 
.00 

.00 
.00 

-332.12 
.00 

.00 
.00

DIST LD
DIST 

.00 
.00 

6.00 
6.00 

.00 
.00 

5.2: 
5.21 

.00 
.00 

4.$0 
4.SO 

.00 
.00 

14.40 
14.40 

14.40 
.00 
.00 

14.40 

4.10 
.00 
.00 

4.10 

5.21 
.00 
.00 

5.2t 

6.00 
.00 
.00 

6.00 

.00 
.00

FX DIST LDLD 

i1 
I 

15 

I 
15 

1i is 

1 
I 

Is 
is 

I 
I 

is 

is 

Is 

13 
13 

1 
1i 

1i 
15 
1 

15 

15 

1 

15 
15 

13 
1

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00

.00 

6.00 

.00 

5.21 

.00 

4.$0 

.00 

14.40 

.00 

14.40 

.00 

4.90

1 

15 

1 

IS 

I 

Is 

I 

15 1 

15 

1 

15

.00 1 

5.21 is 

.00 1 

6.00 15 

.00 1

I

11



ATWACHMENT I 

DI: BBDCOOOOO-01717-0200-00001 REV 01 

TITn .: Emplac'met Drfft Invert Structmal Desixn Analysis Page: 4lrof 1-5•5

U•a -m Azse EqzeO . I= 
.- PAGE NO0. iW$ BEAM SUPPORT WHEELER OF TBM

0 FILENAME: INV-WHEL
MIN

12 MAX 

MIN 

13 MAX 

14114 

14 MAX 

MIN 

1$ MAX 

MIN 

1 MAX 

MIN 

17 MAX 

MIN 

1t MAX 

MIN 

21 MAX 

MIN 

22 MAX 

MIN 

23 MAX 

MIN 

31 MAX

.00 

.00 

.00 

.00 

.00

6.00 is 

.00 1 

3.23 15 

.00 1 

4.30 .13

.00 .00 1 

.00 14.40 15

.21 6.00 1 
.00 6.00 is 

43.6S .00 14 
.00 .00 1 
.19 3.23 1 
.00 5.23 is 

.0t .00 15 
.00 .00 1 
.00 4.10 2 
.00 4.30 13 

.06 .00 1 
.00 .00 1 
.00 14.40 13 
.00 14.40 15 

.00 .00 15 
.00 .00 1 

-. 06 14.40 14 
.00 14.40 15 

.00 .00 4 
.00 .00 1 
.03 4.30 13 
.00 4.30 1I 

-. 19 .00 1 
.00 .00 I 

-43.65 3.23 14 
.00 3.23 15 

-. 21 .00 I 
.00 .00 V 

-43.63 6.00 14 
.00 6.00 13 

33.17 .00 14 
.00 .00 1 

-2.00 6.00 14 
.00 6.00 15 

27.73 .00 13 
.00 .00 1 

.27.52 20.04 13 
.00 20.04 15 

.00 .00 4 
.00 .00 1 

-27.37 6.00 13 
.00 6.00 15 

$3.17 .00 14 
.00 .00 1

-262.01 6.00 14 
.00 6.00 15 

-1.37 .00 1 
.00 .00 1 

-492.43 5.23 14 
.0o 5.23 15 

-2.42 .00 1 
.00 .00 1 

.493.10 4.10 14 
.00 4.20 13 

-2.73 .00 1 
.00 .00 1 

-493.31 14.40 14 
.00 14.40 is 

.2.75 14.40 1 
.00 .00 1 

-493.51 .00 14 
.00 14.40 15 

.2.42 4.30 1 
.00 .00 1 

-493.10 .00 14 
.00 4.30 15 

-1.37 3.2s 1 
.00 .00 1 

-492.43 .00 14 
.00 5.23 15 

.00 6.00 15 
.00 .00 1 

-262.01 .00 14 
.00 6.00 1-5 

.00 .00 14 
.00 .00 1 

-166.51 6.00 13 
.00 6.00 13 

.00 20.04 4 
.00 .00 1 

-440.74 10.02 13 
.00 20.04 Is 

.00 .00 4 
.00 .00 1 

-165.27 .00 13 
.00 6.00 15 

.00 4.50 4 
.00 .00 '1

.00 

.00 

.00 

.00 

.00 

00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00

.00 . 1 

14.40 15 

.00 1 

4.20 15 

.00 1 

5.23 15 

.00 1 

6.00 15 

.00 1 

6.00 is 

.00 1 

20.04 13 

.00 1 

6.00 15 

.00 1



ATUACHIMENT I 

DI: BBDCOOOOO-01717-0200-O()1 REV 01 

TITLE: Emplacement Drift Invert StrICt1 Design Analysi . Page: I- 17of I-56ý

W8 BEAM SUPPOLT WHEELER OF TEM 

0 FILENAME: INV-WHEL 
MIN -2.00 6.00 14 -166.51 6.00 13 

.00 6.00 Is .00 6.00 15

32 MAX 

MIN 

33 MAX 

MIN

27.73 
.00 

-27.52 
.00 

.00 
.D0 

-27.37 
.00

.00 
.00 

20.04 
20.04 

.00 
.00 

6.00 
6.00

13 
1 

13 
15 

4 
1 

13 
is

.00 
.00 

.440.74.  
.00 

.00 
.00 

-165.28 
.00

.00 
.00 

10.02 
20.04 

4.50 
.00 
.00 

6.00

4 1 
13 
15 

4 
1

13 
Is

°° PAGE NO. 7

. 00 6.00 15

.00 .00 1 

.00 20.04 15

.00 

.00

.00 
6.00

I 
15

**0****00 0 END OF FORCE ENVELOPE FROM INTERNAL STORAOE o****s* 

75. CHECK CODE

32. X1J2 H2J32334

y 

x

X4 is HS J6 HGJ7W78 H8 J9 
-~- -. m

\ B22 

\22 
+ M23 

J'eE11MT31 M 1,34 M14 32.
4-

\ J'31 +

\ U32 

S233 

HI5 JIMIX.f17M1JIC.6E19

I.



ATTACHMENT I 
DI: BBDCOOOO)-01717-0200-0OO01 REV 01: 

TITLE: Emplacement Drift Invert Structural Design Analysis NgeP 1-lof 1-65 

WS BEAM Ur U Recazdi Eaghicz, lw.  W BEAM SUPPORT WHEELER OF TBM .o PAGE NO. 3 

FILENAME: INV.WHEL 

STAAD-1l1 CODE CHECKING - (AISC) 

ALL UNITS ARE - KIP INCH (UNLESS OTHERWISE NOTED) 

MEMBER TABLE RESULT/ CRITICAL CONDI RATIO/ LOADINGI 
FX MY Mz LOCATION 

I TAP ERED PASS SHEAR *Y .312 is 
.00 .00 -332.12 6.00 2 ST WIX4$ PASS AISC 1HI-3 .607 IS 
.00 .00 -624.24 3.2s 3 ST WIX43 PASS AISC- H1-3 .607 11 
.00 .00 -624.02 4.30 4 ST WZX 42 PASS AISC. Hl13 .607 13 
.00 .00 -624.49 14.40 S ST WIX 4S PASS AISC- HI-3 .607 IS 
.00 C .00 -624.49 .00 6 ST W3X4$ PASS AISC- HI-3 .607 IS 
.00 C .00 -624.0t .00 7 ST WSX45- PASS AISC- *1-3 .607 IS 
.00 C .00 -624.24 .00 S TAP ERED PASS SHEAR y .$12 15 
.00 .00 .00 6.00 11 TAP ERED PASS SHEAR Y .404 14 
.00 .00 -262.01 6.00 12 ST WSX43 PASS AISC- H113 .479 14 

•.00 .00 -492.43 3.23 13 ST WtX4S PASS AISC- Hl-3 .479 14 
.00 .00 -493.10 4.30 14 ST WSX 49 PASS AISC- HI-3 .430 14 
.00 .00 -493.31 14.40 13 ST WSX 48 PASS AISC- HI-3. .430 14 
.00 C .00 -493.31 .00 1 ST WSX43 PASS AISC- HI-3 .479 14 
.00 C .00 -493.10 .00 17 .ST WIX4$ PASS AISC- HI-3 .472 14 
.00 C .00 -492.43 .00 Is TAP ERED PASS SHEAR -Y .404 14 
.00 .00 .00 6.00 21 ST WXX43 PASS SHEAR -Y .223 14 
.00 C .00 .00 .00 

22 ST WSX 41 PASS SHEAR -y .166 13 
.00 C .00 -266.31 .00 23 ST WSX45 "PASS AISC- H1-3 .161 13 
.00 C .00 -165.27 .00 31 ST WIX43 PASS SHEAR -Y .223 14 
.00 C .00 .00 .00 32 ST WIX 4S PASS SHEAR -Y .366 13 
.00 C .00 -166.31 .00



ATTACBMENT I 

DD BBDC0000-01717-02@-000I REV 01 

ITLE: Emplacement Dft Invert Structnul Design Analysis Page: I-lq of 1-55 

tlsa 0 1D lzsec! Engem=. Imc 
Wt BEAM SUPPORT WHEELER OF TBM PAGE NO. 9 

' FILENAME: INV-WHEL 

ALL UNITS ARE - KIT INCH (UNLESS OTHERWISE NOTED) 

MEMBER TABLE RESULT/ CRITICAL CONDI RATIO! LOADINGI 
FX sy MZ LOCATION 

33 ST WSX4$ PASS AISC- HIo3 .161 13 
.00 C .00 -16S.29 .00 

t0. FINISH 

END OF STAAD-1l1 

**oo DATE- MAR 19,199t TIME- 10:27:5$ echo 

* For questl... on STAAD-III. custet: 
W•st Research Eaglaeors, lug at 

SWestCoast: Ph- (714) 974-2500 Fax- (714) 921-2543 
* East Coast: Ph- (501) 611.3626 Fax- (50t) 615-7230 
.... ***.oooeoSe*.s.o.eoo..o...o.ee.oooe..SO*SS*50550S5ooo



ATTACHMENTI2 
DI.- BBDCOOOOO-01717-0200-00001 REV 0 1 TITL: Emplacement Drift Invert Structural Design Analysis -Page: I-2,of 1-Ss

1* 3 4 CS ?1 7' 1 toil 12 13 14 15IC 171 15120 21 2223.2423 2627212, 30 3132.333433 3CZ

8.j *p..

Is 

10 

21 

12 

23 

24 

15 

21 

27 

13 

21 

30 

21 

32 

23 

24 

21 
39 

32 

231 

30 

31 

42 

431



ATTACHMENT I 
DI: BBDC00000-01717-0200-00001 REV 01 

TITLE: Emplacment Drift Invert Structural Design Analysis Page: I-Zkof1-55

*..a....aa..ae.ae..a......e..**.aaaaeaaa saa.aebb**

a

* S T A A D - I1l 
• Revision 22.3a 
• Proprietary Progra of 
* Research Engineers, IR.e 
• Date- APR 6, 199• 
• TI a- IS1Ss34 

• USER IDs Researck Eagiseers, Inc.  
••*a*••••*. e e•••*••..••*•e••••aat*O.Oa•. t.OD•O*•O••O

STAAD SPACE RAIL AT INVERT FOR TBM 
* FILENAME: RAIL.STD 
UNIT KIP INCH 
* TBM WEIGHT - 20 TIFPER ROLLER 
* 25 IMPACT LOAD 
* MAX DEFLECTION - L/I000 
JOINT COORDINATES 
1 0 0 0;2 16 0 0 
MEMBER INCIDENCES 
112 
SUP PORT 
1 2 PINNED 
CONSTANT 
E STEEL ALL 
DENSITY STEEL ALL 
START USER TABLE 
TABLE I 
ISECTION 
ASCE-90 
S.37 0.S6 5.37 2.62 1.30 5.37 0.31 0 
END 
MEMBER PROPERTY 
I UPT 1 ASCE-90 
LOADING I 
SELFWEIOHT Y -1.0 
LOADING 2 LOAD AT EDGE FOR SHEAR 
MEMBER LOAD 
1 CON GY -44.1 0.1 
LOADINO 3 LOAD AT CENTER FOR MOMENT 
MEMBER LOAD 
I CON GY -44.1 t 
LOAD COMBINATION 11 STATIC LOADING C 
1 1.0 2 1.0 
LOAD COMBINATION 12 STATIC LOADING C 
I 1.0 3 1.0 
LOAD COMBINATION 13 IMPACT LOADING ( 
1 1.0 2 1.25 
LOAD COMBINATION 14 IMPACT LOADING C 
1 1.0 3 1.25 
PERFORM ANALYSIS

S a0

1.  
2.  
3.  
4.  
S.  
6S.  
7.  

i.  
9.  

10.  
11.  
12.  
13.  
14.  
25.  

21.  

17.  
23.  
19.  
20.  
21.  
22.  
23.  
24.  

35.  

26.  
27.  
2:.  
29.  

30.  
33.  
32.  
33.  
34.  
3,.  
36.  
37.  
33.  

39.  
40.

a

,ASEl 

ASE2 

ASEi 

,ASE2



ATTACHMENT I 

DI: BBDCO0000-01717-02 0 0 -00001 REV 01 

TITrE: Emplacement Drift Invert Structral Design Analysis Page: I-2Vof 1-55 

RAIL AT INVERT FOR TBM *- PAGE NO. 2 

* FILENAME: RAIL.STD 

pROBLEM STAT 1 ST I CS 
.................................  

NUMBER OF JOINTSIMEMBE3+ELEMENTSISUPPORTS 21 11 2 

ORIGINALIFINAL BAND-WIDTH - 11 2 

TOTAL PRIMARY LOAD CASES - 3, TOTAL DECREES OF FREEDOM 

SIZE OF STIFFNESS MATRIX - 36 DOUBLE PREC. WORDS 
REQRDIAVAIL. DISK SPACE - 12.00/ 1133.3 MB, EXMEM - 2965.2 MB 

++ Proessuing Element Stiffness Matrix. 13:11:31 

++ ProeessiuI 0lobal Stiffness Matrix. 15:15:35 

++ Processing Trisangular Fatorization. 11:15:35 

***WARNINo IMPROPER LOAD WILL CAUSE INSTABILITY AT JOINT 2 

DIRECTION " lX PROBABLE CAUSE MODELING PROBLEM .000E+00 

+ Calculating Joist Displacements. 15:15:31 

.÷ Caliulating Member 'Forces. 1:15:33 

41. SECTION 0.5 ALL 
42. PARAMETERS 
43. CODE AISC 
44. UNL 1.0 ALL 
45. FYL 40.0 ALL 
46. PRINT SECTION MAX DISPLACEMENT



ATTACHMENT I 

DI: BBDCOOOOO-01717-02 0 0 -00001 REV 01 

TITL•: Emplacement Drift Invert Structural Design Analysis Page: I-29ofI-55 

UWID: Rs~rdi E~c=, hc.  

RAIL AT INVERT FOR TBM -- PAGE NO. 3 

* FILENAME: RAIL.STD 

MAX MEMBER SECTION DISPLACEMENTS 

;NIT:INC'H'FOR'"F'2 ANlD CL'FORMETRICISI SYSTEM 

MEMBER MAX DIS? LOCATION LOAD L/DISPL 

1 .00512 9.00 14 2746 

""e' e END OF SECT DISPL RESULTS 000*0*0000* 

47. NRINT MAXFORCE ENV NS 12



ATTACHMENT I 

DI: BBJC00000-01717-0200-00001 REV 01 

TIT•E: Emplacement Drift Invert Structural Design Analysis Page: I-24ofI-55

RAIL AT INVERT FOR TBM 

' FILENAME: RAIL.STD 

MEMBER FORCE ENVELOPE 
............. .......  

