
STATE OF WASHINGTO N 

DEPARTMENT OF ECOLOGY 
3100 Port of Benton Blvd• Ric/Jland, WA 99352 • (509) 372-7950 

June 1, 2005 

Mr. Roy J. Schepens, Manager 
Office of River Protection 

·0065358 

United States Department of Energy 
P.O. Box 450, MSIN: H6-60 
Richland, Washington 99354-1670 f IE!~~!!EJID 
Mr. Edward S. Aromi 
President and General Manager 
CH2M Hill Hanford Group, Inc. 
P.O. Box 1500, MSIN: H6-08 
Richland, Washington 99354-1670 

Dear Mr. Schepens and Mr. Aromi: 

EDM 

Re: Letter from R. Schepens, Office of River Protection, to M. Wilson, Ecology, "Final 
Dangerous and Mixed Waste Research and Development and Demonstration Permit 
for Demonstration Bulk Vitrification Facility Required Submittal - Required Design 
Submittal for Secondary waste and In-Container Vitrification (ICY™) Storage Area 
Foundation Systems 05-TPD.:.050," Dated May 13, 2005 

The Washington State Department of Ecology (Ecology) has completed review of the 
Demonstration Bulk Vitrification System (DBVS) engineering design and supporting 
information for the In-Container Vitrification (ICVTM) Storage Area Foundation Systems, and 
the accompanying Independent Qualified Registered Professional Engineer certified report. 
These materials were submitted by the United States Department of Energy, Office of River 
Protection in accordance with its Dangerous Waste Research, Development, and Demonstration 
Facility Permit (RD&D) for the DBVS Permit WA 7890008967. Based on the information 
submitted, Ecology approves construction of the In-Container Vitrification (ICY™) Storage 
Area Foundation Systems. 
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This approval does not constitute Ecology approval of information unrelated to In-Container 
Vitrification (ICVTM) Storage Area Foundation Systems. The secondary waste system will be 
provided a separate determination when Ecology has completed the final review of the system's 
package. 

A copy of the pages to be inserted into the DBVS Facility Permit, WA 7890008967 and 
instructions for posting these pages to the permit, are included as Enclosure 1 to this letter. 
These enclosed pages hereby become official parts of the RD&D Permit for the DBVS Facility 
and are to be inserted into the Permit. 

If you have any questions regarding this action, please call Kathy Conaway at (509) 3 72-7890 
or Suzanne Dahl at (509) 372-7892. 

Michael A. Wilson 
Program Manager 
Nuclear Waste Program 

K.AC:nc 
Enclosures 

cc/enc: 

cc: 

Catherine Massimino, EPA 
Gil Ramin, USDOE 
Jim Rasmussen, USDOE 
John Guberski, CH2M 
Felix Miera,. CH2M 
Administrative Record 

Billie Mauss, USDOE 
Peter Brockman, CH2M 
Joel Eacker, CH2M 
Dennis Hamilton, CH2M 
Moses J araysi, CH2M 
Chris Kemp, CH2M 
Dave Shuford, CH2M 

Ro Vinson, PAC 
Stuart Harris, CTUIR 
Gabriel Bohnee, NPT 
Russell Jim, YN 
Todd Martin, HAB 
Ken Niles, ODOE 
Environmental Portal 
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Rev 1, June 1, 2005 

POSTING INSTRUCTIONS FOR THE ICV BOX FOUNDATIONS SUBMITTAL 

PERMIT ATTACHMENTS: 

For Permit Attachment JJ, Add an Appendix 1, Contents Page 

For Permit Attachment JJ, Add to Appendix 1, Section 1, Calculation 
145579-C-CA-014, Rev. 0, ICV™ Box Assembly Building Foundation 

For Permit Attachment JJ, Add to Appendix 1, Section 3, Drawings H-14-
106790, Rev. 0 and H-14-106797, Rev. 0 
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Attachment JJ Container Management 

Appendix 1 Container Foundations 

CONTENTS 

Section 1 Supporting Calculations with Drawings 

Section 2 Independent Qualified Registered professional Engineer 
Design Assessment Reports-Reserved 

Section 3 Drawings 

Section 4 Engineering Change Notices-Reserved 

Section 5 Specifications-Reserved 
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Attachment JJ Container Management 

Appendix 1 Container Foundations 

Contents 

Section 1 Supporting Calculations with Drawings 

145579-C-CA-013, Rev. 2, ICY Box Storage Slab and Access Slabs 
(Foundation #16, #17, #18) 

145579-C-CA-014, Rev. 0, ICY Box Assembly Building Foundation 
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' CALCULATION COVER SHEET 
amecfi 

CALC. NO.: _'1_4s_s_79_-c_-_c_A-_01_3 _ ___,I REv: W DATE: ----------20 December 2004 

CALC. TITLE: ICV™ Box Storage Slab and Access Slabs (Foundations #16, 17, 18) 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

Design Verification Required: D Yes 0 No 
- •-••~---- •U-••--------~-p-~~- •---

Calculation Type· D Scoping D Preliminary ~ Final 

Superseded by Calculation No.: 0 Voided 

ORIGINAL AND REVISED CALCULATIONS/ANALYSIS APPROVAL 
REV. ORIGINATOR: l DATE: CHECKED: DATE: APPROVED DATE 

0 

2 

AFFECTED DOCUMENTS 
REV. DISC. LEAD 

DOCUMENT NUMBER: TITLE: NO.: INmALs 

H-14-106790 Bulk Vitrification ICV™ Box StoraQe Area Plan / Details 0 VAr--... 
H-14-106792 Bulk Vitrification Melt Area Foundation Plans and Sections 1 "P./A-

RECORD OF REVISION 

-REV. 
NO. REASON FOR REVISION: 

0 Initial Issue 

1 Box weight increased from 85 tons to 240,000 lb. Re-verified design of storage slabs. Storage curbs 
calculations added. 

2 Sianificant revision to provide additional desian information. All attachments revised 

ATTACHMENTS 
TOTAL 

DOCUMENT NUMBER/ID: TITLE: PAGES 

Attachment-1 Handwritten calculations 4 

Attachment 2 Pai:ie 4 of AMEC DBVS Site Geotechnical Report 1 

Attachment 3 Page 4 of PCA "Thickness Design for Concrete Pavements• including 1 
Table 1 "Effect of Untreated Subbase on k Values (pci)" 

Attachment 4 Page 8 of PCA "Thickness Design for Concrete Pavements• Figure 7. 1 
"Desian chart for tandem-axle loads for Case 1• Nomoaraoh 

Attachment 5 From ACI 330R-92 "Guide for Design and Construction of Concrete 1 
ParkinQ Lots• - Paoe 9 - Steel in Parkino Lots 

Attachment 6 Foundation Drawinos 6 

Attachment 7 e-mail from Brad Hupy, Senior Geotechnical Enoineer, to P. Meyer 2 

Attachment 8 Storaoe Curbs (MathCAD Calculations) 6 

Attachment 9 Foundation Information Chart ShowinQ Performance Cateoorv 1 

Attachment 10 Record of Discussion: Tom Wilson and Air Pallet Manufacturer 1 

Attachment 11 Rebar Desion for Foundation Pads or Slabs 1 

K:\Deslgn\CIV\Calcs\CA-013\145579-C-CA-013 Rev 2.doc Page 1 of 6 
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CALCULATION SHEET 
amecfi 

CALC. NO.: l._1_4_5_57_9_-_c_-c_A_-_0_13 ___ _.I REV: uJ DATE: 20 December 2004 

CALC. TITLE: ICV™ Box Storage Slab and Access Slabs (Foundations #16, 17, 18) 

PROJECT NO.: 14~57~~~-~-- PROJECT TITLE: Final DBVS Design 

1 INTRODUCTION 

1.1 Purpose 

1.2 

2 

2.1 

,· 

The purpose of this calculation is to determine slab thickness and reinforcement for 
the ICV™ 1 Box Storage Area Slab and the two Melt Area Approach Slabs. 

Scope 

The scope of this calculation includes determining the required concrete thickness 
and reinforcement. Design of the precast concrete curbs attached to the box 
storage slab is included. 

BASIS 

Design Inputs 

Box curb layouts are provided on drawing F-145579-00-B-0022 Rev D. This 
drawing is included as part of Attachment 6. 

2.2 Criteria 

From: TFC-ENG-STD-06 Rev B-1 , October 27, 2003. 

The ICVTM Box Storage Area Slab and the Melt Area Approach Slabs have no 
performance categories, as they are not SSCs. This was provided at the March 11, 
2004, biweekly design review meeting. The attached foundations chart (Attachment 
9) was included in an e-mail from David Shuford CH2MHill to ~ohn Stephens 
AMEC confirming the Performance Categories of SSCs. Discussion with CH2M 
also concluded that the Box itself is an inherently "movable" object and so is 
designated PC-1 M. Design is based on standard engineering practice to provide a 
hard, flat surface to allow the use of air pallets to move and store ICY™ boxes. 

Frost heaving has been considered a·nd will be negligible. This is confirmed in an 
e-mail from the author of the DBVS Site Geotechnical report and is included as 
Attachment 7. 

1 ICV™ is a trademark of AMEC Inc. 

DATE: 

zo • ?)CC:. ,c 
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• CALCULATION SHEET 
ame& 

CALC. NO.: 1145579-C-CA-013 I REV: [u DATE: 20 December 2004 

CALC. TITLE: ICVTM Box Storage Slab and Access Slabs (Foundations #16, 17, 18) 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

Design Loads: 

Live Load: 240,000 lb. gross weight ICVTM Box supported on 21" high by 12" 
wide precast concrete curbs along the length of the box. 

Dead Load: None. Self-weight of the slab is fully supported on a prepared 
compacted granular base. 

Wind load: the slabs are flush with grade and not subject to wind. Wind load is 
considered in the design of the box support curbs. 

Other loads (snow, seismic, volcanic ashfall, flood, groundwater pressure, thermal, 
concrete creep or lightning) have no bearing on the foundation design. 

Snow load: the ground snow load on the Hanford site is 15 psf. By inspection, a 
12" or 24" thick reinforced slab will not be affected by a 9" depth of snow, and this 
load may safely be ignored. 

Seismic load: the stored boxes are inherently movable and therefore a PC-1 M 
designation applies. Seismic loading is not required. 

Volcanic Ashfall: the ashfall load on the Hanford site is 3 psf for PC-1 SSCs. By 
inspection, a 24" thick reinforced slab-on-grade will not be affected by such a minor 
load, and this load may safely be ignored. 

Flood: the DBVS site is at elevation 663 feet and is not in any of the flood areas 
identified in HNF-SD-GN-ER-501 Natural Phenomena Hazards, Hanford Site, 
Washington. Flood loads may safely be ignored. 

Groundwater Pressure: the DBVS site •is at elevation 663 feet. The Geotechnical 
report notes that groundwater levels are approximately 300 feet below the ground 
surface. Groundwater pressure may safely be ignored. 

Thermal: like any exterior concrete slab on grade, the foundation is subjected to 
normal annual and daily temperature variations. It is not constrained from 
expanding or contraction by the surrounding soil. The foundation shape is a simple 
rectangular prism, and no change in the foundation geometry occurs due to thermal 
stresses. Thermal stresses will be very small and may safely be ignored. Steel is 
provided in a quantity sufficient to resist cracking of the slab, as demonstrated in 
the attached calculations. 

K:\Design\CIV\Calcs\CA-013\145579-C-CA-01 3 Rev 2.doc Page 3 of 6 



CALCULATION SHEET 
amt!& 

CALC. NO.: I ... 1_4_5_57_9-_C_-_c_A_-0_1_3 ____ 1 REV: [:iJ DATE: 20 December 2004 

CALC. TITLE: IC\/™ Box Storage Slab and Access Slabs (Foundations #16, 17, 18) 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

Concrete creep: the foundation will be cast in place on a firm compacted soil 
subgrade. Long term creep of a non-suspended slab will be negligible. Concrete 
creep stresses may safely be ignored. 

Lightning: the entire DBVS site will have a grounding grid installed. Copies of the 
grounding drawings are included with Attachment 6. Elevated equipment and 
structures will be attached to the ground grid. · 

2.3 Assumptions 

1. Detailed ICV™ Box data gives a length of 24.7 feet, a width of 8.2 feet. 
Increases in plan dimension are not anticipated. Curb spacings will remain 
approximately as shown on the curb layout drawings. 

2. Calculated full box weight is approximately 207,000 pounds, from AMEC 
Drawing F-145579-35-O-0004 Rev D, 30 Sept 2004. Recent discussions have 
suggested that adding a top-off layer of grout is possible. This would increase 
the weight of the box by another 20,000 pounds or so. To ensure that future 
increases in weight can be sustained by the slab, and to provide for a slight 
margin of safety, a design weight of 240,000 pounds has been used. This 
weight will be confirmed once 100% design is complete and checked against 
the slab design. Corrective action will be taken if required. 

3. Other design loads are provided by either design standards or calculation (e.g. 
slab dead load). 

4. Radiant heat from the stored boxes will not be a significant source of heat to the 
top of the slab, no more than might be experienced on the hottest summer 
days. The space between the boxes and the slab will be 21 " with openings in 
the supporting curbs to allow air flow. 

lo~ I DATE: . ~ &'&r~ Zo \ J)CC. · a4t 
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CALCULATION SHEET 
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CALC. NO.: l ... 1_4_5_5_79_-_c_-c_A_-_0_13 ____ 1 REV: W DATE: 20 December 2004 

CALC. TITLE: ICV™ Box Storage Slab and Access Slabs (Foundations #16, 17, 18) 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

3 REFERENCES 

1. Uniform Building Code, 1997. International Conference of Building Officials, 
Whittier, California, USA. 

2 . AC/ Manual of Concrete Practice, 1997. American Concrete Institute, 
Farmington Hills, Michigan, USA. 

3. Thickness Design for Concrete Pavements, 1966. Portland Cement 
Association, Skokie Illinois, USA. 

4. AMEC Drawing F-145579-35-D-0004 Rev D, 30 Sept 2004. 

5. TFC-ENG-STD-06 Rev B-1, Design Loads for Tank Farm Facilities, Issued 
October 22, 2003 by CH2M Hill Hanford Group Inc. Hanford, Washington. 

6. Report of Geotechnical Engineering Services, Bulk Vitrification Process Partial 
DBVS Richland Washington. April 2004. AMEC Earth and Environmental Inc., 
Portland, Oregon. 

7. HNF-SD-GN-ER-501 Rev 1 B, Natural Phenomena Hazards, Hanford Site, 
Washington. As revised by ECN 6728n, May 15, 2002. Numatec Hanford 
Company, Richland, Washington. 

8. DOE-STD-1020-2002 Natural Phenomena Hazards Design and Evaluation 
Criteria for Department of Energy Facilities January 2002. U.S. Department of 
Energy, Washington, D.C. · 

9. ER-5193 Hi/ti HIT HY-150 Adhesive Anchor Systems, report by ICC Evaluation 
Services (for use with UBC & IBC codes) Whittier, California. Reissued 
September 4, 2004 

10. G-Ll-002 Rev B, Site Improvements Plan Equipment List prepared by AMEC 
Trail Mechanical Group, Issued July 23, 2004. 
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CALCULATION SHEET 
ame& 

CALC. NO.: I 145579-C-CA-013 I REV: Ci] DATE: 20 December 2004 

CALC. TITLE: IC\/™ Box Storage Slab and Access Slabs (Foundations #16, 17, 18} 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

4 METHODS 

Sizing of concrete slab and reinforcement follow the methodology shown in ACI 
330R-92 and Thickness Design for Concrete Pavements. The nomograph provided 
as Figure 6 in Thickness pesign for Concrete Pavements is used and is included 
with the calculations as Attachment 4. 

Hand calculations were performed using a HP 32S II handheld calculator, and are 
provided as Attachment 1. 

Minimum steel for shrinkage and temperature reinforcement for the 24" deep slabs 
are checked against the UBC/ACI 318 standard as shown in Attachment 11. 
D,istributed steel reinforcement for the 12" slab is checked against he 
recommendations of ACI 330R. The relevant section of ACI 330 is provided as 
Attachment 5. 

MathCAD calculations were prepared for the curbs design following the methods of 
ASCE-7 for wind load and the adhesive manufacturer's approved methodology for 
determining the capacity of adhesive anchor strength. The manufacturer's method 
is confirmed by the ICBO/UBC report. 

5 RESULTS AND CONCLUSIONS 

Concrete slab thickness and reinforcement are adequate to safely support the 
design loads of an IC\fTM Box supported on concrete curbs. The slab design has 
been included in the 3-D computer model of the ICV™ Box Storage Area. 
Foundation drawings are attached. 
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from about 7 to 12 feet bgs. The sand became denser in all. borings below a depth of 

about 12 feet with Standard Penetration Test (SPT) blow counts ranging from 10 to 22. 

Estimated physical characteristics and index properties of the near-surface soil are 

provided in Table 1. 

Table 1: Soil Properties 

Below 8 Feet bgs . 
Characteristic To 8 Feet bgs or in Cornp.fcfed 

Native Sand 

Dry Density {yd) (pounds per cubic foot [pcf]) 85 to 95 105 to 115 

Moisture Content (%) 10 3 

Angle of Internal Friction m 28 - 33 

Shear Modulus (G) (T/ft2) 500 500 

Modulus of Subgrade Reaction (K.,;) (T/ft3) 

87t JOGp, i, 
210 

21ott 241/ &i 

Poisson's Ratio (µ) 0.25 0.25 

Active lateral Earth Pressure (Ka) 0.36 .29 

Passive lateral Earth Pressure (Kp) 2 .8 3.4 

At Rest Lateral Earth Pressure (Ka) 0.53 0.46 

Friction Coefficient for Footings (fj 0.34 0.34 

t Native soil in loose state 
tt Native soil compact~d to medium dense to dense state. 

Groundwater Conditions 

Groundwater in the site vicinity has been extensively .studied 1 and is located at more 

than 300 feet bgs. 

3.5 · Soil Corrosion Potential 

We collected two soil samples on the site from boring B-1 at depths of approximately 

2.5 and 5.0 feet. The samples were tested by ACS Testing of Tigard, Oregon in 

accordance with AASHTO T289 to determine the soil pH. The sample of brown fine 
sand obtained at 2 .5 feet has a pH equal to 8.8. The sample of gray fine to medium 
sand obtained at 5.0 feet has a pH equal to 9.3. Based on the results of the pH tests, 

Project No.: 3-61M-11208-0 
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adequate allowances for fatigue due to load repetitions 
(see next section). Also, the brief periods when k values 
are low during spring thaws are more than offset by 
the longer periods when the subgrade is frozen and k 
values are much higher than assumed for design. To 
avoid the tedious and complex methods required to 
design for seasonal variations in k, normal summer or 
fall weather k values a-re used as reasonable mean values. 
This practice reflects the effects of k values on thickness 
design with reliable accuracy. 

It is usually not economical to use subbases for the 
sole purpose of increasing k values. However, where a 
subbase is needed for other purposes, there will be an 
increase in k which should be used in the thickness 
design. If the subbase is an untreated granular 
material, the approximate increase in k may be taken 
from Table 1.* 

The values shown in Table 1 are based on the 
Burmister analysis of two-layer systems. 22 Plate bearing 
tests made to determine k values on ·subgrades and sub
bases for full-scale test slabs show that the k values 
given in Table 1 are conservative and reliable. 11 •12 •21 

Cement-treated subbases are now widely used for 
heavy-duty concrete pavements. They are constructed 
from A-1, A-2-4, A-2-5, and A-3 granular materials. The 
cement content for ·cement-treated sub base is based on · 
standard laboratory freeze-thaw and wet-dry tests and 
PCA weight-loss criteria. Other procedures that give an 
equivalent quality of material may be used. Design k 
values for cement-treated subbases meeting these criteria 
are given in Table 2. 

*For large projects, the change in le may be determined by ma.king 
a. plate bearing test on top of a. section of subba.se constructed to the 
specifications for the project being designed. · 

! '• ... . - .. • - ---;-~-~~::~/::-·- .<:_--, 

.' ~- - · r. : ,i.' . : t-=.: . .' ::· ',~::'f ;'r:_it..,~:~~ -~P~;~•:1:-,_:'f .. ' 

·: ._: . - :__:·_ :·: .( / ~ -~:-_'·: r·::_ :(: :.·~· - -
Subgrade 

k value 4 in. 

50 65 

~ 
130 
220 

3 320 
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75 85 
140 160 
230 270 
330 370 
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400 520 
640 830 
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) 

640 

Fatigue 
Like other construction materials, concrete is subject 

to the effects of fatigue. A fatigue failure occurs when a 
material ruptures under continued repetitions of loads 
that cause stress ratios of less than unity. Since the 
critica.l stresses in concrete are flexural, fatigue due to 
flexural stress is used for thickness design, and the 
stress ratios are the ratios of flexural stress to modulus 
0f rupture . For example, if an axle load causes a flP.xttral 
stress of 500 psi and the modulus of rupture is 700 psi, 

. ·500 071 stress ratio = _
700 

= . 
F lexural fatigue research on concrete has shown that, 

as ratios decrease, the number of stress repetitions to 
failure increases. This research has also shown tha.t: 

1. When the stress ratio is not more than about 0.55, . 
concrete will withstand virtually unlimited stress 
repetitions without loss in load-carrying capacity. 
Hence, concrete has a flexural fatigue endurance 
limit at a stress ratio of approximately 0.55. 

2. . Repetitions of loads with stress ratios below the 
endurance limit increase concrete's ability to carry 
loads with stress ratios above the fatigue limit; 
i.e., concrete's fatigue resistance is improved. 

3. Rest periods also increase the flexural fatigue re
sistance of concrete. 

For thickness design purposes, the stress ratio for the 
endurance limit of concrete is reduced from 0.55 to a.· 
more conservative ratio of 0.50. Allowable load repeti
tions for stress ratios between 0.50 and 0.85 are shown 
in Table 3. The values given in Table 3 are also con
servative with respect to flexural fatigue research on 
concrete. 

The design problems, which start on page 12, show 
how the Table 3 fatigue data are used for thickness 
design.t This usage is based on the Miner hypothesis38 

that fatigue resistance not consumed by repetitions of one 
load is available for repetitions of other loads. Theo
retica.lly, the total fatigue used should not exceed 100 
percent. In practice, about 100 percent is suitable for 
designs based on the 90-day modulus of rupture. For 
designs based on the 28-day modulus of rupture, fatigue 
consumption can be increased to about 125 percent. 
This increase takes account of the strength gain after 
28 days. 

Load Safety Factors 
In the past, load impact factors were ~sed for thick

ness design. Committee 325 of the American Concrete 
Institute" has suggested a 10 percent impact factor 
and 20 percent has been proposed and used by other 
agencies. 

Tests that show the response of vehicles to pavements 
do show impact effects on the test vehicles. However, 
there is now substantial evidence to show that the axle 
loads of a moving truck cause smaller stresses than the 
stresses produced when the truck is stopped. In the 
Maryland Road Test, 15 stresses were measured at various 

t,) 

tFor e. more detailed account of fatigue research in relation to • 
thickness design, see Modern Techni(Jllts for Thickness D,,.;qn of ' 
Concrete Pauemeltts, available from PCA. 
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PARKING LOTS 330R-9 

.tb.e pavements are difficult to construct and maintain. Their 
use should be kept to the absolute minimum necessary to 
prevent excessive stress in, or distortion of, the pavement. 
(Jltemal expansion joints should be omitted, that is, the main 
t,ody of the pavement should not contain expansion joints. 
\Vhen used in· this manner, expansion joints can often con
trt1>ute to premature pavement failures. 

When contraction joints are spaced as previously dis
cussed, expansion joints are not required in either the trans
verse or longitudinal directions. The practice of omitting 
expansion joints tends to hold the interior of the pavement 
areas in restraint, thus preventing cracks and joints from 
opening, and adds to the strength of the contraction joint. 

2.3-Steel in parking lot pavements 
2.8.1 Distributed steel reinforcement-When joint spacings 

, are in excess of those that will effectively control shrinkage 
cracking or when uncorrectable subgrade conditions may pro
vide nonuniform support, distributed steel reinforcement is 
used to control the opening of intermediate cracks. The sole 
function of the distn"buted steel reinforcement is to hold to
gether the fracture faces if cracks should form. The quantity 
of steel varies depending on joint spacing, slab thickness, 
coefficient of subgrade resistance, and the allowable tensile 
stress of the steel The area of steel required per foot of slab 
width is computed by the followin drag formula 

(2-2)8 

e 
e 
g 
d where 

d 
II A = area of distributed steel reinforcement required/ 

:r foot of slab, in.2 

L = distance between joints, ft. 

i c, = ~efficient of subgrade resistance to slab move-

I· ment (a value of 1.5 is most commonly used in 
;s design) 
11 w = weight of concrete (145 lb/ft3) 

11 h = slab thickness, in. 
:d fs = allowable tensile stress in distributed steel re-
;e inforcement, psi ( a value of ¾ yield strength is 
~ commonly used) 
n-

Distnbuted steel reinforcement is needed in pavements 
:ii with transverse joints spaced more than 30 times the slab 
as thickness. Since contraction joints must be free to open, 
nt distributed steel reinforcement is interrupted at the joints. 
,n Because increased spacing between joints will increase joint 
al openings and reduce aggregate interlock load transfer, truck 

pavements with wide joint spacing may require load transfer 
re dowels. Distributed steel reinforcement should be supported 
1al on chairs or precast concrete blocks to bold it in position, 
:r· Usually about 2 in. below the top of the slab. 
1c· When the pavement is jointed to form short panel 
1in lengths that will control intermediate cracking, distributed 

steel reinforcement is not necessary. The use of distributed 
steel reinforcement will not add to the load-carrying capacity 
of the pavement, nor compensate for poor subgrade prepara
tion or poor construction practices. 

2.8.2 Dq~elr-fuperience has shown that dowels or other 
load transfer devices are not needed for most parking lot 
conditions. They may be economically justified where there 
are poor subgrade support conditions or heavy truck traffic. 

Plain (smooth) dowels across contraction joints in pave
ments with long joint spacing provide load transfer while 
permitting the joints to move. Correct alignment and lub
rication of the dowels is essential for proper joint function. 
They should be plastic-coated in areas where deicing salts are 
commonly used. The dowel size should be in correct propor
tion to the pavement thickness. Recommended sizes and 
spacings of dowel bars9 are shown in Table 2.8.2. In thinner 
pavements of 7 in. and less, dowels may be impractical. It is 
usually more economical to keep joint spacing close, utilizing 
the benefit of aggregate interlock, and thicken the pavement 
slightly, if necessary, to reduce deflections. 

Table 2.8.2-Dowel size •,9 

Dowel 
Slab depth, Dowel enbedment, Total dowel 

in. diameter, in. in.t length, in.i 

s YI s 12 
6 y. 6 14 
7 ¼ 6 14 
8 1 6 14 
9 1¼ 7 16 

• All dowels ,ceu al 1:.Ha. centers. spa 
t On each side of joint. 
* Allowance made for joint openings and for minor enors in position-

ing dowels. 

2.8.3 Tie bar.r-Tie bars as shown in detail in Fig. C-1, 
Appendix C. should be used to tie only the first longitudinal 
joint from the pavement edge to keep the outside slab from 
separating from the pavement. Tie bars are not required in 
the interior joints of parking lots and other wide paved areas 
since these are confined by surrounding slabs. Tie bars should 
be used on center line joints of entrance drives and access 
roads if there are no curbs. Ref er to Table 2.8.3 for tie bar 
dimensions. 