ALL UNITS ARE KIP INCH 

CAX AND MIN FORCE VALUES AMONOST 

EMB FYI DIST LD 
FZ DIST LD 

I MAX 14.30 .00 13 
.00 .00 1 

MIN -27.53 16.00 14 
.00 16.00 14 

**""*o END OF FORCE ENVELOPE 

42. PRINT SUPPORT REACTION

th-0). RPA m Enge.c 4r 
..PAGE NO. 4

ALL SECTION LOCATIONS 

MZI DIST LD 

MY DIST LD 

.00 16.00 14 
.00 .00 1 

.220.53 3.00 14 
.00 16.00 14 

FROM INTERNAL STORAOE

FX 

.00 

.00

DIST LD 

*.00 1 

16.00 14

MI



ATTACHMENT I 

DI: BBbCOOOOO-01717-0200-00001 REV 01 

TITLE: Emplacement Drift Invert Structurzl Desipn Analysis Page: I-2.bof1-56 

Ulser ID. Rtscard Ezginec. bý 

RAIL-AT INVERT FOR TEM .o PAOE NO. 5 

FILENAME: RAIL.STD

SUFPORT REACTIONS -UNIT ill INCH 
--- - - --- -

STRUCTURE TYPE - SPACE

JOINT LOAD 

I 

2 
3 
11 

12 
13 
14 

2 1 
2 
.3 

11 
12 
13 
14

FORCE-X FORCE-Y FORCE-Z

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
.00 
.00

.02 
43 .92 
22.05 
43.$4 
22.07 
54.10 
27.5S 

.:2 

.2t 
22.05 

.29 
22.07 

.36 
27.5t

.00 .00 

.00 

.00 

.00 

.0o 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00

MOM - x 

.00 

.00 
.00 
.00 
.00 
.00 
.60 
.00 
.00 
.00 
.00 
.00 
.00 
.00

MOM - y 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00

*. ,,e** END OF LATEST ANALYSIS RESULT *000o*6*0*0*

49. CHECK CODE

MOm Z 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00



ATTACHMENT I 
DI: BBDCOOOOO-01717-0200-00001 REV 01 

TITLE: Emplacement Drift Invert Struchual Design Anaysi Page: I-Xof 1-55

RAIL AT INVERT FOR TBM 

FILENAME: RAIL.STD 

STAAD-1II CODE CHECKING - (AISC) 
L Ue.S. e - KPIC(UeReWeISE Ne D 

ALL UNITS ARE - JIl INCH (UNLESS OTHERWISE NOTED)

MEMBER TABLE RESULT/ CRITICAL COND! 
IX MY

RATIO! 
MZ

-- PAOE NO. 6

LOADING/ 
LOCATION

1 ST ASCE-90 PAS S 
.00 C

AISC- HI-3 
.00

.963 -220.36
14 

S.00

$0. FINISH 

END OF STAAD-111 

'*'* DATE- APR 6.199, TIME- 1I:13:35 0000 

.eg.*eea asegsgeaeaaoa .eeoooseaeassaaesosaeooooooooooeoe'SS 

* For qusatlona oa STAAD-III, catost:a 
* RRsearch Englseers. In* at C 

* West Coast: Ph- (714) 974-2500 Fax- (724) 921-2543 
* East Coast: Ph- (50) SS.-3626 Fax- (30) 653-7230 ' 
gee. .egO.ae ag, gag.. gaceceeeee easeca.. 5*Se0Se eee1e•ae0a



ATTACHMENT I 
DI: BBDC00600-01717-0200-00001 REV 01 

TITLE: Emplacement Drift Invert Structural Design Analysis Page: 1-27 of 1-55 

Design Figures: 

See design figures for construction access invert and gantry structural support framing, pages 1-48 thru 1-54.  
Construction access invert flaming is unchanged from Rev. 00. Gantry structural support framing has been 

modified with revised structural calculation included.  

Calculation Purpose: 

Calculate new Gantry Support Reactions due to increase Gantry Dead load and Waste Package Load. Gantry 

reactions will be used to design gantry runway support sructure.  

Data: 

The STAAD-MI computer analysis, Ref 5.18, file GANTRY-IL Maximum Gantry Dead Load mnd Waste 

Package Load used: 

Gantry Dead Load = 45 MT 
Waste Package Load= 69 MT 

Design Procedure: 

Determine maximum gantry support reaction to cane runway beam by scaling up Ref 5.1 , file 

GANTRY-H, support reactions. The new Gantry dead weight is estimated by proportioning the new and 
original Waste Package Loads. The maximum gantry support reaction will then be calculated by proportioning 

the new and mriginal gantry dead load + Waste Package Load. The new Waste Package Load is: 

Waste Package Load - 85 MT (Section 4.3.6) 

Calculate new Gantry Dead Load (GDL): 

GDL - Original Gantry Dead Load x New Waste Package Laid / Original Waste Package Load 

85 
GDL,=45.- .55.435 Use Gantry Dead Load = 60 MT ( Section 4.3.6) 

69 

Calculate scale factor to be applied to original GANTRY-H support reactions: 

SRSF = 8560 1.272 

(69+-45)

kbMathcad unit definitionkip-. lO00-1bf



ATTACHMENT I 
DI: BBDCOOOOO-01717-0200-00001 REV 01 

TITLE: Emplacement Drift Invert Structural Design Analysis Page:I -28 of 1 -55 

Maximum support reactions occur for Load Case 102 at joint 118 from R1L 5.18, file GANTRY-HM 

Fx :- 38.74-kip 

Fy:= 145.74.kIp 
Fz :: 34.14-kip 

Scale up GANTRY-K support reactions at joint 118, Load CaselO2: 

Fx 1 L272"Fx FyI :z 1.272-Fy Fz I := 1.272"Fz 

Fx = 49.277-kip Fy 185.381 -kip FzI =43.426-kip 

Determine Maximum wheel load forces for runway beam design, 2 wheels per column reaction: 

Fx
Maximum wheel load X- direction MWLx:- :- -" MWLx-24.639 kip 

Fy1 
Mfaximumn wheel load Y- direction MWL :- 2 .MWL y.92.691 -kip 

Fz 1 

Madimum wheel load Z- directionMWL z :-- 2 

Runway beam design parameters: 

Wheel spacing, Ref 5.14, Figure 7.4.2 = 39.4 inches, (I meter) •PL 3/4"xl'-3" 

Trial Sections W8 Beam and Plate 314"x V-3" J ],.!/2" eccentricity 

Section. Top of Rail 

Try hl + h2 - 8.853 inches hI 

hl :z 5.375.in h2 

h2 := 3.478-in I Z



ATTACHMENT I 
DI: BBDCOOOOO-01717-02 0 0 -00001 REV 01 

TITLE: Emplacement Drift Invert Structural Design Analysis Page: 1-29 of 1 -55 

Calculate runway beam maximum shear, moment and reactions 

Maximum Beam shear : Position wheel load 2 inches from centerline of support for calculation of maximum shear, 

neglect beam weight:

Rs M._ 
Riaxý _____

Rls

R~sy:[ t yj( ) t41.4) 

Rls z 2MwL/j(6) + (16)6] 

RM~:JWL {(3g) r48 

R1S'z t M ,2 +t4.

Rls y = 101.573 .ip 

1 R2sY =3.808"kiP 

* Rls z23.794kldp 

* R2s z = 19.632-kip 

, Rlsx=49.277"kip

Note: Analysis uses simple span condition for calculation of shears and moments. Runway beam is actually 
continuous with Simple support occurring at beam splices, 40'-0" on center. Analysis is conservative for 

flexure, however beam design is controlled by shear.



ATTACHMENT I 
DI: BBDCOOOOO-01717-0200-00001 REV 01 TITLE: Emplacement Drift Invert StructurAI Design Analysis Paged -30 of 1-55 

Determine maximum flexural moments about the X and Y axis, neglect beam weight: 
Maximum eccentricity for vertical wheel load e:-- 0.5.in 

24" J q 

e- 48" 

R1 R2 

MWL X 24.639.kip MWLLy-92.69lukip, MWLz-21.713Edp 

TWLz: (hI+b2).MWLx , "TWLz=18.177.ft .kip TWLx:=MWLy-¢ 

Sum moments about R2 about Z axis: 
R =MWL y-2-ft + TWL z Iy.08-d 

IU y WL :-- t4i Z , RP 50.89.kip 

Sum moments about RI about Z axis: 

MWL y-2.ft- TWLz R2 .41.901 kIp 
112 y := 4-ft 2y=1g1-i 

Maximum midspan moment about Z axis: 

7Z x :z R1 y-24-i- ,0 TZnmax 1221.351 .in-kip 

Sum moments about R2 about Y axis: 

RI z M: z) R1 z Z 10.857-ip 

Sum mtments about RI about Z axis: 

MWLz 
R2Z 2 ,2z=I 10.857.idp 

Maximum midspan moment about Y axis: 

TYmax:= RI z24-in TYmax 260.556.In-kip

a



ATTACHMENT I 
DI: BBDc00000-01717-0200-00001 REV 01 

TITLE: Emplacement Drift Invert Structural Design Analysis Page:1 -31 of 1-55 

Runway beam Design Data: __ ___

Maximum Y- Axis Beam Shear: Rls y " 101.573 .kip 

Maximum Z- Axis Beam Shear: Rls z 23.794 -ip 

Maximum Moment about the Z-Axis: TZ max = 101.779-fi -kip 

Maximum Moment about the Y-Axis: TY 3= "260.556 .in-kip 

Axial Load from 2 wheelsP a ::2-MWLx Pa=49.277-kip 

Plate Section Properties: Try PL 3/4-x 1'-3" F 502p 

Ac:=ll.25.in2 dc:=15-in twc:=0.75.in xc:=.375-in 

Wirde Flange Section Properties: Try W8x67 F M 50._-' 2 4@ 

A:= 19.7-in2 d:= 9.0-in tw:=.57.in Ix := 272.in4 

I wy := 88.6"in 4 

Calculate nuetral axis location of composite section: 

Ac2(d+t - xc) +A-6d 
Y :- Y -"6.272 -in

I xc :- 210in4 

t f:= .935-in

I yc :=.52in4 

b f:= 8.2g-in

Calculate Strong Axis moment of inertia:

Iz:=I--IX IY + I A c-(d + tw - x c- Y)2 2A-(Y ) 

Calculate section modulus for top (St) and (Sb) flanges

-Iz St:-") ( : d -tv - Y) S t = 127.286 -in3

S b :" •S b = 70.583 -in3 

Calculate weak axis moment of inertia Ivy for W8 and cap plate: 

I Y, := I Wy ÷ Ixc I YY = 299.6 -in4

Iz -4.7zn
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Calculate moment of inertia of top flange and cap plate about the weak axis of W section ( Iy):

t f3 
I yt := Ix +- 12-tf Iyt =254.23-04

Section modulus of top flange and cap plate:

5$t 

Runway Beam Design, RAE 5.7 

Check Y-axis beam shear.  

Check Z-axis beam sher:.

S yt = 33.897-in

Rlsy 

tw.dc

fV =-19.8 ? 

f =2.1 15. 2ý 
in2

< Fvy= 0.4*Fy-20 ks 
AISC, Eq. F4-1, page 5-49 

(Shear Ok) 

< Fvy -0.4*Fy -20 ksi 
AISC, Eq. F4-1, page 549 

(shear ok)

Calculate additional moment about Y-axis due to IW" eccentricity. Use fle1ural analogy, Ref 5.20, page 410:

Beam Span L:= 48.in

TWLx L 

(d4.t W) 4
TY1 - 57.04 .inakip

Calculate localized top flange stress due to bending under wheel load: 

Use 135 Ib crane rag see Attachment V, page Vg-10, 901b ral was used to tins point. Difference is negligible to the 
preeeig calculations.

Maximum' wheel load: MWLy g92.691 .kip

Moment of inertia of rail soction: 

Moment of inertia of top flange:

I rail:: 50.8"in4 

Iff:-

AISC, Table page 1-113 tfl :: tf+ twt 

I tf-3.301 in4

Using bf in computing Itf is conservative.
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Calculate localized top flange stress due to bending under wheel load: Continued-
Top and Bottom Flange and top plate 
thicknesses

Ref 5.7, page 86.

"fbwl = 1.952-kip 
j2

(Top flange bending stress due to localized wheel load)

Check top flange stress (axial compression and Bending):

r Y3.106 -in Lu := 48.in

Fy:= 5i 2p 

(r controls)

F bz:z33-!2 
in

F b:= 33.-!_ 
in

r z = 3.782 -in Lu=48*in

Calculate allowable compressive stress, controlled by plate yield stress Fy - 50 ksi

LU_ S5 
- =15.453 ry F .:= 2 2'71"!4p 

2

Axial stress from 2 Wheels: 
TZinax 

fbz := ME + fbwl 
St 

TYmax TY1 
fbYt: S yt 

AISC Equation HI-3

f 1.592.  
ladfa: 

a 

ActA 

fbzt - 11-547 ,kip 
.2 

fbyt 936932 
in

AISC, Table C-50, page 3-17, 
for lufry - 16• 

- - 0.055 < 0.1 
2 F a EQ.I 5 use AISC 

1I-3

fa fbzt 
TFa Fbz

fbyt Fby <1.0 Ok

d:= 9.75"in

I 
MWLy-tfj d -."2-"t1]4m 

f bwl:'- .(ranl +I tf I'" rail Itf)' t w

rz z 0-- 5:

t I =2.tf * 0.75-in

C I -0.689
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check stress in bottom flange: 

fbzb= -ZM 

S bz

S bz := 70.5831n0 

f = 730 !P

Check deflection Y-axis:.  

MWL YL? 
y 48-E -1z 

Check deflection Z-axis:

E:= 29000-ki 
in2 

A 0 ,017 -in.  

B :z 2900O2ý 
. n2

L:2 48-in 

< 1/1000 Ok.  

L:= 48-in

Z =MWLel 
48-E-1yt AZ=6.785"lO Oin <11400 Ok.

Plate 15'x 3/4- FyS 50ksi 

Calculate Maximum Support Reaction to transfer beam,

O N

Rls

maUUy

Rls :=ML .- 1 9 ~I y r4gJ k48 /

Rls Z:= MWL e 4ý.1 86
0

Pds = .109.298 -kip 

Rls z =25.603 kidp

R1S~:MWL1 Rlsx=49.277kIdp

< Fbz, ok

UWLY

Rls x := MV& X-2
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Design Transfer Beam: Try W12 with sloped base plate on bottom of beam; Base plate slope to match tunnel wall 

slope. Analysis assumes frictionless supports due to the required friction angle for a base plate sloped at 28.76 deg.  

The required friction angle u- f/N = sin 28.761 cos 28.76 - 0.58 >> allowable coefficient of static friction - 0.08 

for steel supported on concrete with a factor of safety = 5 (Support of Temporary loads), Ref. 5.16, page 5-6.

WLy128ISy 118

RI 
Il104" 

-28.76 = 0.50196 rad. TYP.

Gantry wheel reaction WLyI29 from Ref 5.18, File Gantry-H, load case 102, joint 128. This reaction is 

opposite maximum reaction at joint 1 IS.  

WLy12S = (gpntry column reaction/2 wheels)*( 48/48 + 8.6148) 

Gantry column reaction =R g128 := 1.272-27.67-kip WLyl2 R g 4 .6] 
2 49 481

WL y128 = 20.751 -kip Rls ylIS := Rlsy Rls zlI := Rls z

hi := 21.7-in L:= 104-;n

Calculate Beam Reactions: Note: Horizontal load R1Sz1 18 location taken from top of PL 3/4"xI'-3 to bottom 
of W12, h := 21.7.ir.  

Sum Moments about R2 = 0:

Rlsy11g.L Rls z1g-h 
L-cos(.50196) 

Sum Moments about RI = 0: 

WL y12g.L - Rls zi118h 

R2 
:= 

L-cos(.50196) 

Sum Forces in the Z-axis = 0

RI = 130.772-kip

R2 = 17.577*kip

R2sz := RI-sin(.50196) - R2.sin(.50196) - Rls z11 2R2sz - 28.96 .kip
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Transfer Beam Design continudh 

On RISY t18 104w WLYI12 

hi R2v 

hi A- M R2T 

R1 R2sz 
. , ~104w 

28.79= 0.50196 rad.TYP. R2 

Calculate Axial load in transfer beam: 

P axi := Rlsia(.50196) - Rls zIIS P axial 3 7 .3 17 -HIp 

Calculate Maximum Mz moment at centerline of beam and support RI: 
11.94.  

hl := 15.73.in h2:2 -- .1n For W12x4O, see figure 1-7 2 
fzax :- Rl.sin(.50196)-h2 + RIs zllg.hl Mamax =778373 .hnkip 

Calcudate Maximum My moment at centerline of beam using 3 inch eccenricity.  
e:= 3-in (See bracket sketch page 140) 

MYma :z Rls2 1 lSe Myn~ =76.81 .in-ldp 

Design beam- Use beam with 8 inch lag to h connection ofW8 to W12: Try Wl2x4O,

F := 50s-* 
y j.2 

2 A:= 11.8*in d: 11.94.in te:=.295.in . bf:--8.00S-in 
I,:= 310o0 S 3:=sg- y:=44.1.t S 

Calculate allowable stresses using AISC: 

Iu : 104"in Unbri 

F bz:- 0.60.Fy Fbz-30 k Equakip 
.1 e2at

F by:= 0.75"F y 

S= 53.886 
r y

m

F by = 37-5.s'--"dp 
F2 

inZ

Equadi 

Table (

tpf: .515.in 

rx:z 5.13-in

k:y 1:25In 

ry :2 l.934in

edlength forZ & Yaxis 

on (Fl-5), Page 5-46 

on (F2-1), Page 5-48 

-50, Page 3-17
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Calculate beam stresses: 

W max f bz ." S 

fbz = 14.998"idP 
mn

MYmax fby : 
Y, S b y 

f by = 6.993 .. 2p-

P axial 

a- 3A 

f,= 3.162 -d 
in2

Axial compression and bending coefficien•sE -29000..I2p 
*2

Crux := 1.0 C my := 1.0

12..  
F x := 12Ik.lu 2 

2 

F 12-ck -E1 

2 3 
U )

fa C *.f 
Fa 

I f 

fa fbz 
CH2:0- +-+ 0.6-F y F bz

CM. _ 
Fa

F e=363.345= 

Fey =51.428-2 
in2

fby 

Fby

Euler Stress, AISC, page 5-54 
Fex - FoX 

Euler Stress, AISC, page 5-54 
Fcy = Fcy

CHI =0.836 

C 2 "=0.792 

C H3 =0.819fby

< 1.0 . Equation h1-1, page 5-54 
ok

<1.0 
ok 

<1.0 
ok

• Equation HI-2, page 5-54 

Equation HI-3, page 5-54

Use W12x40, Fy =50ksi. MInimum 8" flange width required for WS to transfer beam connection

k:= 1.0
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Design connection of W8 to W12 transfer beam: 

Find WSx67 length of bearing (N) based on Local Web Yielding, AISC, chapter K, page 5-81, Equation (K1-3): 

kip 
k : 1.438.in tw := .57-in R:= Rls y F yield so. 50in 2- - 109.298 ekip 

R - .6 6 .F yi eld'tw' 2 .5k N 2.216-in 

.66-F yield-t w 

Find WS length of bearing (N) based on Web Crippling, AISC, chapter K, page 5-81, Equation (KI-5): 

a wkkp 

tw =0_7.'if tf:ffi.93 5 .i- d :=9.in P,,:ffi50.ip For. N-2.216,in 

Ra f 34t 2{. 1+3 (N)(w) F~ y i Ral135.21-kip > 109.298kidPs6ok 
0(kId) tw ii 2 

4100.t 3.7.071o6.  

d c:- R d ¢'49.123 .in > dc WSx67 ok, AISC, Eq. KI-8 

Conclusion. Bearing length controlled by Local Web Yielding. Provide minimum 2.22 Inches of bearing.  