Table 2.8.3-Tie bar dimensions 
Slab Ticbar 
depth, size, in. 
in. 

5 1/:iX24 
S½ ½x24 
6 1/:ix24 

6½ ½x24 
7 ½x24 

7½ ½x24 
8 1/:iX24 

8½ 1/,x24 
9 1/2Jt30 

Tiebar spacing 

Distance to nearest Cree edge or to 
nearest joint where movement can 

occur 

10 ft, in. 12 ft, in. 14 (t, in. 24 (t, in. 

30 30 
30 30 
30 30 
30 30 
30 30 
JO JO 
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Foundation Drawings 

H-14-106790 Rev. 0 - Bulk Vitrification 
IC\/™ Box Storage Area Plan/Details 

H-14-106792 Rev. 1- Bulk Vitrification Melt Area 
Foundation Plans and Sections 

H-14-106789 Rev. 1 - Bulk Vitrification 
Civil Site Improvements Plan 

F-145579-00-B-0022 Rev. D - Bulk Vitrification 
ICV Box Storage Area Curb Layout & Details 

H-14-106812 Rev. 1 
Bulk Vitrification Grounding Layout General Arrangement 

H-14-106813 Rev. 1 
Bulk Vitrification Typical Grounding Details 
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Attachment 7 

E-mail Dec 17, 2004 from· Brad Hupy, P.E. (author 
of DBVS Geotechnical Report) to P. Meyer 

, 



Paul Meyer (Trail) 

From: Brad Hupy 
Sent: Friday, December 17, 2004 2:47 PM 

Paul Meyer (Trail) To: 
Subject: RE: Questions about the soils and report at Hanford 

In order to have frost heave three things are needed; water, low temperature, and soil fine for enough for capillary potential 
to raise the water to the freezing front. Because Hanford is a near desert climate, there is little water near the ground 
surface. Within a The tabulated capillary rise for fine sand is in the range of 1 to 11 feet and for medium sand in the range 
of 0.3 to 1.5 feet. Hanford certainly is cold enough in the winter to freeze water. 

The little water in the near surface soil does freeze but the associated heave is negligible. The sand will not support 
capillary rise of several hundred feet that would be required to produce (feed) a growing freezing front and cause 
damaging heave. In our opinion, there is little risk of frost heave in the soil at the project site. 

---Original Message--
From: Paul Meyer (Trail) 
Sen~: Friday, December 17, 2004 1:47 PM 
To: Brad Hupy 
Subject: RE: Questions about the soils and report at Hanford 

Question: is it possible to state that a soil identified as "SP" (i.e. sand with few fines) will not be subject to frost 
heaving? Especially if it is very deep (e.g. our site at Hanford) 

-Paul 
--Original Message---

Attachment: ___ ]--_._ _____ _ 

Cale. No.: 145579-C-CA- 0 13 From: Brad Hupy 
Sent: Tuesday, December 07, 2004 9:09 AM 
To: Paul Meyer {Trail) 
Cc: . Tony Heim 

Rev. No.: ____ //, .... ______ _ 

Sheet ---,1-- of ___,Z, __ _ 
Subject RE: Questions about the soils and report at Hanford 

Paul, 

This is really pretty simple. The frost depth cited in our report is from statewide tabulation. If Hanford has 
determined and published site specific frost depth measurements then they may be used in lieu of the tabulated 
data. Site specific data is commonly used in this is way. A very good example is seismic ground motions. 

--Original Message---
From: Paul Meyer {Trail) 
Sent: Monday, December 06, 2004 4:33 PM 
To: Brad Hupy 
Cc Tony Heim 
Subject Questions about the soils and report at Hanford 

We are still awaiting approval from the "Independent Qualified Registered Professional Engineer" (IQRPE) 
who is checking our foungation designs to ensure they will satisfy all design criteria. 

He has raised the following points/questions: 

Your report indicates a frost depth of 45 inches for granular soil and recommends a foundation depth of 48 
inches for critical structures. This is at odds with Hanford's' own measurements (See pages 26 through 28 of 
the attached Hanford document) which indicate that a temperature of 32 F has never been achieved at depths 
of only 36 inches. This is causing some problems for us, as the IQRPE wants us to conform to the 
requirements of the Geotech report in addition to Hanford's own design criteria 

For your information, we have three types of foundations on the site. Foundation depths below grade are 45.6, 
36.6 and 21.6 inches. Actual concrete thicknesses are 48, 39 and 24 inches, with the top of concrete set at 
663.00 feet, while surrounding grade is at 662.8 feet. We removed the native soil to elevation 661.000 and 

1 



brought the local grade up to 662.8 with compacted crushed rock. 

The four 48" foundations consist of two chimneys, and two large steel structures. These are all "critical 
structures" to use the phrase from your report. Foundations are uniformly 48" thick, and are 1O'x12' and 
20'x30' feet for the two chimneys, and 30x44 and 24x62 for the two steel structures. Foundations are not 
enclosed. 

The single 39" foundation is a pre-engineered building, measuring 50 feet wide by 84 feet long by foundation 
consist of a single 12" thick slab with a thickened (to 39") edge. The building will be heated, and have an 
overhead crane. 

The many (~100) 24" deep foundations support single pieces of freestanding equipment or "utility poles" that 
are connected by pipes , cable trays and ducts. Foundations are uniformly 24" thick and vary in size from 
44x24 to 6x6 feet. Most are the 6x6 ones. Minor seasonal movement of the foundations would not be a 
problem. Actual gravity loads are quite light, typical values are substantially under 250 psf, yes, that's 250, not 
2500. Foundations are not enclosed. 

All the foundations will bear on compacted native soil, which was prepared as recommended in your report. 
As noted, the native soil is basically a gravelly sand, with few fines.- I d_on't believe it is frost-susceptible. 

Could you please reply to the following questions, raised by our reviewers? 

1) Is the frost depth of 45 inches correct? Seems deep compared to other references. 

2) Is the frost depth of 45 inches still valid, given we have removed some native soil, and the surface is now 
covered with 1.8 feet (21.6") of compacted crushed rock? Does the crushed rock make a difference? 

3) Are the depths of foundations shown above for the various types of foundations suitable for the uses 
described? 

4) IS frost heave an issue for the foundations as described? 

Thanks for your help on this. I'll be traveling to Hanford on Tuesday Dec 07, for a meeting Wednesday, Dec 
08. I will have e-mail access while there. I will be traveling back to Trail Thursday, Dec 09 and back in the 
office Friday, Dec 10. Best way to contact me is via e-mail until Friday, phone after that. 

Paul Meyer, P.Eng. 
Senior Structural Engineer 
AMEC Americas Limited 
Energy and Mining Division 
1385 Cedar Avenue 
Trail BC Canada V1 R 4C3 
1-250-368-2407, fax 2455 
paul.meyer@amec.com 

« File: HNF-SD-GN-ER-501 (Rev. 1).pdf >> 
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Attachment 8 

Storage Curbs 
(MathCAD Calculations) 



CALCULATION SHEET 

CALC.: NO: 145579-C-CA-013 REV: 1,. 
CALC. TITLE: ICV Box Storage Slab and Access Slabs (Fdn #16, 17, 18) ISSUE DATE: 20 October 2004 
PROJECT NO.: 145579 
ATTACHMENT:§. 
ATTACHMENT TITLE: Sta~ 
ORIGINATOR:~ . 
DATE: C)c.,f 20 o~ 

PROJECT TITLE:Final DBVS Design 

CHECKER: 12 //(_ o/ri>'--
DATE: 17c.,,- -u., -za:, 4-' 

Page: 1 of 6 

GENERAL DIMENSION 

PC = Performance Class 

H = Height of box H := l 17.25in 

B = Width of box 

L = Length of box 

hcg = Height to center of gravity beg:= 0.5-H 
of box 

Wb = Weight of box 

h = Height of concrete curb 

b = Width of concrete curb 

I = Length of concrete curb 

wc = unit weight of concrete 

We= Weight of concrete curb We := we·h·b·l 

PC:= 1 M 

H = 9.8ft 

B := 8.2ft 

L := 24.7ft 

heg = 4.9ft 

Wb := 2400001b 

h := 21in 

b := 12in 

l := 8ft 

lb 
we:= 150-

tt3 
We= 21001b 

E - mail October 14th 

ASCE 7 Table C3-2 
pg 250 



CALCULATION SHEET 

CALC.: NO: 145579-C-CA-013 REV: 1-
CALC. TITLE: ICV Box Storage Slab and Access Slabs (Fdn #16, 17, 18) ISSUE DATE: 20 October 2004 

PROJECT NO.: 145579 
ATTACHMENT:~ PROJECT TITLE:Final DBVS Design 
ATTACHMENT TITLE: Storae Curbs 
ORIGINATOR:~~~ 
DATE: 8cd 2.J!) /o y 
LOADS 

Vertical Loads 

Self weight 

CHECKER: ~/(~c;;,t_ 
DATE: cn:--r -z,o ~~ 

There are two concrete curbs holding each box therefore: 

VL = Vertical load per curb 
Wb 

VL ·--.- VL = 1200001b 
2 

Snow/Rain 

Page: 2 of 6 

The snow and rain on each box is negligible compared to the self weight of the box. 

Concrete Bearing Capacity 

MaxBC = Maximum bearing 
capacity of concrete 

lb 
MaxBC := 4000-

. 2 
m 

When the box is sitting on the curbs there is a minimum of 9' of the 12" walls that will always be 
loaded by the box, therefore: 

BC = Bearing on each curb 
VL 

BC :=----
(b - 3in)·L 

lb 
BC = 45-. -

. 2 
m 

if (BC ~ MaxBC, "Design is Good" , "Design is Bad") = "Design is Good" 

FOS = Factor of Safety 

Lateral Load 

FOS := MaxBC 
BC 

Following DOE-STD-1020-2002 and ASCE 7 standards 
Method 2 6.5.13 

Exposure C 

Kz = Velocity Pressure 
Exposure Coefficient 

Kzt = Topographic Factor 

Kd = W ind Directionality Factor 

FOS = 88.9 

Kz := 0.85 

Kzt := 1 

Kd := 0.85 

TFC-ENG-STD-06 REV B-1 
Table 3 page 24 

ASCE 7 page 75 
Table 6-3 

ASCE 7 page 47 
Figure 6-4 flat ground 

ASCE 7 page 76 
Table 6-4 Building type wall 



CALCULATION SHEET 

CALC.: NO: 145579-C-CA-013 REV:~ 
CALC. TITLE: ICV Box Storage Slab and Access Slabs {Fdn #16, 17. 18} ISSUE DATE: 20 October 2004 
PROJECT NO.: 145579 
ATTACHMENT:§. 
ATTACHMENT TITLE: Stora~ 
ORIGINATOR: ~tJ 

PROJECT TITLE:Final DBVS Design 

CHECKER:~~_? /~6Y---" 
Page: 3 of 6 

DATE: Od -;io /oY DATE: Ocr -uJ 'U7tJc,-

V = "Three-second gust" wind 
velocity 

mi 
V := 85-

hr 

la = Importance Factor 

qz = Velocity Pressure 

G = Gust factor 

Cf = Force Coefficient 

At = Area normal to the wind 

Pw = Wind pressure 

Fw = Wind force 

Fwf = Factored wind force 

Ia(PC) := 1.15 if PC =- 2 

1.0 if PC= 1 

"prob" otherwise 

Ia(PC) = l 

2 . 

qz := 0.00256(~ l -lb-Kz-Kzt-Kd-v2-Ia(PC) 
mi-ft) 

Af := (H + h) ·L 

Pw := qz·G·Cf 

Fw := qz·G·Cf ·Af 

Fwf := 1.3· Fw 

lb 
qz = 13.4-

ft2 

G := 0.85 

Cf := 1.3 

Af =284.6ft
2 

lb 
Pw= 14.8-

tt2 
Fw = 42021b 

Fwf = 5462.6 lb 

Under each 25 foot long box there will be three 8 feet curbs on each side. 

Fwf 
- = 910.41b 

6 

TFC-ENG-STD-06 
REV 8-1 Table 3 
Page 24 

TFC-ENG-STD-06 
REV B-1 Table 3 
Page 24 

ASCE 7 page 31 
6.5.10 (6-15) 

ASCE 7 page 30 
6.5.8.1 

ASCE 7 page 69 
Figure 6-19 

Therefore divide the total factored wind force by 6 curbs for a per curb force of 910 lb. 

Method 1 - information from AeroGo (the air pallet company) 

Mxspd = Maximum speed of air 
pallet 

Mxld = Maximum lateral load 
of the drive system of 
the air pallet 

ft 
Mxspd := 40-. 

mm 

mi 
Mxspd = 0.455-

hr 

Mxld := 4000lb E-mail from Tom Wilson, 
File No: 145579 / 35.4.9.2 
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PROJECT NO.: 145579 
ATTACHMENT:§ 
ATTACHMENT TIT.LE: Stora~ 
ORIGINATOR: ~ 
DATE: Od- 2.o/ot/ 

PROJECT TITLE:Final DBVS Design 

CHECKER:~~o/SV--
Page: 4 of 6 

DATE: OGr ~ -z,a:,1" 

Aspd = Assumed speed of ICV Box 

E = Energy of ICV Box at 
0.455 mi/hr 

Mbox2 = Mass of ICV Box at 
4.55 mi/hr with 
equivalent energy 

E 
Mbox2:=--

2 
Aspd 

mi 
Aspd ::- 4.55-

hr 

lbft
2 

f. = 1066667--
2 

sec 

Mbox2 = 2395 .21b 

The 240,000 lb ICV Box moving at 0.455 mi/hr produces the same energy as a 2400 lb vehicle moving at 
4 .55 mi/hr 

Method 2 - ASCE-07 

Assuming that the curbs act similar to a vehicle barrier system 

Ps = Lateral Load on curb from 
vehicle in parking area 

Which is about 3000 lb at 5 mi/hr 

Ps:= 60001b 

Check energy to see if impact force is equivalent to the drive force 

E2 = Energy of vehicle at 5 mi/hr E2 := 3000- lb-(5· : J 
FOE = Factor of Energy 

E2 
FOE:= -

E 

2 

E2 = 161333.3 lbft 
2 

sec 

FOE= 1.5 

3000 lb at 5 mi/hr is 1.5 times the energy of 2400 lb at 4.54 mi/hr 

ASCE 7-02 pg 10 Section 
4.4.2.c. 

Therefore it appears reasonable to use 4000 lb as the unfactored impact load on the curb from the ICV 
Box at 40 ft/min (0.455 mi/hr) with an impact factor of 1 .. 5 - design values are the same 

Seismic Load 

With a Performance Class of 1 M (temporary) seismic does not need to 
be evaluated. 

OVERTURNING FORCE 

Fo = Overturning force 

Fr= Self resistance force 

Fwf h 
Fo:= Ps-h + ----

6 2 

b 
Fr:= Wc,-

2 

Fo = 135559.6lb-in 

Fr= 12600 lb in 

TFC-ENG-STD-06 
REV B-1 Section 3.6.5.1 
Page 7 
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PROJECT NO.: 145579 
ATTACHMENT: ft 
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ORIGINATOR:(?~ ~V 
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CHECKER: ~O')"Cl---
Page: 5 of6 _ 

DATE: C)e,_,f 2.5> /o'/ 0 DATE: c:,c.,r ~ · "1-t::eJ ~ 

Fo -Fr 
Ts= Required capacity from bars Ts := ---

n = Number of bars 

C = Capacity each bar needs to 
carry 

Using #8 bars 

Emd = Embed,ment depth 

Ts 
C·--.-

n 

b 

2 

Ts= 20493.3 lb 

n: = 4 

C = 5123.3 lb 

Emd:= 8in ICBO ER-5193 page 8 
Table 10 

Concrete thickness must be equal to or greater than 1.5 times the anchor embedment depth 

Ccr = Critical Edge Distance 

Aed = Actual edge distance 

Ccr:= 12in 

Aed:= 6in 

ICBO ER-5193 page 8 & 9 
Table 10 & 11 

if(Ccr :=, Aed, "Don't use Reduction Factor", "Use Reduction Factor") = "Use Reduction Factor" 

Ser= Critical Spacing 

Smin = Minimum spacing 

Asp = Actual spacing 

Smin := 0.25· Ser 

Ser := 16in 

Smin = 4in 

Asp:= 24in 

ICBO ER-5193 page 8 & 9 
Table 10 & 11 

if(Scr :=, Asp, "Don't Use Reduction Factor ", "Use Reduction Factor") = "Don't Use Reduction Factor " 

This will be a short term loading and therefore a factor of 1.33 can be used. 

Stl = Short term loading factor Stl := 1.33 

Because one of the critical distances has been compromised, a reduction factor 
is to be used for both shear and tension. 

Pal = Allowable shear load Pal:= 83751b 

At 1/3 of the critical edge distance (4") the reduction factor for shear is 0.2 
At 6/6 of the critical edge distance (12") the reduction factor for shear is 1.0 

Using linear interpolation: 

ICBQ ER-5193 page 2 
Section 2.3.2 

ICBO ER-5193 page 9 
Table 11 

ICBO ER-5193 page 4 
Table 4 

At 3/6 of the critical edge distance (6") the reduction factor for shear is 0.4 therefore 

Rfs = Shear reduction factor Rfs := 0.4 



CALCULATION SHEET 

ISSUE DATE: 20 October 2004 

PROJECT TITLE:Final DBVS Design 

CHECKE~ ...... Ad-16>--
Page: 6 of6 

Pr= Factored allowable shear 
load per bar 

Ta = Allowable tension load 

DATE: ~er ~, ~,:,.t:. 

Pc= PaJ-Rfs. Stl 'Pr = 4455.5 lb 

Ta := 113301b ICBO ER-5193 page 8 
Table 10 

At 1/3 of the critical edge distance (4") the reduction factor for tension is 0.6 ICBO ER-5193 page 4 
At 6/6 of the critical edge distance (12") the reduction factor for tension is 1.0 Table 4 

Using linear interpolation: 

At 3/S of the critical edge distance (611
) the reduction factor for tension is 0.7 therefore 

Rft = Tension reduction factor 

Tr= Factored allowable tension Tr:= Ta•Rft•Stl 
load per bar 

Ps Ts 
-+-=0.82 
nPr nTr 

Rft:= 0.7 

Tr= 10548.2 lb 

1 -- + - ~ l .O, "OK" , "Need more reLiuorcmg" 1 = "OK" ·r( Ps Ts ·-c . \ 

n·Pr n·Tr ) 

*AMEC E&E Geomelt Division 
Bulk Vitrification Process, Partial DBVS 
Report of Geotechnical Engineering Services 

lCBO ER-5193 page 1 
Section 2.3.1 
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Foundation Information Chart Showing 
Performance Category 



GeoMelt Structures Systems and Components Notes from Mar 1 t Meeting 
Foundations for site development category ·. · comment 

Length Width Depth 
(ft.} (ft.) (ft.) 

Items with elevated tanks or stacks. 48" deea foundation rea'd 
Melt Area Suooort structure 44 26 4 PC-2 
(slab directlv under melt is 24" thick) 
Waste Dryer structure 4 PC-2 
Off-gas ~ack (75' x 2') 16 16 4 PC-2 -

' 
Baghouse could be on top 

! 
of soil tank and therefore 

PC-2 If a separate high enough itself. Mech to 
Baghouse Stack (40'x1 ') 8 8 4 stack. determine. 

Items that are considered ''permanent" and nnuire 24" dMn foundations 
Tri-Mer scrubber 36 30 2 GS(PC-1i 
Selective Catalytic Reduction Unit 1)C-2 
SCR Scrubber withSCR 
Any Pre-en0ineered buildinas GSIPC-1\ ., 

Items that are considered temoorarv, but w/11 be anchored to orevent movement 
Block Wheels and provide 
levellers. Tiedowris against 

60x12 Off-Gas Trailer 64 15 2 GS IPC-2\ 'A'ind if ren'd. · 
~l09k wheels ancl provide -

32x12 elect trailers 12) 113.8 kV and Power Modul 
l~~~lers. Tie d.0Wt1S against · 

34 14 1 GS (PC-1) Wind if reci'd . . · · · · · 
Block wheels ·!ind pro\'.ide 
ie.veners. Tie downs against 

32x8 elect trailers (2) (both 480V) 34 10 1 GS IPC-1) wind lfreti•il. . · . 
~lock wheels .and provide 
levellers. Tie downs against 

40x8 control trailer 42 10 1 GS IPC-1) wind If reci'd. 
22x9 Generator set 24 11 2 GS :Pc;-1 

Containment and anchor tor 
10,000 usa Diesel fuel storaae tanks (2) 34 10 2GS PC-1 wind if rea'd 
Baghouse near 40'stack 8 8 2GS PC-1 
Air Comoressor oackaae 10 8 2 GS PC-1 Mav riot need anchoring 
30x8 LiQuid Waste Pumo skid 32 10 1 PC-2 Anchored 
30x8 Effluent cumo skid 32 10 1 GS CPC-11 Anchored · 
Waste dryer steam supply skid 22 10 2GS PC-1 
Drver Chilled Water Svstem 22 10 2GS PC-1 
OGTSChiller 11 6 2GS PC-1 : ,. '.• 

Ammonia evaoorator skid GS PC-1 
Sintered Metal filters PC-2 

ttems that are considered temoorarv and which mav not reauire anchoraae 
ICV hood suooort stand I GS PC-1 

Cl'leck wind fr:>r anct)or 
All non-oroducton oortable buildings I office/washroomlchanae/lunchl GS IPC-1) reauirements . 

All "Baker" tanks except fuel storage I I GS CPC-1) 
9h~ .wincl for anc.hor 
i'eciuiremeots .. 

. . 
.... ·•· (?~eel( v,,ind tor an.char . 

Waste Receipt Tanks (baker) 1PC-2l reciuirements · 
Storaae and other similar ISO containers GS PC-1 . -

Other site development concrete or paving 

~ ICV Box Storage area concrete pad to be determined 1 Attachment: 
Concrete paved area at box receipt to be determined 1 Cale. No.: 145579-C-CA- o ! 3 
DBVS North access road 24 0.5 
DBVS West side road - (is there room for this??? ? 0.5 Rev. No.: '2.. 
Fencing to surround site - gates at truck entry post depth varies Sheet I of J 

J:oundation Chart March 11 2004.xls reoared bv loaul.meve 11/25/2004 l Paae 1 I 
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Record of Discussion: 
Tom Wilson and Air Pallet Manufacturer 



ame& 
RECORD OF DISCUSSION 

Date/Time: 4 October 2004 / 4.15 pm. Project/File No: 145579 / 35.4.9 .2 

Between: 

and 

Subject: 

Tom Wilson of: AMEC (Trail Office) 

John Massenburg ot AeroGo 

Area 35 / ICV Box: Air Pallet Data. 

Distribution: Frank Sweet, Glyn Jones, Paul Meyer, Billy Merri, Michael Paul, Victor Lourenco. 

1. Changing the ICV Box weight from 95 tonnes to 100 tonnes will not change the size of the 
Air Pallet presently proposed. 

2. The maximum total lateral force imposed by the air pallet is 4,000 lb (generated by 2 drive 
units). 

Tom Wilson 

AMEC Americas Limited 
1385 Cedar Avenue 
Trail, BC V1 R 4C3 
Tel (250} 368-2400 
Fax (250) 368-2401 
www.amec.com 

Attachment _ ___.f_,,Q""'-------
Calc. No.: 145579-C-CA-t> \'3> 
Rev.No.: 2= 
Sheet _ __._ __ of _ _.__ __ 

F0101055 REV. 03/C:\Documents and Settings\tom.wilson\Local Settings\Temporary Internet Files\OLK28\Air 
Pallett.doc Page 1 of 1 
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Attachment 11 

Rebar Design for Foundation Pads or Slabs 



BE7848 Douglas Landsem 

r.!R~e--:-ba-r~D~e-s~lg_n_F!!!'o-r""'!F~d'!'"'n~P~a-d'!'"'s_o_r""'!S!"'!'la""'!b_s_-Ef"I""'!!-~ · · ecurity Bldg. 

Ref: ACI 318 
Bars: Top or Bot only =1, op & Bot =2 
fy psi 
f'c psi 

' Mu 
b 
h 
d 

Ru = Mu /bd"2 
p (1) 
p (2) 
p (temp) 
pmln 

A = 0.59 • fy/f'c 
B =-1 

C = Mu /( 4> bdA2fy) 

Selected p for design 
Check p < p max 
As re 'd er ft (temp) 
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1 INTRODUCTION 

1.1 Purpose 

The purpose of this calculation is to determine the size and reinforcing details for 
the 1cvr1.1 Box Assembly Building Foundation. 

1.2 Scope 

The scope of this calculation includes determining estimated loadings of the IC\/™ 
Box Assembly Building, and the design of a foundation that will support it. 

In order to allow early placement of the ICV™ Box Assembly Building Foundation 
prior to receipt of final vendor information, estimates of the loads imposed by the 
building frames have been calculated using conservative assumptions, based on 
the best information available. Foundation design will be checked against final pre
engineered metal building design details and vendor information once these 
become available and remedial action taken, if required, before steel or PEMB 
erection. 

2 BASIS 

2.1 Design Inputs 

The required size of the ICV™ Box Assembly Building has been determined by the 
Mechanical General Arrangement, which is included in Attachment 3. Loads from 
the pre-engineered metal building (PEMB) have been calculated based on an 
assumed framing scheme, rather than PEMB Vendor data. The PEMB 
procurement process will require that the PEMB Vendor design be similar to the 
assumed framing scheme, i.e. pin-connected bases. 

2.2 Criteria 

TFC-ENG-STD-06 Rev B-1, October 27, 2003 

The ICV™ Box Assembly Building is Performance Category PC-1. This was 
provided in an e-mail from David Shuford CH2MHill to Paul Meyer AMEC. The e
mail is included as Attachment 4. 

CHECKER: DATE: 
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The foundation is 39" thick at the edges. The bottom of the foundation will be 
approximately 36" below the top surface of the adjacent grade. Frost heaving has 
been considered and will be negligible. This is confirmed in an e-mail from the 
author of the DBVS Site Geotechnical report and is included as Attachment 5. 

Design Loads: 

All loads are as provided in the Design Criteria TFC-ENG-STD-06. Further 
explanation follows: 

Dead load: Self weight of structure and permanent equipment. The dead load of 
walls and roof have been assumed to be between 10 and 15 psf, with the heavier 
loads used to check gravity and seismic loading and the lighter used to check wind 
loading. This is conservative. 

Live Loads: 

Roof live loading is controlled by snow/minimum roof load. 

Mechanical allowance at.roof (suspended) 50 psf. 

Crane loading: 15 ton overhead crane 

Seismic Loading: Zone 28 as defined in the UBC 

Other Loads: Wind and snow loads, per TFC-ENG STD-06 

Volcanic ashfall is included in the roof live load 

Flood, groundwater pressure, thermal, concrete creep or lightning either do not 
apply or have no bearing on the foundation design. 

Flood: the DBVS site is at elevation 663 feet and is not in any of the flood areas 
identified in HNF-SD-GN-ER-501 Natural Phenomena Hazards. Hanford Site, 
Washington. Flood loads may safely be ignored. 

Groundwater Pressure: the DBVS site is at elevation 663 feet. The Geotechnical 
report notes that groundwater levels are approximately 300 feet below the ground 
surface. Groundwater pressure may safely be ignored. 

DATE: DATE: 

os "J"cV\-05 
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Thermal: The ICV™ Box Assembly Building will be heated. Daily and seasonal 
temperature variations will be minimal. Thermal stresses will be small and may 
safely be ignored. 