Check maximum wheel load pmmitted by Sidesway Web buckling, AISC, equation or K1-7, pg. 542.  

t w - 0.57.in W8 beam web 

I:= 48-in Beam unbraced length 

fw8 := S.28-in Beam flange width 

d c:zd-2k d f6.124-in Web depth clear of filaets 

h :zfi d - 2 -tj h =7.13-inWeb depth clear of flanges.  

C:= c =1.853 > 1.7 Use AISC, equation KI-7, since loaded ( 1 flange is not restrained agaist rotation.  

680-l cp.t .3 
R: :- w .•,0.4.0)-.--- R - 449.73 -kip >R= 109.299 kips ok 

h 2
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Design W12 bearing stiffener plates: 

Calculate minimum Bearing stiffener thickness with material yield stress = 50 ksi

Minimum stiffener thickness: * ts> 1.5 x minimum weld thickness 
> tw( beam) x Fy(Beam) / Fy(stiffener) 
>b/t ratio 
>Axial stress

AISC, page 4-42 
AISC, page 4-42 
Table B5.1, page 5-36 
AISCEq E2-1, page 5-42

5 .  
ts based on: (minimum weld thickness) aI:= -ý-m

ts -z l.5-a

Minimum fillet weld thickness based on material thickness 
greater than 3/4". AISC, page 5-67, Table J2.4

t s - 0A69 .in

ts based on: tw (beam) x Fy(beam) / Fy(stffier) 

tvbm:= 0.57-in F ybm: 5 0- U.P 

in:

F ybm 
ts2:= twbm's 
ts based on: b

F yst:z 50"--P 
In2

t s2 = 0.57 -in

:= 4"in b
t s3 = 0.298 -in

Table B5.1, page 5-36

ts based on axial stress: try ts:= 1.625.in h := 10.91"in 
(I=d- 2bf)

k:= 0.75 AISC, K 1.9, pg 5-82, 
0.75h

Use effective stiffener width concentric below beam bearing

A:= b-ts 12:= 12 I r = 0.469 -in

c - 17.443 

Pall := F a*b-t s

F a: 28.51"-lp 
in2 

Pall -i38.986 -kip

AISC, Table C-50, page 3-17, using khbr-1$ 

> RI = 130.M7kip o, gater than maximum end reaction

Conclusion: Use 2 - 1/8" x 4" stiffener plates full depth of W12 beam, Fy= 50 ksi

b:= 3-in

k-h 
r
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Design bracket at beam splice location with total lateral load imparted to one side of bracket with ecceutricity 
equal to el, see bracket sketch.  

y •.0 el BRACKET VERTICAL PLATE 

BRACKET STIFFENER PLATE 

h2 hiJ _ _ _ _ _ _L31 

TO O W 2'b b 11/i24w1N 

BRACKET BOTTOM PLATE 1__ .2" 

Desig Bracket Connection: Use 50 ksi yield stress steel F :=50- 2 

Rlszjll =25.603.kip Maximum shear inthe Z direction b:= 2.75-in (halfgage forbolt 
holes W12) 

el y := 3-in Eccentricity about Y axis w:- ll.in 

hl z := 9.7-in Eccentfricity about X axis h2:= 11*in 

Detexnine number and size of Fasteners connecting bracket to W12 top flange: Try 4 - 7/80 diameter bolts.  

V := R13 z18 M :- Rls zISuhl z My RIs z 1 18e y 

V =25.603 .kip M z 248.352 -in-kip My =76.81 .in-kip 

A :2 .60130 2  I : A "()2.4 1y A.f (E 2 + -4 

I z 72.757'in4 I y =90.947*m4 

Mz7W 

t 2- ft 18.774-k Bolt tensile stess 

f V fz 10.645-- Direct shear stress along Z axis 
4.A in2
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Determine number and size of Fasteners: Try 4 - 7/8" diameter bolts, Continued:

f = 2323 !ýP_ 
in

Rotationl Shear along Z axis

I y 

fvti:= o(fZ + fnsz)2 + fsxe2 

Find allowableTenOOc StrCU:

fSx 4.645"-=L 

f vt =3.774e-j.  
ma

Rotational shear along X axis 

Total shear stress per bolt

Ft=33.2l3.!E! 
in?

> ft = 18.774-kP_ ok 
2

AISC, Table 33.3, page 5-74 
for A325N bolts

Conclusion use 4 - 7/8" diameter, A325N bolts 

Determine plate thickness (U) for hbakt bottom plate connected to top flange ofbeam:. F y -50.!-P_ 
1n2

T:= A.ft 

d:= 1.5-in 
bx:= 2.d 

T-d 
M= bx 
F b := .75"F y 

tl = 
6-m

T = 11.289.kip 

bx=3-in 

m -5.644 I 

t1 =0.95-in

Maximum bolt tension 

Centedine ofbolt to face of vertical plate 

Effective width of plate resisting flexur, 
bolt gaged2 > bxf2, no overlap 
Moment per inch of plate 

Allowable bending stres 

AISC, Equation (F-2. 1), page 5-48 

Required plate thicIness

Use: V plate thickness tl:: 1.0-in 
Conclusion: Bracket Bottom Plate V x 12" x V'-2' (see above sketch for location)

My
f z S := -

I y
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Design bracket stiffener plate, Ref. 5.17, page 5.3-1 

Try: t2:= .625-in 

Lh:= h2 - tl Lh=10.in 

As := t2-Lh As f 6.25"ia2 

,2 LLh2 
S:= -- S - 10.417-in3 

6

Stl) a = 3.7.in 

Rls z118a 

S

fc = 13.191 <p Fb- 0.6*Fy In2

Thickness of stiffener plate 

Length of stiffener plate 

Area of stiffener 

Section modulus of stiffener 

Eccenricity of load from centroid of plate 

Maximum compressive stress 

ATSC, Equation (Fl-S)

Check b/t ratio using AISC, Table B5.1, page 5-36, bit--FN
Lh 

t :z -- 7.07 t =.0.744.in 
95 

Determine weld size: 

Section properties of weld group 

b:= 12-in d := 10.25.in 

Section Modulus aboutpoint a, see sketch 

ewa4d(2b + d)ji I 3-(b + d) J Swa=5 

Polar moment of inertia 

w: [ (b3 -83) lin

Check weld size to see if plate thickness controlled by 
welding requrements.

I b

yb

3.90o8.0

w 2.n4 = -522.292 -i
Yb:= 

b * 2*d

See fig. 1-7 

d

Y b - 3.233 -in

M 2pI:= Rls zlj-Lh 

M y =76.81 .in.kip

M l =256.033 .in-kip

F v = 25.603 -kip

Moment at top of base plate 
about Z-axis 

Moment about Y-axis, see page 40 
for My calculation.  
shear along Z-axisF v := Rls zl18
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Calculate stress at point "a" 
f V:= f uf1.249.kiP Shearstress Z-axis 

2-d-1lin mn 

M ZPl f t = 4.749 Compressive stress 

fry:=My'(d- Yb)f = 1.032.-1p Twisting shear stress 
-Tw in2 

Rw: 2 R w e5s019"6PtResultant stres for a 1" effective weld 

.n2 throat 

Determine weld size: Use E70 fillet weld, AISC, J2.2a 

F 2:= 70" p Tensile strength of E70 clectrode 

a W -. in a = 0.338 -in 

0.707.0.3-F u 

Use 3/8" fillet welds 

Check stiffener plate thickness requirement for 2-0.33" fillet welds, Ref 5.20, page 213: 

2-a-.707-.3-F U 

t 0.4F tin = 0.502-in Requie stiffener plate thi; css 

Conclusion Bracket Stiffener Plate: Use PL 3/4" x 9 3/8" x 0'-(0, b/t ratio controls.  

Design fastener BI (see above sketch) connecting W8 top plate to bracket, using A325N bolts 

h3 := hl z - 2-in h3 -7.7-in Centerline Fastener above top of W12 

hl z 

T:= Ris zei hl " T = 32.253 -kip Maximun bolt tension for connection to bracket 
a t beam splice location.  

Fastener BI: Use I" diameter A325N bolts, T allowable =34.6 kp AISC, Table I-A, page 4-3
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Design stiffener plates to reinforce plate PL I (see sketch below): Try 3/8" stiffener plates each side of bolt, note 

V" bolt spaced equally between stiffener plates: 

tst:: 375.in PL 3/4"xl 5" 

T = 32.253 -kip Tension bolt T SPL 

T• W8 
Pt 2 Pt= 16.127-kip Tensionperstiffen=rplate STIFFENER PL, 

F t: 0.6-F yF = 30 Allowble tension str=ss in plat, AISC, D1, pap in 5-40 

Find required width ofplate,, "b": 
Pt 

b:= t b - 1.433 -in Required width ofplate 
t stFt 

Plate PLI: Use PL 2" x 4 1'-0 
Stiffener Plates: Use b = 3.0 inches, 3 - PL 3/8" x 3" x W-5 3/16" Equally spaced along plate PLI 

Determine expansion requirements for runway beam.Use nmwa beam length 40'-V, fixed for X- axis translation 
middle, Dat L: 240in Length of beam free to move 

tb:= 200 Tunnel tempature after clostire, degree celcius% 
(Section 4.3.4, DCSS 023) 

tbm:= 50 Use 50 deg. brdcation temperature, degree 
fhrenheit 

tdelta:= (l.8tb 32)-tbm t delta 3 4 2  Structural steel temperawre change, degree 
falbrenheit 

c := .00065 Coefcient ofexpansion, AISM, page 6-6 for 
mild steel 

delta: cLtdel 1 delta = 0.534.*i Elongation ofrunway beam, AISC, page 6-6 
100 

Center 1" diameter bolt 3 inches from centerline ofbracket, see "ely" on bracket sketch.  

Design Bracket Vertical Plate (see bracket sketch above): 

e:= ely - 0375.in e = 2.625 -in Distance between centerine of " dameter.  
bolt and face ofplate.  

T =32.253 .kip bolt tension 

b:z 2.e Effective width of plate reisting flexure 
Spreads at 45 de-gres 

mi:: T.- m 16.127 in-kip Bending moment pe inch ofplafe 
b in 

F b `0.75-F~ Allowable bending stress in plate, AMS, 
0 y Equation (F2-1), page 5-48
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Bracket Vertical Plate design: Continued 

treq:= Fb treq =1.60 -in 
IF b

Required vertical plate thickness.

Bracket Vertical Plate : Use PL 1.5/8" x 10" x I'-0", Fy = 50ksi 

Design W12 base plate and anchorage to rock: Use 50 ksi yield strength material F := 50--•p_ 
in2

RI = 130.772 kip 
Try.  
B:= 18-in

L:= 6-in 

e 1 :- 1.625-in

B

Maximum resultant beam end reaction due 
to vertical loads.  

Baseplate width 

Base plate length 
Centroid of load at runway beam splic, 
see Fig I-5. page 1-52, for expansion 
joint width.

BEAM ELEVATION 
Determine bearing pressure under baseplate:

A =-108 i0 

I =2.916-10 -0in'

b I := 4-in 

Find bearingpressure at points I &2: 

RI R'(4in -e, 1) 

P Ia:=: • 

RI Rl'(4"in-eI)B 

P Lb --' - I

P la "2.169"kip .2 

p lb O 0252-d

BASE PLATE PLAN

BearingArea 

Strong Axis moment of inertia 

Mt2 beam flange width 

Bearing pressure along edge of base plate 
located atpoint la 

Bearing pressure along edge of base plate 
located at point lb

A:= B'L 

L1B 3 
I:: 

12
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Base plate design: Continued 

RI Rl-(4.in-e l)-bI 
P2:- "÷ I P2 = 1.637.k!P in2 Bering pressure at exterior edge of stiffener 

located at point 2

Sum moments at exteror edge of stiffene, located at point 2:
B 2~f•b

P2X2 (P a P2)_X2 
mp := -1

2 3 

56.mp 
tpO-J.75-F y

In 24.899ein- in 

t , .996 -in

Length ofplate extending past edge of 
stiffener 

Maximum moment per inch of base plate 
length 

Required base plate thicknes•

x-5-in

W12 Base Plate: Use 2" thick base plate: Base PL 21 x 7" x V-61. Note 6" wide base plate used In calculation, 
Use 7" wide Base Plate to allow welding base plate to beam bottom flange.  

Design anchor bolts: Use A307 threaded bar stock for Anchor bolt design

F U:= 60" kip kin Tensile.strength of anchor bolt, AISC, 
Table IC, page 4-4.

See page 1-35, for horizontal shear force R2sz and free body diagram 
page 1- 36 for anchor bolt forces R2v and R2T.

R2sz -28.86-kip Horizontal she=a force

R2v:= R2sz.cos(.50196) R2v -25.3 -kip Sher force along bottom of base plate.

Try using two anchor bolts to restrain load. Shear forces per anchor bolt are:

R2v 
2 

Try using 2 -1 3/8" diameter A.B.:

d:= 1.375"in 

A:= 4 4

V 12.65 -kip

A =1.4850in

. Shear force per anchor bolt

Diameter of anchor bolt 

Area of anchor bolt
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Anchor bolt design: Continued 
V kip 

fv:= -- fv 9.519i Anchor bolt shear smss 
v.2

F v 10 2-kiP 
F 2F v:= .17-F u AISC, Table I-D threads included in 

shear plane

Conclusion: Use 1 3/8" diameter A307 anchor bolt 

Design Summary: 

Runway Beam: WS x 67 

Runway Beam Top Plate: PL 314" x 15? x 39'-10 1U20 

Runway Beam Plate PLI: PL 2" x 4 x 11-0" 

with Stiffen•rs 3-PL3/8"x3"x 5 Vi, 

Bolting for runway Beam Bottom Flange connection 4- 7/8" diameter, A32S 
to Transfer beam top flange 

Runway Beam Connection to Brcket Assembly: 

Plate PLI: PL 2"x 4" x 1'1-" 

Stiffener pltes: 5-PL 3/8"x3"x53/16"

Transfer Beam: 

Transfer Beam Bearing Stiffeners: 

Transfer Beam Bearing Plate: 

Transfer Beam Anchor bolts: 

Bracket Assembly: 
Bracket Bottom plate: 

Bracket Stiffener Plate: 

Bracket Vertical Plate: 

Bracket Bolting to WE:

W12x4O 

2-PL 1 5/8" x 4" x full depth of W12 

PL2" xrx 1'-6" 

2-1 3/8" diameter, A307 

PL I" x 12" x V'- 2" 

PL 3/4" x 9 3/8" x O'-l0" 

PL 1 5/8"x 10"x 1'-0" 

2-1" diameter, A325
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5.5 m DIA EMPLACEMENT DRIFT

CONSTRUCTION ACCESS 
STEEL INVERT

'CONSTRUCTION 
RAIL (TYP)

NOTES: 
1: GANTRY RAILS AND RUNWAY SUPPORT STRUCTURE TO BE INSTALLED 

AFTER REMOVAL OF CONSTRUCTION ACCESS STEEL INVERT.  