Concrete creep: the foundation will be cast in place on a firm compacted soil 
subgrade. Long term creep of a non-suspended slab will be negligible. Concrete 
creep stresses may safely be ignored. 

Lightning: the entire DBVS site will have a grounding grid installed. Copies of the 
grounding drawings are included with attachment 10. Pigtails are provided from the 
grounding grid through the foundation for attachment to the supported structures, 
systems or components 

2.3 Assumptions 

1. The weather enclosure will be an 84'x50' pre-engineered metal building 
(PEMB) self-supporting structure. The PEMB will have an eave height of 40 
feet. The building will be supported by 5 rigid frames, each of which will have 
pin-connected bases. Walts and roof will be insulated steel sheeting. Loads 
from the PEMB are calculated using the UBC methods assuming the framing 
system shown on the drawings included in Attachment 3. We believe these 
values to be conservative, particularly recognizing the very conservative 
method of deriving wind loads described in section 4 below. Upon receipt of 
Vendor drawings for the PEMB, the design loads provided by the PEMB vendor 
will be compared to calculated values to verify that estimates were 
conservative. Corrective action will be taken if necessary. 

2. An allowance of 50 psf has been made at the roof elevation for "miscellaneous" 
pipe, duct and lighting loads. Normal industrial design practice is to allow 10 to 
20 psf as an allowance. The use of the 50 psf allowance is very conservative 
and provides a good assurance that actual loads will not exceed the allowance. 

3. A crane dead load of 30,000 lb is assumed. Catalogue data for similar cranes 
suggest a value of 23,000 lb. as being typical. The use of 30,000 lb. is 
conservative. Upon receipt of Vendor drawings for the crane, the design loads 
provided by the crane vendor will be compared to calculated values to verify 
that estimates were conservative. Corrective action will be taken if necessary. 

P:\Oesign\CMCalcs\CA-0141145579-C-CA-014(ReVO).doc Page 4 of 7 
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4 METHODS 

The ICV™ Box Assembly Building size has been determined by the Mechanical 
General Arrangement, included with Attachment 3. The foundation size matches 
these dimensions, which correspond to "standard" pre-engineered metal building 
modular sizes. The weight of the structure has been conservatively estimated 
based on normal PEMB construction. Weights of movable equipment that might 
help resist seismic or wind loads (such as the ICVTM Box) have been conservatively 
ignored. 

The Uniform Building Code (UBC) section on concrete design references ACI 318 
in its opening paragraph and notes that the two standards are essentially the same. 
Where there are differences, the UBC either relaxes some requirements or makes 
simplifying assumptions that don't readily apply to the design of the two large 
foundations. In particular, the calculation of shear and tensile strengths for the 
groups of deeply embedded bolts used in this foundation can't be modelled 
effectively using UBC. The ACI method allows more confidence in the calculated 
results and is conservative, and also meets the requirements of UBC. 

There is a clause in TFC-ENG STD-06 that requires wind loads comply with ASCE-
7 using the values from Table 3 (i.e. 85 mph with an importance factor of 1.0 or 
1.15 for PC-1 and PC-2 structures respectively). We found this requirement 
confusing, as elsewhere in the document, (e.g. clause 3.7.18) we are required to 
determine the capacity of the steel structures based solely on UBC. The mixing of 
one methodology/code, with variations between load factors, with another method 
of determining strengths seems counter to good engineering practice. Ideally, one 
should use either "all UBC" or "all ASCE", and in fact, the final results will normally 
be very similar. 

To attempt to satisfy the STD-06 requirement, but still use a consistent set of 
calculations, we used a 90 mph wind speed with the UBC methodology. This 
exceeds the "three second gust" value from table 3 of STD-06. This makes our 
calculations of wind load conservative, as the use of a 90 mph wind load with the 
. UBC methodology results in design loads much higher than if we had used the 
ASCE-7 method throughout, or if we had used the USC-published value for this 
site's wind speed (70 mph) and applied the relevant gust factors. 

DATE: DATE: 
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The ASCE-7 method will give approximately the same net pressure on a building 
surface using 85 mph "3-second" wind speed as the UBC method will for a 70 mph 
"hourly" wind. We have used 90 mph and the UBC method, and calculated 
pressures will be roughly 1.65 times as high as either method used "correctly." 
Wind pressure varies with the square of wind velocity, thus (90/70)A2 = 1.65 

This is very conservative, and therefore we believe that our calculations meet and 
in fact exceed, the ASCE-7 standard. 

Based on the derived weight of the structure, gravity, wind and seismic forces on 
the foundation have been calculated using the Tank Farm Facilities Design Loads 
and the methods prescribed in the Uniform Building Code. Loads on column bases 
have been derived using the ST AAD-Pro computer program. This is an industry
standard program published by Research Engineers International. The steel 
design calculations are included with Attachment 1, and the computer input/output 
in Attachment 2. 

Foundation allowable resisting forces have been calculated using the methods in 
the Uniform Building Code and ACl-318. Soil bearing pressures are compared to 
the allowable values from the Geotechnical Report. 

Sizing of the concrete floor slab and reinforcement follow the methodology shown 
in ACI 330R-92 and Thickness Design for Concrete Pavements, as the UBC 
provides little guidance for slab-on-grade design in normal soils 

5 RESULTS AND CONCLUSIONS 

The foundation design is adequate to safely support all loads created by the 
assumed ICV™ Box Assembly Building. Concrete foundation size and reinforcing 
details, have been included in the 3-D computer model of the Melt Area. A 
foundation drawing is attached. This drawing lists the maximum allowable loads 
applied at each rigid frame column base plate for reference of the PEMB Vendor. 
As discussed above, these allowable values are based on conservative design 
assumptions and should exceed the actual values. Upon receipt of Vend~r 
drawings for the PEMB, the design loads provided by the PEMB vendor will be 
compared to calculated values to verify that estimates were conservative. 
Corrective action will be taken if necessary. · 

DATE: 
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BE7848 Douglas Landsem 

Re-bar Design For Fdn Pads or Slabs 
Ref: ACI 318 
Bars: Top or Bot only =1, Top & Bot =2 
fy psi 
f'c 
<I> 

Mu 
b 
h 
d 

Ru = Mu /bd"2 
p (1) 
p (2) 

A = 0.59 * fy/f'c 
B =-1 

C = Mu /( <I> bd"2fy) 

psi 

k-ft 
in 
in 
in 

0.9 

10.11429 
-1 

0.0012 
66.3 
0.0976 

0.00124 

ecurity Bldg. 

p (temp) 
P min 0 .0'(:)33 u _ _ 

l"'!S~e"'!"le-c-te-d~p-fo-r""'!d-es""'!i-gn--------1+--0.-0""!"0t1 ... 2-4-1 ) r: 

Check p < p max OK 
As req'd per ft (temp) in2 .o·-42 
As req'd ( design) in2 OAS 
As req'd (1.33 *design) in2 o:64 
As re 'd(min in2 1.30 
Select design, 1.33design or min 0.64 
As required in2 o~64 
Bar# 
As per Bar 
Bar Spacing 
Total As per ft 

AC I-Concrete 

~ : . 
,·. :., 

, \; 

1 

ame& Attachment: --"-/ ____ _ 
145579-C-CA-0 ( (!, 

Cale. No.: O r 
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BE7848 Douglas Landsem 
~R~e--ba-r"""!D~e-s~i-gn ____ F_o_r _F_d_n_P_a_d_s _o_r -S-la_b_s_,i;,.., ,. ecurity Bldg. 

Ref: ACI 318 
Bars: Top or Bot only =1. Top & Bot =2 
fy 
f'c 

$ 
Mu 
b 
h 
d 

Ru = Mu /bd"2 
p (1) 
p (2) 
p (temp) 
pmin 

A = 0.59 * fy/f'c 
B =-1 

C = Mu /( lj> bd11.2fy) 

Selected p for design 
Check p < p max 
As req'd per ft (temp) 
As req'd (design) 
As req'd (1.33 *design) 
As re 'd min 
Select design, 1.33design or min 
As re uired 
Bar# 
As per Bar 
Bar Spacing 
Total As per ft 

ACI-Concrete 

psi 
psi 

in 
in 
in 

in2 
in2 . 
in2 
in2 

in2 

10.11429 
-1 

0.0008 
44.5 
0;0980 

0.00083 

.G: 1
• ~~ ~ t . ta 

0.0033 
0.00083 

OK 
0.42 
0.32 
0.43 
1.30 
0.43 
0.43 

[t}~r111~iitm 
0.442 

~3}i~f gfl\0f: 
0.44 
OK 

ameci Attachment: __ / ____ _ 
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17--4 - Brid&• Enclneerln& 

Wind pressure acting on the structure W and on the moving load WL. 
Earthquake forces EQ. . 
Earth E, water and Ice pressure ICE, 5lream Row SF, and uplift B acting on the substructure. 
Forces resulting from elastic deformations, including rib shortening R. 
Forces resulting from thermal deformations T, including shrinkage S. 

Highway Bridge Loads. Vehicular live load ·of highway bridges is expressed in terms of 
design lanes and lane loadings. The number of design lanes depends on the width of the 
roadway. 

Each lane load is represented either by a standard truck with trailer {Fig. 17-3) or, alternatively 
as a IO-ft-wide uniform load in combination with a concentrated load {Fig. 17-4). As indicated 

H20-44 
Hl5 - 44 
HI0 - 44 

HS20-44 
HSIS - 44 

STANDARD H TRUCK LOADINGS 
8 KIPS 32 KIPS 
6 KIPS 24 KIPS 
4 KIPS 16 KIPS 

8 KIPS 
6KIPS 

STAN DARO HS TRUCK LOADINGS 
32 KIPS 
24 KIPS 

32 KIPS 
24 KIPS 

~ V 
;i: ...... -----'---------------------
N 3' 3' 
0 ~ ~ 

1------..4--~ 0.4W i-----------7_ __ .._,.'-'---

10' CLEARANCE AND 
LOAD LANE WIDTH 

2· 6 ' 

WIDTH OF TIRES EQUALS 0.5 IN. PER KIP 
OF OTAL WEIGHT OF LOADED TRUCK 

ALTERNATIVE LOADING 

Fi&, 17-3. _standard truck loading. For H trucks, W .- total weight of truck and load, and for HS-trucks, 
_W • . combined weight on the Bnt two axles, whldi Is the·sune\\leightub- H lrucb. Vindicates a variable 
spacing from 14 to 30 ft that should be selected to produce maximum sires,. 

CONCENTRATED LOAD[ KIPS FOR MOMENT 
KIPS FOR SHEAR 

NIFORM LOAD 0.64 KIPS 
LINEAR FOOT OF LOAD LANE 

HIQ- 44 LOADING 

Oesi1n Loads 

(/) ;o 
::r (1) 
(I) < 
(I) • 

~z 
~ 

17-5 

· FIS, 17-4, H 111d HS lane loadmp a lllllply ~ported •~- For m.ulmum negative moment in con• 
tin_,, 1puis, Ill -tddltloaal -tnllld laad of equal weipt should be placed lo one other span for mul
mum ell'ect. For mad- pCllitfve -t. anly oae concentrated load 1hould be used per lane. but 
oomblned "'1th ., many apens la.led aollormly • requir.d a muimum elrect. · 

i 
lo Fig. 17-3, there are five c1-sses of loading: H20, Hl5, and HlO, Jh1ch represent a truck with 
two loaded axles, and HSIIO 111d HSlS, which repl'l!sent a truck •• d trailer with three loaded 
axles. These loading designations ate followed by a 4.4, which indlcafes that the loading standard 
wu adopte~ In 1944. · . . · · , 

In proportioning any membe·r, aJI lane loads should be assumed!·to occupy, within their re
spective lanes, ~ posidons that produce maximum stress In that lnember. Table 17-1 gives 
maximJJm moments, •hears, md reactions for one loaded lane. I Effects resulting from the 
slmultaneou• loading of more than two lanes may be reduced by a loading factor, which Is 0. 90 
for three lanes ·and 0. 75 for four lanes. I 

In deaign of 1teel grid and timber lloors fo( H20 or HS20 'loading.; one axle load of 24 kips or 
two axle loads of 16 lcip1 e~. ~d 4 ft apart, may b'e used, .whicllever produces the greater 
stresl, instead o(tbe ;w.ldpulubown In FJg. 17-3. For slabdesign,1 the center line of the wheel 
should be· assumed to be 1 ft from the face of the curb. I · · 

Sidewalk, and their Immediate 1upport1-1howd be designed for a uniform live load of 85 ps[ 
The elrect of sldewallc•llve loading on main bridge members should be computed from 

! 

· P•(ao.+ 3•~) ·55~b ;,;60psf 1 (17-1) 

where P • sidewalk live load, psf I 
l • loaded length of sidewallc, ft j 
b .. sidewalk widih, ft • i . 

Curb, should resist• force ofSOO !b per llo ft acting 10 In. alio~e the Boor. For design loads 
for ralllng,, see-Fig. 17-5. · • / 

Impact is expr.essed .u a·-fnctfon of live-load stress and _ Is dete~ined by the fonnula: 
. I 

50 ! 

I• 125 + l (30% maximum) 1· (17-2) 

where l • span, ft; ·or lor truck loada on cantileven, length from m ent center to farthermost 
axle; or for shear due to truck load, iength ofloaded portion of span.I For negative moments In 
continuous spans, use the average of two ad,iicept loaded spans. j For cantilever shear, use 
I • 30%. lnipa'ct ls not llgured for abutments, reraining ,walls, piers, piles (except for steel 
and «:9ncrete piles above groiind rigidly framed into the superstructure), foundation pressures 

• and footings. ind sidewalk loads. · · 



• 

' 

J 

The combination of a low k value with a low working 
stress in Fig. 2 results in a more conservative slab thick
·ness than usual. More reliable and more economical de
signs can be obtained by the complete d~s ign method 

given in Slab Thickness Design /or Industrial Concme 
Floors on Grade. Use of this publication is illustrated in 
the following design-procedure examples. 

r:: 

Table 4. Lift Truck Characteristics (Composites Averaged 
from Manufacturers' Data) 

Rang~ of wheel spacings, in. (c to c) 
Rated Load on Dual wheels 

capacity; drive axle,"• Single wheels, 
lb kips st Sdt rt 

2,000 6.4 26 to 30 - -
4.000 10.4 31 to 35 - -
6,000 14.6 32 to 38 - -

10,000 22.2 37 to 43 10 lo 12tt 41 to 53t t 
15,000 32.5 37 to 45 10 to 12 47to 60 
2(),000 42.0 . 40 to 50 12 to 14 54to 65 
30,000 63.3 -
45,000 100.6 -
60.000 132.0 -

Other data: 
Load Contact Pressure 

solid or cushion lires-180 to 250 psi 
pneumatic tires-80 to 100 ps, (inffation pressure) 

Load Contact Area (per tire) • . 
solid or cushion tires-3 or 4 times tire width 

14 
18 
21 

pneumatic tires-wheel load divided by contact pressure 
Approximately 90% of total weight (truck + load) on drive axle at rated 
capacity. · 
Maximum axle load tor many lift trucks is slightly greater than 1Wice the 
rated capacity. 

"Load centl!f 24 in. from l01k face. mast ver11cal. 
··varies by about 1 O'!b. depending on manufacturer 
• See 111sert drawings on Figs 2 and 4 

ttValues shOwn are lor pneumatic tires: hmoted data 101 10.000-lb-capaoty 
trucks w,th soltd or cushion tires shOw shorter spacings: for example. 8.Sx29 m. 
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S·SOLIDTtRES · 

P•PNEUMATIC TIRE 

Q---{) SINGLE WHEELS 

oO--{)O DUAL WHEELS 

6 
40 ~ 60 70 80 90 100 110 

!5 
0 10 20 30 

I I I I I I 
40 I I 

I AXLE LOAD, llipt 

I I I 

2 4 6 8 10 12 14 16 18 20 ·;so 

RATED CAPACITY OF LIFT TRUCK, klp1 

40 50 

--:· 

Fig. 2. Estimated slab thicknesses for 11ft trucks (based on 
average truck data shown .In Table 4 and ·conservative de-

sign assumptions of k = 50 pcl; concrete working stress = 
250 psi). 

7 



Fig. 3. Trame and load data are needed for design .or In
dustrial concrete Jloora on ground. 
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Fig. 4. Design c~art for axles with single wheels. 
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r 
Design Procedure 
V chicle Loads 

Design for industrial lift-truck loads requires knowledge 
of several specifics: 

Maximum axle loads 
Number of load repetitions 
Wheel contact area 
Spacing between wheels on heaviest ules 
Subgrade strength 
flexural strength of concrete ~ 
Traffic and load data for past and future operating 

conditions for lift trucks can be gathered from plant 
main.te~ance departments, planning and operations de
partments, and truck manufacturers' ~iata. With this in
formation, the safety factor can be selected and used to 
determine an allowable working stress with which to 
enter '. he design charts. 

lh: safety factor (nexural strength divided by working 
stress) reflects the expected frequency of loadings of the 
heaviest vehicles. Safety factors in the range of I. 7 to 2.0 
are suggested for industrial and commercial floors. The 
high number should be used where the heavy load traffic 
is frequent and channeli1.ed. Wherctnffici'i light and not 
channelized, low safety factors or 1.4 to 1.7 can be used. 

The design chart for industrial trucks with single-wheel 
axles, Fig. 4, was taken from Slab 11ric-kness Design/or 
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Industrial Conc-rete Floors on Grade. The chart is entered 
with a calculated number for allowable working stress 
per IOOO lb of axle load. This number is obtained by di
viding the modulus of rupture of the concrete by the 
safety factor and then dividing the result by the axle load 
in kips. The calculation makes it possible for one chart to 
cover a wide range of load magnitudes. 

For axles equipped with dual wheels, Slab Thickness 
Design/or Industrial Concrete Floors on Grade includes 
a chart for converting a dual-wheel axle load to an equiv
alent single-wheel axle load. Then Fig. 4 can be used to 
determine the required thickness of the slab. 

The effective contact area used in the charts is the cor
rected area of tire in contact wiih the slab. If tire data are 
not available, the contact area: can be estimated for pneu
matic tires by dividing wheel load by inflation pressure. 
For solid or cushion tires, it can be approximated by mul
tiplying tire width by three or four. Tire data can also be 

·obtained from the tire manufacturers. 

Thickness Design Example-Single-wheel axle loads 

Dara for Lift Truck 

Axle load 25 kips (axle with single wheels) 
Wheel spacing 37 in. 
·Number of wheels 2 
-Tin: inflation pressure 110 psi 

Tin: contact area 
·wheel load =--;;.;..;....;....; ___ _ 

inflation pressure 

25,000/2 114 . (l = 
110 

= sq in. arge 

Subgrade and Concrete Data 

enough, correc
tion not required) 

Subgrade modulus, k 100 _pci 
Concrete flexural strength, MR 640 psi 

Design Steps 
I. Safety factor, SF: 

For frequent operations of forklift trucks in channel
ized aisle traffic, select a safety factor permitting 
unlimited stress repetitions-2.0. 

· 2. Concrete working stress. WS: 

WS = Ml!.= 640 = 320 psi 
SF 2.0 

3. Slab stress per l000 lb of axle load: 

WS - 320 - 12 8 . 1 l000 lb 
axle load, kips -15- · ps, . 

4. Enter Fig. 4 at left with stress of 12.8 psi; move right 
to contact area of 114 sq in.; down to wheel spacing 
of 37 in.; then right to read a slab thickness of 7.9 in. 
on the line for subgrade k of IOO pci. Use 8-in.-thick 
slab. 

High-Rack-Storage Leg Loads 

Advancements in mechanized. computerized material
handling equipment generated the high-rack configura
tion now used for product storage in warehouses. ln these 
buildings. permanent racks of fixed dimensions may rise 
to heights up to 60 ft. When IQads on the legs (or posts) 
exceed the wheel loads of vehicles operating in the ware
house, leg loads will control the thickness design. 

For leg loads. the design objective is to keep flexural 
stresses in the slab within safe limits. When flexural re-
4uiremcnts are satbfied by ade4uatc slab thickness, pres
sures on the soil will not be excessive; and when a cor
rect-si1.e base plate is used. concrete bearing and punch
ing shear. stresses will remain within acceptable limits. 

The design factors for high-rack-leg loads are similar 
to those used for vehicle loads except that a higher safety 
factor is selected. The specific design factors are 

Maximum expected load on leg (post) 
Effective (corrected) load contact area 
Spacing between legs (posts) 
Subgrade strength 
Flexural strength of the concrete 

Fig. 6, taken from Slab Thickness Design/or Industrial 
Concrete Floors on Grade, is used to determine the slab 
thickness requirements for rack configurations and 
loads. The x- and y-~i:g spacings used in Fig. 6 ·are the 
smallest dimension in the rack configuration (except the 
spacing between _legs on opposite sides of a joint). 

The procedure is similar to that for wheel loads. In the 
grid to left of chart. locate the point corresponding to 
stress per 1000-lb-leg (post) load and effective contact 
area. Move right to the _1'-post spacing (length or long axis 
dimension of the racks); then move up (or down) to the 
x-spacing and right to read the slab thickness. 

For loads on high racks, use high safety factors because 
of the ·height of the racks. High-rack loads require con
servative safety considerations because the racks some
times support the roof structure and because the effects of 
differences in movement at the base of the rack are mag• 
nified at the top. In addition. if the rack layout and the 
slab joint layout are not coordinated, it is possible that 
some rack legs could be located near a joint. Unless the 
slab edges are intentionally thickened. this would result 
in higher floor slab stresses than those shown in Fig. 6. 
which are based on loads at the slab interior. Safety fac
tors should be chosen to account for the possibility of 
rack loads applied close to slab edges or corners. 

··.:: .·._....; 
Fig. 5. Loaded legs supporting high-rack storage must 
have base plates of adequate size to prevent bearing or 
shear failure In th_e slab. 
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.Table 5. Allowable Distributed Loads, Unfolnted Aisle 
(Uniform Load, Fixed Layout) 

Allowable load. psft 

At critical At other aisle widths 
Slab Working Critical 

thickness. stress. aisle width, aisle 6-lt I 8-ft I 10-,t I ,2.,, I 14-lt 
in. psi rt·· width aisle aisle aisle aisle aisle 

Subgrade k = 50 pci" 
300 5.6 610 615 670 815 1.050 1,215 

5 350 5.6 710 715 785 950 1.225 1,420 
-400 5.6 815 B20 895 1.085 1,400 1,620 

300 6.4 670 675 695 780 945 1,175 
6 350 6.4 - 785 785 810 910 1.100 1.370 

400 6:4 .895 895 925 1.040 1,260 1.570 

300 8.0 770 800 · 770 800 880 1,010 
8 350 8.0 900 935 900 935 1,025 1,180 

400 8.0 1,025 1,070 1,025 1,065 1,175 1,350 

300 9.4 845 930 855 850 885 960 
10 350 9.4 985 1.085 1,000 990 1,035 · 1,120 

400 9.4 1,130 1,240 1,145 1,135 1,185 1,285 

300 10.8 915 1,065 955 915 925 965 
12 350 10.8 1,065 1.240 1,115 1,070 1.080 1,125 

400 10.8 1,220 1,420 1,270 1,220 1,230 1,290 

300 12.1 980 1.225 1,070 1,000 980 995 
14 350 12.1 1,145 1,430 1,245 1,170 1,145 1,160 

400 12.1 1,310 1,630 1,425 1,335 1,310 1,330 

•~ of su1>g11C1e: diStegard inae•se in k due 10 subba'41. 
··cm,cal aisle width equals 2209 limes radius of relalive stillness Crllical aisle widlh llas maximum nogalive bendirig 

moment (tension in top Slab at aisle cenlerhne due 10 loads on each side DI aiSle). F01 ocher aisle wIc11ns. beno,ng 
moments are noc maximum. 
Assumed load width • 300 in.: allowabie load varies only slightly tor other load widlhs. Allowable suess c one-hall 
llexural strength. 

tThere Is an explanation in Stab Thickness ~sign for Industrial Concrete Fl00ts on Grade. from which this table Is 
reproduced. 1or wn111 appear 10 be anomalous allowable loads. 

Table 6. Allowable Distributed Loads, 
Unjolnted Alsle (Nonuniform 
Loading, Variable Layout) 

Allowable load. psr· 
Slab Subgrade Concrete flexural strength. psi 

thickness. k" 
in. pci 550 600 650 700 

so 535 585 635 685 
5 100 760 830 900 965 

200 1,075 1.175 1,270 1,370 

50 585 640 695 750 
6 100 830 '905 980 1.055 

200 1,175 1,280 1,390 1,495 
50 680 740 800 865 

8 100 960 1,045 1,135 1.220 
200 1,355 1.480 1.603 1,725 

50 760 830 895 965 
10 100 1.070 1,170 · 1,265 1,365 

200 1,515 1.655 1,790 1,930 
50 830 905 980 1.055 

12 100 1,175 1,280 1.390 1,495 
200 1.660 1.810 1.965 2.115 
50 B95 980 1,060 1,140 

14 100 1,270 1.385 1.500 1.615 
200 1,795 1,960 2.120 2.285 

Rep,oauced r,om s,ao Tll,c~ness /or 1naus111a1 Concrere Floors on 
Graae PonIani;, Cemenl Assoc:ia11on pulllicar,on ISi 95D 

-~ o! sut:,gra<Je d1s1ega10 Inc,ease In ~ due 10 sullbase 
••r:;,, alloNaDle stress equal to one-haH lle,ural strengir, 

Basec on aisle and load w1"1Ns 9IvIn9 ma•,mum slress 

Allowable loads based on this consideration can be 
found in Tables Sand 6 for fixed and variable storage lay
outs. Nole that the k value of the subgrade. rather than 
the k value on top of the sub base (if there is one), is used 
in these tables. 

Storage La.1·ou1 
The magnitudes of nexural stresses and deflections due to · 
distributed loads vary with slab thickness and subgrddc 
strength. They also vary wilh aisle width, dimensions of 

· the loaded area. and the existence of joints or cracks in 
the aislcway. In Table 5 for fixed layout, the critical aisle 
width and its allowable distributed load arc identified 
and the loads for other aisle widths arc given. Table 5 is 
used when the storage layout is preplanned. 

The allowable loads shown in Table 6 for variable lay
out represent the most critical conditions and arc sug
ge-stcd for practical design use where the aisle and storage 
layout is unknown at planning time. There arc no restric
tions on where the load is placed or on the uniformity of 
loading for the allowable loads in Ta hie 6. When there are 
joints in the aisleways or if cracks should occur. the limit 
of load will depend on the tolerable settlement of th~ slab. 

For wheel and rack loads. increased slab thickness ef
fectively reduces the unit pressure transmitted to the sub
grade soil. Under uniform distributed loads. however. 
soil pressure is not reduced by slab thickness, but is equal 
to the uniform load on the slab plus the slab weight plus 
the weight of any fill material. Therefore. when the loads 

, , 
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BUTT-lYPE CONSTRUCTION 
JOINT WITH TIE BARS 

Table 7. Dowel.Size and Spacing Table 8. Suggested Spacing of Control Joints 

Slab Total Slab Less than Larger than Slump 
depth. Diameter. length. Spacing. thickness. 1/.-in. aggregate: ¾-in. aggregate: less than 4 in.: 

in. in. in. in. c to c in. spacing, ft spacing, It spacing, ft 

5 ¾ 12 12 5 10· 13 15 
6 ¾ 14 12 6 12 . 15 · 18 
7 ¾ 14 12 7 14 18 21 
8 1 14 12 8 16 20 2-4 
9 1% 16 12 9 18 23 ·21 

10 1¾ 16 12 10 20 25 30 

5 
6 
7 
8 
9 

Tiebar Size and Spacing 

#4 30 30 
#4 30 30 

·Given spacings also apply lo the drstance lrom con1ro1 joints 10 parallel 1s01a1,on 
joints or 10 parallel construcuon 104nls Reier lo text for other factors 1h11 may cal\ 
for ddlerenl spacing. 