2. ALL STEEL FABRICATION AND ERECTION TOLERANCES SHALL BE IN 
ACCORDANCE WITH AISC M016.

FIGURE I-I 
CONSTRUCTION ACCESS 

STEEL INVERT ELEVATION
CADJ F jL.: Tz\rSp$$\$sru\1ig\333TUUU4.T1g

U LL DIMENSIONS ARE SHOWN IN MILLIDETERSI IUNLESS OTHERWISE NOTED ___

I ALL DIMENSIONS 
ARE SHOWN IN 

MILLIMETERS1

W--JUN-!998 09:11
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STEEL SETS (BY OTHERS)

FUTURE 135#/YD CRANE RAIL AND 
GANTRY RUNWAY (TYP)

NOTES:

1. STRUCTURAL STEEL MATERIALS FOR THE CONSTRUCTION ACCESS STEEL 
INVERT SHALL BEIN ACCORDANCE WITH ASTM A6 AND ASTM A36.

2. STEEL INVERT WILL BE ALL WELDED CONSTRUCTION PER AWS D1.1.

FIGURE 1-2 
CONSTRUCTION ACCESS 

STEEL INVERT PLAN
CAD FILE: Is\repsa\stru\1g\ssstOOOS5.flg

ALL D•MENSIONS ARE SHOWN IN MILLIMEES 
UNLESS OTHERWISE NOTED

I D
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/ FUTURE 135#/YD CRANE 
GANTRY RAIL 

i I 

I 5.5 m DIA 
EMPLACEMENT 
DRIFT (SYM) 

1 1 

I I 
a a 

S I 

V 1329 !_ 1329

STEEL SET 
BEYOND I 
(BY OTHERS)
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*1 

I 

-A

3 " F OOR PLATE 
(COPS a STL SETS 

1 S

1-2 BEARING PL

90#/YD ASCE 
CONSTR RAILS

• SECTION AA

F I GURE 
CONSTRUCT ION 

STEEL INVERT

1-3 
I ACCESS 
SECTION

12-FB-198 :404 CU IIL~I
I ALL OIMENSIONS ARE SHOW•I IN MILLINETERSI UNLESS OTHERWISE NOTED "

12-"FES-1998 14:04

I

CAD FILE:S tt\rBP33\3tlr'U\flQ\$$33tWsVV*-Y1
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STEEL SETS 

I a 
I 1220

,1 RAIL CLAMPS.  

I EA SIDE 

I TY

90# ASCE CONSTR RAIL

3/8"' FLOOR PL'S 
ALLOW EXPANSION 
GAP BETWEEN PL'S

204

1

812
204

SECTION BB

FIGURE 1-4 
CONSTRUCTION ACCESS 

INVERT SECTION
O1-JUN-1998 IO:1S CAD F iLE �

204

ALL DINENSIONS ARE SHONl IN MILLIMETERS 
UNLESS OTHERWISE NOTED

STEEL

I i 
i I 
i

i D I
i

CAD FILE: "t:\reD$s\$trU"I\TIg\|$$TWVV1. Fig0I oJUN-I CSSO 10:19
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c• 5.5 M DIA. EMPLACEMENT DRIFT

GANTRY 

, RAILS 

S132911329"

J 43

STYP STEEL SET 
(BY OTHERS)

S

E

C.LC 

t.o 

M-0 

• ,0 --

I--

ii
FIGURE 1-5 

GANTRY RUNWAY STEEL 
INVERT FRAMING PLAN

Ol-JUN-1998 10:37 CAD FILE: tz\re�ss�stru�fIQ�ssstOO0Lfig

ccC.) 

=z
=-I.t.

0lJ 

<C.) 

Z..)

01-JUN-1g98 10:37 CAD F I LE: t~re~s$\stru\Vqg\ssstOOOLflg
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• 5.5 m DIA EMPLACEMENT DRIFT

W12 TRANSFER BEAM

ALL DIMENSIONS ARE SHOWN IN MILLIMETERS 
UNLESS OTHERWISE NOTED

FIGURE 1-6 
GANTRY SUPPORT STEEL 

INVERT ELEVATION
� 14 �. � 

�&J I IL& - -- --

12-FES-1998 15:04 0f rf CL. *-el sstu J,3"tO9-
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• GANTRY RAIL 

SPL 1 5/8"x 1O'x 1'f " 

135#/YD CRANE RAIL 1" DIA. A325 BOLT. EACH SIDE 
WITH 1 1/16'x 2 1/2" SLOTTED 
HOLE THROUGH 1 5/8 PL 

39'-1 1/2NPL 3/4"x 9 3/8Bx WD-100 

PL l'vx 12ax 1"-2" 

4-7/8" DIA. A325 BOLTS 
W8x6? x39'-10 1/2' 

3-PL'S 3/8ax 3ox 
0'-S 3/16" EACH • 

EOUALLY PAW12x4 2 5 13/16' 0 

PL 2ax 4*x V'-04 WITH 
1 1/16" DIA HOLES 

/I-11-4 7/5- DIA. A321 BOLTS.  
IN 15/16ox 2 3/8' 

SLOTTED HOLES in w8 AND PARALLEL TO WS T % 

STIFFENER PL I 5/8'x 4". EACH SIDE 

BASE PL 2Nx T'x 1'-6" 

"2-1 3/8" DIA. A307 ANCHOR BOLT 290 IN 2 1/20 DIA. CORED HOLE, FILL WITH NON-SHRINK GROUT 

NOTES: 
1. STRUCTURAL STEEL MATERIALS FOR THE GANTRY RUNWAY SHALL BE IN ACCORDANCE 

WITH ASTM A6 AND ASTM A572.  

2. CONNECTION MATERIAL SHALL BE AS FOLLOWS: 
BOLTS - ASTM A325 MINIMUM.  
NUTS - ASTM A563 MINIMUM.  
WASHERS - ASTM F436 MINIMUM.  
ANCHOR BOLTS - ASTM A307 MINIMUM.  

3. INSTALLATION PROCEDURE FOR A325 BOLTS IN SLOTTED HOLES: a. SHIM CONNECTIONS AS NEEDED TO PROVIDE FULL CONTACT BETWEEN FAYING SURFACES.  
b. TOROUE BOLTS TO 3 ft-lbs AND DOUBLE NUT.  

F I GURE 1-7 
GANTRY RUNWAY STEEL 

INVERT DETAIL
wi-wun-1220 12:2ra CAD F I LE: ts~repzssstru\IQg\ZsstO0lO0flg
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RUNWAY BEAM FIXED 
SUPPORT LOCATION 

5S 13/16' d' TTFFIUFR PLATFS

1" DIA 
.A325 BOLTS 

.1 5/SN

* e 

I I 
* U 

I I 
* I

SECTION

I F 
GANTRY 
FIXED

IGURE 1-8 
SUPPORT 

SUPPORT DI
STEEL 
ETAIL

03-JUN-1998 14:17 CAD FILE: tgvepss\stru\fIg\ssstOOI8.f1o

5 13/16"

OF RAIL

rFý

03-JUN-1998 14:17 CAD FILE: ttzrepss\&tru\f 1g\szst0OI8.f1Q
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ATTACHMENT H 

CONCRETE INVERT
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1. INTRODUCTION 

Concrete invert segments for emplacement drifts vary in configurations and consist mainly of two 
key components: a fiat pit for supporting the waste package support assembly and two haunches for 
supporting the gantry rails. Figure 11-1 shows a precast invert with a cast-in-place haunch on each 
side to support the gantry crane rail. The advantage of the cast-in-place haunch is that optimum line 
and grade of the crane rail can be achieved. The disadvantage of the cast-in-place haunch is the cost 
and efforts of providing anchorage of the haunch to the precast concrete invert. Anchorage can be 
achieved with a system of dowels and threaded dowel sleeves which allow the attachment of a rebar 
cage to reinforce the haunch concrete. An alternative would be to precast the invert with the haunch 
reinforcement exposed which would be a difficult safety issue to resolve. Casting the haunch in
place appears more costly and time consuming than precasting the haunch with the inverL The cast
in-place haunch will not be analyzed beyond the above conclusion.  

Figures ]H-2 and 11-3 show, respectively, the schematic of the precast concrete invert and haunch for 
two different configurations that will lead to a different haunch height (measured from top of the rail 
to bottom of the invert) and invert segment width. As represented in Figures 11-2 and 11-3, a change 
in the diameter of the gantry wheel from 600 mm to 300 mm could accommodate this change in 
haunch height. Other invert configurations arc possible and can be evaluated as design progressess.  
The configuration in Figure H1-3 is the basis used for the models in this analysis and was developed 
from the waste package support layout shown in Figure H-4. The configuration of the precast invert 
can be modified to accommOdate variations of the waste package support system.  

2. NUMERICAL APPROACH 

A two-dimensional finite difference code, FLAC, was used to analyze the stress development in an 
emplacement drift concrete invertunder variable load conditions expected during preclosure. The 
analyzed concrete invert was in both precast and cast-in-place form. A typical cross-section of 
emplacement drifts was chosen for this analysis. Numerical simulation began with excavation of 
emplacement drifts, then was followed by installing the concrete invert and lining, and ended with 
the detailed calculation of stresses in the invert under each loading condition. In light of the fact that 
the invert is continuous and that rock strata plunge little along the drift alignment, use of a two
dimensional model instead of a thrce-dimensional one was considered to be adequate and effective.  

Except for the potential seismic load, all other loads discussed in Sections 4 and 7 of the main text 
of this analysis were considered as static loads. In carrying out numerical simulation using FLAC 
models under seismic loads, the seismic loading was expressed in terms of a combination of 
sinusoidal compressional and shear waves with their amplitude, frequency and duration equal to 
specified values. In addition, the earthquake-induced ground acceleration of 0.27g was rounded off 
to 0.3g (Section 4.3.1).
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3. MODELS AND BOUNDARY CONDITIONS 

3.1 BEAM ELEMENT (BE) REPRESENTATION 

Figure IH-5 illustrates a FLAC model that numerically represents a concrete invert in the middle drift 
by beam elements. Beam elements are two-dimensional elements with three degrees of freedom (x
translation, y-translation, and rotation) at each end node, and are used to represent a structural 
member in which bending resistance and limited bending moments are important. The entire invert 
is subdivided into 14 beam segments which are either numerically bonded at both ends to the, 
underlying rock to simulate the cast-in-place concrete invert scenario or linked to the underlying rock 
through a continuous interface in order to simulate a precast concrete invert scenario. The model 
contains five drifts at a uniform spacing of 28 m (Assumption 4.3.i 1). From the middle drift, the 
model extends 70 meters (approximately 13 diameters) horizontally to model boundaries and 50 m 
(approximately 9 diameters) vertically to outer model boundaries. These distances are considered 
to be sufficiently far away from the drift not only to diminish the boundary effect on numerical 
results under the static loading condition but also to minimize wave reflections and achieve nearly 
free-field conditions at the sides of the model In addition, mutual influence due to excavation of 
adjacent drifts are taken into account by mining the five drifts in sequence.  

During the simulation of seismic loading, viscous boundary conditions are used at the base and top 
of the FLAC model to prevent the outward propagating waves from reflecting back into the model 
at those boundaries. The two vertical lateral boundaries are set to be free field conditions. The 
seismic loads are imposed on the model after equilibrium has been reached under the in situ stress 
field. Therefore, the initial velocity for each grid point prior to the application of dynamic loads 
is zero. The sinusoidal velocity waves (P-wave and S-wave) are applied atthe bottom boundary and 
propagate vertically upwards, i.e., at an incidence angle of zero degrees. The shear wave causes 
horizontal ground vibration (shaking) and is a leading cause of structural damage while the P wave 
oscillates the ground in compression and tension. As emplacement drifts are experiencing the 
vibratory motion, the installed concrete inverts and linings will also respond to the seismic loading 
accordingly.  

As was mentioned earlier, the contact between rock and precast concrete invert is numerically 
represented as an interface that acts just like joints in the rock. Normal and shear stiffiess properties 
as well as friction coefficient for the interface are input parameters. Both overcut caused by TBM 
vibration and cutter wear will result in the drift diameter varying slightly along the drift axis.  
Consequently, a precast concrete invert segment will unavoidably have a rather non-uniform contact 
with excavated rock surface. Furthermore, the contact will be irregular from invert segment to invert 
segment along the drift axis.  

For the interfacial contact between rock and precast concrete, a reasonable assumption is that the 
shear stiffness of the contact will be very low, and that unknown gap distribution will cause a quite 
variable normal stiffness distribution, with very low normal stiffness likely during the ground 
relaxation after installation of the lining. The similarity in elastic moduli between concrete and rock 
mass leads to a reasonable assumption that there is the similarity between rock joints and 
concrete/rock interface. Thus, the low bounds of stiffness values for jointed rock specimens are used 
for simulating the contact between rock and concrete lining. A value of 50 GPa/m for the normal
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stiffness and a value of 10 GPalm for the shear stiffness were chosen to represent the interfacial 
contact between rock and precast concrete lining (Assumption 4.3.12). These values correspond 
approximately to the lower bounds of the joint stiffness values for the TSw2 unit. A friction angle 
of 35 degrees was also assumed for the interface between rock and concrete.  

It is further pointed out that the BE representation of a concrete invert approximnates the invert 
configuration by a curved beam with uniform thickness. No geometric account is given to such 
invert details as haunches for hosting gantry rails or flat invert pit for hosting waste package support 
piers. Therefore, the modeled beam section area is kept to a minimum and the corresponding 
numerical results are conservative.  

3.2 PLANE STRAIN ELEMENT (PSE) REPRESENTATION 

Figure 11-6 shows a FLAC model that numerically represents the concrete invert by plane shrain 
elements. Plane strain elements are two-dimensional elements with two degrees of freedom at each 
nodal point. Bending is not represented. Stress components are given at the centroid of each 
element. These stress components include normal stress in the thrust direction, normal stress in the 
radial direction, and shear stress. Principal stresses can be calculated based on the stress components 
in the Cartesian coordinate system. This model is able to represent the geometry of a concrete invert 
in greater detail than the BE model. For example, the waste package cross-section is represented by 
a 2 m diameter circle centered at 0.715 m below the drift center (Figure 11-4). Accordingly, the 
primary objective of this model is to help show how stresses are distributed in a concrete invert 
under a variety of loading conditions..  

Drift excavation-induced stress in the invert is realized by allowing a partial ground relaxation (60%) 
prior to the placement of the concrete invert and lining. The balance of the ground relaxation will 
load the invert and lining. Other subsequent loads such as gantry and waste package weights on the 
invert are represented by concentrated nodal forces. Thermally-induced stress in the invert is not 
directly simulated. Numerical results from the emplacement drift ground support report (Reference 
5.15) are used to calculate the total loads in the lining. A quasi-static approach to the seismic 
loading was adopted for this PSE model A seismic ground acceleration of 0.3g leads to a force 
equal to the mass times this acceleration. For the present analysis, an additional static load equal to 
0.3W (where W is the. weight of single waste package) is applied to the mass center of a waste 
package both vertically and horizontally. The extra load represents the quasi-static effect of 
earthquake-induced peak ground acceleration on the invert.  

In this PSE model, a thin and soft layer is inserted between concrete and rock elements along the 
contact. This layer, being softer than both rock and concrete, accounts for 1) gaps and irregularities 
along the contact, 2) damage or weakening to the exposed rock due to excavation, 3) weak bonding 
between concrete and rock, and 4) contact grout. The layer should be ductile enough to allow for 
lateral (circumferential) movement of the concrete invert segment and, in the meantime, be stiff 
enough to prevent unrealistic excessive shear stress and displacement from developing underneath 
the concrete invert. The elastic modullus values for this layer are given in Section 4.3.16. With the 
incorporation of this thin and soft contact layer in the PSE model, both precast and cast-in-place 
concrete inverts are modeled in the same way. Numerical results apply to both precast and cast-in
place concrete invert scenarios.
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4. NUMERICAL RESULTS AND DISCUSSION 

All FLAC models constructed are capable of approximating such loading conditions for the invert 
as excavation, TBM transportation load, waste package weight, gantry weight, and seismic loading.  
Howevee, the thermal load generated by the heating from emplaced waste packages cannot be 
represented accurately due to the code limitatioh. To evaluate the invert stress caused by the long
term thermal loading, numerical results are cited from an emplacement drift ground support report 
(Reference 5.15) which uses a different numerical code to analyze the stress development in a full 
lining where the concrete invert forms one segment in the lining. In principle, as a part of this 
circular liner, the invert segment will experience the same thrust as lining segments do. According 
to Reference 5.15, Section 7.6.2.2.2, the maximum lining stress caused by elastic ground relaxation 
and heating combined is 19 MPa for the category-I rock mass condition and 14 MPa for the 
category-5 rock mass condition. Furthermore, the minimum compressive lining stress caused by the 
ground relaxation alone is 4.6 MPa for the category-I rock mass and 1.4 MPa for the category-5 rock 
mass. Therefore, the maximum portion of the compressive lining stress caused by the heat alone is 
14.4 MPa (= 19-4.6) for the category-i rock mass and 12.6 MPa (=14- 1.4) for the category-5 rock 
mass. For this invert analysis, a maximum thermally-induced lining stress of 15 MPa was adopted 
in computing the total stresses in the concrete invert.  

4.1 RESULTS FROM BEAM ELEMENT MODELS 

Figure H1-7 illustrates the implementation of different loading conditions in the beam element invert 
model while Figure 11-8 shows the loading implementation in the plain strain invert model. TBM 
transportation load is a moving load and simulated as concentrated loads at wheel contact points.  
Waste package weights pass through a pedestal and pier to the invert and are simulated as a 
distnroute load. Gantry weight is simulated as a concentrated load in the BE invert mode and as a 
line load in the PSE invert model Seismic waves are simulated as body waves that cause dynamic 
strains in media they propagate through. Loads due to excavation, gantry weight, and waste package 
weights are static while the seismic loading is dynamic.  

4.1.1 Precast Concrete Invert 

Figures 11-9 through 11-14 show thde development of thrust in a precast concrete invert under each 
individual phase of loading. The corresponding bending moment distribution along the invert is 
shown in Figures 11-15 through 11-20. Table H-I summarizes the maximum thrust and bending 
moment for each loading scenario. Thermal loading condition was not simulated.  

Numerical results tabulated in Table 111 indicate that external loads such as gantry and waste 
package weights on the invert tend to decrease the thrust but to increase the bending moment in the 
invert. By recognizing the fact that for a thick wall cylinder with uniform pressure on inside and 
outside surfaces an increase in the inside pressure will decrease the compressive hoop stres in the 
cylinder, a decrease in thrust is explained by roughly viewing the invert and fining as a pressurized 
cylinder. An increase in bending moment can be explained by viewing the invert as a simply
supported beam in which the bending moment increases as the external loads increase. Table 11-1 
also reveals that the seismic loading causes a momentary increase in thrust from 116.8 to 5143 kN 
per linear meter of the invert. Also, the bending moment is increased from 63.0 to 78.1 kN-m per
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linear meter of the invert. As a result, the maximum momentary ifcrease in the compressive hoop 

srs caused by a vibratory ground motion of 16 cmfs in the concrete invert is shown to be 43 Mpg, 

a small fraction of the concrete strength.  

The maximum compressive stress shown in Table H-I is calculated based on the maximum thrust, 

the maximum bending moment, and the nanowest sectional area per linear metr of the invert. Let 

T stand for the mximum thrust, M for the maximum bending moment, h for the thickness at the 

narrowest section (i.e., 200 mm), A (= lxh) for the sectional area, and I (=I*h3/12) for the moment 
of inertia, then, 

Maximum compressive stress = [(M/I)(h12)] + TIA 

Maximum tensile stress = [(Mi)ht2)] - T/A (only if (MAV(ht) > T/A).  

Table 1I-I. Maximum Thrust and Bending Moment for a Precast Concrete Invert 
(with an interface between concrete and rock) 

Loading Scenario Thrust Bending Moment Max. Compressive Max. Tensile 
___________________ (N)in (kN-rntm Stress W4~a Stress (Men) 

After Excavation 130.6 61.3 9.8 8.5 

During TBM Transportation 113.5 66.0 10.5 9.3 

During Emplacement 1 WP + Gantry 108.8 94.6 14.7 13.6 

During WP's Sitting an Invert 116.8 63.0 10.0 8.9 

Durig Revat 2 WPs + Gantry 10835 1035 16.1 .15.0 

During FEaqu: WPs in Place 514.7 78.1 14.3 9.1 

It must be pointed out that the bending moment values shown in Table li-1 ar qut conservative 
because of the piecewise discontinuous contact numerically represented between rock and lining.  

The lining and invert segments are represented by a sided polygon while the drift perimeter Is 

represented by a sided polygon. The contact between these two polygons is piecewise continuous.  

4.1.2 CastIn-Place Concrete Invert 

Figures 11-21 through 1-26 show the development of thrust in a cast-in-place concrete invert under 

each individual phase of loading. The corresponding bending moment distribution along the invert 

is shown in Figures H-27 to 11-32. Table U-2 summarizes the maximum thrust and bending moment 
development.
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Although maximum compresrve stresses are close to those tabulated in Table II-1, bending 
moments are substantially less than those in Table 11-I. In light of the fact that a numerically perfect 
bond between concrete and underlying rock not only ensures a full and uniform contact but also acts 
as a continuously-supported beam, it is plausible that the bending moment in a cast-in-place concrete 
invert will be less than that for a precast concrete invert. With contact grouting for the precast 
concrete invert, the thrust and bending moment will be close to those for a cast-in-place concrete 
invert. kcan be seen from Table 1-2 that a vibratory ground motion of 16 cm/s causes a momentary 
increase of 5.1 MPa in the compressive hoop stress in the concrete invert. The results is consistent 
with that predicted by the model with an interface present between the rock and concrete. The 
maximum compressive and tensile stresses shown in Table H-2 are calculated in the same way as 
discussed in Section 4.1.1 for the precast concrete invert.  

Table H1-2. Maximum Thrust and Bending Moment for a Cast-lu-Place Concrete Invert 
(with a perfect bond between concrete and rock) 

Loading Scenario Thrust Bending Moment Max. Compresive Max. Tensile 

t'kNm (kN-m),m Stress (MPa) Sars= (MPa) 

After Excavation 1410.0 14.8 9.3 0 

DuringSTBMTramsportadon 1371.0. 16.7 9.4 0 

During Enplacement: 1 WP + Gantry 1373.0 11.2 83.5 0 

During WP's Sitting on Invert 1368.0 16.3 9.3 0 

During Retrieval: 2 WPs + Gantry 1330.0 12.7 8.6 0 

DugEarthqake: WP's in Plac 2312.0 18.7 14.4 0 

4.2 RESULTS FROM PLANE STRAIN ELEMENT MODEL 

With the plain strain element model for the invert, no distinction is made between precast and cast
in-place concrete inverts. Stress distribution in the concrete invert under different loading scenarios 
is shown in Figures ]1-33 through H1-38. The stresses shown in each figure are the principal stresses.  
The sign convention for principal stresses is positive in tension and negative in compression. Stress 
distr'bution plots indicate that the major principal stress (os) is in the circumferential direction while 
the minor principal stress (oq) is in the radial direction. From Figures 1-33 to H-38, it can be seen 
that highest stresses occur at the connection areas between the lining and invert The cirumferential 
stress in the center portion of the invert is uniform. Table 11-3 further summarizes the maximum 
stress development in the concrete invert
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Table 11-3. Principal Stresses in a Concrete Invert 
(based on the PSE element model) 

Loading Scenario Maximum Mnajor Principal Maximum Minor Principal Sress 
Strea (Mna) (Ma) 

After Excavation 9.8 9I 

During TBM Transportation 9.4 1 

During Emplacement: I WP + Gantry 9.6 cI 

During WP's Sitting on Invert 9.6, 1 

During Retrieval: 2 WPs + Gantry 9A '< 

During Earxhuake: WP's in Place 9.7 <1 

Compressive stresses in a concrete invert based on the PSE model are in reasonable agreement 

with those based on BE models. However, the PSE model indicates thai there are no tensile 

stresses developed In the invert, as the model ignores the bending. The PSE model predicts that 

the stress across the thickness of a concrete invert Is below 1 MPa under each loading condition, 

as shown In Figues 11-33 through 11-38.  

S. SUhMARY AND CONCLUSION 

Mechanical response of an empl drift concrete invert to the loading combinations from the 

in situ stress, construction, operation activities, thermal load, and potential seismic events has been 
analyzed using two-dimensional numerical models. These models have made conservative 

approximation to the three-dimensional loading conditions. It Is also noted that two-dimensional 
FLAC models used for this analysis do not account for the seismic effect on the rock mass in the 

longitudinal direction, i.e., along the drift axis. Shear waves vibrating parallel to the drift axis are 
anticipated to have much less effect on the drif than that vhibrating perpendicular to the drift axis, 
as the former are confined while the latter are nearly unconfined near the drift wall. For the purpose 
of examining the behavior of a concrete invert in an emplacement drift, a two-dimensional analysis 

with the longitudinal direction treated as plain strain condition (confinement). is considered to be 
adequate.  

The following summary is based on numerical results from BE and PSE models: 

* For a precast concrete invert in a 5.5 m emplacement drift, there is a considerable hoop stress 
developed in the invert due to excavation, depending on the timing of invert and lining 

installation with respect to the TBM advance. Gaps and nonuniform contact between concrete 

and rock have a strong effect on the development of the bending moment in the invert. On 

the. other hand, a momentary increase of 4.3 MPa (Table 11-1) for the hoop stress in the 
concrete invert is predicted during a vibratory ground motion of 16 cm/s caused by a potential 
seismic event. Excluding the thermally-induced stress, the numerical model predicts that the
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highest hoop stress in a precast concrete invert without contact grout is about 16 MPa in 
compression and 15 MPa in tension (Table 11-) under the in situ and seismic loads combined.  
With an estimated amount of 15 MPa caused alone by the waste package heat, the hoop stress 
in a precast concrete invert adds up to 31 MPa under the in situ, thermal and seismic loads 
combined, calling for the concrete with a minimum.31 MPa (about 4,500 psi) allowable 
strength. Also, tensile stress development in the invert calls for steel reinforcement.  

For a cast-in-place concrete invert in a 5.5 m emplacement drift, external loads such as TBM, 
gantry and waste package weights have no significant effects on the stresses in the invert. In 
this respect, the weight of any backfill materials, if used, over the emplaced waste packages 
is anticipated to have little effect on the invert stresses. A momentary increase of 5.1 MPa 
(Table 11-2) for the hoop stress in the concrete invert is predicted during a vibratory ground 
motion of 16 cm/s caused by a potential seismic event. Excluding the thermally-induced 
stress, the load caused by ground relaxation due to drift excavation is the primary 
consideration, Under the in situ and seismic loads combined, the maximum hoop stress in the 
concrete invert is shown to be 14.4 MPa (Fable H-2). With an estimated amount of 15 MPa 
caused alone by the waste package heat, the hoop stress in a precast concrete invert adds up 
to 29.4 Ma under the in situ, thermal and seismic loads combined, calling for the concrete 
with a minimum 30 MPa (4,350 psi) allowable strength.  

S The normal stress component in the direction of thickness of the concrete invert, either precast 
or cast-in-place, is predicted to be almost negligible (Figures 11-33 to 11-38). It must be 
pointed out that a considerable amount of conservatism was made in the modeling, e.g., 
lowest rock mass category used, and loads such as TBM, gantry and waste package weights 
represented as line distributed or concentrated loads in a two-dimensional numerical modeL 
With proper contact grout, the stress development in a precast concrete invert will be similar 
to a cast-in-place concrete invert, Le., tie bending moment and subsequent tensile stress will 
be reduced. Then, the invert is primarily in compression.  

* Reinforcement such as steel bars spaced in each direction at each face wi be required in the 
precast invert for bending stresses from construction handling loads. As the bending moment 
caused in a precast invert by construction handling and emplacement operation loads is not 
significant, reinforcement can be conveniently done.
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Figure 11-5. A FLAC Model with the Concrete Invert Represented as Bean Elez•ents (BE). Dimensions Are In Mete.
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gure 1'-8.* PSE Model: Representing the Loading Conditions.
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JOB -ITLE:_BE Model w/ Interface: After excavation (tNoid. Ko=0.51

FLA C (Version 3.0) 

LEGEND 

11281998 10:10 
step 12440 
.2.5WE002400c 2.500200.  
*4.OOOE.00 -cy-c 1=E00020 

Beazii plot 

IjAxial Force 9 1 (Beam) 
Max Value ma 1.2046E05 
Axial Force#I I (Beam) 
Max Value - 1.306E.05

CRWMS M & 0

. . .. . ...
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-RAO ' .1265 ' -1250 '35 AO 2S *25 2!6 1 1350 "1250

Figurc, U-9. BE Model with Interf=ce Axial Force DistniUtion In fth InYer under die In Situ Loud. Forces Are in 
Newtonshn and Dhnenslons Arm In Meters.
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Figure 1- 1." BE Model with Interface: Axial Forbe Distribution in the lnvest under the Loaded Gantry Weight. Forces Am 
in Newton.tn and Dimensions Are In Meters.

I 
A* 
GO 

LEY



1�

I JOB TL.E : B3E Model rd Irdefacw. Consldderig I WO~ V*dght (Note: lKo=0.5)

FLA C (Verston 3.30) 

LEGEND 

1=281998'09:31 
step 15440 

-2-500E+00 <x< 2.SDOE+OO 
*4.OOOE+00 'cy-c 1.000E+00 

Beam plot 
(Axial Force 8 (Beam) 

Max Valus - 1.1 6SE.05 
Axial Force I I (Beam) 
Max Value - 1.1 68E+05
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Figure 11-12. BE Mode! with Interface: Axial Force Distrbution In fte bnvert under tMe Emnplaced Wast Package WeighL 
Forces Are In Newtonslai and DImensions Are In Metemi
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FLA C (Version 3.30)
I-.

LEGr=ND

11/31/998 18:18 
step 18440 
-2.50E.oo occ2ooto 
-4MOoE+Oo cy< 1.OOOE+iO 

Beain Nlot
UAlal Force I I (Beam) 
Max Valuem - 1+085E0 
Axial Force 9 1 (Beam) 
LaX Value m 1.O8512+05 
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L

I

-- ** 1 1 * 7- ,...........
-1~ *IZI &20 1I *0 Jib 126s t.76 Z=

-'Io 

7 T5 

AMCs 

A-us

.4150

Figure11-13 BE Model with Interface: Axial Force Distrbution In die Invert under the Emplaced Waste Package Weight 
plus the Leaded GantryWeighL Forces Arm in Newtons/m and Dimensions Are In Meters.

U 
�8 

a.  

a 
'A 

a 
2.  

-J 
-I 

'ii I 
-a
IJ�

=2 =x-- - Mum 2--21



I JOB TITLE: BE Modelkw-Ioerdace: Conslderbg Ueslsitiloloadhn (10 Hz; s: Ko=OA5

FLA C (Version 3.30) 

LEGEND 

4/24/1998-1527 
step 18914 

-2.5005+00 ccc< 2.5002400 
-4.0005+00 <y<* 1.0002+00 

QjAxWaForce~ 11 (Beam) 
Max Value= & 147E+05 
Axial Force I11 (Beam) 
Mlax ValUe - 5.147E+05
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I

4

-2=0 I.=2 *lise 25S= A 241-2 1 = *226
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FIgure1-14. BB Model with Interface: Axial Force Distribution In the Tnveai under the Emplaced Waste Package Weight 
plus the Seismic Load. Forces Are In Newtonshn and Dimnensions Are In Metems
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JO00TITLE: BE Model vdIntedaco: ConsideringT Wiotln load (Note: Ko=O.5)

FLAC (Version 3.30) 

LEGEND 

11281998 -09;31 
*step 14440 
-2=SOE+00 -cx< 2.S00E.00 
-4.OOOE+0O 'yc 1.OOE+0O 

Moment I9I (Beam) 
*Max Vakia - 6.595E+04
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Fzg=ir 1-16. BE Model with Interfnce.c Bending MomentDistribution In the lovedt under ftheTBMTransporintloa Load.  
Bending Moments Are in (Newtons-m~hn and Dimensions Are In Meters
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Figur 1l-17. BE Model with lnterface Bendimg Moment Distribution In die Invert under the Loaded Gantry Weight.  
Bending Moments Are in (Newtons-mym and Daennsions Are in Meters.
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FigureI -18. BE Model with Interface Bending Moment Distnrbution In the Invert under the Emplaced Waste Packag 
Weight. Bending Moments Are In (Newtons-m)An and Dimensions Am In Meter.



JOB TITLE: BE Modal vd hftrface:~ Cosddi2W walhts +ganty Ko=O.5)

FLAC (VersIon 3.30)

LEGEND 

113111998 10 
step 18440 

*2.5E00E.VOxc< 2.5QOE.FOO 
-4.OOOE.OO <y< 1.OOOE+00 

Beain plot
MomedNt I (Beam)* 
Max Value a 1.035E+05
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Figure 11-20. BE Model with Interface: Beiding Moment Distribution In the Invert under the Emplaced Wnste Package 
Weight plus the Seis•uie Load. Bending Momenta Are In (Newtons-m)fm and Dimensions Are In Meters
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JOB TITLE: BE Model win Interface: Considering TWAtrdfispoulation load (QCo~O.5)

FLAC (Version 3.30) 

LEGEND 

3=21998 -11:40 
step 11440 
-2.5002.0 -cX< 2.5002400 
-4.0002.0 qcy 1.0002.0 

LAxlalForce 82 (Beam) 
Max Value = 1.371E.08 
Axia Force # 2 (Beami) 
MaxVafue- 1.371E.06

CRWMS M & 0

4.16 ' 4.750 ' .12.5 * -7110 '-.20 .2am' .750 CAD5 1.750 2250

Figure 11-22. BE Model without Interfacm Axial Force Dishtrbtio~n In the Lnvert under the TBM Transportation Load.  

Forces Are In Newtonsirn and Dimensions Are in Meters.
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Figure 11-23. BE Model without Jntcace Axial Force D•sribution in the Invert under the Loaded Gantry Weight. Forces 
Ame In Newtons/m and Dimensons Am in Mete'.