#4 30 30 
#4 30 30. 
#5 30 30 

10 #5 30 30 

Construction Joints 

Construction joints form the edges of each day's work or 
are inserted where construction operations arc suspended 
for 30 minutes or more. A true construction joint (also 
called a cold joint) permits neither horilontal or vertical 
movement. Because true construction joints are difficult 
to make, they are usually made to function as and usuallv 
align with the control joints or isolation joints. · 

A butt-type joint is satisfactory for thin floors . as 
shown in Fig. 13. For thicker. more heavily loaded floors, 
a tongue and groove joint is used or dowels arc added to 
the butt joint. When work is interrupted for 30 minutes or 
more and the joint is inserted, a butt joint with tiebars 
should be used (Fig. 13). Tiehars will prevent an opening 
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of the joint at this location that could cause a crack to 
develop in the adjacent panel. Tiebar sizes and spacings 
are shown in Table: 7. 

FIiiing Joints 
The movement at control joints in a floor is generally very 
small. For many industrial and commercial uses. these 
joints can be left unfilled; but where there arc wc:t condi
tions, hygienic and dust-control requirements. or con
siderable traffic by small, hard-wheeled vehicles such as 
fork lifts. joint filling is necessary. 

In many places. a resil ient material is satisfactory, but 
to provide: supp_ort to the edges and prevent spalling at 
the joints. a good quality .J. igid or semirigid filler with a 
Shore -A" hardness number of approltimatcly 80 should 
be used . 

Elttrudcd lead strips embedded in the control j6in ts 
give support . to th!! edges a nd thereby reduce spall in g. 
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WELDED WIRE F~ARIC: 
,,. 65,0CiO PS I 

STEEL BAR MAT 
I y • 60,000 PSI 

A
1 

SO. N.lf'T. A1 S0. IN.IF T. 

,-----,,-----,,----..----....----..... -0.24 0.18 

0 .16 
-022 

t----+----+---+------+---L~ 
-020 

0.14 -0.18 

0.12 l----.+----4---_,..~---1....,,,."'--~- 0.16 

·o.lO ---,,,,~-",t 
-Q.14 

-012 
__ 0.0l 

0 .0 -008 

-006 
0.04 i.,o::---,,..,,,:;...-+-.,-.-,:;.-+---+----+--~ 

-004 
0.02 

-0.02 

0 -------------------0 20 xi 40 50 60 70 . 

DISTANCE IN FEET BETWEEN FREE ENDS 

Fig. 15. Selection chart for distributed steel. 

UNJOINTED FLOORS 

An unjointed floor can be constructed when joints are 
unacceptable in floor use. Three methods arc suggested : 
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I. A prestressed floor can be built with prcstrcssing 
steel strands pulled taut to put a small comp_ressive 
stress in the concrete. This will counteract the de\lel
opmcnt of tensile stresses and provide a crack-free 

surface. Large areas. 10,000 sq ft and larger. can be 
constructed in this ma nner without a ny co ntro l 
joints. 

2. Concrete made with expansive cement can be used 
to .offset the amount of drying shrinkage to be ant ici
pated after curing. Control joints are not needed 
when construction joints are used at intervals of 40 
to 120 ft. Large areas. to 10,000 sq ft. can be cast in 
this manner. 

3. Large areas can be cast without control joints when 
distributed steel about one-half of 1% times the 
cross-sectional area is placed in the sla b to resist 
sh rinkage. Areas as large as a tennis cou rt can be 
built without ·control joints. 

CONSTRUCTION 

Workmanship 

All parties-owner, designer. contractor-mus_t agree 
prior to bidding on the level of quality or class of work
manship that will be necessary for the floor job they want. 
A good concrete floor on ground is the rcsuh of sensible 
planning, carerul design and detailing. complete specifi
cations, proper inspection, good workmanship, and the 
good intentions of each person sharing responsibility for 
the end result. 

Subgrades 
Good construction begins with a well-prepared subgrade. 
Ma ny floor problems can be traced to poor subgrade 
preparation. A poorly compacted and prepared subgrade 
ranks high as a cause of settlement cracking and failure to 
carry the applied loads. 

The subgrade should be uniform, firm, and free from 
all sod. grass. humus. and other rich organic matter as 
these materials will not compact to give good _support to 

T . .. , ~ ... , Fig. 16. Subgrade 
- - ' must be m o lsl when 
~ - ... -.:-....:.:.. L --:-~ concrete Is placed. 
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Bee.use· Ocxure controls, the design facto~ are similar to 
those used for vehicle loads except that the use of a.higher 
safety factor may be appropriate. The specific design fac
tors are: 

maximum post load 
load contact area 
sp~ing between posts 
subgrade-subbase strength 
flexural strength of concrete 

Figs. 7a, 7b, and 7c are used to determine the slab thick
ness requirements fork values of SO, 100, and 200 pci. The 
charts• were developed to ·estimate slab stresses for the two 
equivalent post configurations and load conditions shown 
ill Fig. 8, ~presenting co_ntinuous racks. In Figs. 7a, 7b, and 
7c, the post spacing, y, is in the longitudinal direction of a 
continu •us rack and x is the transverse spacing. 

70 

\ r , 

\ I\ I 
I 

When using the design charts, the load contact area 
should be corrected to effective contact area as determined 
from Fig. 5. 

For special post load configurations that deviate substan
tially from those indicated in Fig. 8, slab stresses may be 
determined by computer progra.m< 10> .. or by influence 
charts.(!•> 

It should be noted that the design procedure is based on 
load stresses only; it is not necessary to consider shrinkage 
stresses (see first footnote on page 4). 

•For a structurally reinforced slab, bending moments computed 
from the flexural stress determined rrom Fig1. 7a, 7b, and 7c may 
be used to compute the required tensile reinforcement. 
.. The computer program may be used with appropriate modifica

tions jn the shape of the contact area. For the ra~e of contact areas 
involved, a circular or eUlpilcal area may be used without siF-hific:ant 
error to approximate a square or rectangular area. 
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Safety Factori for Post Loadt 

The specific safety factors to be selected for concentrated 
static toads are not given here but are left to the judgment . 
or the design engineer. lbcre are two reasons for this: 

(1) The range of posSl"ble safety factors may be quite 
wide; the factor may be relatively Jow-2 or less
under a noncritical loading condition, or quite high 
-approximately S-in a situation where conse• 
quences of slab failure are quite serious. 

(2) Performance experience and experimental data for 
concentrated static loads are not available. 

Some of the factors to be considered in the selection of 
the safety factor are discussed below. 

Static loads on posts have effects different from loads on 
w:hicles in that (1) moving wheel loads produce lower slab 
stresses than static loads of the same magnitude, and (2) 
creep effects.reduce stress under static load. Information on 
how these effects may be quantified in design problems is 
not available . 

10 

There may be several reasons to use higher safety factors 
for loads on high racks than those used for low racks or for 
Yehicle loads or distributed loads. The rack posts are some
times designed to partially support the roof structu~, and 
effects of differences in deOedion between rack posts are 
magnified with high racks. In addition, if the r2ck layout 
and the slab joint layout are not coordinated, it is possible 
that some rack posts could be located at or near a joint or · 
comer. Unless the slab edges are thickened, this would re
sult in higher stresses• than those shown in Figs. 7a, 7b, 

•Edge load stresses arc h~her than corner load stresses, which 
are in tum hil;hcr 1han interior load stresses. However, ~e and cor
ner str~scs arc: diminished somewhat in the usual situation where 
load transfer at the: joints is provided by dowels, byways, or ~tire
pte interlock under saw cuts. An analysis usin, a con,ervative 25% 
load transfer and the multirlc post conf~urations indicated in Fi~. 8 
shows that cdllc s1re$$cS exceed interior strc:s!ICs by 131¼. to SO% . 
Reference 17 iivcs experimental data on edt!c and corner strc~~es 
and equations for computing. these. 
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and 7c. which ate based on loads at the slab interior. Safety 
facton should be chosen to account for this possibility of 
higher stresses due to slab edge or comer loads. _ 

Since there is a lack of published data on performance 
experience with rack loads on slabs on grade, safety factors 
caMot be suggested with as much c:onfidenc:e as for vehicle 
loads. Therefore, it is important to consider carefully the 
characteristics of this type of loading and the desired per• 
foanance requirements. 

A safety factor of 4.8 can be computed based on build
ing code requirements< 16) if the post is considered as a crit• 
ical structural element-a column-in the building and the 
slab is considered as an unreinforced sp~ad footing. 

This value of 4.8 is considered the upper limit of the 
safety factor range because the post load situation is usually 
not as critical as that for columns on footings. The latter 
are spaced farther apart and each supports a greater propor
tion of the total structural load. The fundamental differ
ence between the two types of loading lies in the difference 
in the magnitudes of pressure on the underlying soil. Soil 

5 

pres.1ures under a footing may be near the limit of allowable 
soil bearing; if a failure should occur in the footing, the 
allowable soil pressure would be exceeded and there would 
be a pomoility of intolerable soil penetration. settlement, 
or complete collapse. On the other hand, soil pressures 
under a slab of adequate thickness supporting a post load 
are much lower than those for a footing. This is because the 
slab distribute_s the load . over a large area of subgrade. Even 
if a joint or crack, or intersection of these, should occur at 
a post, deflections and soil pressures will be increased by 
magnitudes of two or three• but are still not excessive. 

After the designer has considered the degree of critical
ness of his loading conditions and selected an appropriate 
safety factor, Fig. 7a, b, or c is used to establish a slab de
sign thickness based on flexure. Shear stress and concrete 

•Reference 17 shows experimental data comparing deOections 
due to loads at sbb comers, edges, and interiors from which corres
ponding soil prcssurcs can be computed. 
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apply, 

bearing stress should also be computed to determine if 
these values are within safe limits. The following example 
problem mustrates the procedure for determining slab 
stres.ws due to post loads. 

Design Example-Pon Loads 

Data for Post Configuration and Load 

Post spacings 98 in. longitudinal (v), 

Post loads 
Load contact area 

66 in. transverse (.x) 
J3 kips, each post 
8-ln.-sq. plate (64 sq.in.) 

Subgrade and Concrete Data 

Subgrade modulus. k 100 pci 
Concrete flexural strength,MR 640 psi at 28 days 

Design Steps 

1. Safety factor, SF: 
Assume that a factor of 3 .0 has been selected. 

2. Concrete working stress, WS: 

MR 640 . 
WS = - = - = 213 pSt 

· SF 3.0 

3. Slab stress per 1,000 lb. of post load 

= ws = 213 = 16 4 i 
post load, kips 13 · ps 

4. For a subgrade k-value of I 00 pci, use Fig. 7b. In 
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the grid at the left of the figure, locate the point 
corresponding to 16.4 psi stress and 64-sq.in. con• 
tact area: then move right to y-post spacing of 98 
in.; up to x-post spacing of 66 in.; then right to 
slab thickness of 9 .8 in. ( use I 0-in.-thick slab). 

S. Use Fig. S to determine if the effective conuct 
area is significantly larger than the actual contact 
area. For a 10-in. slab and contact area of 64 sq.in., 
the effective contact area is 70 sq.in.; this correc• 
tion does not significantly change the required slab 
thickness. 

6. The following check of concrete bearing ana shear 
stresses indicates that they ·are · within · allowa6le 
limits (see footnote on page 7, right column). 

allowable bearing-stress . 
for interior load -= 4.2.MR = 2,690 psi 
for edge or comer load = 2.lMR = 1,345 psi 

computed bearing stress = f01~ load = lJ,OOO 
oa area 64 

= 203 psi 

allowable shear stress = · 021MR = 173 psi 

post load 
computed shear stress = sh ear area 

computed shear stress for interior load 

= post load 
slab depth [(load periphery)+ 4 (slab depth)) 

13,000 
= IO (3 2 + 40] = 18 psi 

computed shear stress for edge load 

= post load 
slab depth (0.75 (load periphery)+ 2 (slab depth)) 

13,000 30 . 
= 10 (24 + 20) = psi 

computed shear stress for corner load 

= post load 
slab depth [O.S (load periphery)+ (slab depth)) 

13,000 . 
= 10 [16 + 10] = SO pSI 

For very heavy post loads, the required thickness of 
plain concrete slabs may be great enough that alternate 
designs should be considered, such as: 

- integral or separate footings under each post or line 
of posts (post locations would have to be perma• 
nently fixed); 

- structurally reinforced slabs with steel designed to 
take the tensile stresses; 

- use of a cement-treated subbase under the concrete 
slab. 

DISTRIBUTED LOADS 

Distributed loads are defined u loads coverine a larne area 
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due to material placed directly on the floor in storage bays. 
For most plant and warehouse buildings, concentrated 
loads are the controlling factor in floor design since distrib
uted loads usually do not produce flexural stresses of the 
same magnitude. However, after an adequate slab thickness 
has been selected to support the heaviest vehicle and post 
loads, the effects of distributed loads should also be exam
ined. 

As discussed on pages 3 and 4, the design objectives for 
distributed loads arc (1) to prevent cracks in the aisleways 
due to excessive negative moment (tension in top of slab), 
and (2) to avoid objectionable settlement of the slab. 

- Cracking in an unjointed aisle due to distributed loads 
can be . controlled by selecting an adequate slab thickness. 
Slab settlement, however, cannot be prevented by making 

· the slab· thicker:·-Usually the magnitude ofdistributed loads · 
placed on floors with properly prepared and compacted 
subgndes is not sufficient to cause excessive settlement. 
However. for very heavy distributed loads on compressible 
subgrades, the possibility of soil consolidation should be 
examined by soil foundation engineering techniques. 

A 1/owable loads to Prevent Cracking in Un jointed 
Aisleway . 

In an unjointed aisleway between distributed load areas, the 
maximwn negative bending moment in the slab may be up 

· to twice as great as the moment in the slab beneath the 
loaded area. As a result, one design objective is to limit 
these stresses in the aisleway so that a crack will not occur. 

Allowable loads based on this design objective are shown 
in Tables 4 and S. • The use of these tables is discussed in 
the following sections; Table 4 is used if the aisle and stor• . 
age layout may be changed during the service life of the 
floor. If the layout is permanently fixed, Table Sis used. 

It should be noted that the k-value of the subgP.de, 
rather than the k on top of the subbasc (if there is one},is 
used in Tables 4 and S. This is appropriate for distributed 
loads covering large areas, while the use of the k-value en 
the top of the subbase is appropriate for concentrated 
loads. • 

Variable Storage layout 

The magnitudes of flexural stresses and deflections due to 
distributed loads vary with slab thickness and subgrade 
strength. They also depend on aisle width, width of loaded 
area, and whether or not a joint or crack exists in the aisle-

•1n the preparation of the,c tables, flexural stresses were com
puted based on Hetenyi..(21) A similar approach WIS used by 
Rice(lO) for distri>uted loads. Althoutih the basic equations are the 
same, the allowable loads shown in Tables 4 and 5 differ fn:im rhos: 
of Rice because he made a br!:e allowance for slab shrlnbge stresses. 
In addition, he considered zero uplift of joints.in the aisle-.1,·ay as one 
of the design criteria. As explained in the first footnote on page 4, 
shrinka~e messes may be disregarded in the design procedure. Also, 
it can be shown that loads up to the magnitudes shown in Tables 3 
and 4 produce only vi:ry small joint uplifts that would be com• 
plctely tolenbie for mosr requirements. Concerning slab stresses due 
10 wheel IOilds al uplifr«I joints., experimental daia(t 7) show that 

) these arc less than the stresses in slabs thar are not uplifted at the 
joint. 

Table 4. Allowable Distributed Loads, Unjointed 
Aisle (Nonuniform Loading, Variable Layout) 

Allowable load, psfl2l 

Slab S'1:T,edt Concrete flexural strength, psi 
thickness. k, 11 

In. pci 550 600 650 700 

50 535 585 635 685 
5 100 . 760 830 900 965 

200 1,075 1,175 1,270 ·1,370 . 

60 685 640 695 750 
6 100 830 905 980 1,055 

200 1,175 1,280 1,390 1,495 

50 680 _740_ 8:C1Q . ... . 865 .. 
B 100 "950 1,045 1,135 1,220 

200 1,355 1,480 1,603 1,725 

... 50 . . - · ...• 76.0 ... . 83(L _____ 895 . . .... 965 
10 100 1,070 1,170 1,265 1.365 

200 1,515 1,655 1,790 1,930 

50 830 905 980 1,055 
• 12 100 t,175 1.280 1,390 1,495 

200 t,660 1,810 1,965 2,115 

50 895 980 1,060 1,140 
14 100 1,270 1,385 1,500 1,615 

200 1,795 1,960 2,120 2,285 

1 k af aubgrada; dl1reoa,d lncra- In k due ta aubb••· 
2For 1llawable nrns equal tO M fluural wength. 

Based on elale end IOad widths giving maximum rtreu. 

way. These additional variables are not always constant or 
predictable during the service life of a floor. Therefore, the 
allowable loads shown in Table 4, representing the most 
critical conditions, arc suggested for -,practical · design use 
where the aisle and storage layout is not predictable or per• 
manent. 

Since the allowable loads in Table 4 are based on the 
most aitical conditions, there are no restrictions on the 
load layout configuration or the wiifonnity of loading. 
Loads up to these magnitudes may be placed nonuniformly 
in any configuration and changed during the service life of 
the Roor. (Heavier loads may be allowed, as shown in Table 
5, under restricted conditions of load conraguration.) 

The allowable loads in Table 4 are based on a safety fac
tor of 2.0 (allowable working stress equal to one-half of the 
concrete's flexural strength}. This ls conservative. For other 
safety factors that the designer may wish to use, the allow
able working stress is first computed by dividing the 28-day 
flexural strength, MR, by the safety factor; then the allow
able load may be computed as: 

W = 0.123/ r.,/lik 

where W = allowable .load, psf 
fr= allowable working stress, psi 
h = slab thickness, in. 
k = subgrade modulus, pci 

Fixed Storage Layout 

As discussed in the previous section, slab stresses under dis
tributed loads vary with aisle width, load width, and joint 
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Table 5. Allowable Distributed Loads, Unjointed Aisle (Uniform Load, Fixed Layout) 

Allowable load, psf 

Sllb Working Critical At critical 
At oth• aisle widths 

thi:kness, nresa, aisle width, aisle 6-ft. I 8-ft. , ,0-tt. I 12-ft. I 14-ft. 
In. pti_ ft.(21 width aisle aisle aisle aisle aisle 

Subgradt A: • 50 pd 11 

300 5.6 610 615 670 B15 1,050 1.215 
6 350 5.6 710 715 785 950 1.225 1,420 

400 5.6 815 820 895 1,085 1,400 1,620 
300 6.4 670 675 695 780 945 1,175 

6 350 6.4 785 785 810 910 1,100 1,370 
400 ·6 .4 895 --995 925 - , ;~o f,260 ;,570 
300 8.0 770 800 770 800 880 1,010 

8 350 8.0 900 935 900 935 1,025 1;180 
. - 400 . ---·8 ;0 · ..... · ... 1,025 · · · 1;070 · 1;025 - -,;oss -- 1,176 . 1.350 

300 9.4 . 84S 930 855 850 885 960 
10 350 9.4 985 1,085 1.000 990 1,035 1,120 

400 9.4 1,130 1,240 1,145 1,135 1,185 1,285 

300 10.8 916 1,065 955 915 925 965 
12 350 10.8 1,065 1,240 1.11~ 1,070 1,080 1.1~ 

"°° 10.8 1;220 1,420 1,270 1,220 1,230 1,290 

300 12.1 980 1,225 1,070 1,000 980 995 
14 350 12.1 1,145 1,430 1,245 1,170 1,145 1,160 

400 12.1 1,310 1,630 1,425 1,335 1,310 1,330 

Slqrade k • 100 pcil 1 I 

300 4.7 865 900 1,090 1,470 1,746 1,810 
s 360 4.7 1,010 1,050 1,270 1,'715 2.(135 · 2,115 

400 4.7 1,155 1.200 1,455 1,955 2,325 2,415 

300 5.4 950 955 1,065 1,320 1,700 1,925 
6 350 5.4 1,105 1,115 1,245 1,540 1.985 2,245 

400 5.4 1,265 1,275 1,420 1,760 2,270 2,565 

300 6.7 1,095 1,105 1,120 1.240 1,485 1,815 
8 350 6.7 1,280 1.285 1,305 1,445 1,705 2,120 

400 6.7 1,460 1,470 1,495 1,650 1,950 2,420 

300 7.9 1,215 1,265 1,215 - 1,270 1.395 1,610 
10 350 7.9 t420 1,475_ 1,420 1,480 1,630 1,880 

400 7.9 1.625 1,645 1,625 1.690 1,860 2,150 

300 9.1 1,320 1k425 1,325 1,330 1,400 1,535 
12 350 9.1 1,540 , 1,665 1,545 1,550 1,835 1,795 

400 9.1 1,755 1,900 1,770 1,770 1,865 2.050 
300 10.2 1,405 1,590 1,445 1,,105 1,435 1,525 

14 350 10.2 1,640 1,855 1,685 1,140 1,675 -1,775 
400 10.2 1,875 2,120 1.925 1,875 1,915 2.030 

Subgrade k • 200 pci111 

300 4.0 1,225 1,400 1,930 2,•50 2,565 2,520 
5 350 4.0 1,425 1,630 2.255 2,860 2,990 2,940 

400 4.0 1,630 1,865 2,575 3.270 3,420 3,360 

300 4.5 1,340 1,415 1,755 2,395 2,740 2,810 
6 350 •.S 1,565 1,650 2.060 2,BOO 3,200 3,275 

400 4f, 1,785 1,890 2,345 3,190 3.655 3,745 

300 5.6 1,550 1,550 1,695 2,045 2,635 3,070 
8 350 5.6 1,810 1,810 1.980 2.385 3,075 3,580 

400 5.6 2,065 2,070 2,615 2,730 3,515 4.095 
300 6.6 1,730 1,745 1,775 1,965 2,330 2,895 

10 350 6.6 2,020 2,035 2.070 2,290 2,715 3.300 
400 6.6 2,310 2.32S 2.365 2,620 3,105 3,860 

300 7.6 1,890 1,945 1,895 1,995 2,230 2,610 
12 350 7.6 2,205 2,270 2.210 2,330 2,600 3.045 

400 7.6 2,520 2,595 2,525 2,660 2,972 3,480 

300 8.6 2.025 2,150 2,030 2,065 2,210 2,480 
141 350 8 .6 2,.360 2,510 2,365 2,405 2.580 2.890 

400 8 .6 2,700 2,870 2.705 2,750 2,950 3,305 

1,r of aubgrad • : diar•gard inc••- ink du• to 1ubbue. 

2Cr ltlcal • ill• wid!II aQual1 2.209 t ime, r• diu1 of ralativ• stifln .. , . 

Anumed lo• d width - 300 in . ; allowable loed v1r i" only 1l igh t lv for othe• load width,. A llowab le 
strn1 • one•half fleJtur • I strength . 
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location. In a storage area where this layout is known and 
will remain fixed throughout the service life of the floor , 
the heavier distributed loads shown in Table s• may be 
allowed. These loads are based on limiting the negative mo
ment in an unjointcd aisleway so that an aisle crack docs 
not occur. 

A 1/owabls Loads to Prevent Slab Settlement 

In the previous discussion, the allowable loads were based 
on preventing a crack in an unjointed aisleway between 
~~ed storage areas. If these cracks can be tolerated or if 
there are join ts in the aislewa.ys, there-need -1,e no siich -re
striction on the load magnitude. In this case, the limit of 

- - load depends on the tolerable .settlement.of.the.slab . 
Slab settlement is caused by excessive pressures on the 

ioil below. For concentrated loads, a greater slab thickness 
reduces the pressure on the soil. However, for distnbuted 
loads, slab thickness has virtually no effect on soil pres
sure-the soil pressure is equal to the distributed Joad plus 
the weight of the slab. Therefore, use of a thick slab does 
n ot reduce settlement under distributed loads. 

An estimate of the minimum settlement that may occur 
can be made by computing<21 > the elastic deflection using 
the subgrade modulus k. Computing the deflection profile 
for the entire slab width provides an estimate of the poten• 
tial slab uplift away from the load as well as downward de
flection of the part of the slab that is under the load. These 
oomputed elastic deflections may be a fair estimate only if 
the soil is relatively incompressible. 

For slabs on compressible subgrad~. settlement under 
distributed loads may be considerably greater than the com
puted elastic deflection. If the -distributed loads are heavy, 
the settlement should be estimated by methods used in soils 
engineering for spread or raft foundations. As described in 
most texts on soils engineering, data from test footings of 
different sizes are helpful in estimating the amount of sct
dement on compressive soils. 

The tolerable settlement may be considerably less than 
that allowed for foundations, depending on the operational 
requirements or the floor. For example, if a joint or crack 
exists in the aisle or within c~rtain distances of the edge of 
the distributed load, the differential scttlemcnt ·betwecn the 
loaded and unloaded-sides of the joint or crack may cause a 
bwnp that is objectionable to vehicle traffic. 