I jog TITLE: BE Model wlo interracr: conrjderkng 1 mwPeight (3(0=0.)*

FLA C (Version 3.30)

'LEGEND 

210211998.13:3 
step 12440 
-2.5002+00 cxc 2.5002.00 
-4.0002+00 <Y- 1.0002*00

UjAxlal Force 12 (Beani) 
Max Value - 1.=88+06 
Axial Force 8 2 (Beam) 
Max Value - 1.3582+08
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Figure U-24. BE Model without !nterfaco Axial Force Distribution In the Invert under the Emplaced Waste Package 
WelghL Forces Ame In Newtonshm and Dimtensions Are In Meters.
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FLAC (Verslon 3.30)

LEGEID

2/02i1998 13:38 
atep 1544D 

-2..500E00c<x< 2.500E400 
•4.000E÷00 <y< 1.0002.00

Clxa Forc 8R(eam) 
Max Vaiue 1.330E+06 
Axial Force 12 (Beam) 
MaxValue,- 1.330E406

CRWMS M& 0

Figure 1-25. BE Model without Interface:.Axial Force Distribution In the Invert under the Emplaced Waste Package 
Weight plus die Loaded Gantry Weight. Forces Anr In Newtons/m and Dimensions Are In Meters.
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Figure 11-26. BE Model without Intcdface Axial Force Distribution In the Invert under the Emplaced Waste Package 
Weight plus the Seismlc Load. Forces Ara In Nt•tons/m and Dimensions Am In Meters.



I JOB TITLE : BE Model wlo lnteface: After excavatloh tko=0.5)

FLAC (Version 3.30)

LEGEND 

2/10l98 • 13.8 
step 9440 
-2.500E+00 cxc 2.500E00 
-4-00E400 <cy< 1.000E400 

Beamn Llot
Moment 1 2 (Beam) 
Max Value -1.A83E-04

CRWMSM&O.

4=5 .1350 .*MO %7W0 -.do *50 ~ 0 5*0 130 £I

Figure H1-27. BE Model without Interface: Bending Moment Distribution In he Invert under The In Situ Lead. Bending 
Moments Are in (Newtons-mym and Dimensions Arm In Meters.
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Figure 1-28 BE Model without Interface, Bending Moment DLItuibution In the Invert under the TBM Transpoalation Load.  
Bending Moments Arm In (Newtons-mr)n and Dimensions Are In Meters.
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Figure 11-29. BE Model without Interface: Bending Moment DhIribution In the Inve.t under the Loaded Oantry Weight.  
Bending Moments Arm in 04cwtcns-m)Im and Dimensions Arc in Meters.

ICA 

-a 

ti 

:I



U 

>11 
,H 

U1i
Figuro U-30. BE Model without Interface: BendingMoment Distribution in the Invet under the Emplaced Waste Pacage 

Weight. Bending Moments Are In (Newtons-mnfm and Dimensions Are in Meters.
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JOB TITLE: BE Model

FLAC (Verslon 3.30)

LEGE14D

4t2411998.1527 
stop 15714 

-2.500E+00 ;x< 2.500E+00 
-4.000E+00 <yc 1.OOOE.00

Bea.n plot
Moment 12 (Beam) 
Max Value - -1.874E+04

CRWMS M & 0

Figure 11-32. BE Model without ntrcda=, Bending Moment Distribution In the Invert under the Emplaced Waste Package 
Weight plus the Seismic Load. Bending Moments Are In (Newtons-myra and Dimensions Am In Meters.
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FigurelI-34. PSE Model Principal Srcsm Distrnbution In tbe Invert under fth BM Trnsportation Load. Stresses 
Are in Pa and Dimensions Arein Mees.
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Figure 11-35. PSE Model: Principal Stress Distribution in t1m Invert under the Loaded Gantry Weight. Stresses Ae In Pa 
and Dimensions Arm In Meters.
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I JOB TITE: PS Model: Cons~derinm I WP wokil! (Kc*0.51

FLA C (Version 3.30)

LEGEND 

4124i199313:28 
step 12120 
*2MSOE+0O x-c 2.500200 
*4.OOOE+a00 <y< 1.0002.00o 

Boundary plot 
I~ 
0 1E20 

PrIncipa stresses 
Max. Value -9.640E+00 

I I I I I I 

o 5E27 
Beam plot

CRWMS M & 0
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Figue f-36& PSE Model PrNcipal Stres Disttriuion In the rnveituswde the amplcd Wafte PackageWeight. Stresses 
Anu In Ps and Diumnsions Ar6 In Mtters.
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6. FLAC INPUT DATA I= 

6A INPUT DATA FlLE FOR THE BEAM ELEMENT MODEL 
WITH THE Dn7MACE PRESENT 

AVw File Name: inv-WA= 

AFLAC=ddfbr&=?yfta, hmm tD be yLved 
In an empLxement drM 
Ddft Ck=wtw. 5.5 M 
Drift q=inr. 28 m 

CoAnzs Stdc+sdsml +d=mal 
soth: 1ýý 

sip-M U lo 
Sdtmlc POVAS cm/s 

Mo us 
dindw 3 s= 

humaL. r-trMfe bLud cc 

s=kf== 

=L= f ax=Lm) 

csc=L 
cbtc--I.  
frjest.  

end 

Fish Amalm so Ist zx=h=lcal ymputla 

COMM=d 
= c-up-7.7&9 vin-CII dum-M6 CkM-0 &Un-=4 Mm-lMc6 
cad CfflMM=A 

c=2 
ow==d 
w e-o=t2.18d vjn=Cll chinuM6 k_=-4S &ij=4 &_=-W4 W.ý"1.794 

=3 
Commmd 
sa un-ISJR9 vjn=021 dun-2." kin-U Ckyo4 bjn4M min-1176 

cue 4 
COMM=d 
oct c-m-223"d w-wi-021 ch-p-We6 &_ut-45 Mkp--D daw:z!W4 &Lp-M6 
call C=,rmn 

C=C 
con=wA 
sete-apdUlc9 vcs=021 dLp"626 frm.46 dMLpi=0 dauwM4 tLw=421ciS
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set btar=4S Icnd=56 gxnuit-L 

......... . . .......** .*** ...S.8*S.h*.*.....  

*Adjust Mhe x-cod and y-cod for the middle drift 

sot b?~ft"6 knd=63 z..ntx.7O 
bLdrIft 
Sa Ist icl kd=83 x.int=038 
k~Jdft 
se b=mt43 Icnd9 x.JntoO70 

saktatmtd4jend-MyJnxS 
T..drift 
saeJsn=32rn-~ d.5 y.jiu"O38S 

sctJst~us=S2Jend=5Oy~JzatOJ 

A* = bdute i-cord for theVM p~between~ mCc l madsgt drift 

0 Adjust ecx cod ft ftea4&td&M 

set P buru'11 ndzV5 z.Jnt=a75 
L-&M 

blzadd-70 *Sletthcrlgb~koekwhncncreftheaem drM .  
En! y add .50.0 

I!a.581=" 
Eel x -56 1=7 
bgs .541=3 
W x -52 1-0 

bn! 52 1=137 
nisS41=138 

frd 56 1=139 

Lin!x 60 1=141 

gindirde 0 02.75 0centerdrift 
g= dzde 4U 02.75 0 hmmedl= kft drift 
gen drde 2L 0 02.75 0 &=mae& dght drilt 
Sea chdek 450 0 2.75 * tmotc loft drif 
gea drk S&0O2.75 0 a~tc d&htdzft 
tea ocdust 

0 FZSf fkmcdcn to fmd minima and -- It= oeta- and y-iordlno1e 

zsinexac.  

ymhulOe 

loopi (lisp) 

xnmincz(W )
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yR-y2 

Ilacr 
swzc pMo I e=28J~c bdghbu0.2 wldh-wl 
sawz pop 2 v428.1c9 heighbt-MM w~dhal.* 
In? I masId fAurmode I nbcnamto nods lbsd& ml fogto 78Mt7 ,7L37 

,mv node I pin 
mitnc noda 43 pin 

step 2000 
saw clktgldO~sa 

mnsnms 33.41 tst kftddit 
m a ms 11.41 tsgt drX dft 

sm ams 39.41 *2nd dzftddft 
step 5000 
saw ckiSInOsaw sconatln finIng amue dm to eCawado 

*Stega3. TBM Lod 

s=un nodc 43 load 0 -19620 0 
s= node 52 Woa 0-196200 0 
sep 2000 
sawblkl.Abmsa 

*Sznp4. O Win tldacsWdfgzt ploa Gsau~yWdub 

:woc nods 45 Wa 0 -91M6.75 0 
Snode 46 load 0.-9196L.73 

su~nods 54 Woa 0 -9196L.73 
~anods SS load 0 -9196L.730 

mtp 3000 
sa clkl-wpsgmnv 

C3 clklgtno~snv 
0 Vctdcni nodal mand Is czlclaie z(l2Y(90 MTM9 10 N&MC 
smr node 47 lad 0 .367173 0 

~node 43 oad 0-73575. 0 
w= nods 49 lWn 0 .73575. 0 
stnez od 50 lod0-73575.0 

nwcode Sl lWn 0 .73575. 0 
sunode 52loWd0 73573.  

sm=node 53 Ioad 0 .36737.0 
stp 3000 
sav clkwLuwsv 

* M Stg& TWO atFZb weldghmsPl=GzantryWgtt 

5mnode 45 load 0.-9196L.750 
smict node 46 load 0 -91960.7 
sm= node 54 load 0.-91960S7 
=ma node 53 oad 0 9196&73 0 
tL-p 3000 

sav clkI..2wL~sv
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...... .... ... ......... .............. ...... .........  
SmV & S= A)r Scismi Losding 

a= cc dy=UIC W=b'ds 
tts clkf-twt=v 
set dyn an 
m Ine 
gd st 3000000 

apply SY7 dv-wp J-D 
apply Xquict mild)-m 
Appbrmqwct Iml, oleft vcmicg 
applymVid 1-145 od& vadcal 

If 
frcq=&Ul.w 
I-- &=kjmt 
Vwwe-V'slnM*Vl*freqI'dytl=) 

ffdYd=2.dum-md= 
P-Wave-u 

end 
0 
def S-Wavc 

duramdura-M 
K.wrft-l-,dnm*A*frcqvYd=) 

Vdyti= x. dw.Lm th= 
S-V/AVC=" 

CAA 
end 

set azq-wtmlo dwa-scr--3 

ý*Ynl 0.16bby-vzvcjzl 
qplyzvcl &l6hhI-w=jKl 

LAM-A= 
waveon=d=-M 

end 

dyd= 0 

xdIsp 0 yasp 0 
w 3MI-0 rici-O 

b1s ran 
his ustep 400 
bb =b2l 
bb dyt= 

his Ivel iml )=I at dz kft ccx= 
kh zvel lw73 Jul a dc c=t= 
hhzvtiiul4Sj=l 0 at the d& cot= 
0 floduaW velocky machmiog at dL6- top 
kh Rvel jal )us ocoekftcm= 
his zvel 643 J40 0 st ft c=tcr 
Ab xvtf lul45J=83 sstftd&cw= 
0 Vcdcal velocity mockmkC a ft b= R= 
hisyvellul )=I at &a kft car= 
bh yvel lw73 Jul a dm cc=r 
kh YWI i=145jul at dc fl& cm= 
* vadcal wjocity mmkming c ft top 
his yvci W J=93 *Cftkftc=a 
kh yvd 643 J-D Oatkc== 
th yvel 6--14SJ40 ihe it& cm=



0o~ 

CL'