UNUSUAL LOADS 

Special load configurations-unusual wheel or post configu
ntions, tracked vehicles, vehicles with closely spaced axles 
or with more than 4 wheels per axle, very large wheel con• 
tact areas, strip loads-that differ substantially from those 
indicated in the previous discussions may be analyzed by 
one of the following methods: 

1. For concentrated loads (wheel or post loads), slab 
stresses, deflections, and soil pressures may be deter• 
mined with influence chartsC 18> or a computer pro• 
gram_(lo) The influence charts may also be used for 

strip loads lf the length of the load contact area i.s not 
great.•• 

2. When one or both of the dimensions of a load contact 
area is target (distributed loads in a storage bay or a 
strip load), the situation can be considered as a one• 
dimensional problem and the method of HetcnyiC2 1 > 
may be used. · 

In either case, the controlling design considerations will 
be similar to those indicated in Fig. 2 based on the size of 
the load contact areas. (For strip loads, the controlling de• 

. sign considerations cannot be expressed in terms of contact 
area; it may be necessary to analyze ~veral of the design 
corisiderationi indicated in Fag: 2;J -- --- -- -

A wide range of design situations can be analyzed with a 
-.cornpu.t~.r..prQgramJQr_fQ_\ln4-tions mat~(~ 9 > ____ _ 

Vibrating loads, such u those caused by heavy genera• 
tors or compressors, may require a special foundation de
sign and this is beyond the scope of this discussi~ 

~hat may at first appear to be anomalies in the values shown in 
Table S are explained by the roDowinc coauderatioas.. For a pen 
slab thickness and 111bpade stren&th there ii a crltical aisle width for 
which the slab stress in the aisleway is maxinum. As shown s, Table 
S, the allowable load for the critical aisle width is less than for any 
other ai5le width. The critical aisle width exists when the maximum 
bending moment In the aisle due to a load oa one side or the aisle 
coincides with the point of maxbnum moment due to the load on 
the other side of the aisle. This doubles the neg&tive bending mo
ment (tension in top of slab) at lisle centerline. For aisle widths 
other than the critical aisle width, the bending moments due to 
leads on each side of the able are aiot maximum; the loilcl on one 
side of the aisle may counteract stress caused by a load on the other 
side. 
.. Influence charts cover a dimension of efther 41, or 6.£ (see next 

footnote), depending on the particular chart used. • 
tThe analysis or Hctcnyl IS used for slab des~ applies to loads 

of ranile width and inf'anlte length; howenr, the enor is not signifi
cant iC the length exceeds 61. where .l is def"Bled by: 

.L -4~ ·-v a~2)k 

where J • radius of relative stiffness, in. 
£ • Cll>nc:rcte modulus or elasticity, psi -
I, • slab thiclcnea, in. 
p • Poisson's ntio 
k • modulus or 111~rade reaction, pci 
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Basic Load Cases 
Number Name 

1 LOADCASE1DEADLOAD 

2 LOAD CASE 2 SUSP MAX LOAD 

3 LOAD CASE 3 SUSPENDED MIN 

4 LOAD CASE 4 ASH 

5 LOAD CASE 5 WIND LEFT TO RIGHT 

6 LOAD CASE 6 WIND RIGHT TO LEFT 
.. 

7 LOAD CASE 7 SNOW 

8 LOAD CASE 8 CRANE. 1 ST FRAME RIGt-

9 LOAD CASE 9 CRANE 4TH FRAME RIGt-

10 LOAD CASE 10 CRANE 1ST FRAME LEF 

11 LOAD CASE 11 CRANE 4TH FRAME LEF 

12 LOAD CASE 12 WIND FRONT TO END 

13 LOAD CASE 13 WIND FROM END TO Ff. 

14 LOAD CASE 14 E.Q FROM FRONT TO E 

15 LOAD CASE 15 E-Q END TO FRONT 

16 LOAD CASE 16 E•Q LIGHT FROM FRON" 

17 LOAD CASE 17 E•Q LIGHT END TO FRO 

Combination Load Cases 
Comb. Combination UC Name Primary Primary UC Name Factor 

18 COMBINATION LOAD CASE 18 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

7 LOAD CASE 7 SNOW 1.00 

19 COMBINATION LOAD CASE 19 DL+SUSI 1 LOAD CASE .1 DEAD LOAD 1.00 

3 LOAD CASE 3 SUSPENDED MIN 1.00 

5 LOAD CASE 5 WIND LEFT TO RIGHT 1.00 

20 COMBINATION LOAD CASE 20 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

3 LOAD CASE 3 SUSPENDED MIN 1.00 

6 - LOAD CASE 6 WIND RIGHT TO LEFT 1.00 

21 COMBINATION LOAD CASE 21 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

5 LOAD CASE 5 WIND LEFT TO RIGHT 0.75 

7 LOAD CASE 7 SNOW 0.75 

22 COMBINATION LOAD CASE 22 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

6 LOAD CASE 6 WIND RIGHT TO LEFT 0.75 

7 LOAD CASE 7 SNOW 0.75 

23 COMBINATION LOAD CASE 23 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

5 LOAD CASE 5 WIND LEFT TO RIGHT 0.50 

7 LOAb CASE 7 SNOW 0.75 

8 LOAD CASE 8 CRANE 1 ST FRAME RIG!-- 0.75 

24 COMBINATION LOAD CASE 24 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

Pnnl"Filne/Oale: 19/11/2004 11 :18 STAAD.Pro fo r Windows Release 2004 Print Run 1 of 4 
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Combination Load Cases Cont ... 
Comb. Combination UC Name Primary Primary UC Name Factor 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 
5 LOAD CASE 5 WIND LEFT TO RIGHT 0.50 
7 LOAD CASE 7 SNOW 0.75 
9 LOAD CASE 9 CRANE 4TH FRAME RIG!- 0.75 

25 COMBINATION LOAD CASE 25 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 
2 LOAD CASE 2 SUSP MAX LOAD 1.00 
5 LOAb CASE 5 WIND LEFT TO RIGHT 0.50 
7 LOAD CASE 7 SNOW · 0.75 
10 LOAD CASE 10 CRANE 1ST FRAME LEF 0.75 

26 COMBINATION LOAD CASE 26 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 
2 LOAD CASE 2 SUSP MAX LOAD 1.00 
5 LOAD CASE 5 WIND LEFT TO RIGHT 0.50 
7 LOAD CASE 7 SNOW 0.75 
11 LOAD CASE 11 CRANE 4TH FRAME LEF 0.75 

27 COMBINATION LOAD CASE 27 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 
2 LOAD CASE 2 SUSP MAX LOAD 1.00 
6 LOAD CASE 6 WIND RIGHT TO LEFT 0.50 
7 LOAD CASE 7 SNOW 0.75 
8 LOAD CASE 8 CRANE 1 ST FRAME RIG!- 0.75 

28 COMBINATION LOAD CASE 28 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 
6 LOAD CASE 6 WIND RIGHT TO LEFT 0.50 
7 LOAD CASE 7 SNOW 0.75 
9 LOAD CASE 9 CRANE 4TH FRAME RIG!- 0.75 

29 COMBINATION LOAD CASE 29 DL+SUSI 1 LOAP CASE 1 DEAD LOAD 1.00 
2 LOAD CASE 2 SUSP.MAX LOAD 1.00 
6 LOAD CASE 6 WIND RIGHT TO LEFT 0.50 
7 LOAD cAsE 7 SNOW 0.75 
10 LOAD CASE 10 CRANE 1ST FRAME LEF 0.75 

30 COMBINATION LOAD CASE 30 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 
2 LOAD CASE 2 SUSP MAX LOAD 1.00 
6 LOAD CASE 6 WIND RIGHT TO LEFT 0.50 
7 LOAD CASE 7 SNOW 0.75 

11 LOAD CASE 11 CRANE 4TH FRAME LEF 0.75 

31 COMBINATION LOAD CASE 31 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 
12 LOAD CASE 12 WIND FRONT TO END 0.50 
7 LOAD CASE 7 SNOW 0.75 
8 LOAD CASE 8 CRANE 1ST FRAME RIG!- 0;75 

32 COMBINATION LOAD CASE 32 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 
2 LOAD CASE 2 SUSP MAX LOAD 1.00 
12 LOAD CASE 12 WIND FRONT TO END 0.50 
7 LOAD CASE 7 SNOW 0.75 
9 LOAD CASE 9 CRANE 4TH FRAME RIG!- 0.75 

33 COMBINATION LOAD CASE 33 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 
2 LOAD CASE 2 SUSP MAX LOAD 1.00 
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Combination Load Cases Cont. .. 
Comb. Combination UC Name Primary Primary UC Name Factor 

' ) 

12 LOAD CASE 12WIND.FRONTTO END 0.50 

7 LOAD CASE 7 SNOW 0.75 

10 LOAD CASE 10 CRANE 1 ST FRAME LEF 0.75 

34 COMBINATION LOAD CASE 34 DL+SUSI 1 LOAD CASE 1 DEAD'LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

12 LOAD CASE 12 WIND FRONT TO END 0.50 

7 LOAD CASE 7 SNOW 0.75 

11 LOAD CASE 11 CRANE 4TH FRAME LEF 0.75 

35 COMBINATION LOAD CASE 35 DL+SIJSI 1 LOAD CASE 1 DEAD LOAD 1 .00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

13 LOAD CASE 13 WIND FROM END TO Fr 0.50 

7 LOAD CASE 7 SNOW 0.75 

8 LOAD CASE 8 CRANE 1ST FRAME RIGI- 0.75 

36 COMBINATION LOAD CASE 36 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

13 LOAD CASE 13 WIND FROM END TO Fr 0.50 

7 LOAD CASE 7 SNOW 0.75 

9 LOAD CASE 9 CRANE 4TH FRAME RIGt- 0.75 

37 COMBINATION LOAD CASE 37 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

13 LOAD CASE 13 WIND FROM END TO Fr 0.50 

7 LOAD CASE 7 SNOW 0.75 

10 LOAD CASE 10 CRANE 1ST FRAME LEF 0.75 

38 COMBINATION LOAD CASE 38 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

13 LOAD CASE 13 WIND FROM END TO Fr 0.50 

7 LOAD CASE 7 SNOW 0.75 

11 LOAD CASE 11 CRANE 4TH FRAME LEF 0.75 

39 COMBINATION LOAD CASE 39 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

14 LOAD CASE 14 E-Q FROM FRONT TOE 0.75 

7 LOAD CASE 7 SNOW 0.75 

8 LOAD CASE 8 CRANE 1ST FRAME RIG!- 0.75 

40 COMBINATION LOAD CASE 40 DL+SUSI 1 LOAD CASE 1 DEAD LOAD · 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

14 LOAD CASE 14 E-Q FROM FRONT TO E 0.75 

7 LOAD CASE 7 SNOW 0.75 

9 LOAD CASE 9 CRANE 4TH FRAME RIGt- 0.75 

41 COMBINATION LOAD CASE 41 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

14 LOAD CASE 14 E-Q FROM FRONT TOE 0.75 

7 LOAD CASE 7 SNOW 0.75 

10 LOAD CASE 10 CRANE 1 ST FRAME LEF 0.75 

42 COMBINATION LOAD CASE 42 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 

14 LOAD CASE 14 E-Q FROM FRONT TOE 0.75 
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Combination Load Cases Cont ... 
,, 

Comb. Combination UC Name Primary Primary UC Name Factor 

7 LOAD CASE 7 SNOW _ 0.75 

11 LOAD CASE 11 CRANE 4TH FRAME LEF 0.75 

43 COMBINATION LOAD CASE 43 DL+SUSI 1 LOAD CASE 1 DEAD LOAD- 1.00 
2 · LOAD CASE 2 SUSP MAX LOAD 1.00 

15 LOAD CASE 15 E-Q.END TO FRONT 0.75 
7 LOAD CASE 7 SNOW 0.75 

8 LOAD CASE 8 CRANE 1 ST FRAME RIGI- 0.75 

44 COMBINATION LOAD CASE 44 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 
15 LOAD CASE 15 E-Q ENO TO FRONT 0.75 

7 LOAD CASE 7 SNOW 0.75 

9 LOAD CASE 9 CRANE 4TH FRAME RIGI- 0.75' 

45 COMBINATION LOAD CASE 45 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

2 LOAD CASE 2 SUSP MAX LOAD 1.00 
15 LOAD CASE 15 E-Q END TO FRONT 0.75 

7 LOAD CASE 7 SNOW 0.75 

10 LOAD CASE 10 CRANE 1ST FRAME LEF 0.75 

46 COMBINATION LOAD CASE 46 DL +SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 
2 LOAD CASE 2 SUSP MAX LOAD 1.00 

15 LOAD CASE 15 E-Q END TO FRONT 0.75 
7 LOAD CASE 7 SNOW 0.75 

11 LOAD CASE 11 CRANE: 4TH FRAME LEF 0.75 

47 COMBINATION LOAD CASE 47 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

3 LOAD CASE 3 SUSPENDED MIN 1.00 

16 LOAD CASE 16 E-Q LIGHT FROM FRON' 1.00 

48 COMBINATION LOAD CASE 48 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

3 LOAD CASE 3 SUSPENDED MIN 1.00 
17 LOAD CASE 17 E-Q LIGHT END TO FRO 1.00 

' \ 
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Software licensed to AMEC Part 
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Client FIie HANFORD.std I Dale/Time 18-Nov-2004 13:36 

?t.eA~.€ NCJ r £":... L/c ljOA .0 C,c:>,,..,/3/#A rt~N) f -rot'/ dR£ 84s1c t.o,40 

C,4.>€~,, L/c IB 7"0 ~8 A tel: rAIG CoH/,3I/V.4TtON ~o,,,t/t>/NC, CA51:5 

Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 
(kip) (kip) (kip) (kNm) (kNm) (kNm) 

17 40 -12.078 113.493 -13.546 0.000 0.000 0.000 
16 42 10.958 111.979 -13.160 0.000 0.000 0.000 
17 42 -9,882 · 94.410 -13.353 0.000 0.000 0.000 
17 32 -12.112 93.532 -9.530 · . 0.000 0.000 0.000 
16 40 9.520 93.176 -12.962 0.000 0.000 0.000 
16 34 1.0.996 91 .925 -9.147 0.000 0.000 0.000 
17 24 -16.618 90.367 -6.501 0.000 0.000 0.000 
16 30 17.562 89.328 · · -6.186 0.000 0.000 0.000 
17 39 -8.693 85.887 -13.924 · 0.000 0.000 0.000 
16 41 8.497 82.286 -12.723 0.000 0.000 0.000 
6 43 8.279 81 .751 12.339 0.000 0.000 0.000 
17 41 -8.364 81.234 -12.701 0.000 0.000 0.000 
6 45 8.969 78.552 11.284 0.000 0.000 0.000 
16 39 . 7.786 77.308 -11.502 0.000 0.000 0.000 
7 45 -9.112 77.308 11.128 0.000 0.000 0.000 
6 46 8.612 76.684 11.401 0.000 0.000 0.000 
17 28 -3.702 76.104 -4.622 0.000 0.000 0.000 
6 .44 7.908 75.969 10:979 0.000 . 0.000 0.000 
1 45 10.106 75.515 0.035 0.000 0.000 0.000 
7 44 -9.104 74.956 10.952 0.000 0.000 · 0.000 
1 41 10.090 74.880 0.071 0.000 0.000 0.000 
16 26 0.635 74.674 -4.357 0.000 0.000 0.000 
7 43 -9.616 74.504 10.075 0.000 0.000 0.000 
7 46 -8.764 74.474 10.532 0.000 0.000 0.000 
17 34 -9.915 74.449 -9.337 . 0.000 0.000 0.000 
1 29 13.477 73.453 , 0.022 0.000 . o.obo 0.000 
16 32 9.5S8 73.122 -8.950 0.000 0.000 0.000 
1 33 10.036 72.866 -2.396 0.000 0.000 0.000 
2 43 -9.087 72.788 0.035 0.000 0.000 0.000 
1 37 10.039 72.463 1.624 0.000 ().000 0.000 
17 36 -12.114 72.390 -1.602 0.000 0.000 0.000 
2 39 -9.093 72.191 0.071 0.000 0.000 0.000 
17 26 -14.421 71.284 -6.308 0.000 0.000 0.000 
2 23 -11.552 70.912 0.024 · 0.000 0.000 0.000 
16 38 10.997 70.764 -1.216 0.000 0.000 0.000 

16 28 16.124 70.525 -5.989 0.000 0.000 0.000 

2 31 -9.054 70.205 -2.397 0.000 0.000 0.000 

2 35 -9.053 69.797 1:523 0.000 0.000 0.000 

17 31 -8.727 65.926 -9.908 0.000 · 0.000 0.000 

1 25 3.475 65.550 0.025 0.000 0.000 0.000 

11 46 8.887 63.871 12.223 0.000 0.000 0.000 
11 . 42 8.886 63.870 -11 .180 0.000 0.000 0.000 

12 40 -8.996 63.640 -11 .814 0.000 0.000 0.000 

12 44 -8.995 63.638 11.525 0.000 0.000 0.000 

2 27 -3.879 63.514 0.022 0.000 0.000 0.000 

17 23 -13.233 62.761 -6.879 0.000 0.000 0.000 
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Cont ... 
Node LJC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

17 44 -12.092 62.310 1.040 0.000 ·- 0.000 0.000 
16 33 8 .535 62.232 -8.711 0.000 0.000 0.000 
11 30 15.469 61.731 -0.374 0.000 0.000 0.000 
6 35 8.313 61.6n 8.324 0.000 0.000 0.000 
12 24 -13.532 61 .479 -0.905 0.000 0.000 0.000 
17 33 -8.397 61.273 -8.685 0.000 0.000 0.000 
16 46 10.946 60.626 1.456 0.000 0.000 0.000 
16 29 15.101 59.634 -5.750 0.000 0.000 0.000 
6 18 9.042 59.503 4.927 0.000 0.000 0.000 

11 44 8.210 58.904 10.774 0.000 0.000 0.000 
11 40 8.209 58.902 -12.630 0.000 0.000 0.000 
12 42 -8.594 58.701 -13.264 0.000 0.000 0.000 

12 46 -8.594 58.700 10.075 0.000 0.000 0.000 
11 18 8.836 58.626 0.419 0.000 0.000 0.000 
12 39 -8.740 58.573 -14.905 0.000 0.000 0.000 

12 43 -8.740 58.571 8.434 0.000 0.000 0.000 
11 45 8.423 58.546 10.446 0.000 0.000 0.000 

11 41 8.422 58.545 -12.958 0.000 0.000 0.000 
6 37 9.003 58.479 7.269 0.000 0.000 0.000 

17 18 -8.993 58.116 -4.860 0.000 0.000 0.000 
17 25 -12.903 58.108 -5.656 0.000 0.000 0 .000 
12 18 -9.055 58.066 -0.477 0.000 0.000 0.000 
7 18 -9.656 57.552 4.361 0.000 0.000 0.000 
12 41 -8.374 57.507 -13.038 0.000 0.000 0.000 
12 45 -8.374 57.506 10.301 0.000 0.000 0.000 
11 43 7.722 57.504 1;!.308 0.000 0.000 0.000 
11 39 7.721 57.502 -11 .096 0.000 0.000 0.000 
16 22 18.196 57.427 -4.927 0.000 0.000 0.000 

7 37 . -9.146 57.352 7.115 0.000 0.000 0.000 

17 21 -15.161 57.288 -5.242 0.000 0.000 0.000 
16 31 7.824 57.254 -7.489 0 .000 0.000 0.000 

16 18 ~.899 57.110 -4.374 0.000 0.000 0.000 

17 30 -1 .506 57.020 -4.429 0.000 0.000 0.000 

11 38 8.919 56.871 8.912 0.000 0.000 0.000 

11 34 8.919 56.871 -7.872 0.000 0.000 0.000 

11 28 14.793 56.763 -1.824 0.000 0.000 0.000 

6 38 8.646 56.611 7.386 0.000 0.000 0.000 

12 26 -13.130 56.541 -2.355 0.000 0.000 0.000 

12 32 -9.013 56.499 -8.531 0.000 0.000 0.000 

12 36 -9.013 56.499 8.246 0.000 0.000 0.000 

12 23 -13.276 56.412 -3.996 0.000 0.000 0.000 

11 29 15.006 56.406 -2.152 0.000 0.000 0.000 

6 36 7.942 55.896 6.964 0.000 0.000 0.000 

16 24 -0.804 55.871 -4.159 0.000 0.000 0.000 

11 27 14.304 55.364 -0.290 0.000 0.000 0.000 

12 25 -12.910 55.347 -2.129 0.000 0.000 0.000 
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I 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Mom4:1nt-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

6 27 14.900 55.051 .4.256 0.000 - 0.000 . 0.000 
7 36 -9.139 55.001 6.938 0.000 0.000 0.000 
11 22 18.189 54.938 -0.967 0.000 0.000 0.000 
16 27 14.390 54.656 -4.528 0.000 0.000 0.000 
7 35 -9.650 54.548 6.062 0.000 0.000 0.000 
7 38 -8.799 54.519 6.519 0.000 0.000 0.000 
12 21 -15.292 54.481 -1 .570 0.000 0.000 0.000 
6 22 18.347 53.496 3.759 0.000 0.000 0.000 

17 38 -9.918 53.307 -1.410 0.000 0.000 0.000 
1 43 8.639 53.081 0.033 0.000 0.000 0.000 
1 39 8.622 52.446 0.069 0.000 0.000 0.000 
7 21 -15.994 52.176 3.391 0.000 0.000 0.000 
16 36 9.559 51.961 -1.019 0.000 0.000 0.000 
11 36 8.243 51 .904 7.463 0.000 0.000 0.000 
11 32 · 8.243 51.903 -9.322 0.000 0.000 0.000 
6 29 15.590 51.852 3.201 0.000 0.000 0.000 
12 34 -8.612 51.560 -9.981 0.000 0.000 0.000 
12 38 -8.612 51.560 6.796 0.000 0.000 0.000 
11 37 8.456 51.546 7.134 0.000 0.000 0.000 
11 33 8.456 51 .546 -9.650 0.000 , 0.000 0.000 
11 26 -1 .340 51 .445 1.286 0.000 0.000 0.000 
12 31 -8.758 51 .432 -11.621 0.000 0.000 0.000 
12 35 -8.758 51 .432 5.155 0.000 0.000 0.000 
7 25 -13.800 51.096 3.147 0.000 0.000 0.000 
1 27 12.009 51.019 0.020 0.000 0.000 0.000 
12 28 -0.634 50.664 0.767 0.000 0.000 0.000 
2 45 -7.329 50.581 0.030 0.000 0.000 0.000 
11 35 7.755 50.504 8.996 0.000 0.000 0.000 
11 31 7.755 50.504 -7.788 0.000 0.000 0.000 
1 31 8.569 50.432 -2.398 0.000 0.000 0.000 

12 33 -8.392 50.367 -9.754 0.000 0.000 0.000 
12 37 -8.392 50.366 7.022 0.000 0.000 0.000 
1 35 8.572 50.029 1.622 0.000 0.000 0.000 
2 41 -7.336 49.984 0.066 0.000 0.000 0.000 
6 30 15.233 49.984 3.318 0.000 0.000 0.000 
6 28 14.530 49.269 2.896 0.000 0.000 0.000 
7 24 -13.792 48.744 2.971 0.000 0.000 0.000 
2 25 -9.795 48.'705 0.019 0.000 0.000 0.000 
17 27 -0.317 48.497 -5.000 0.000 . 0.000 0.000 
7 23 -14.304 48.292 2.094 0.000 0.000 0.000 
7 26 -13.453 48.262 2.551 0.000 0.000 0.000 
2 33 -7.297 47.997 -2.402 0.000 0.000 0.000 
6 23 -2.144 47.656 4.466 0.000 0.000 0.000 
2 37 -7.296 47.589 1.618 0.000 0.000 0.000 
11 24 -2.016 46.477 -0.1 64 0.000 0.000 0.000 
1 10 4.292 46.443 0.017 0.000 0.000 0.000 
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Cont. .. 
Node UC Force-X Force-Y Force..Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

11 25 -1.B03 46.119 -0.492 0.000 0.000 0.000 
2 8 -4.371 45.968 0.021 0.000 " 0.000 0.000 
12 30 -0.232 45.726 -0.684 0.000 0.000 0.000 
12 27 -0.378 45.598 -2.324 0.000 0.000 0.000 
17 9 -4.945 45.082 -1.975 0.000 0.000 0.000 
11 23 -2.504 45.077 1.370 0.000 0.000 0.000 
16 25 -1.B27 44.981 -3.920 0.000 0.000 0.000 
17 35 -8.730 44.784 -1 .981 0.000 0.000 0.000 
12 29 -0.012 44.532 -0.457 0.000 0.000 0.000 
1 18 7.655 44.523 0.017 0.000 0.000 0.000 
6 25 -1.453 44.458 3.412 0.000 0.000 0.000 
28 18 -7.141 44.228 -0.010 0.000 0.000 0.000 
27 18 6.867 44.162 -0.016 0.000 0.000 0.000 
16 11 3.532 43.896 -2.022 0.000 0.000 0.000 
17 29 0.012 43.844 -3.777 0.000 0.000 0.000 
7 29 -0.419 43.250 3.302 0.000 0.000 0.000 
17 46 -9.896 43.226 1.233 0.000 0.000 0.000 
1 23 2.008 43.1 16 0.023 0.000 0.000 0.000 
6 26 -1.811 42.590 3.529 0.000 0.000 0.000 
6 21 -7.219 42.405 4.075 0.000 0.000 0.000 
2 18 -6.453 41.946 0.013 0.000 0.000 0.000 
28 24 -9.936 41.911 0.011 0.000 0.000 0.000 
6 24 -2.514 41.874 3.107 0.000 0.000 0.000 
28 40 -6.867 41.855 -0.001 0.000 0.000 0.000 
16 44 9.508 41.823 1.653. 0.000 0.000 0.000 
27 30 11.811 41 .614 0.006 0.000 0.000 0.000 
27 42 6.601 41.592 -0.007 0.000 0.000 0.000 
2 29 -2.122 41 .306 0.017 0.000 0.000 0.000 

28 44 -6.875 41.262 -0.038 0.000 0.000 0.000 
16 37 8.536 41.071 -0.779 0.000 0.000 ·0.000 

28 26 -9.583 41 .006 0.006 0.000 0.000 0.000 

28 23 -9.731 . 40.995 -0.011 0.000 0.000 0.000 

1 46 7.095 40.970 0.024 0.000 0.000 0.000 

27 46 6.580 40.953 -0.043 0.000 0.000. 0.000 
28 42 -6.514 40.949 -0.007 0.000 0.000 0.000 

28 39 -6.662 40.938 -0.024 0.000 0.000 0.000 

7 28 -0.412 40.898 3.125 0.000 0.000 0.000 

2B 21 -11.050 40.693 -0.002 0.000 0.000 0.000 

27 22 14.028 40.647 -0.007 0.000 0.000 0.000 

27 28 11 .118 40.571 -0.001 0.000 0.000 0.000 

27 40 · 5.907 40.550 -0.014 0.000 0.000 0.000 

6 31 8.313 . 40.516 0.392 0.000 0.000 0.000 

1 44 6.686 40.456 0.020 0.000 0.000 0.000 

7 27 -0.923 40.446 2.249 0.000 0.000 0.000 

7 30 -0.072 40.416 2.706 0.000 0.000 0.000 

7 22 4.077 40.407 3.623 0.000 0.000 0.000 
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Cont. .. 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

28 46 -6.522 40.357 -0.043 0.000 . 0.000 0.000 
28 43 -6.669 40.346 -0.060 0.000 - 0.000 0.000. 
1 42 7.078 40.335 0.060 0.000 0.000 0.000 

27 29 11.3n 40.219 -0.017 0.000 0.000 0.000 
27 41 6.166 40.198 -0.030 0.000 0.000 0.000 
17 37 -8.400 40.131 -0.758 0.000 0.000 0.000 
28 25 -9.373 40.075 -0.011 0.000 0.000 0.000 
28 41 -6.304 40.018 -0.024 0.000 0.000 0.000 
16 23 -2.537 40.003 -2.699 0.000 0.000 0.000 
27 44 5.886 39.910 -0.050 0.000 0.000 0.000 
1 40 6.669 39.822 0.056 0.000 0.000 0.000 

27 45 . 6.146 39.558 -0.066 0.000 0.000 0.000 
11 21 -7.024 39.508 1.523 0.000 0.000 0.000 
27 27 10.761 39.432 -0.016 0.000 0.000 0.000 
28 45 -6.311 39.425 -0.060 0.000 0.000 0.000 
27 39 5.551 39.411 -0.028 0.000 0.000 0.000 
28 36 -6.834 39.267 2.430 0.000 0.000 0.000 
27 38 6.531 38.940 2.425 0.000 0.000 0.000 
1 30 10.465 38.908 0.011 0.000 0.000 0.000 

28 32 -6.833 38.859 -1.590 0.000 0.000 0.000 
27 43 5.530 38.771 -0.064 0.000 0.000 0.000 
2 44 -6.007 38.746 0.020 0.000 0.000 0.000 

· 5 48 2.729 38.708 6.301 0.000 0.000 0.000 
27 34 6.534 38.538 -1.596 0.000 0.000 0.000 
1 28 10.056 38.395 0.007 0.000 0.000 0.000 

28 38 -6.481 38.362 2.425 0.000 0.000 0.000 
28 35 -6.629 38.351 2.408 0.000 0.000 0.000 
1 34 7.025 38.321 -2.408 0.000 0.000 0.000 
12 22 4.055 38.239 0.937 0.000 0.000 0.000 