HP, IAAU I toH t 'l nI 
~~~~~N m adc5d gm ~ ~ ac

W% n in n W. n 

c6s C6



rP 

0 
CaFr



>~i 

I.0 

on
0 6 U 
WU

4 a a

Oft) 4 
13331I 

I 
I 
a 

I 
a

I � 
iii';' 
121 
I

I 
3 

I 

Iii 

11 
ii: 
I! 

aa 
aa a a a a 
aa

a 

I 
0 a a 
a 
3 
0 a a a a 
0 a

I * II 
* * 
* 
* N 

a * 15 

ii� 
a 
a a a 

a

I is 
I-4al

aaa.. *@O*..@ 00404



C4 

>
0 * 1 
0* 
* 0 
* 9 
3: 
* 0 : : 
3: 
* 0 I if0 
I �! 
� 

2 iii 
* 0 
* 0 

* 2 -

� 

*� :� 
" 

9.'. 1 ji' 
: �: 

* I� II.

* 0 
* 0 
* 0 
0 * 
* * ��I.u 
* * 'VEd 
O 0 
* 0 
* 0 
* 0 
* 0 
* 0 p9� 

*00 I 
a: 

N �Y.2 � '� 

� � � g�j 

- a' � �gg w*� 
* �i 
* U.  
** .4.  

0 0 

- 0 
* *b1'1 - � � 

0!*� .� .r� * -u ±.±

.fr 

lUlL � 0!



ATrACHMENT II 
DI: BBDCOOOOO-01717-0200-OOl0 REV 01 

TiT E:. Emplacement Drift Invert Structural Design Analysis Page: 11-59 of 11-72 

5d bnixt4S knda56 z~nlO'.D 
bLdrft 

*Adjust the s-cord and y-cod for the middle drift 

s2 hwmni=6 icnd=63 xJnt=0.70 
bhOdft 
set Istanum kadnd3 xjnbguu8 

set Istnt-83 lndm90 sjntmm070 

3c1Jst-Um2ja~d-n2yJnt-OM5 
,-ddf 
xd~tm32jnJ~d-2 yjnt-0385 

*Adjust the s-cord fir fth pMflr betwcan the middla and rigb&Ubft 

Iet bu~tt=90 lendul0l &WlJDL 

*Adjust die x-cod for to sigbt drift 

bset=0 Isu-IIndu!25 zbt=O.8S 
b..dxft 

Idsadd-70 SSettaorlgabekomck8CrOfthwctstdiL 
I!y add .50 

tax -58 1=6 
W x -561-W 
Wn x -54 1=3 
Ini s-S 15 =9 

Li: 21=137 
W x S4 1=133 
hi x 561W39 

inls601=14 1 

gwcfrd. 0 02735 'cesrdrift 
Sat drde.-2&.00 2.73 0 hm~icdý kft drift 
tot did. 2&.0 01275* Imm d&aazh daift 
tat drcd. -S&0 02.75 0 semomc left drift 
go drde S& 0 02.75 'zsm trightdrift 
t=a ajust 

R* FLi1fucrim to find idnlt and m2--4- *fx s-nd y-coorfne 

dcf Ia-x..)Mtn 

ymin-J1eS 

wop I (lisp) 

lf0Jn sint 

xn=InX(IJ)
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If y" 20 Y== d= 
Y=-7(W 

Cadjf 
if YU -C ymin 11= 
P*I-Y" 

end.joop 
mdjocp 

end 
M=-Mia 

0.43siVim pmpatks and inftW sm=

def amid 
Sir-op ev-=P-92 I*dn-xey= 
Cla top -giv-pop 

C-UPC-WC-= 
cb-m-Ckiedl-M 

d114 

*4h-kO-M*Slv 
cmmn=d 

pmp O-sh-m b=tk-m 6-drLm 
Pm ab-dLm Modum 
fdsyyslpvwotm(Lv 
id = 811h TZ 0 smd-b 
fd=shvarCgmU 

eM4 
end 

LV7=9.81 
UW2-tcw 
=UW 

*FixdoboundzyC=dlrf 

Em z W 
fixzizl45 
fixyj=l 

L dyn off 
h6tnb2l 
sup 20D sinhw equm-ofk= 

St2se 1. Exm= Me DVM 

mocitw ft CIO=CS for the &M 

;dVC-C 
vq.ýýydVM.49) 

cad 
ddbcLc 
bqp-z&sp(6C42)-mdbA=.Q
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LItO 

bcmn2 
It Onzzl0 zhca 
cxl: 

end-i 

Vecz..Wtbt~bZ43il thcm 
Lkt=ibt 

jaqmb-1 

exit 

end-if 

If ezj(bt+tJbOnl dma 

bcm2 
If ibtt-0 dwai 
cxli 
cudjf 

errlal 
cad 

Ief I=bpte=' 
lfj",bp then 
ibg1a1 
elkt 

sun beem beg SMi ThJbtjb cad VWi Weta PWP a" 

cad 
sctlb .733b.37 IUP4b=7 Ipe~ 
b=Sg 

bea9 

be=m 

=Mzu pmop 2 m2LB599 hdghtw=O2 widtha-LO 

senucnodepIa 
s=~w node 15 pin 
step2000 
sav blklgidO~a' 

m a =S 3.41 0 Iuzkftd&M 
, amSg 111.410 s ldt& dft 
xtep 2000 

m a mg641 * 2ad kAft rif 
m nrel 139.412 '2ad dgt &Ml 
step 5mO 
saw btktjglnD0m ftoatdn Inbgs~s da to exCavatlm

Sttp 3, TBM Lod 

Dac nde 10 lmad 0 -19&M200
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== mode 6load 0 49U 00 
suep 2000 
acvblkldtbmnv 

* Star 4. One Wast Pncbe Wdgbta Onu Ganuy WClgt 

m btklgtnOmsv 
mctsodc4had0.9196L7S0 

nc~ode 5 load a -9196L.750a 
sn~ode I I load 9196.750 

w=ac mode 12 load 0 -91968.7S50 
gtep, 3000 
tay blkLwpzgsa 

MAPngeS. sin&l Wauc lachzg Wd&~i 

rm blklzIAD.ma 
0 Vertical modal Inad k lcuised it (90 MC1Y'(910 WnM1V 

Ic mode 6 load 0 4S1BL2S 0 
w=: mode I ad 0-413036M0 

mc mde 9 lood 0 41036530 
nc ode 9 load 0 4103=530 

st=mode 10loadO04S1I12SO 
step 3000 
say bIkwLny~m 

* StAge6. TWO W=r Pacbgc Welgic ph=s GanUyWcdg 

szcmode4 oad 0 -9196L75 0 
stcmode 5 ladC0-91%68.73 0 

mer node I I lad0 -91%9.75 0 
str=c mode 322load 0 .198.75S0 
step 3000 
say blkI..isv 

* Stage L szartDiffcrest dmt LdiM& 

itsblkLtwuav 
set dys On 

tet st 3000000 

apply qeyslalet$S3 w 
apply squi ulaet 8 1 Ift vrtc 
Wply squic J=14S *A&i vadcal 

defp..w'ta 

end 

def S..Wav 
frq=frcjet 

I-1.%h-flMvqd wydnz ) 
If det= 0dMu2se d= 

s..wave=0OO 
cndif
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S." a.aI b 4.
a a a a 
a a 
0 a a 
a a * a

a a 
0 a a a 
0 
a 
0 

a a 

a 
0 a 
a a 0 a a 
a 
a 

a a a a 
0

0* a a a a * 1.9 
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lMyyf-lMkd0j-40 
awp 20M 
sav Fk Ltbm=v 
assooooeeoeo""00"000"0*0000*000"0000*0"000 
a Stage 5: Gantry W + WP 
0"0*00000000*00*0"00000000000**O"ooooo**Ooooo 

m pkl-tldOmy 
opp pre== W2SW I-MX J"6 
app pre=wc 502S60 W&DJ-46 Obasedon(M4)O9310AD36601) 
step 2000 
=v VkLttry=v 

0"0*4*00*004000040000000**000*00*0*00000*00000so 

Sln& W.P. wcwa 
000000"000**000000000000000*0*0*00***OS*000000*0 

m pkl-ttdo=v 
e mg 40.56 
e, tq 45AS 
e stj 46.42 

pWbwll4Xe9sc82Vddem-5MwZ4OS *based an M4JOOOWM5 
prop b-l 14.946 tm8l64e9 deam= nj 44AS 
FWtmLql&9 t=ltAOc9dem=2000 wg46A2 
=p SM 
saypkuwL=Y 

. ..... . ....  
State 7-. Two W.P. Wdshts + Gmy 

mqv Ffc== SM560 I."XJ.46 
an -,,P302SWk64S9j-45 *based on (HW4r9UWM3%0J) 
$wpm 

Stage L Sduric L=ft 

=pkUwL=v 
hikidwif 132O5bA6j--55 

yf432435J-46)45 
CAP Sm 

tay pkUld=v 
m
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•SIGLE CLA(4 AND FILLER NO. KJ01 

•I DOUjlu CLAMP AND FIL.ER HO. 9-02 

ni* pressed steel clamps are furnished with reversible 

fllen. They as usall furnished for a •tight at on 

nll bat unless spcfiled otherWIse.  

IVd 

SINGu CLAMP AND HOLDER H.. -1I07 -" 

DOU.BLE CLAMP AND HOLDER MR- K.105 

h asetener arenat usted sanhr can rails to.  

M W ... rtln derIEL w ed to .ISIO 
• .r•'ng -me u can be bolted when speclfea, rt
•lit'€empete wlt bolts anid lod wahm.  

MIDWEST STEEL. DiviSfOu
MIDWEST ao"Bn"w

p

.to 

we 

'Ida b.  
,,4

e 

4t.



RAIL-Section 9040 
90 ]b&e per yard 
1514 uet tons per mile of track 
33=3 tack feet per net ton 
Stock lengths 33'0- and 39'S"

ANGLE BARS 

24" lengths S4.5 lbs. per pair.

k - a'..

MIDWEST STEEL DIVISION IA 
MIDWVEST

I

rob* 

7
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ATTACHMENT IV 
REINFORCED CONCRETE DESIGN 

DOE policy requires the subsurface design be performed using metric unitL.  
Much source information (e.g., vendor data/steel member sizes) used for 
design, however, is available only in English units. Because of this, 
calculations a•e generally performed in En&h units. The results are 
converted to metric units in tl= main body of the analysis, followed by the 
corresponding English values in parenthesis.

InV9BS.WPd 060089
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Check capacity of precast concrete invert due to lifting loads. Lifting lugs assumed to be placed at centerline of 
gantr raiLJcfer to Attchment U figure I-3 for data shown in sketch below. Note: Where ACI is shown in this 
attachment it refers to ACI-318-95.

Data: 
k a 1000-1b 

f lz5000-b 

S:o 

in2

.1

6.5 m DRIFT

Precast Concrete Invert synetical about center line of tunnel 

PNlb psi. 

Concrete compressive strength @t2 days 
Note: fc f 'c, typical. pages IV-2 thm IV-19

L1 :2.82in (71.7mam) Id :h 12.32-in (313 mm)L2:c 37.77-in (959.3 mm) b:= 12-in (304.8 mm) 

L 3 : 214•in (543.6mz) h 2 •-7.874in (200mm)L 4 :2.09.in (323 mm)

f =60000- l 
fy: . 2 

ft

Reinforcing steel yield strength 

Unit weight ofconcrete

Concrete Areas and centroid locations calculated from Micro Station measure command.  
V 1 := 4.69"fi3  Volume of concrete per foot bounded to the 

left ofsection 2-2 
V 2 := 2.31.f?3  Volume of concrete per foot bounded to the 

right of section 2-2 
W I :- 7c"V I W I = 703•5-lb concrete weight of clement I

W2 :=7c'V2 
RIv:= WI +W 2

W2 =346.5.1b 
R Iv - 1050.lb

concrete weight of element 2 

Total concrete weight of elements 1 + 2 
and construction live load.
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Find moment and shear at section 1-1: 

Sun moments at section 1-1 

M : R IV-L4 - W I-(L4 -.L )- W 2"(L4 - L2) 

M 1 =15071.18 in-lb 

Sum moments at section 2-2

Moment at section 1-1

M 2 :=-[(R IVL3 ) - W I'(L3 - L 1)] Moment at section 2-2 

M 2 = 9398.97 .in4b 
Try ACI Structural Plain Concret chapter 22, strength design procedume 

4:= 0.65 Strength reduction factor AC., 
section 9.3.5

U:= 1.4

Mul := U-M 1 

M u2:= U-M2 

A 1 := bh 1 

b-h 122 

S2 
S2:2 .-6-

Mul -21099.645'inelb 

M u2 - 13158.558 in-lb 

A I = 147.84.1n 2 

S 1 =303.5648.in3 

A 2 - .94.48 89U• 

S 2 123-99975 in3

Strength factor AC, section 9.2, 
"deadload 

Factor moment at section 1-1 

Factor moment at section 2-2 

Area at section 1-1 per foot 

Section modulus at section 1-1 per 
foot 

Area at section 2-2 per foot 

Section modulus at section 2-2 per 
foot
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ýM nj := ý-5-S - Fc Ib 

(Ib 
jn2 

Inni 2)

O $2:05*- 2 Icbb 2 

(~j14in

OMnI =69762.1368in-lb 

MU, -21099.645-in-lb

fMa 228496.34629.in-lb 

M U2.- 13158.558 -in-lb

Factor nomiml moment stiength 
at section 1-1, ACI, equation 22-2, 

Factor moment at section 1-1 less 
than factored nominal moment stiength

Allowable factor moment at section 2-2, 
ACT, equation 22-2, 

Factor moment at section 2-2 less 
than factorid nominal moment strength

h

SECTION A-A

PRECAST INVERT PLAN

Pu

4M
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Calculate bending moment in short direction of panel about lifting lug. Use an equivalent rectangular beam to 

resist bending, see Precast Invert Plan and Section above.  

1 .4- = 122.5 Factor load ACI, section 9"., see first page 
12.'. In of calculation for Rlv.

Radius ofDrift = 108.267" b: 16-lin Conservatively use 16" beam width center 
about lifting lug& see section A-A above.

hays:: (lO8.267.in) 2 - L 42 _ (108.267in - 21339-in - h I)Depth of concrete at centerline of lifting 

"lug, see section A-A above.  

h ayS = 2030446 -in

b~2 

SM:n 6 

2 (29.52"in) 
MU:2-wu 2 

ft: :

Sm 1b jn2I 

fct5-4. 1, in2

S - 1099.38966 in3 

Mu =53375.112 .nlb 

lb 
ft -48.54977 t in2

Section modulus of equivalent rectangular 
beam, see section A-A.  

Cantilever Bending moment about 
lifting lug, see Precast Invert Plan 
for dimension - 29.52".  

Required concrete tensile stress at point A.  
see Precast Invert Plan and Section A-A.

f ct=229j97"--!> ft=48.54977 lb Allowable tensile stress, ACI, 
0e o= it ' section 22.53 greater than required 

tensile stress.

Conclusion: Plain concrete adequate to carry lifting load at 28 day compressive 
strength of fc - 5000 psi.
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Design Invert using the results from the FLAC analysis, Attachment IL Table H1-2. Inspection of 
Table 1U-2 indicates two controlling load cases:

Load Case I 

Load Case 2

(During WP's sitting on invert) Design is based on contact grout between invert and 
tunnel as dicussed in Attachment lI, section 5.  

(During Earthquake: WP's in place) Design is based on contact grout between invert 
and tunnel as discussed in Attachment IU, section 5.

The 15 MPa hoop stress due to thermal loading from disposal containers is required to be added to the above 
Try: 200 mm mr;nmum invert thicknes = 7.874 inches. Design Invert using one foot beam strip along tunnel length.

h :-7.874.in Thickness of invert at hatmc 

b:= 12-in Design width ofinvert

KN-224.809.lb Conversion kilonewto'n to pound

mn3.28084.ft Conversion meter to feet

MPa, 145.038.ps! Conversion from megapascal to pounds 
per square inch

Load Case 1 (During WP's sitting on imnat):

pg.-st -1 1368*. .ft 
m 

P~~~ gon thrustdl 
b~h 

Use: 
p gu:= 1-5MPa 
Use: 

16.3"KN'm 
Mground':" m *1*ft

P trust= 93737.79642 .lb 

p' ground - 992.06033 -psi 

P tiemng = 2175.57-psi 

M ground -43972.6404"1b -in

Thrust load per foot of invert due to ground 
suppot Attachment U1 Table [1-2 

Hoop compressive stress due to ground 
loading 

Hoop maximum compressive stres due to 
thermal loading Attachment II, page 11-5.  

Moment per foot of invert due to ground 
loading, Attachment H, Table 11-2.

Factor loads use ACI:.

A -94.488"in 2 Area of invert per foot of tunnel

D gr := P ground"A 

T:= p thineal-A 

P u:- (1.4.T +1.Dd)

D gr . 93737.79642-Ib 

T =205565.25816.1b 

P ugr =419024.27641.1b 

Mugr .$130.14135.lb-ft

Axial dead load due to ground support 

Axial thermal load due to ground 
saport 

Factored axial load, ACL, 9.2.7 equation 9-6 

Factored moment due to ground support 
ACT, 9.27 equation 9-5

A:= b-h
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Load Case 2 (During Earthquake: WV/s in Place), Attachment H-2, Table U-2, Use:

p t :tEq- 2312--Nft Ptnstq - 158422.35769 .1b Thrust load per foot of invert due to ground 
support,

P grousq qh groundEq = 1676.63997 -psi Hoop compressive stress due to ground 
P grmundEq : b-h Ploading 

18.7-KN-m., ftM ,50447.1396-lb .iWMoment per foot of invert due to ground 
m 1 groundEq loading 

Factor loads use ACE: 

E := p grud]Eq'A E - 15842235769-lb Axial dead load due to ground support 

T:= p thr'A T -205565.25816.Ib Axial thermal load due to ground

P uEq = 438030.B7773.Ib
Factored axial load, ACT, 9.2.2 equation 9-2

MuEq :=.75. (1.7.1,.1M Md MuEq -5896.00944.1b-ft Factored moment due to ground support 
AC7, 9.22 equation 9-2 

Compare Load Cases l&2: 

P -Eq-438030.87773.1b > Pugr =419024.27641.Ib 

MuEq - 5896.00944.lb-ft> Mugr -5130.14138lb'ft 

Conclusion: Load Case 2 conrols Invert Design. Set PuEq and MuEq equ4l.to Pa and Mu respectively.

PU : PuEq 

Mu:z MuEq

Design Invert section fo. Pui "438030.87773"lb M u- 5896.00944"Ib'ft

P uEq := .75"(1.4-T + 1.7-LI'1E)
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Find eccentricty. MU 
PU:Pu

Try reinforcing with #6 @ S" o.c. each face. Tr 
fc -Z 9000-psi 

A st: 1.32"in2 
A := b-h Ag:b0 
4 :; 0.7

P nc := o0.8f o 0.S5fc•.(A g - A S.) fy.A St]

e -0.16152 -in 

Trial concrete compressive strength 

Area of steel per fooL 

Gross area of concrete

Strength reduction factor, ACI 9.3..2.b, O 
reinforced members.

ACI 1o3.5., Equation (10-2)

OP nmax -443483.712.lb 
Check section for eccentricity equal to approximately 0.16 incbes Use trial strain diagram to develop axial 
and beiding loads with eccentricity greater tha or equal to e = 0.16" and compare design axial strngth with 
required axial stengt.  
fy := 60000-psi Yield stress of reinforcing

E:- 29000000.psi 

A s "= "66-0

Moduls'of elasticity of reinforcing 

Area ofreinforcing per face per foot (66 @ S"o..)

0

Ec = 0.003 

10.8s fc
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P 1 : 0.65

Try: x:=-ll.5-in

b:= 12-in

3-. 6.001 S sI :z .003" -"" 
11.5 

a-.003.125 

11.5 

S31:=A -s(1)fy .85"f 

C 32:= A y(fy .85"fc) 

C € := 0.85"fd'1 1"x'b 

P b:= 1 C a + C C

4s1 -0.00157 

4 2 0.00238 

•*> e y _ =0.00207 

) C s =26142.93904 Ib 

C s2 -345511 .b 

Cc 686205.1b 

P b "746898.3904.1b

Factor for calculating the length of the 
equivalent stress blockACI, 10273 

Length of triangle base for the above trial 
strain diagram. Purpose: To approximate 
0.160 eccentricity 

Width of column strip 

Strain in reinforcing located at Csl 

Strain in reinforcing located at CW.  
Compression steel has yielded, use 
fy = 60 ks!, AC%, section 10.2.4 

Force developed in compressionsteel Csl 

Force developed in compression steel Cs2 

Forcý developed by concrete 