2 40 -6.013 38.149 0.056 0.000 0.000 0.000 

16 47 2.704 38.136 -6.164 0.000 0.000 0.000 

2 46 -5.718 38.113 0.018 0.000 0.000 0.000 
28 34 -6.480 37.953 -1.595 0.000 0.000 0.000 

28 31 -6.628 37.942 -1.612 0.000 0.000 0.000 

1 38 7.027 37.918 1.613 0.000 0.000 0.000 

27 36 5.837 37.898 2.418 0.000 0.000 0.000 

1 32 6.616 37.807 -2.412 0.000 0.00,0 0.000 

1 . 22 11.978 37.802 0.007 0.000 0.000 0.000 
27 37 6.096 37.546 2.402 0.000 . 0.000 0.000 

2 42 -5.725 37.516 0.054 0.000 0.000 0.000 

17 47 -2.683 37.506 -6.208 0.000 0.000 0.000 

27 32 5.840 37.495 -1 .603 0.000 0.000 0.000 

28 37 -6.271 37.431 2.408 0.000 0.000 0.000 

7 48 -2.871 37.411 6.085 0.000 0.000 0.000 

1 36 6.618 37.404 1.609 0.000 0.000 0.000 

6 33 9.003 37.318 -0.662 0.000 0.000 0.000 

Prinl Time/Date: 19/11/2004 10:55 STAAD.Pro for Windows Release 2004 Print Run 5 of 11 



~ 
Job No Sheet No Rev 

ame& Attachment: 
6 

() 

Software licensed to AMEC Cale. No.: 145579-C-CA-01 4 Part 

Job Tille Rev. No.: 0 Ref 

Sheet: 30 of 7.3 By 081812-Nov-04 Chd 

Client FIie HANFORD.std I Date/Tme 18-Nov-2004 13:36 

Cont. .. 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

27 33 6.099 37.143 •1.619 0.000 0.000 0,000 -
28 33 -6.270 37.022 -1.612 0.000 · 0.000 0.000 
2 24 -8.472 36.870 0.009 0.000 0.000 0.000 

·21 35 5.481 36.759 2.403 0.000 0.000 0.000 
27 31 5.484 36.356 -1.617 0.000 0.000 0.000 
2 26 -8.184 36.237 0.006 0.000 0.000 0.000 
7 33 -9.149 36.211 -0.813 0.000 0.000 0.000 
2 32 -5.974 36.163 -2.412 0.000· 0.000 0.000 
16 35 7.825 36.093 0.442 0.000 0.000 0.000 
17 22 4.213 35.892 -2.424 0.000 0.000 0.000 
2 36 -5.974 35.755 1.60B 0.000 0.000 0.000 
2 21 -9:523 35.677 0.007 0.000 0.000 0.000 
2 34 -5.686 35.529 -2.414 0.000 0.000 0.000 
6 34 8.646 35.449 -0.546 0.000 0.000 0.000 
16 21 -7.196 35.447 -2.1 B3 0.000 0.000 0.000 
2 38 -5.685 35.121 1.606 0.000 0.000 0.000 
6 32 7.943 34.734 -0.967 0.000 0.000 0.000 
17 43 -8.708 34.703 0.662 0.000 0.000 0.000 
7 32 -9.142 33.B60 -0.989 0.000 0.000 0.000 
7 31 -9.653 33.407 -1.866 0.000 0.000 0.000 
7 34 -8.802 33.378 -1 .409 0.000 0.000 0.000 
6 15 -0.047 32.951 9.988 0.000 0.000 0.000 
16 14 -0.053 32.926 -9.984 0.000 0.000 0.000 
17 14 0.047 32.786 -9".9B7 0.000 0.000 0.000 
7 15 0.049 32.776 9.984 0.000 0.000 0.000 
1 26 0.463 31.005 0.014 0.000 0.000 0.000 
16 45 8.485 30.933 1.893 0.000 0.000 0.000 
1 24 0.054 30.491 0.010 0.000 0.000 0.000 
6 39 8.265 30.395 -2.277 0.000 0.000 0.000 

28 28 -0.828 30.138 0.00B 0.000 0.000 0.000 
17 45 -8.378 30.051 1.885 0.000 0.000 0.000 
27 26 -1.672 29.756 0.003 0.000 0 .000 0.000 
2 28 -D.800 29.472 0.007 0.000 0.000 0.000 

28 30 -0.475 29.233 0.003 0.000 0.000 0.000 
2B 27 -0.622 29.222 -0.014 0.000 0.000 0.000 

2 30 -0.511 28.83B 0.005 0.000 0.000 0.000 

27 24 -2.365 28.713 -0.003 0.000 0.000 0.000 

27 25 -2.106 28.361 -0.020 0.000 0.000 0.000 

28 29 -0.265 28.301 -0.014 0.000 0.000 0.000 

16 20 15.856 28.110 -2.915 0.000 0.000 0.000 

27 23 -2.722 27.574 -0.018 0.000 0.000 0.000 ' 
6 41 8.955 27.196 -3.332 0.000 0.000 0.000 

17 19 -1 1.711 26.383 -2.818 0.000 0.000 0.000 

7 41 -9.128 26.127 -3.458 0.000 0.000 0.000 

16 43 7.775 25.955 3.114 0.000 0.000 0.000 
1 21 -3.025 25.946 0.012 0.000 0.000 0.000 
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Cont ... 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

11 48 2.716 25.795 6.792 0.000 0.000 . 0.000 
11 47 2.716 25.794 -6.582 0.000 ·: 0.000 0.000 
6 2 4.439 25.348 1.987 0.000 0.000 0.000 
6 42 8.598 25.328 -3.215 0.000 0.000 0.000 
17 · 2 -4.375 25.066 -1.988 0.000 0.000 0.000 
7 2 -4.671 24.959 1.814 0.000 0.000 0.000 
12 47 -2.709 24.794 -6.788 0.000 0.000 0.000 
12 48 -2.709 24.793 6.548 (,).000 0.000 0.000 
6 40 7.895 24.613 -3.637 0.000 0.000 0.000 
2 22 1.986 24.580 0.005 0.000 0.000 0.000 
16 2 4.413 24.551 -1 .793 0.000 0.000 0.000 
11 20 15.833 23.998 -1.684 0.000 0.000 0.000 
12 2 -4.643 23.975 -0.171 0.000 0.000 0.000 · 

11 2 4.690 23.869 0.149 0.000 0.000 0.000 

7 40 -9.120 23.775 -3.634 0.000 0.000 0.000 
7 39 -9.632 23.323 -4.510 0.000 0.000 0.000 
7 42 -8.780 23.293 -4.053 0.000 0.000 0.000 
12 19 -11 .754 23.167 -1 .644 0.000 0.000 0.000 
28 22 2.613 23.033 -0.006 0.000 0.000 0.000 
27 21 -6.197 22.860 -0.011 0.000 0.000 0.000 
11 1 2.267 22.414 0.089 0.000 · 0.000 0.000 
6 1 2.305 22.052 1.822 0.000 0.000 0.000 
16 1 2.286 21 .570 -1.706 0.000 0.000 0.000 
12 1 -2.255 21 .319 -0.102 0.000 0.000 0.000 

17 1 -2.266 20.948 -1 .729 0.000 0.000 0.000 
7 1 -2.425 20.869 1.625 0.000 0.000 0.000 
6 20 15.922 20.612 0.836 0.000 0.000 0.000 

7 19 -12.196 20.104 0.820 · 0.000 0.000 0.000 

17 11 -2.017 19.637 -1 .718 0.000 0.000 0.000 

16 9 1.614 18.825 -1.759 0.000 0.000 0.000 
1 7 3.355 17.049 0.013 0.000 0.000 0.000 

27 7 3.040 16.737 -0.013 0.000 0.000 0.000 
28 7 -2.988 16.650 -0.011 0.000 0.000 0.000 
.1 8 2.336 16.531 0.014 0.000 0.000 0.000 

27 20 12.260 16.505 0.002 0.000 0.000 0.000 

2 10 -2.028 16.358 0.014 0.000 0.000 0.000 

28 19 -8.045 16.280 0.005 0.000 0.000 0.000 

2 7 -2.716 15.971 0.013 0.000 0.000 0.000 

27 47 1.738 15.856 -0.010 0.000 0.000 0.000 

28 47 -1 .858 15.649 -0.007 0.000 0.000 0.000 

1 48 1.923 15.631 0.010 0.000 0.000 0.000 

27 48 1.726 15.491 -0.031 0.000 0.000 0.000 

28 48 -1 .862 15.310 -0.028 0.000 0.000 0.000 

1 47 1.913 15.269 0.031 0.000 0.000 0.000 

2 48 -1.659 14.628 0.008 0.000 0.000 0.000 

27 1 1.462 14.301 -0.006 0.000 0.000 0.000 
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Cont. .. 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment.Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

2 47 -1.663 14.2B7 0.029 0.000 0.000 0.000 
6 17 -0.020" 14.122 4.280 0.000 0.000 0.000 
16 16 -0.023 14.111 -4.279 0.000 0.000 0.000 
2B 1 -1 .5B1 14.094 -0.002 . 0.000 0.000 0.000 
17 16 0.020 14.051 -4.2B0 0.000 0.000 0.000 

1 1 1.614 14.04B 0.006 · 0.000 0.000 0.000 
7 17 0.021 14.047 4.279 0.000 0.000 0.000 
2B 2 -2.573 13.484 0.004 0.000 0.000 0.000 
1 2 2.687 13.427 -0.002 0.000 0.000 0.000 

2 1 -1 .407 13.140 0.003 0.000 0.000 0.000 
27 2 2.365 13.124 0.002 0.000 0.000 0.000 
2 2 -2.331 12.836 -0.003 0.000 0.000 0.000 

12 7 -2.157 12.772 -0.204 0.000 0.000 0.000 
11 7 1.879 12.342 0.1B1 0.000 0.000 0.000 
1 20 B.764 12.111 -0.003 0.000 0.000 0.000 
6 7 2.29B 12.103 1.118 0.000 0.000 0.000 
17 7 -2.352 12.103 -1.144 0.000 0.000 0.000 
7 7 -2.560 11 .725 0.922 0.000 0.000 0.000 
2 19 -6.639 11 .3B8 -0.001 0.000 0.000 0.000 

16 7 2.200 10.989 -0.874 0.000 0.000 0.000 

6 47 2.722 9.362 -2.051 0.000 . 0.000 0.000 
16 12 -0.002 9.2B0 -6.951 0.000 0.000 0.000 
6 13 -0.002 9.280 6.951 0.000 0.000 0.000 

17 12 0.004 9.258 -6.949 0.000 0.000 0.000 

7 13 0.004 9.253 6.949 0.000 0.000 0.000 
12 9 -0.665 9.174 0.378 0.000 0.000, 0.000 
16 48 2.698 8.791 2.188 0.000 0.000 0.000 
11 11 0.739 8.790 0.195 0.000 0.000 0.000 
17 8 -0.432 8.274 -2.479 0.000 0.000 0.000 
17 48 -2.691 8.259 2.127 0.000 0.000 0.000 
7 47 -2.881 B.165 -2.249 0.000 0.000 0.000 
6 19 -18.165 5.823 1.25B 0.000 0.000 0.000 
7 20 14.566 4.412 1.129 0.000 0.000 0.000 

16 10 0.250 4.305 -1 .440 0.000 0.000 0.000 
16 6 13.130 4.0B5 -1 .029 0.000 0.000 0.000 

11 19 -17.785 3.425 1.636 0.000 0.000 0.000 

17 5 -9.008 2.928 -0.891 0.000 0.000 0.000 

12 11 -0.129 2.590 -1 .556 0.000 0.000 0.000 

6 4 0.444 2.535 0.199 0.000 0.000 0.000 

6 3 0.444 2.535 0.199 0.000 0.000 0.000 

12 14 0.025 2.514 -15.562 0.000 0.000 0.000 

12 15 0.025 2.512 15.557 0.000 0.000 0.000 

17 4 -0.438 2.507 -0.199 0.000 0.000 . 0.000 

17 3 -0.43B 2.507 -0.199 0.000 0.000 0.000 

7 4 -0.467 2.496 0.181 0.000 , 0.000 0.000 

7 3 -0.467 2.496 0.181 0.000 0.000 0.000 
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Cont ... 
Node UC Force-X Force-Y Force-Z Mornent-X Moment-Y Moment-Z 

(kip) (kip) (k)p) (kNm) (kNm) (kNm) 

16 3 0.441 2.455 -0.179 0.000 0.000 0.000 
16 4 0.441 2.455 -0.179 0.000 . 0.000 0.000 
12 8 -0.32-4 2.419 -3.743 0.000 0.000 0.000 

12 4 -0.464 2.397 -0.017 0.000 0.000 0.000 
12 3 -0.-484 2.397 -0.017 0.000 0.000 0.000 
11 4 0.469 2.387 0.015 0.000 0 .000 · 0.000 

11 3 0.489 2.387 0.015 0.000 0.000 0.000 
11 15 -0.045 2.318 15.604 0.000 0.000 0.000 
11 14- -0.046 2.316 -15.600 0.000 0.000 0.000 
11 9 -0.163 2.166 -1 .738 0.000 0:000 0.000 
17 10 0.007 2.070 -0.848 . 0.000 0.000 0.000 .. 

28 9 -0.584 1.904 0.020 0.000 0.000 0.000 
11 10 0.121 1.689 -2.176 0.000 0.000 0.000 
27 11 0.565 1.587 0.020 0.000 0.000 0.000 
12 20 14.041 1.538 1.699 0.000 0.000 0.000 
28 3 -0.257 1.348 0.000 0.000 0.000 0.000 
28 4 -0.257 1.348 0.000 0.000 0.000 0.000 
1 4 0.269 1.343 -0.000 0.000 0.000 0.000 
1 3 0.269 1.343 -0.000 0.000 0.000 0.000 

27 4 0.236 1.312 0.000 0.000 0.000 0.000 
27 3 0.236 1.312 0.000 0.000 0.000 0.000 

2 4 -0.233 1.284 -0.000 0.000 0.000 0.000 
2 3 -0.233 1.284 -0.000 0.000 0.000 0.000 
12 16 0.011 1.on -6.669 0.000 0.000 0.000 
12 17 0.011 1.on 6.667 0.000 0.000 0.000 
12 10 0.164 0.998 -1.25-4 0.000 0:000 0.000 
11 17 -0.019 0.994 6.688 0.000 0.000 0.000 
11 16 -0.020 0.993 -6.686 . 0.000 0.000 0.000 
27 6 10.562 0.892 0.007 0.000 0.000 0.000 
28 5 -6.207 0.837 0.007 0.000 0.000 0:000 
6 8 -0.205 0.746 0.267 · 0.000 0.000 0.000 
28 11 -0.113 0.697 0.013 0.000 0.000 0.000 

28 8 -0.310 0.682 -0.010 0.000 0.000 0.000 

2 9 -0.265 0.578 0.001 0.000 0.000 0.000 

27 14 0.094 0.566 -0.011 0.000 0.000 0.000 
1 15 0.094 0.563 0.01"1 0.000 0.000 0.000 

28 14 -0.046 0.482 -0.012 0.000 0.000 0.000 

2 15 -0.046 0.478 0.012 0.000 0.000 0.000 

1 11 0.277 0.383 0.002 0.000 0.000 0.000 
11 8 -0.814 0.300 0.307 0.000 0.000 0.000 

27 16 0.040 0.242 -0.005 0.000 0.000 0.000 

1 17 0.040 0.241 0.005 0.000 0.000 0.000 

28 16 -0.020 0.207 -0.005 0.000 0.000 0.000 

2 17 -0.020 0.205 0.005 0.000 0.000 0.000 

27 9 -0.360 0.197 0.011 0.000 0.000 0.000 

1 16 0.031 -0.122 0.025 0.000 0.000 0.000 
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Cont ... 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

27 17 0.028 -0.123, -0.025 O.OQO 0.000 0.000 
28 17 -0.024 -0.132 -0.026 0.000 0.000 0.000 
2 .16 -0.023 -0.136 0.026 0.000 0.000 0.000 
2 11 0.120 -0.266 -0.002 0.000 0.000 0.000 

27 10 -0.014 -0.273 -0.011 0.000 0.000 0 .000 
1 14 0.072 -0.284 0.059 0.000 o.ociO 0.000 

27 15 0.066 -0.287 -0.059 0.000 0.000 0.000 
1 9 -0.268 ·-0.302 -0.003 0.000 0.000 0.000 

28 15 -0.056 -0.308 -0.061 0.000 0.000 ·o.ooo 
? 14 -0.054 -0.318 0.061 0.000 0.000 0.000 

28 10 0.167 -0.546 -0.010 0.000 0.000 0.000 
12 5 -9.035 -0.550 -1.525 0.000 0.000 0.000 
11 6 13.097 -0.803 -1 .788 0.000 0.000 0.000 
16 19 -17.999 -1.196 0.745 0.000 0.000 0.000 
27 8 -0.835 -1 .322 -0.009 0.000 0.000 0.000 
17 20 14.120 -2.144 0.940 0.000 0.006 0.000 
16 8 -0.697 -2.332 0.189 0.000 0.000 0.000 
7 10 -0.176 -2.527 -0.654 0.000 0.000 0.000 
2 5 -4.999 -3.035 -0.004 0.000 0.000 0.000 
7 5 -9.303 -3.260 -0.986 0.000 0.000 0.000 
1 6 6.882 -3.279 -0.008 0.000 . 0.000 0.000 
2 20 8.707 -3.409 -0.004 0.000 0.000 0.000 
6 10 0.716 -3.517 -1.139 0.000 0.000 0.000 
1 19 -11.240 -3.697 0.003 0.000 0.000 0.000 
6 6 13.173 -3.974 -1.184 0.000 0.000 0.000 
2 12 -- -0.003 -4.450 -4.845 0.000 0.000 0.000 

28 13 -0.004 -4.451 4.845 6.000 0.000 0.000 
1 12 0.001 -4.454 -4.845 0.000 0.000 0.000 

27 13 0.000 -4.455 4.845 0.000 0.000 0.000 
1 13 0.006 -5.260 3.195 0.000 0.000 0.000 

27 12 0.006 -5.260 -3.195 0.000 0.000 0.000 

2 13 -0.002 -5.266 3.195 0.000 0.000 0.000 
28 12 -0.002 -5.268 -3.195 0.000 0.000 0.000 
7 9 -0.166 -5.662 -0.889 0.000 0.000 0.000 
6 11 0.239 -6.008 -0.983 0.000 0.000 0.000 

7 8 -0.848 -6.265 -2.057 0.000 ' 0.000 0.000 
7 11 0.287 -6.305 -1 .448 0.000 0.000 0.000 

6 9 -0.699 -6.962 -1 .546 0.000 0.000 0.000 
27 19 -14.706 -7.211 -0.002 0.000 0.000 0.000 

28 20 10.172 -7.267 -0.001 0.000 0.000 0.000 

12 12 0.002 -10.510 -16.776 0.000 0.000 0.000 
12 13 0.002 -10.511 16.777 0.000 0.000 0.000 

11 13 -0.003 -10.523 16.785 0.000 0.000 0.000 

11 12 -0.003 -10.523 -16.784 0.000 0.000 0.000 

17 17 0.012 -15.196 4.054 0.000 0.000 0.000 

7 16 0,012 -15.199 -4.056 0.000 0.000 0.000 
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Cont. .. 
Node L!C Force-X Force-Y Force.Z Moment-X Moment-Y Moment.Z 

(kip) (kip) (klp) (kNm) (kNm) (kNm) 

6 16 -0.028 -15.225 -4.071 0.000 . 0.000 0.000 
16 17 -0.029 -15.234 4.073 0.000 0.000 0.000 
2 6 10.347 -17.832 -0.007 0.000 0.000 0.000 
6 5 -20.914 -18.763 -0.763 0.000 .. 0.000 0.000 . . 

7 6 17.458 -18.!:152 -0.677 0.000 0.000 0.000 
1 5 -13.122 -19.087 -0.003 0.000 0.000 0.000 

11 5 -20.520 -21 .376 1.532 0.000 0.000 0.000 
12 6 16.761 -22.179 1.818 0.000 0.000 0.000 
28 6 12.009 -22.709 0.001 0.000 0.000 0.000 
27 5 -16.404 -22.825 0.003 0.000 0.000 0.000 
16 5 -20.726 -25.221 2.630 0.000 0.000 ·0.000 
17 6 16.823 -25.599 2.867 0.000 0.000 0.000 
17 13 -0.002 -33.026 8.906 0.000 0.000 0.000 
7 12 -0.002 -33.029 -8.906 0.000 0.000 0.000 
16 13 -0.001 -33.041 8.911 0.000 0.000 0.000 

6 12 -0.001 -33.043 -8.911 0.000 0.000 0.000 
17 15 0.028 -35.458 9.460 0.000 0.000 0.000 

7 14 0.027 -35.465 -9.463 0.000 0.000 0.000 
6 14 -0.065 -35.524" -9.500 0.000 0.000 0.000 
16 15 -0.068 -35.545 9.503 0.000 0.000 0.000 
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Basic Load Cases 
Number Name 

LOAD CASE 1 DEAD LOAD 

2 LOAD CASE 2 SUSP MAX LOAD 

3 LOAD CASE 3 SUSPENDED MIN 

4 LOAD CASE 4 ASH 

5 LOAD CASE 5 WIND LEFT TO RIGHT 

6 LOAD CASE 6 WIND RIGHT TO LEFT 

7 LOAD CASE 7 SNOW 

8 LOAD CASE 8 CRANE 1 ST FRAME RIGI-

9 LOAD CASE 9 CRANE 4TH FRAME RIGI-

10 LOAD CASE 10 CRANE 1ST FRAME LEF 

11 LOAD CASE 11 CRANE 4TH FRAME LEF 

12 LOAD CASE 12 WIND FRONT TO END 

13 LOAD CASE 13 WIND FROM END TO~ 

14 LOAD CASE 14 E-Q FROM FRONT TO E 

15 LOAD CASE 15 E-Q END TO FRONT · 

16 LOAD CASE 16 E-Q LIGHT FROM FRON' 

17 LOAD CASE 17 E-Q LIGHT END TO FRO 

Combination Load Cases 
Comb. Combination UC Name Primary Primary UC Name Factor 

18 COMBINATION LOAD CASE 18 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

3 LOAD CASE 3 SUSPENDED MIN 1.00 

5 LOAD CASE 5 WIND LEFT TO RIGHT 1.00 

19 COMBINATION LOAD CASE 19 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 

3 LOAD CASE 3 SUSPENDED MIN 1.00 

6 LOAD CASE 6 WIND RIGHT TO LEFT 1.00 

20 COMBINATION LOAD CASE20 DL+SUSI 1 LOAD CASE 1 DEAD LOAD 1.00 
3 - LOAD CASE 3 SUSPENDED MIN 1.00 
12 LOAD CASE 12 WIND FRO'NT TO END 1.00 

21 COMBINATION LOAD CASE 21 DL+SUSI LOAD CASE 1 DEAD LOAD 1.00 

3 LOAD CASE 3 SUSPENDED MIN 1.00 

13 LOAD CASE 13 WIND FROM END TO Fli" 1.00 
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ame<fi Attachment: 

~ 0 Job No Sheet No Rev 
Rev. No.: 1 
Sheet: 31 of 73 

Cale. No.: 145579-C-CA-014 

Software licanssd lo AMEC 
Part 

Job nue 
"-IER1cAL u PL!FT 

Ref 

By 0•1812-Nov-04 Chd 

Client FIie HANFORD10PSFDL.std 1oate/Tims 19-Nov-2004 09:25 

SGG. PA G£ 5 roe MAx . uPL1Fr 
PL6ASE CONS/O~f< L/C /8 rOZ/· t/C f-17 ARrE 6.-?St ~ LoA.r:> 

~ 

Node L/C Force-X Force-Y Force-Z Moment-X Moment-Y Moment.Z 
CASES 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

. 1 10 4.292 46.443 0.017 0.000 0.000 · 0.000 
2 8 -4.371 45.968 0.021 0.000 0.000 0.000 
17 9 -4.945 45.082 -1.975 0.000 0.000 0.000 
16 11 3.532 43.896 -2.022 0.000 0.000 0.000 
6 15 -0.047 32.951 9.988 0.000 0.000 0.000 
16 14 -0.053 32.926 -9.984 0.000 0.000 0.000 
17 14 0.047 32.786 -9.987 0.000 0.000 0.000 
7 15 0.049 32.77p 9.984 0.000 0.000 0.000 
6 2 4.439 25.348 1.987 0.000 0.000 0.000 
17 2 -4.375 25.066 -1.988 0.000 0.000 0.000 
7 2 -4.671 24.959 1.814 0.000 0.000 0.000 
6 21 1.331 24.910 8.183 0.000 0.000 0.000 
17 20 -1.310 24.801 -8.180 0.000 0.000 0.000 
7 21 -1 .398 24.770 8.128 0.000 ~ 0.000 0.000 
16 20 1.323 24.668 -8.125 0.000 0.000 0.000 
16 2 4 .413 24.551 -1 .793 0.000 0.000 0.000 
12 2 -4.643 23.975 -0.171 0.000 0.000 0.000 
11 2 4.690 23.869 0.149 0.000 0.000 0.000 
17 11 -2.017 19.637 -1 .718 0.000 0.000 0.000 · 
16 19 14.455 19.473 -2.203 0.000 0.000 0.000 
16 9 1.614 18.825 -1.759 0.000 0.000 0.000 
17 18 -10.322 18.472 -2.122 0.000 0.000 0.000 
1 7 3.355 17.049 0.013 0.000 0.000 0.000 

27 7 3.040 16.737 -0.013 0.000 0.000 0.000 
28 7 -2.988 16.650 -0.011 0.000 0.000 0.000 
1 8 2.336 16.531 0.014 0.000 0.000 0.000 
2 10 -2.028 16.358 0.014 0.000 0.000 0.000 
2 7 -2.716 15.971 0.013 0.000 0.000 . 0.000 
12 18 -10.428 14.812 -1.577 0.000 0.000 0.000 
11 19 14.505 14.334 -1.743 0.000 0.000 0.000 
6 17 -0.020 14.122 4.280 0.000 0.000 0.000 
16 16 -0.023 14.111 -4.279 0.000 ~ 0.000 0.000 
17 16 0.020 14.051 -4.280 0.000 0.000 0.000 
7 17 0.021 14.047 4.279 0.000 0.000 0.000 
28 2 · -2.573 13.484 0.004 0.000 0.000 0.000 
1 2 2.687 13.427 -0.002 0.000 0.000 0.000 

27 2 2.365 13.124 0.002 0.000 0.000 0.000 
6 1 0.889 13.096 1.033 0.000 0.000 0.000 
17 1 -0.876 13.037 -1.032 0.000 0.000 0.000 
7 1 -0.935 13.021 0.998 0.000 0.000 0.000 
16 1 0.884 12.932 -0.994 0.000 0.000 0.000 
28 18 -6.978 12.873 0.006 0.000 0.000 0.000 
2 2 -2.331 12.836 -0.003 0.000 0.000 0.000 
27 19 11 .269 12.817 0.005 0.000 0.000 0.000 
12 7 -2.157 12.772 -0.204 0.000 0.000 0.000 
12 1 -0.929 12.765 -0.035 0.000 0.000 0.000 
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~ 
Software licensed to AMEC 

Job Tille 

Cliont 

Cont ... 
Node UC Force-X 

(kip) 

11 1 0.939 
11 . 7 1.879 
7 18 -10.706 
6 7 2.298 
17 7 -2.352 
7 7 -2.560 
6 19 14.506 
16 7 2.200 
28 1 -0.513 
1 1 0.536 

27 1 0.471 
2 1 -0.465 
16 12 -0.002 
6 13 -0.002 
17 12 0.004 
7 13 0.004 
12 9 -0.665 
2 18 -5.697 
11 11 0.739 
1 19 7.686 

17 8 -0.432 
28 21 -0.774 

1 20 0.805 
27 21 0.708 
2 20 -0.701 

2B 20 -o.n2 
1 21 0.810 

27 20 0.714 

2 21 -0.700 

12 20 -1.391 

12 21 -1.391 
11 21 1.405 
11 20 1.405 

16 10 0.250 

16 6 13.130 

17 5 -9.008 

12 11 -0.129 

6 3 0.444 

6 4 0.444 

12 14 0.025 

12 15 0.025 

17 4 -0.438 

17 3 -0.438 

7 3 -0.467 

7 4 -0.467 

16 3 0.441 

Print Time/Dale: 19/11/2004 09:28 

ame<fi Attachment: 
Cale. No.: 

Rev. No.: 
Sheet: 

Force-Y Force..z 
(kip) (kip) 

12.750 0.030 
12.342 0.181 
12.256 0.193 
12.103 1.118 
12.103 -1 .144 
11.725 0.922 

11.656 0.048 
10.989 -0.874 
10.687 -0.002 
10.673 0.002 
10.613 -0.002 
10.554 0.002 

9.280 -6.951 
9.280 6.951 
9.258 -6.949 
9.253 6.949 
9.174 0.378 
8.803 -0.002 
8.790 0.195 

8.736 -0.006 
8.274 -2.479 
7.585 4.844 
7.562 -4.843 
7.470 4.843 
7.368 -4.843 
6.767 -3.197 
6.756 3.197 
6.665 -3.197 

6.572 3.197 
4.652 -16.828 

4.652 16.725 
4.614 16.829 
4.614 -16.739 

4.305 -1 .440 

4.0B5 -1 .029 
2.928 -0.891 
2.590 -1 .556 

2.535 0.199 
2.535 0.199 
2.514 -15.562 
2.512 15.557 
2.507 -0.199 
2.507 -0.199 

2.496 0.181 · 
2.496 0.181 
2.455 -0.179 

145579-C-CA-0 14 
o . 

32'. of 13 

Momant-X Moment-Y 
(kNm) (kNm) 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 

- . . 
0.000 

0.000 ' 0.000 
0.000 0.000 
0.000 . 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 . 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 

0.000 0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

Job No Sheet No Rev 

2 

Part 

Ref 

·• By Dat"12-Nov-04 Chd 

Fn• HANFORD10PSFDL.std !0•temme 19-Nov-2004 09:25 

Moment..Z 

(kNm) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 
0.000 

0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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Job No Sheet No R811 

amec.'3 Attachment: 3 
Cale. No.: 145579-C-CA-014 

Software licensed lo AMEC Rev. No .: Q Part 

Job TIiie Sheet: ~j of 7~ Ref 

By 0st912-Nov-04 Chd 

Client FIie HANFORD1 OPSFDL.std I Detamme 19-Nov-2004 09:25 

Cont ... 
Node LJC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

16 4 0.441 2.455 -0.179 0.000 0.000 0.000 
12 8 -0.324 2.419 -3.743 0.000 0.000 0.000 
12 4 -0.464 2.397 -0.017 0.000 0.000 0.000 · 

12 3 -0.464 2.397 -0.017 0.000 0.000 0.000 
11 4 0.469 2.387 0.015 0.000 0.000 0.000 
11 3 0.469 2.387 0.015 0.000 0.000 0.000 
11 15 -0.045 2.318 15.604 0.000 0.000 0.000 
11 14 -0.046 2.316 -15.600 0.000 0.000 0.000 
11 9 -0.163 2.166 -1.738 0.000 0.000 0.000 
17 10 0.007 2.070 -0.848 0.000 0.000 0.000 
28 9 -0.584 1.904 0.020 0.000 0.000 0.000 
11 10 0.121 1.689 -2.176 0.000 0.000 0.000 
27 11 0.565 1.587 0.020 0.000 0.000 0.000 
28 4 -0.257 1.348 0.000 0.000 0.000 0.000 
28 3 -0.257 1.348 0.000 0.000 0.000 0.000 

1 3 0.269 1.343 -0.000 0.000 0.000 0.000 
1 4 0.269 1.343 -0.000 0.000 0.000 0.000 

27 3 0.236 1.312 · 0.000 0.000 0.000 0.000 
27 4 0.236 1.312 0.000 0.000 0.000 0.000 
2 3 -0.233 1.284 -0.000 0.000 0.000 0.000 
2 4 -0.233 1.284 -0.000 0.000 0.000 0.000 
12 16 0.011 1.077 -6.669 0.000 0.000 0.000 
12 17 0.011 1.077 6.667 0.000 0.000 0.000 
12 10 0.164 0.998 -1 .254 0.000 0.000 0.000 
11 17 -0.019 0.994 6.688 0.000 0.000 0.000 
11 16 -0.020 0.993 -6.686 0.000 0.000 0.000 
27 6 10.562 0.892 0.007 0.000 0.000 0.000 
28 5 -6.207 0.837 0.007 0.000 0.000 0.000 
6 8 -0.205 0.748 0.267 0.000 0.000 0.000 

28 11 -0.113 0.697 0.013 0.000 0.000 0.000 
28 8 -0.310 0.682 -0.010 0.000 0.000 0.000 
2 9 -0.265 0.578 0.001 0.000 0.000 0.000 
27 14 0.094 0.566 -0.011 0.000 0.000 0.000 
1 15 0.094 0.563 0.011 0.000 0.000 0.000 

28 14 -0.046 0.482 -0.012 0.000 0.000 0.000 
2 15 -0.046 0.478 0.012 0.000 0.000 0.000 

1 11 0.277 0.383 0.002 0.000 0.000 0.000 
11 8 -0.814 0.300 0.307 0.000 0.000 0.000 

27 16 0.040 0.242 -0.005 0.000 0.000 0.000 
1 17 0.040 0.241 0.005 0.000 0.000 0.000 

28 16 -0.020 0.207 -0.005 0.000 0.000 0.000 
2 17 -0.020 0.205 0.005 0.000 0.000 0.000 
27 9 -0.360 0.197 0.011 0.000 0.000 0.000 
1 16 0.031 -0.122 0.025 0.000 0.000 0.000 

27 17 0.028 -0.123 -0.025 0.000 0.000 0.000 
28 17 -0.024 -0.132 -0.026 0.000 0.000 0.000 
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Job No Sheet No Rev 

ame<.'3 Attachment: 4 
Cale. No.: 145579-C-CA-014 

Sollware licensed to AMEC Rev. No.: 0 Part 

Joblille Sheet: lfo of 73 Ref 

By Dat"12-Nov-04 Chd 

Client File HANFORD10PSFDL.std !011te1rma 19-Nov-2004 09:25 

Cont ... 
Node UC Force-X Force-Y Force-z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 
2 16 -0.023 -0.136 0.026 . 0.000 IJ .. 000 0.000 
2 . 11 0.120 -0.266 -0.002 0.000 0.000 0.000 

27 10 -0.014 -0.273 -0.011 0.000 0.000 0.000 
1 .14 0.072 -0.284 0.059 0.000 0.000 0.000 

27 15 0.066 -0.287 -0.059 0.000 0.000 0.000 
1 9 -0.268 -0.302 -0.003 0.000 0.000 0.000 

28 15 -0.056 -0.308 -0.061 0.000 0:000 0.000 
2 14 -0.054 -0.318 0.061 0.000 0.000 0.000 

28 10 0.167 -0.546 -0.010 0.000 0.000 0.000 
12 5 -9.035 -0.550 -1.525 0.000 0.000 0.000 
11 6 13.097 -0.803 -1.788 0.000 0.000 0.000 
27 8 -0.835 -1.322 -0.009 0.000 0.000 0.000 
16 8 -0.697 -2.332 0.189 0.000 0.000 0.000 
7 10 -0.176 -2.527 -0.654 0.000 0.000 0.000 
2 5 -4.999 -3.035 -0.004 0.000 0.000 0.000 
6 18 -19.581 -3.133 0.469 0.000 0.000 0.000 
7 5 -9.303 -3.260 -0.986 0.000 0.000 0.000 
1 6 6.882 -3.279 -0.008 0.000 0.000 0.000 
7 19 16.055 -3.436 0.502 0.000 0.000 0.000 
6 10 0.716 -3.517 -1.139 0.000 0.000 0.000 
6 6 13.173 -3.974 -1.184 0.000 0.000 0.000 
2 12 -0.003 -4.450 -4.845 0.000 0.000 0.000 
28 13 -0.004 -4.451 4.845 0.000 . 0.000 0.000 ~ 

1 12 0.001 -4.454 -4.845 0.000 0.000 0.000 
27 13 0.000 -4.455 4.845 0.000 0.000 0.000 
1 13 0.006 -5.260 3.195 0.000 0.000 0.000 

27 12 0.006 -5.260 -3.195 0.000 0.000 0.000 
2 13 -0.002 -5.266 3.195 0.000 0.000 0.000 

28 12 -0.002 -5.268 -3.195 0.000 0.000 0.000 
7 9 -0.166 -5.662 -0.889 0.000 0.000 0.000 
2 19 9.649 -5.994 -0.005 0.000 0.000 0.000 
6 11 0.239 -6.008 -0.983 0.000 0.000 0.000 

11 18 -19.112 -6.239 1.576 0.000 0.000 0.000 

7 8 -0.848 -6.265 -2.057 0.000 0.000 0.000 

7 11 0.287 -6.305 -1.448 0.000 0.000 0.000 

6 9 -0.699 -6.962 -1.546 0.000 0.000 0.000 

12 19 15.368 -7.017 1.766 0.000 0.000 0.000 

1 18 -12.318 -7.071 -0.000 0.000 0.000 . 0.000 

16 18 -19.401 -9.834 1.456 0.000 0.000 0.000 

17 19 15.509 -10.055 1.636 0.000 0.000 0.000 

12 12 0.002 -10.510 -16.n6 0.000 0.000 0.000 

12 13 0.002 -1 0.511 16.777 0.000 0.000 0.000 

11 13 -0.003 -10.523 16.785 0.000 0.000 0.000 

11 12 -0.003 -10.523 -16.784 0.000 0.000 0.000 

28 19 11.239 -10.674 -0.000 0.000 0.000 0.000 

27 18 -15.697 -10.!399 0.001 0.000 0.000 0.000 
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II<] 2 Job No Sheet No Rev 

arnec' Attachment: 5 
Cale. No.: 145579-C-CA-014 

Software licensed to AMEC Rev. No.: 0 Part 

Job Tille Sheet: ti of 73 Ref 

By 0--12-Nov-04 Chd 

Client File HANFORD1 OPSFDL.sld I Datarr,me 19-Nov-2004 09:25 

Cont. .. 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

17 17 0,012 -15.196 4.054 0.000 0.000 0.000 
7 16 0.012 -15.199 -4.056 0.000 0.000 0.000 
6 16 -0.028 -15.225 -4.071 0.000 0.000 0.000 
16 · 17 -0.029 -15.234 4.073 0.000 0.000 0.000 
6 20 · 1.332 -17.413 -7.679 0,000 0.000 0.000 

17 21 -1.315 -17.482 7.675 0.()90 0.000 0.000 
7 20 -1.404 -1'Z.512... -7.727 0.000 0.000 0.000 

uPL/~ 1 fr!A',< 
16 21 1.324 (-17.654 IJ 7.738 0.000 0.000 0.000 ..,,... 
2 6 10.347 . -fT.832 -0.007 0 .000 0.000 0.000 

6 5 -20.914 -18.763 -0.763 0.000 0.000 0.000 
7 6 17.458 -18.952 -0.6TT 0.000 0.000 0.000 
1 5 -13.122 -19.087 -0.003 0.000 0.000 0.000 
11 5 -20.520 -21.376 1.532 0.000 0.000 0.000 
12 6 16.761 -22.179 1.818 0.000 0.000 0.000 
28 6 12.009 -22.709 0.001 0.000 0.000 0.000 
27 5 -16.404 -22.825 0.003 0.000 0.000 0.000 
16 5 -20.726 -25.221 2.630 0.000 0.000 0.000 
17 6 16.823 -25.599 2.867 0.000 0.000 · 0.000 
17 13 -0.002 -33.026 8.906 0.000 0.000 0.000 
7 12 -0.002 -33.029 -8.906 0.000 0.000 0.000 
16 13 -0.001 -33.041 8.911 0.000 0.000 0.000 
6 12 -0.001 -33.043 -8.911 0.000 0.000 0.000 
17 15 0.028 -35.458 9.460 0.000 0.000 0.000 
7 14 0.027 -35.465 -9.463 0.000 0.000 0.000 
6 14 -0.065 -35.524 -9.500 0.000 0.000 0.000 
16 ' 15 -0.068 -35.545 9.503 0.000 0.000 0.000 

. 

' 
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Column Load combinations giving maximum 
Shear forces longitudinally 



Cale. No.: - - -

~ 0 
Job No Sheet No Rav 

Rev. No.: 1 
Sheet: 'f_Z- of I:3 

ame& Attachment: 
145579C CA 014 

2 

Saf\waro l\cansed la AMEC 
Par1 

Job Title Raf 

S ,H" 6A I< I 1 .... 1 Z-DIR t. oNGIT00/H,4l By Date-i2-Nov-04 Chd 

Client f Ue HANFORD10PSFDL.std I Dale/Tm& 19-Nov-2004 09:25 

Node UC Force -X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kiDL (kNm) (kNm) (kNm) 
.-<J- µ A Y. S#-<E"A I< J Ai Z- 1 . .,,1, 

11 21 1.405 4.614 ( 16.829 ) 0.000 0.000 0.000 

11 13 -0.003 -10.523 16.785 0.000 0.000 0.000 

12 13 0.002 -10.511 16.7n 0.000 0.000 0.000 

12 21 -1 .391 4.652 18.725 0.000 0.000 0.000 

11 15 -0.045 2.318 15.604 0.000 0.000 0.000 

12 15 0.025 2.512 15.557 0.000 0.000 0.000 

6 15 -0.047 32.951 9.988 0 .000 0.000 0.000 

7 15 0.049 32.776 9.984 0.000 0.000 0.000 
16 15 -0.068 -35.545 9.503 0.000 0.000 0.000 

17 15 0.028 -35.458 9.460. 0.000 0.000 0.000 

16 13 -0.001 -33.041 8.911 0.000 0.000 0.000 

17 13 -0.002 -33.026 8.906 0.000 0.000 0.000 

6 21 1.331 24.910 8.183 0.000 0.000 0.000 

7 21 -1 .398 24.770 8.128 0.000 0.000 0.000 

16 21 1.324 -17.654 7.738 0.000 0.000 0.000 

17 21 -1 .315 -17.482 7.675 0.000 0.000 0.000 

6 13 -0.002 9.280 6.951 0.000 0.000 0.000 

7 13 0.004 9.253 6.949 0.000 0.000 0.000 
11 17 -0.019 0.994 6.688 0.000 0.000 0.000 

12 17 0.011 1.on 6.667 0.000 0.000 0.000 

27 13 0.000 -4.455 4.845 0.000 0.000 0.000 

28 13 -0.004 -4.451 · 4.845 0.000 0.000 0.000 

28 21 -0.774 7.585 \ 4.844 0.000 0.000 0.000 

27 21 0.708 7:470 4.843 0.000 0.000 0.000 

6 17 -0.020 14.122 4.280 0.000 0.000 0.000 

7 17 0.021 14.047 4.279 0.000 0.000 0.000 

16 17 -0.029 -15.234 4.073 0.000 0.000 0.000 

17 17 0.012 -15.196 4.054 0.000 0.000 0.000 

1 21 0.810 6 .756 3.197 0.000 0.000 0.000 

2 21 -0.700 6.572 3.197 0.000 0.000 0.000 

1 13 0.006 -5 .260 3.195 0.000 0.000 0.000 

2 13 -0.002 -5.266 3.195 0.000 0.000 0.000 

17 6 16.823 -25.599 2.867 0.000 . 0.000 0.000 

16 5 -20.726 -25.221 2.630 0 .000 0.000 0.000 

6 2 4.439 25.348 1.987 0.000 0.000 0.000 

12 6 16.761 -22.179 1.818 0.000 0.000 0.000 

7 2 -4.671 24.959 1.814 0.000 0.000 0.000 

12 19 15.368 -7.017 1.766 0.000 0 .000 0.000 

17 19 15.509 -10.055 1.636 0.000 0.000 0.000 

11 18 -19.112 -6.239 1.576 0.000 . 0.000 0.000 

11 5 -20.520 -21 .376 1.532 0.000 0 .000 0.000 

16 18 -19.401 -9.834 1.456 0.000 0.000 0.000 

6 7 2.298 12.103 1.118 0.000 0.000 0.000 

6 1 0.889 13.096 1.033 0.000 0.000 0.000 

7 1 -0.935 13.021 0.998 0.000 0.000 0.000 

7 7 -2.560 11 .725 0.922 0.000 0.000 0.000 
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Re 
Software licensed lo AMEC 

ame& Attachment: 2 1 ~~ 1·-·· 1~ 
Cale. No.: 145579-C-CA-014 

2 

Rev. No.: 0 Part 

Job Tille Sheet: 1t3 of 1'\ -
Ref 

By 0•'912-Nov-04 Chd 

Client Fil• HANFORD10PSFOL.std jDate/Tine 19-Nov-2004 09:25 

Cont .. 
Node L/C Force-X Force-Y Force-Z Moment-X Moment-Y Moment..Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

7 19 16.055 -3.436 0.502 0.000 0.000 0.000 
6 18 -19.581 -3.133 0.469 0.000 0.000 0.000 
12 9 -0.665 9.174 0.378 0.000 0.000 0.000 
11 8 -0.814 0.300 0.307 0.000 0.000 0.000 
6 8 -0.205 0.748 0.267 0.000 0.000 0.000 
6 3 0.444 2.535 0.199 0.000 . 0.000 0.000 
6 4 0.444 2.535 0.199 0.000 0.000 0.000 
11 11 0.739 8.790 0.195 0.000 0.000 0.000 
7 18 -10.706 12.256 0.193 0.000 0.000 0.000 
16 8 -0.697 -2.332 0.1 89 0.000 0.000 0.000 
7 4 -0.467 2.496 0.181 0.000 0.000 0.000 
7 3 -0.467 2.496 0.181 0.000 0.000 0.000 
11 7 · 1.879 12.342 0.181 0.000 0.000 0.000 
11 2 4.690 23.869 0.149 0.000 0.000 0.000 
2 14 -0.054 -0.318 0.061 0.000 0.000 0.000 
1 14 0.072 -0.284 0.059 0.000 0.000 0.000 
6 19 14.506 11.656 0.048 0.000 0.000 0.000 
11 1 0.939 12.750 0.030 0.000 0.000 0.000 
2 16 -0.023 -0.136 0.026 0.000 0.000 0.000 
1 16 0.031 -0.122 0.025 0.000 0.000 0.000 
2 8 -4.371 45.968 0.021 0.000 0.000 0.000 

28 9 -0.584 1.904 0.020 0.000 0.000 0.000 
27 11 0.565 1.587 0.020 0.000 0.000 0.000 
1 10 4.292 46.443 0.017 0.000 0.000 0.000 

11 4 0.469 2.387 0.015 0,000 0.000 0.000 
11 3 0.469 2.387 0.015 0.000 0.000 0.000 
1 8 2.336 16.531 0.014 0.000 0.000 0.000 
2 10 -2.028 16.358 0.014 0.000 0.000 0.000 
1 7 3.355 17.049 0.013 0.000 0.000 0.000 
2 7 -2.716 15.971 0.013 0.000 0.000 0.000 

28 11 -0.113 0.697 0.013 0.000 0.000 0.000 
2 15 -0.046 0.478 0.012 0.000 0.000 0.000 
1 15 0.094 0.563 0.011 0.000 0.000 0.000 

27 9 -0.360 0.197 0.011 0.000 0.000 0.000 
27 6 10.562 0.892 0.007 0.000 0.000 0.000 
28 5 -6.207 0.837 0.007 0.000 0.000 0.000 
28 18 -6.978 12.873 0.006 0.000 0.000 0.000 
27 19 11.269 12.817 0.005 0.000 0.000 0.000 
2 17 -0.020 0.205 0.005 0.000 0.000 0.000 
1 17 0.040 0.241 0.005 0.000 0.000 0.000 

28 2 -2.573 13.484 0.004 0.000 0.000 0.000 
27 5 -16.404 -22.825 0.003 0.000 0.000 0.000 
1 1 0.536 10.673 0.002 0.000 0:000 0.000 
2 1 -0.465 10.554 0.002 0.000 0.000 0.000 
27 2 2.365 13.124 0.002 0.000 0.000 0.000 
1 11 0.277 0.383 0.002 0.000 0.000 0.000 
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Iii ame<!J Attachment: '2. Job No 1---~ 1•n 3 
Cale. No.: 145579-C-CA-014 

Sol\ware licensed lo AMEC Rev. No.: 0 Part 

Sheet: 1±¼: of 73 -
Job TIiie Ref 

-
By Date12-Nov-04 Chd 

Client File HANFORD10PSFDL.std Dat8"une 19-Nov-2004 09:25 

Cont ... 
Node I L/C I Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

28 6 12.009 -22.709 0.001 0.000 0.000 0.000 
27 18 -15.697 -10.899 0.001 0.000 0.000 0.000 
2 9 -0.265 0.578 0.001 0.000 0.000 0.000 

28 3 -0.257 1.348 0.000 0.000 0.000 0.000 
28 4 . -0.257 1.348 0.000 0.000 0.000 0.000 
27 3 0.236 1.312 0.000 0.000 0.000 0.000 
27 4 0.236 1.312 0.000 0.000 0.000 0.000 
28 19 11.239 -10.674 -0.000 0.000 0.000 0.000 

4 0.269 1.343 -0.000 0.000 0.000 0.000 
3 0.269 1.343 -0.000 0.000 0.000 0.000 

2 3 -0.233 1.284 -0.000 0.000 0.000 0.000 
2 4 -0.233 1.284 -0.000 0.000 0.000 0.000 
1 18 -12.318 -7.071 -0.000 0.000 0.000 0.000 
2 11 0.120 -0.266 -0.002 0.000 0.000 0.000 

2 2.687 13.427 -0.002 0.000 0.000 0.000 
2 18 -5.697 8.803 -0.002 0.000 0.000 0.000 

28 1 -0.513 10.687 -0.002 0.000 0.000 0.000 
27 1 0.471 10.613 -0.002 0.000 0.000 0.000 
1 5 -13.122 -19.087 -0.003 0.000 0.000 0.000 
2 2 -2.331 12.836 -0.003 0.000 0.000 · 0.000 

1 9 -0.268 -0.302 -0.003 0.000 0.000 0.000 
2 5 -4.999 -3.035 -0.004 0.000 0.000 0.000 
2 19 9.649 -5.994 -0.005 0.000 0.000 0.000 

27 16 0.040 0.242 -0.005 0.000 0.000 0.000 
28 16 -0.020 0.207 -0.005 0.000 0.000 0.000 
1 19. 7.686 8.736 -0.006 0.000 0.000 0.000 
2 6 10.347 -17.832 -0.007 0.000 0.000 0.000 
1 6 6.882 -3.279 -0.008 0.000 0.000 0.000 

27 8 -0.835 -1.322 -0.009 0.000 0.000 0.000 
28 8 -0.310 0.682 -0.010 0.000 0.000 0.000 
28 10 0.167 -0.546 -0.010 0.000 - 0.000 0.000 
27 10 -0.014 -0.273 -0.011 0.000 0.000 0.000 
27 14 0.094 0.566 -0.011 0.000 0.000 0.000 
28 7 -2.988 16.650 -0.011 0.000 0.000 0.000 
28 14 -0.046 0.482 -0.012 0.000 0.000 0.000 
27 7 3.040 16.737 -0.013 0.000 0.000 0.000 
12 4 -0.464 2.397 -0.017 0.000 0.000 0.000 
12 3 -0.464 2.397 -0.017 0.000 0.000 0.000 
27 17 0.028 -0.123 -0.025 0.000 0.000 0.000 
28 17 -0.024 -0.132 -0.026 0.000 0.000 0.000 
12 1 -0.929 12.765 -0.035 0.000 0.000 0.000 
27 15 0.066 -0.287 -0.059 0.000 0.000 0.000 
28 15 -0.056 -0.308 -0.061 0.000 0.000 0.000 
12 2 -4.643 23.975 -0.171 0.000 0.000 0.000 
16 4 0.441 2.455 -0.179 0.000 0.000 0.000 
16 3 0.441 2.455 -0.1 79 0.000 0.000 0.000 
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~ ame& Attachment: ~ 1 
Job No I Sheet No I Rav 

Cale. No.: 145579-C-CA-014 
4 

Software licensed to AMEC 

Jobrnte 
Rev. No.: 0 ~ Sheet: ~ of 7!3 f 

By Dat91z-Nov-04 Chd 

Client File HANFORD10PSFDL.std IDalafTima 19-Nov-2004 09:25 

Cont. .. 
Node LJC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

17 3 -0.438 2.507 -0.199 0.000 0.000 0.000 
17 4 -0.438 2.507 -0.199 0.000 0.000 0.000 
12 7 -2.157 12.n2 -0.204 0.000 0.000 0.000 
7 10 -0.176 -2.527 -0.654 0.000 0.000 0.000 
7 6 17.458 -18.952 -0.6n 0.000 o·.ooo 0.000 
6 5 -20.914 -18.763 -0.763 0.000 0.000 _0.000 
17 10 0.007 2.070 -0.848 0.000 0.000 0.000 
16 7 2.200 10.989 -0.874 0.000 0.000 0.000 
7 9 -0.166 -5.662 -Q.889 0.000 0.000 0.000 
17 5 -9.008 2.928 -0.891 0.000 0.000 0.000 
6 11 0.239 -6.008 -0.983 0.000 0.000 0.000 
7 5 -9.303 -3.260 -0.988 0.000 0.000 0.000 
16 1 0.864 12.932 -0.994 0.000 0.000 0.000 
16 6 13.130 4.085 -1 .029 0.000 0.000 0.000 
17 1 -0.876 13.037 -1.032 0.000 0.000 0.000 
6 10 0.716 -3.517 -1 .139 0.000 0.000 0.000 
17 7 -2.352 12.103 -1.144 0.000 0.000 0.000 
6 6 13.173 -3.974 -1 .164 0.000 0.000 0.000 
12 10 0.164 0.998 -1.254 0.000 0.000 0.000 
16 10 0.250 4.305 -1.440 0.000 0.000 0.000 

7 11 0.287 -6.305 -1 .448 0.000 0.000 0.000 

12 5 -9,035 -0.550 -1 .525 0.000 0.000 0.000 
6 9 -0.699 -6.962 -1.546 0.000 0.000 - 0.000 
12 11 -0.129 2.590 -1.556 0.000 0.000 0.000 
12 18 -10.428 14.612 -1.5TT 0.000 0.000 0.000 
17 11 -2.017 19.637 -1.718 0.000 0.000 0.000 
11 9 -0.163 2.166 -1.738 0.000 0.000 0.000 
11 19 14.505 14.334 -1.743 0.000 0.000 0.000 
16 9 1.614 18.825 -1.759 0.000 0.000 0.000 
11 6 13.097 -0.803 -1.788 0.000 0.000 0.000 