Total force developed by iner cross section.  
per foot

Calculate corresponding eccentricty associated 'ith Pb. Sum moment about centerline of invert cross section:

-c 31 1.562*inCa- I..562-ini., C .(!4 L-)
Eccentricty corresponding to maximum 
axial load Pb

> a,- 0.16 in. ok Use: e := 0.2.in

OP n :z O'P b Ref 5.23, Exp 13.19.1, page 433 *P n *=522829.25733.lb Column design stCet with 
e=0.2in.  

However, §Pn> • Max ,Use Rrnmax with e 0.2 in. eccentriciy for design axial load and 

(AC!, 103-52) calculate design moment AC1,103.5.2, Eq. 10-2.  
Requires Ties per ACL 7.10.5.

e =0.2.in.
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n:- P Dmax 0 n -443483.712.1b>P u =438030.87773.lb Design axial load greater than Required 
WMn :-- •Pn-e Ref 5.23,Exp 13.19.1, page433 atta nRqie 

Mn--7391.4-lb.ft >Mu =5896.00944.1Wb'f Design Moment greaerthan Required Moment.  

Cross section adequate for maximum axial load and moment 

Plot interaction diagram, calculate fc =-9000 .psi fy "=60000.psi 

P 0 :- P 0 -791935.2'lb Nominal Axial load strength 

with zero eccentricity, 

Calculate balanced condition (Po & Mo): ACI, 10.3.52., Eq. 10-2.  
divided by strength 
reduction factor and 0.8 factor 
from ACI, 103.53.

4sl =0.00207

Cs2IEc =0.003 

4 :]0 .85 fc 

xb 
Strain in tension steel, fy = 60000 psi

Strain in concrete at extreme fiber 

Distance to nuetral axis, see diagram

fy 

c : 0.003

x b :z5.4994. Ifl) x 3.SS i
X b, = 3.25451 -in
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Xb2.375.in 
s5 2 s(= c) s2 ~ 0.00081 strin in comnpression steel 

f 2 :-z 6000-psi.--4s f s2 23511.18385 -psi Stress in compression steel 

4 s1 

C si :" 60000.psi.A s C sl -39600.]b Force in tension steel 

C s :" fs"A s C s2 -15517.38134lb Force In compression steel 

C :2 .g5-f. -l-x 'b - 0.85"f -A C c = 189147.62388.lb Force in concrae 

P b:= -C sl1 Cs2 C C P b - 165065.O0S22.Ib Axal load at balance condition 

Determine moment at balance condition by summing moments about plastic centroid: 

M b : -C s 1 l'.562 "in + C 2l*.562 "in + C 2. 2 1 

M b in52558.59262.1bfft Moment at balance condition 

Determine moment with zero axial load, neglect compression steel: 

C s3 =39600.1b d. 5.499.in 
Cs

1 

a.:= CI a = 0.43137 in Depth of stress block, ACI, section 10.2.7 
.85-f nb 

M : C sl .(d_ / M n - 17434.93529 .ft-lb Moment with zero axial load
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Draw interaction diagramo Using Axial loads and Moments calculated above. Sketch performed using MathCad 
Drawing program:

900

800

700

AXALLOAD 
Po(laps)

800

400

200

zero adal load.  
see page IV-11 
for calcumation.

Noainal awdal load fth 
=ro eccentricity 

Po, (Woni-nal Colukm Strength) 

0.(0.7tPo) ACL Section 
'10.3.5.1, Eq. (10-2) 

=d Case 2) • • I Pu--438.O Ic 
M" • S.9 ft-k

(Factored Coblmn Strength) 
-Pb c 165.1 It-dlp 
Mb = 52.5 "p 
(Balanced Condition) 

0.1fcAg. ACL, section 
9.3.2.2

- OW9Mn Noninal moment nttlpfled by 
strength factor mth zero aal load, 9.32.1 

-MOMENT Mn (ft-ldp)

CONCRETE COLUMN INTERACrION DIAGRAM 

Conclusion: Comparison of Table 11-2 loading scenario: 

> During Earffquake: WP's in Place + Therml 

with concte interaction daram. Indcates 200 nmm minimum inVert thicknss wth longitudinal bars 
96 @ 8" each face and fc = 9000 psi is adequate to support Table 11-2 loading.
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Using ACL, Structural Plain Concrete, chapter 22, design invert thickness and concrete strength 
Try 160 minimum thickness ofinvert at section 2-2, see sketch on page to of calculations: 
By inspection and calculation of table H-2, Load case 2 controls design of Invert.  

Load Case 2: During Earthquake: WPVs in place, see calculation above for factored load calculation.  

Pu=438030.87773.lb Factored axial load due to load case 2

M U = 5896.00944.lbft Factored moment due to load case 2

b:- 12in h:= 16-in 

Try. fc := 10500-psi 
A 1I := b~h 

b-h2 

S I =----•

S:=0.65

A - 192"-0 

S 512 '0

OP n := 0-632"h I- 1 4Pn 786240"lb

I c :2 0-in 

Area at section 2-2 per foot 

Section modulus at section 2-2 per 
foot" 

Allowable factor axial load at 
section 2-2, ACI, equation 22-4.

*M nJ •nI O=•,-s I I in2 fM nl - 14209.10506 .ft-lb Allowablc factor moment at section 2-2, 
ACT, equation, 22-2,

Check combined flexure and compression on the compression face at section 2-2, ACI section 22.5.3:

Pu Mu 
C le :=- .

RPnl fM n
C 1 0 =0.97 <l.Ook ACI, equation 22-5

Check combined flex and compression on the tension face at section 2-2, ACI section 225.3: 
f C• " lb Ib 

fe5..5+ fl bt 333.0259.-- Allowable tensile stress 

()in2 :I

lb 
C It - 2 1432 2 3 I J~ c 333.0259 -- ACl, equation 22-6 

.i' -in 2 Ok, All compression no tension

Mu Pu 

SlAl
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Conclusion: 16" minimum invert thickmess with fc - 10500 psi is adequate.  

Design gantry rail connection to concrete using scaled up, Staad BI, file Gantry-H, Ref 5.1 ., support reactions: 

SF:= - .272 Scale factor calculated In Attachment I 

Controlling Load Cases from, Ref 5.1S, Joint 118; scaled up and divided by 2 wheels 

(-38740. =\F 14S740 F 4140-l 
LoadCasel02 FxI 02 :=SF- • Fyl02 2 F z102 Sf 2 

1110 92460 lSF24050"I 

LoadCasel05F F :=SF.1:= - l 92 2- 24 
S2 / 2 

Detmine overturing stablility of 135 lb crane rail for the above load cases, (see Attachment V for rall 
geometry and design).  FY 

Ir b := 5.1875.in 

y . Fz h:= 5.75.in 

Y :=.787.i (20 mm), 

i (Atac nt V. page V-2) 
A.  

bb 

M Fy02" Resisting Moment 

Sum overtuning Moment about bottom of rail, see Gantry Rail Elevation.  

M := F Z 02 .(h- Y) Overtuning Moment 

Mr 
FSO:= FSO =2.231 Factor of safety overtuning Mo0



ATTACHMENT lV 
DI: BBDCOOOOO-01717-0200-0000l REV 01 

TITLE: Emplacement Drift Inveft Structural Design Analysis Page:IV-15 of IV -23 

Load Case 105 
Stum Resisting Moment about point A, see Gantry Rail Elevation.

Mr:z Fy105"o Resisting Moment

Sum overturng Moment about bottom of rail see Gantry Rail Elevation.

M :3 F zl05"(h - Y) Overturning Moment

FSO:= Mr FSO =2.0092 Factor of safety overturning 

Conclusion: No uplift, design rail connection for shear only, using Load Case 102.

u: C1.3 z 
V U~ C- 1.7-F Z102 V u =47985.8184.lb Factor shear, ACI, equation 9-1 and UBC 

1923.2, C-1.3 special inspection factor. Provide 
special inspection for anchor bolt installation.

Design anchor bolts UBC-97, section 1923.3.3

Strength reduction factor

Concrete compressive strength from reinforced 
concrete Precast design.  
Minimum anchor bolt tensile strength, Use 
ASIM A307, AISC, Table, page 4-4

fue :60000.psi 
Try 2 - 1" diameter bolts:

d:= 1.0.in 

AbD:s--n4 

A t:= 0.606"in2 

Vu 
V U: 2

Steel design strength: 

V ss:= 0.75-A tfur

Diameter of anchor bolt

A b =0.785398163 ,in2

Vu .239L9092

V ss =27270"Ib

Gross Area of anchor bolt, Used for concrete 
design.  

Tensile area for tension and shear- threads 
included in shear plane, AISC, page 4-147.  
Required anchor bolt shear strength per anchor 
bolt. Using 2 anchor bolts

Shea stegth for steel per anchor

Concrete design strength 

OV c:- :-S00-A b-b. J_•..psi 
IF~

Shear strength for concrete per anchor

0:= 0.65 

fc := 9000-psi

cV = 38744.89.1b
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Detmine Anchor bolt tension with 1 maximum shim pack thickne:Try a: .4375.in 

e:z 1.125-in Distance between T.O.C. & centerline of load 

x:z 2.5-in - a Trial distance between force resultants, a 7/16", 
2 check ma at end of calculation for Pu.  

-Rail Area Ap (UBC 1923.3.2) 
RAI•L STOP 

Pu C 

-11 MAX. SHMPACK 

VU'CPU =11832.l1961.Th Requiredpullouts tengthperanchor 

b:= 4.in effective width of base plate = 112 base plate 
p 1e=d L-- 9'.  

a0.42963 -in < a .4375" ok Red 5.23, section 3.3, page 38 and 39.  
".9(-o.Bsfb) 

Find steel tensile strength ofanchor, UBC, Section 1923.32 
P SS := 0.9-A t.fut P us - 32724.1b Steel tensilstrength per anchor 

Design concrete tnsilce strength of anchor 

EI:= 7-in Embedment depth of anchor 

s:= S-in Anchor spacing 
Projected Area of cone on srface of concrete, UBC, 
Sect 1923.32 for two anchor spaced 5' with 7r embedment, see 
plan sketch above..  

a: 2.acos() a '2.41ll8radians 

A := 2 -% (a - sin(a)).-e A =222.42009"in2  Projected area of anchor at sufa Concrete 

§P c :z §-4.A p-r. ps• PC 54861.61833.1b Concrete design tension st•ngth
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Check combined tension and shear, UBC-97, section 1923.3.4 

Check steel combined tension and shear.  

c,3 :; 1 -+V-0.90483 < 1.0 ok 

C5:: ) P vi)2 <lOo 

Check concrete combined tension and shear.  

o p 
V 

Check shear and tensile strength individuallT.  
VU u 
•vi 

CV,- ~C V-O.6192 5 <1.0Ook 

2-Pu 
Pu U- P Pu -0.43134 < 1.0 ok 

Minimum Anchor bolt edge distance, UBC 192333 

d 4.d d away =4.in MNinmum anchor bolt edge distance 4xd 

d toward.:=•10d d toward - 10.i in fimumn edge distance for loading toward a free 
edge. Inorder to use full design load.  

Inspection of Figure 11-3 and Base plate sketch page IV- 18, Precast invert shows edge distances are adequae 

Conchusion: Use 2- I1 diameter anchors, spaced 5" o.c., embedment depth - 7" and f'c 9000 psi
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Design temperature steel for concrete invert: 

f"L. 135 1b Rail 

5078.38". ,,Edge of concrete 

4 iv4.04" Hunch, 
~~ 6., .5 m DRIFT 

20 2 11/2" 

X : _ _ 
-o .M.  wWI 

U V'2AaI 1112 N 

I I 112 BPL 

114n 

Precast Concrete Invet symetzical about center line of tunnel

fc9000- ] 
-C .2-

Concrete compressive strength @ 28 days

L 1 := 2.82-in 

L3 : 21.4in

(71.7 mm) h 1 := 12.32-in (313 mm)L 2 := 37.774In (959.3 mm) b:= 12.in (304.8 mm) 

(543.6 mm) 12 :=7.874.in (200 mm)L 4 :=S2.09in (1323 mm)

invert temperature steel parallel to tunnel:

Ptemp := 0.0018 

Agi V2 

I1*ft 

As tep:= p temp-A gl 

Try #3 each face 
A 3 := 0.11 in2 

Find quanity of #3 bars: 
As temp 

A S

Temperture steel ACI, 7.12

A gl =332"64"iU2 

2 As temp W0989-in

Q =5.4432 #3 bars

Gross concrete a= per foot of tunel 
between section 1-1 and 2-2 

Tcmpatur steel ACI, 7.12 

Use 3 #3 top and bottom eaqully spaced 
in arm betwen section 1-1 and 2-2.

Datm 
ka 1000"lb

. ]b psi a-;



ATTACHMENT IV 
DI: BBDCOOOOO-01717-0200-00001 REV 01 

TITLE: Emplacement Drift Invirt Structural Design Analysis Page:IV -19 of IV -23

Invert temperature steel parallel to tunnel, continued:

P temp :- 0.0018 
V 1 

As temp P tempdA g2 

Try #3 each face 
A 3:= 0.11in2 

Fid quanity of #3 bars: 
As temp 
Q A 3

A g2 - 67536"-in 

As t1mp ".216"in 2

Q = 11.05

Temperture steel AC!, 7.12

Gross concrete area per foot of tunnel to 
the left of section 2-2.  

Tempature steel ACI, 7.12

Use 12 #3 spaced in 3 layers equally 
spaced in area to the left of section 2-2.

Determine area of temperatre steel perpendicular to ceterlin of tunnel located in haunch at inside face: 

b:= 12"in

h :2 12.89.in 

A gh:- bsh

As temp : 0.0018Agh 
2

A gh - 154.6s.in 

Aste, -0.13921 "in2

s -9.48194.in

Maximum depth of concrete in haunch 
above 200 mm liner thickness.  

Area of concrete per foot at maximum 
depth in haunch above 200 mm liner 
thickness.  

Area oftemperature steel at inside face of 
h1aunch.  

Use #3@9" o.e. inside face, area of steel 
provided - .15 sqin per foot.

Determine Column Tie Reinforcement to qualify Invert as a reinforced compression member. Use ACT, 
7.10.5.1 

Space Lateral tie members less than or equalto: s<- 16longiudinal bar dia. 0.75*16- 120 

49 Tie bar di&-.375 x 48 - 18" 

Use: #3 ties@ 8' o.c. least dimension ofcompression member- 81 

CALCULATION SUMMARY: Recommend using reinforced concrete invert: 
f'c - 9000 Vs 
Loniitudinal bar. #6 A 8" each face 
Compression ties #3(t 8" on center 
Temratre Reinforcing #3 see sketch page IV-20 for spacin 

Plain concrete requires a minimum invert thickness equal to 16 inches which may interfer with TBM and disposal 

clearance requirements.

0
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SYMP ABOUT f DRIFT INVERT LIFTING ANCHOR 
PRECAST INVERT 

ONLY

V3 a 2•S= 0 r--l e203 TIES (SEE PACE IV-191 

W . w ': " , ..w • . ."!r ". a

9 • 203-• 

SECTION B 
See Fig IV-2 

NOTES: 

1. ALL CAST-IN-PLACE CONCRETE AND ALL CONCRETE FOR PRECAST INVERTS SHALL BE IN 
-ACCORDANCE WITH: 

ACI 301. ACI 318, ACN 305R, ACI 306R, ACI 11TR, AND AC! 211.1.  
ASTM C31, ASTM C33, ASTM C39g AST£7 C94. ASTM C109. ASTM 138, ASTM 143. ASTM 150.  
ASTM 171. ASTM 172. ASTM 173, ASTM'231, ASTM C260, ASTM C309, ASTM C494, 
ASTM C1064. ASTM C110T7 AND ASTM 075.  

2. PRECAST CONCRETE SHALL BE IN ACCORDANCE WITH PCI MNI116.  

3. .CONCRETE REINFORCEMENT SHALL BE IN ACORDANCE WITH: 
ACI 301 AND ACI 316.  
AST£ as£O AND ASTM A615.  
CRSI-DA4. FIGURE IV-1 

4. CONCRETE SHALL HAVE A COMPRESSIVE CONCRETE RE INFORCEMENT - PRECAST 
STRENGTH OF 62.1 Pao. OR CAST-IN-PLACE INVERT SECTION

04-JUN-199 10:36 �AU F ILL: tz�rep55�sTru'flg �553T�JUIO.T E�

i

C;AD FI[LE:" ts\r'eo3SS~trU\TI•q\35T~tAQ*TH;04-JUN-19J98 10:36
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40 1,

wco 

.J1 I

-9-2 
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AV- n-

a-,.  
lb 

C

Z1.

FIGURE IV-2 
CAST-IN-PLACE OR PRECAST 

CONCRETE INVERT PLAN
04-JUN-1998 09:56 CAD FILE: ta\repss\s1nj�t1g�ssst0QI8.fIq

I

04-JUAN-1993 09:56. CAD FILE: ts~reP33\stru%1\fl3s3tOO1B.fl2
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.RAIL

-EMBEDDED PL 
ISx230x3T2

PLATE I

-R= 61. HOLE & 
LIFTING LUG ONLY

PLAN

RAIL 

I 
S

VIA THREADED ANCHOR

PLATE 10x 14x203

* 9 9'.. * LEMBEDED PL 

26- £IA. THREADED ANCHOR IVELO 
TO EMBEDDED PL CONCENTRIC 

ICT"T z nki WITH ANCHORS ABOVE)

DETAIL

NOTES: 

1. ALL STEEL ANCHORS SHALL BE IN ACCORDANCE WITH ASTI( A307o. MINIIMJM.  

2. ALL EXPOSED CONCRETE CORNERS SHALL BE CHAMIFERED, 19 mn (3/4").  

3. ALL UNFORMED CONCRETE SURFACES SHALL RECEIVE A BROOM FINISH.  

4: ALL STEEL SHAPES AND PLATES SHALL BE ASTM A36 IN ACCORDANCE WITH 
AISC N016.

I FIGURE IV-3 
CONCRETE INVERT DETAILS

CIf

rT'ý

05-JUN-1999 08:29 CAC FILEI hx~retV3sstru~flg3SSstO01Lft -
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LIFTING ANCHOR

DETAIL

EMBEDDED PLATE

, Flg I'V-I

NOTE: 
1. LIFTING ANCHORS TO BE `SWIFT LIFT SYSTEM" DAYTON SUPERIOR, 

TYPE P-52SL, STANDARD. RATED LOAD 8 TONS* SAFE WORKING LOAD 
15000 LBS AND P-50SL UNIVERSAL LIFTING EYE, 8 TON RATED LOAD* OR 
APPROVED EOUAL. IREFERENCE 5.28)

FIGURE IV-4 CONCRETE INVERT DETAIL
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ATTACHMNT V 
GANTRY RAIL DESIGN 

DOE policy requires the subsurfaie design be performed using metric units.  
Much source information (e.g., vendor date/steel member sizes) used for 
design, however, is available only in English units. Because of this, 
calculations are generally performed in English units. The results are 
converted to metric units in the main body of the analysis, followed by the 
Corres English values in parenteis.
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PT

=I77rI -(:_

SHOWN AREj

.135 LB RAIL USED FOR 
CRITICAL SECTION FOR 
INTERNALLY GENERATED

CALCULATING SECTION PROPERTIES AND DISTANCES TO 
FLEXURAL CALCULATIONS. ALL DIMENSION SHOWN ARE 
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