16 2 4.413 . 24.551 -1.793 0.000 0.000 0.000 

17 9 -4.945 45.082 -1 .975 0.000 0.000 0.000 

17 2 -4.375 25.066 -1 .988 0.000 0.000 0.000 

16 11 3.532 43.896 -2.022 0.000 0.000 0.000 

7 8 -0.648 -6.265 -2.057 0.000 0.000 0.000 

17 18 -10.322 18.472 -2.122 0 .000 0.000 0.000 

11 10 0.121 1.689 -2.176 0.000 0.000 0.000 

16 19 14.455 19.473 -2.203 0.000 0.000 0.000 

17 8 -0.432 8.274 -2.479 0.000 0.000 0.000 

27 12 0.006 -5.260 -3.195 0.000 0.000 0.000 

28 12 -0.002 -5.268 -3.195 0.000 0.000 0.000 

28 20 -o.n2 6.767 -3.197 0.000 0.000 0.000 

27 20 0.714 6.665 -3.197 0.000 0.000 0.000 

12 8 -0.324 2.419 -3.743 0.000 0.000 0.000 

7 16 0.012 -15.199 -4.056 0.000 0.000 0.000 

6 16 -0.028 -15.225 -4.071 0.000 0.000 0.000 
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~ z Job No I """ ,, 1 • .. amec.O Attachment: 5 
Cale. No.: 145579-C-CA-014 

Software licensed lo AMEC Rev. No.: 0 Part 

lf:f, of 13 -
Job T itle Sheet: Ref 

Client 

I By 
0st912-Nov-04 Chd 

Fila HANFORD1 0PSFDL.std I DlllllfTlme 19-Nov-2004 09:25 

Cont. .. 
Node I .uc I Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) {klp) {kip) {kNmJ {kNm) (kNm) 

16 16 -0.023 14.111 -4.279 0.000 0.000 0.000 
17 16 0.020 14.051 -4.280 0.000 0.000 0.000 
1 20 0.805 7.562 -4.843 0.000 0.000 0.000 
2 20 -0.701 7.388 -4.643 0.000 0.000 0.000 
2 12 -0.003 -4.450 -4.845 0.000 0.000 0.000 
1 12 0.001 -4.454 -4.845 0.000 0.000 0.000 
12 16 0.011 1.077 -6.669 0.000 0.000 0.000 
11 16 -0.020 0.993 -6.686 0.000 0.000 0.000 
17 12 0.004 9.258 . -6.949 0.000 0.000 0.000 
16 12 -0.002 9.280 -6.951 0.000 0.000 0.000 

6 20 1.332 -17.413 -7.679 0.000 0.000 0.000 

7 20 -1.404 -17.512 -7.727 0.000 0.000 0.000 
16 20 1.323 24.66B -8.125 0.000 0.000 0.000 
17 20 -1.310 24.801 -8.180 0.000 0.000 0.000 
7 12 -0.002 -33.029 -8.906 0.000 0.000 0.000 

6 12 -0.001 -33.043 -8.911 0.000 0.000 0.000 
7 14 0.027 -35.465 -9.463 0.000 0.000 0.000 
6 14 -0.065 -35.524 -9.500 0.000 0.000 0.000 

16 14 -0.053 32.926 -9.984 0.000 0.000 0.000 
17 14 0.047 32.786 -9.987 0.000 0.000 0.000 

12 14 0.025 2.514 -15.562 0.000 0.000 0.000 
11 14 -0.046 2.316 -15.600 0.000 0.000 0.000 

11 20 1.405 4.614 -16.739 0.000 0.000 0.000 
12 12 0.002 -10.510 -16.776 0.000 0.000 0.000 

11 12 -0.003 -10.523 -16.784 0.000 0.000 0.000 

12 20 -1.391 4.652 -16.828 0.000 0.000 0.000 
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~ Rev. No.: 0 Job Na Sheet Na Rav 

Sheet: ~1ot 7:3 1 

ame& Attachment: __ 2..=----
Calc No· 145579 C-CA 014 

Software licensed ta AMEC 
Part 

Jobnle Ref 

5,,1,,/c; 4 R. I r,.J L ONGI TU 01NAL By 0• 1912-Nov-04 Chd 

CUent .z.- £)11< File HANFORD.std I Datamme 18-Nov-2004 13:36 

Noda UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 
(kip) (kip) (kip) (kNm) (kNm) (kNm) 

11 13 -0.003 -10.523 16.785 0.000 0.000 0.000 
12 13 0.002 -10.511 16.777 0.000 0.000 0.000 
11 15 -0.045 2.318 15.604 0.000 0.000 0.000 
12 15 0.025 2.512 15.557 0.000 0.000 0.000 
6 43 8.279 81.751 12.339 0.000 0.000 0.000 .:!:--
11 43 7.722 57.504 12.308 0.000 0.000 0.000 
11 46 8.887 63.871 12.223 0.000 0.000 0.000 
12 44 -8.995 63.638 11.525 0.000 0.000 0.000 
6 46 8.612 76.684 11.401 0.000 0.000 0.000 
6 45 8.969 78.552 11.284 0.000 0.000 0.000 
7 45 -9.112 n.308 11.128 0.000 0.000 0.000 
6 44 7.908 75.969 10.979 0.000 0.000 0.000 
7 44 -9.104 74.956 10.952 0.000 0.000 0.000 
11 44 8.210 58.904 10.774 0.000 0.000 0.000 
7 46 -8.764 74.474 10.532 0.000 0.000 0.000 
11 45 8.423 58.546 10.446 0.000 0.000 0.000 
12 45 -8.374 57.506 10.301 0.000 0.000 0.000 
7 43 -9.616 74.504 · 10.075 0.000 0.000 0.000 
12 46 -8.594 58.700 10.075 0.000 0.000 0.000 
6 15 -0.047 32.951 9.988 0.000 0.000 0.000 
7 15 0.049 32.776 9.984 0.000 0.000 0.000 
16 15 -0.068 -35.545 9.503 0.000 0.000 0.000 
17 15 0.028 -35.458 9.460 0.000 0.000 0.000 
11 35 7.755 50.504 8.996 0.000 0.000 0.000 
11 38 8.919 56.871 8.912 0.000 0.000 0.000 
16 13 -0.001 -33.041 8.911 0.000 0.000 0.000 
17 13 -0.002 -33.026 8.906 0.000 0.000 0.000 
12 43 -8.740 58.571 8.434 0.000 0.000 0.000 
6 35 8.313 61.677 8.324 0.000 0.000 0.000 
12 36 -9.013 56.499 8.246 0.000 0.000 0.000 
11 36 8.243 51 .904 7.463 0.000 0.000 0.000 
6 38 8.646 56.611 7.386 0.000 0.000 0.000 
6 37 9.003 58.479 7.269 0.000 0.000 0.000 
11 37 8.456 51.546 7.134 0.000 0.000 0.000 
7 37 -9.146 57.352 7.115 0.000 0.000 0.000 
12 37 -8.392 50.366 7.022 0.000 0.000 0.000 
6 36 7.942 55.896 6.964 0.000 0.000 0.000 
6 13 -0.002 9.280 6.951 0.000 0.000 0.000 
7 13 0.004 9.253 6.949 0.000 0.000 0.000 
7 36 -9.139 55.001 6.938 0.000 0.000 0.000 
12 38 -8.612 51.560 6.796 0.000 0.000 0.000 
11 48 .2.716 25.7.95 6.792 0.000 0.000 0.000 
11 17 -0.019 0.994 6.688 0.000 0.000 0.000 
12 17 0.011 1.077 6.667 0.000 0.000 0.000 
12 48 -2,709 24.793 6.548 0.000 0.000 0.000 
7 38 -8.799 54.519 6.519 0.000 0.000 0.000 
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~ 2. 
Job No 1·-~ 1 ·fl ame& Attachment: 2 

Cale. No.: 145579-C-CA-014 

Software licenseo to AMEC Rev. No.: 0 Part 

i~ of 73 -Job Title Sheet: Ref 

By 0st812-Nov-04 Chd 

Client IFne HANFORD.std I Datarrime 18-Nov-2004 13:36 

Cont. .. 
Node I UC I Forcil-X Force-Y Force-Z Moment-X Moment-Y Moment.Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

6 48 2.729 38.708 6.301 0.000 0.000 0.000 
7 48 -2.871 37.411 6.085 0.000 0.000 0.000 
7 35 -9.650 54.548 6.062 0.000 0.000 0.000 
12 35 -8.758 51 .432 5.155 0.000 0.000 0.000 
6 18 9.042 59.503 4.927 0.000 0.000 0.000 

27 13 0.000 -4.455 4.845 0.000 0.000 0.000 
28 13 -0.004 -4.451 4.845 0.000 0.000 0.000 
6 23 -2.144 47.656 4.466 0.000 0.000 0.000 
7 18 -9.656 57.552 4.361 0.000 0.000 0.000 

6 17 -0.020 14.122 4.280 0.000 0.000 0.000 
7 17 0.021 14.047 4.279 0.000 0.000 0.000 
6 27 14.900 55.051 4.256 0.000 0.000 0.000 
6 21 -7.219 42.405 4.075 0.000 0.000 0.000 
16 17 -0.029 -15.234 4.073 0.000 0.000 0.000 
17 17 0.012 -15.196 4.054 0.000 0.000 0.000 
6 22 18.347 53.496 3.759 0.000 0.000 0.000 
7 22 4.077 40.407 3.623 0.000 0.000 0.000 

6 26 -1 .811 42.590 3.529 0.000 0.000 0.000 
6 25 -1.453 44.458 3.412 0.000 .. 0.000 0.000 
7 21 -15.994 52.176 3.391 0.000 0.000 0.000 
6 30 15.233 49.984 3.318 0.000 0.000 0.000 
7 29 -0.419 43.250 · 3.302 0.000 0.000 0.000 
6 29 15.590 51.852 3.201 0.000 0.000 0.000 
1 13 0.006 -5.260 3.195 0.000 0.000 0.000 
2 13 -0.002 -5.266 3.195 0.000 0.000 0.000 
7 25 -13.800 51.096 3.147 0.000 0.000 0.000 
7 28 -0.412 40.898 3.125 0.000 0.000 0.000 
16 43 7.775 25.955 3.114 0.000 0.000 0.000 
6 24 -2.514 41.874 3.107 0.000 0.000 0.000 
7 24 -13.792 48.744 2.971 0.000 0.000 0.000 
6 28 14.530 49.269 2.896 0.000 0.000 0.000 
17 6 16.823 -25.599 2.867 0.000 0.000 0.000 
7 30 -0.072 40.416 2.706 0.000 0.000 0.000 
16 5 -20.726 -25.221 2.630 0.000 0.000 0.000 
7 26 -13.453 48.262 2.551 0.000 0.000 0.000 
28 36 -6.834 39.267 2.430 0.000 0.000 0.000 
28 38 -6.481 38.362 2.425 0.000 0.000 0.000 
27 38 6.531 38.940 2.425 0.000 . 0.000 0.000 
27 36 5.837 37.898 2.418 0.000 0.000 0.000 
28 35 -6.629 38.351 2.408 0.000 0.000 0.000 

28 37 -6.271 37.431 2.408 0.000 0.000 0.000 
27 35 5.481 36.759 2.403 0.000 0.000 0.000 

27 37 6.096 37.546 2.402 0.000 0.000 0.000 
7 27 -0.923 40.446 2.249 0.000 0.000 0.000 
16 48 2.698 8.791 2.188 0.000 0.000 0.000 
17 48 -2.691 8.259 2.127 0.000 0.000 0.000 
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~ ame& Attachment: 2-. Job No I ...... 1~ 
= Cale. No.: 145579-C-CA-014 3 

,0 Rev. No.: Part 
Sollware licen•ed to .AMEC 

Sheet: Lf'1 of 1..3 Job TIU• Ref 

By 0st"12-Nov-04 Chd 

Client File HANFORD.std I Date/T",me 18-Nov-2004 13:36 
·. 

Cont. .. 
Node UC Force-X Force-Y Force-Z · Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

7 23 -14.304 48.292 2.094 0.000 0.000 0.000 
6 2 4.439 25.348 1.987 0.000 0.000 0.000 
16 45 8,485 30.933 1.893 0.000 0.000 0.000 
17 45 -8.378 30.051 1.885 0.000 0.000 0.000 
6 1 2.305 22.052 1.822 0.000 0.000 0.000 
12 6 16.761 -22.179 1.818 · 0.000 0.000 0.000 

7 2 -4.671 24.959 1.814 0.000 0.000 0.000 

12 20 14.041 1.538 1.699 0.000 0.000 0.000 
16 44 9.508 41.823 1.653 0.000 0.000 0.000 
11 19 -17.785 3.425 1.636 0.000 0.000 0.000 
7 1 -2.425 20.869 1.625 0.000 0.000 0.000 

1 . 37 10.039 72.463 1.624 0.000 0.000 0.000 
2 35 -9.053 69.797 1.623 0.000 0.000 0.000 

1 35 8.572 50.029 1.622 0.000 0.000 0.000 

2 37 -7.296 47.589 1.618 0.000 0.000 0.000 

1 38 7.027 37.918 1.613 0.000 0.000 0.000 

1 36 6.618 37.404 1.609 0.000 0.000 0.000 

2 36 -5.974 35.755 1.608 0.000 0.000 0.000 

2 38 -5.685 35.121 1.606 0.000 - 0.000 0.000 
11 5 -20.520 · -21 .376 1.532 0.000 0.000 0.000 
11 21 -7.024 39.508 1.523 0.000 0.000 0.000 

16 46 10.946 60.626 1.456 0.000 0.000 0.000 

11 23 -2.504 45.077 1.370 0.000 0.000 0.000 

11 26 -1.340 51.445 1.286 0.000 0.000 0.000 

6 19 -18.165 5.823 1.258 0.000 0.000 0.000 

17 46 -9.896 43.226 1.233 0.000 0.000 0.000 

7 20 14.566 4.412 1.129 0.000 0.000 0.000 

6 7 2.298 12.103 1.118 0.000 0.000 0.000 

17 44 -12.092 62.310 1.040 0.000 0.000 0.000 

17 20 14.120 -2.144 0.940 0.000 0.000 0.000 

12 22 4.055 38.239 0.937 0.000 0.000 0.000 

7 7 -2.560 11.725 0.922 0.000 0.000 0.000 

6 20 15.922 20.612 0.836 0.000 0.000 0.000 

7 19 -12.196 20.104 0.820 0.000 0.000 0.000 

12 28 -0.634 50.664 0.767 0.000 0.000 0.000 

16 19 -17.999 -1.196 0.745 0.000 0.000 0.000 

17 43 -8.708 34.703 0.662 0.000 0.000 0.000 

16 35 7.825 36.093 0.442 0.000 0.000 0.000 

11 18 8.836 58.626 0.419 0.000 0.000 0.000 

6 31 8.313 ,49.516 0.392 0.000 0.000 0.000 

12 9 -0.665 9.174 0.378 0.000 0.000 0.000 

11 8 -0.814 0.300 0.307 0.000 0.000 0.000 

6 8 -0.205 0.748 0.267 0.000 0.000 0.000 

6 4 0.444 2.535 0.199 0.000 0.000 0.000 

6 3 0.444 2.535 0.199 0,000 0.000 0.000 

11 11 0.739 8,790 0.195 0.000 0.000 0.000 
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~ ame~ Attachment: ? Job No I Sheet No I Rev 

~ Cale. No.: 145579~C-CA-014 . 4 . 
Rev. No.: __ ,0-'------

s01tware licensed to AMEC Sheet: SO of "7 3 '1-P-art ________________ _ 

JobTiUe • Ref 

• • ·• By Date12-Nov-04 Chd 

Client ·- • File HANFORD.std jDale/r,me 18-Nov-2004 13:36 

" 

Cont. .. 
Node L/C Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

16 8 -0.697 -2.332 0.189 0.000 . 0.000 0.000 
7 4 -0.467 2.496 0.181 0.000 0.000 0.000 
7 3 -0.467 2.496 0.181 0.000 0.000 0.000 
11 7 1.879 12.342 0.181 0.000 ... 0.000 0.000 
11 2 4.690 23.869 0.149 0.000 0.000 0.000 
11 1 2.267 22.414 0.089 0.000 0.000 0.000 
2 39 -9.093 72.191 0.071 0.000 0.000 0.000 
1 41 10.090 · 74.880 0.071 0.000 0.000 0.000 
1 39 8.622 52.446 0.069 0.000 0.000 · 0.000 
2 41 -7.336 49.984 o.066 0.000 0.000 o.ocio 
2 14 -0.054 -0.318 0.061 0.000 0.000 0.000 
1 42 7.078 40.335 0.060 0.000 0.000 0.000 • • ' ·-
1 14 0.072 -0.284 0.059 0.000 0.000 0.000 ~ _ 
2 40 -6.013 38.149 0.056 0.000 0.000 0.000 .: ·-
1 40 6.669 39.822 0.056 0.000 0.000 0.000 • ' _ 
2 42 -5.725 37.516 0.05<1 0.000 0.000 0.000 
1 45 10.106 75.515 0.035 0.000 0.000 0.000 
2 43 -9.087 72.788 0.035 0.000 0.000 0.000 
1 43 8.639 53.081 0.033 0.000 0.000 0.000 
1 47 1.913 15.269 0.031 0.000 0.000 o.ood 
2 45 -7.329 50.581 0.030 0.000 0.000 0.000 
2 47 -1.663 14.287 0.029 0.000 0.000 0.000 
2 16 -0.023 -0.136 0.026 0.000 0.000 0.000· 
1 16 0.031 -0.122 0.025 0.000 0.000 0.000 
1 25 3.475 65.550 0.025 0.000 0.000 0.000 
2 23 -11.552 70.912 0.024 0.000 0.000 0.000 , 
1 46 7.095 40.970 0.024 0.000 0.000 0.000 

· 1 23 2.008 43.116 0.023 0.000 0.000 0.000 
2 27 -3.879 63.514 0.022 0.000 0.000 0.000 
1 29 13.477 73.453 0.022 0.000 0.000 0.000 
2 8 ~.371 45.968 0.021 0.000 0.000 0.000 • 
1 27 12.009 51 .019 0.020 0.000 0.000 0.000 

28 9 -0.584 1.904 0.020 0.000 0.000 0.000 
27 11 0.565 1.587 0.020 0.000 0.000 0.000 
1 44 6.686 40.456 0.020 0.000 0.000 0.000 
2 44 -6.007 38.746 0.020 0.000 0.000 0.000 
2 25 -9.795 48.705 0.019 0.000 0.000 0.000 
2 46 -5.718 38.113 0.018 0.000 . 0.000 0.000 
2 29 -2.122 41.306 0.017 0.000 0.000 0.000 
1 10 4.292 46.443 0.017 0.000 0.000 0.000 
1 18 7.655 44.523 0.017 0.000 0.000 0.000 

11 4 0.469 2.387 0.015 0.000 0.000 0.000 
11 3 0.469 2.387 - 0.015 0.000 0.000 0.000 
1 8 2.336 16.531 0.014 0.000 0.000 0.000 
2 10 -2.028 16.358 0.014 0.000 0.000 0.000 
1 26 0.463 31 .005 0.014 0.000 0.000 0.000 
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~ ame& Attachment: "2... : Job No 1-~ t Cale. No.: 145579-C-CA-014 5 
0 Rev. No.: Part Software licensed lo AMEC 

.SJ of 7..;;, Job TIiie Sheet: 
Ref 

By Oat"1 l-l'IOV-04 Chd 

' ' I DalafTime 18-Nov-2004 13:36 Client File HANFORD.std 
> 

Cont. .. 
Node LJC Force-X Force-Y Force-Z Moment-X Moment-YI Momenc-Z 

(kip) (kip) (kip) (kNm) (kNm) fi<Nm) 

1 . 7 3.355 17.049 0.013 0.000 0.()()CI 0.000 
2 18 -6.453 41 .946 0.013 0.000 l'.ilOO 0.000 
2 7 -2.716 15.971 0.013 0.000 0.000 0.000 

28 11 -0.113 0.697 0.013 o.o,;.., 0.000 0.000 
2 15 -0.()46 0.478 0.012 0.000 0 .000 0.000 

1 21 -3.025 25.946 0.01 2 0.000 0.000 0.000 

1 15 0.094 . 0.563 0.011 0.000 0.000 0.000 

28 24 -9.936 41 .911 0.011 0.000 0.000 0.000 

1 30 10.465 38.908 0.011 0.000 0.000 0.000 ~-
27 9 -0.360 0.197 0.011 0.000 0.000 0.000 -
1 48 1.923 15.631 0.010 0.000 0.000 0.000 . ' 
1 24 0.054 30.491 0.010 0.000 0.000 0.000 

2 24 -8.472 36.870· 0.009 0.000 0.000 0.000 
-28 28 -0.828 30.138 0.008 0.000 0.000 0.000 

2 48 -1.659 14.628 0.008 0.000 0.000 0.000 

27 6 10.562 0.892 0.007 0.000 0.000 0.000 

1 22 11 .978 . 37.802 0.007 0.000 0.000 0.000 
28 5 -6.207 0.837 0.007 0.000 0.000 0.000 

' . 
2 28 -0.800 29.472 0.007 0.000 0.000 0.000 

1 28 10.056 38.395 0.007 0.000 0.000 0.000 
2 21 -9.523 35.677 0.007 0.000 0.000 0.000 
2 26 -8.184 36.237 0.006 0.000 0.000 0.000 
28 26 -9.583 41 .006 0.006 0.000 0.000 0.000 
1 1 1.614 14.048 0.006 0.000 0.000 0.000 

27 30 11.811 41.614 0.006 0.000 0.000 0.000 
2 17 -0.020 0.205 0.005 0.000 0.000 0.000 
28 19 -8.045 16.280 0.005 0.000 0.000 0.000 

2 30 -0.511 28.838 0.005 0.000 0.000 0.000 
1 17 0.040 0.241 0.005 0.000 0.000 0.000 
2 22 1.986 24.580 0.005 0.000 0.000 0.000 

28 2 -2.573 13.484 0.004 0.000 o.oco 0.000 . 

27 26 -1.672 29.756 0.003 0.000 0.000 0.000 . 
27 5 -16.404 -22.825 0.003 0.000 0.000 0.000 
2 1 -1.407 13.140 0.003 0.000 0.000 0.000 

28 30 -0.475 29.233 0.003 0.000 0.000 0.000 

1 19 -11.240 -3.697 0.003 0.000 0.000 0.000 

27 20 12.260 16,505 0.002 0.000 0.000 0.000 

27 2 2.365 13.124 0.002 0.000 0.000 0.000 

1 11 0.277 0.383 0.002 0.000 0.000 0.000 

28 6 12.009 -22.709 0.001 0.000 0.000 0.000 

2 9 -0.265 0.578 0.001 0.000 0.000 0.000 ,. 
28 4 -0.257 1.348 0.000 0.000 0.000 0.000 

28 3. -0.257 1.348 0.000 0.000 0.000 0.000 

27 3 0.236 1.312 0.000 0.000 0.000 0.000 

27 4 0.236 1.312 0.000 0.000 0.000 0.000 

1 4 0.269 1,343 -0.000 0.000 0.000 0.000 
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~ 
Job No Sheet No Rav 

amec!J Attachment: '2.. 6 
Cale. No.: 145579-C-CA-014 

Software Ucensed to AMEC Rev. No.: 0 Part 

Job ntla Sheet: S2-ot ]3 Raf 

By 0 at"12-Nov-04 Chd 

Clianl FIie HANFORD.std I Date/Time 18-Nov-2004 1 3 :36 

"--...._ 

Cont. .. 
Node UC Force-X Foree-Y Force-Z Moment-X Moment-Y Moment.Z 

(kip) (kip) (kip} (kNm) - (kNm) (kNm) 

1 3 0.269 1.343 -0.000 0.000 0.000 0.000 
2 3 -0.233 1.284 -0.000 0.000 0.000 0.000 
2 4 -0.233 1.284 -0.000 0.000 0.000 0.000 

28 20 10.172 -7.267 -0.001 0.000 0.000 0.000 
2 19 -6.639 11 .388 -0.001 0.000 0.000 0.000 

28 40 -6.867 41 .855 -0.001 0.000 0.000 0.000 
27 28 11 .118 40.571 -0.001 0.000 0.000 0.000 
28 21 -11.050 40.693 -0.002 0.000 0.000 0.000 
2 11 0.120 -0.266 -0.002 0.000 0.000 0.000 
1 2 2.687 13.427 -0.002 0.000 0.000 0.000 

27 19 -14.706 -7.211 -0.002 · 0.000 0.000 0.000 
28 1 -1 .581 14.094 -0.002 0.000 0.000 0.000 

1 5 -13.122 -19.087 -0.003 0.000 0.000 0.000 
2 2 -2.331 12.836 -0.003 0.000 0.000 0.000 
1 20 8.764 12.111 -0.003 0.000 0.000 0.000 
1 9 -0.268 -0.302 -0.003 0.000 0.000 0.000 

27 24 -2.365 28.713 -0.003 0.000 0.000 0.000 
2 20 8.707 -3.409 -0.004 0.000 0.000 0.000 
2 5 -4.999 -3.035 -0.004 0.000 :. 0.000 0.000 
27 16 0.040 0.242 -0.005 0 .000 0.000 0.000 
28 16 -0.020 0.207 -0.005 0.000 0.000 0.000 

27 1 1.462 14.301 -0.006 0.000 0.000 0.000 
28 22 2.613 23.033 -0.006 0.000 0.000 0.000 

2 6 10.347 -17.832 -0.007 0.000 0.000 0.000 
27 . 42 6.601 41.592 -0.007 0.000 0.000 0.000 
28 42 -6.514 40.949 -0.007 0.000 0.000 0.000 
28 47 -1.858 15.649 -0.007 0.000 0.000 0.000 
27 22 14.028 40.647 -0.007 0.000 0.000 0.000 

1 6 6.882 -3.279 -0.008 0.000 0.000 0.000 
27 8 - -0.835 -1 .322 -0.009 0.000 0.000 0.000 

28 8 -0.310 0.682 -0:010 0.000 0.000 0.000 
28 10 0:167 -0.546 -0.010 0.000 0.000 0.000 

28 18 -7.141 44.228 -0.010 0.000 0.000 0.000 

27 47 1.738 15.856 -0.010 0.000 0.000 0.000 

27 21 -6.197 22.860 -0.011 0.000 0.000 0.000 

27 10 -0.014 -0.273 -0.011 0.000 0.000 0.000 

28 23 -9.731 40.995 -0.011 0.000 0.000 0.000 

28 25 -9.373 40.075 -0.011 0.000 • 0.000 0.000 

27 14 0.094 0.566 -0.011 0.000 0.000 0.000 

28 7 -2.988 16.650 -0.011 0.000 0.000 0.000 

28 14 -0.046 0.482 -0.012 0.000 0.000 0.000 

27 7 3.040 16.737 -0.013 0.000 0.000 0.000 

27 40 5.907 40.550 -0.014 0.000 0.000 0.000 

28 27 -0.622 29.222 -0.014 0.000 0.000 0.000 

28 29 -0.265 28.301 -0.014 0.000 0.000 0.000 

27 27 10.761 39.432 -0.016 0.000 0.000 0.000 
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~ z JobNo 

I''""'"" ,~ a~ Attachment: 
145579-C-CA-014 

7 
Cale. No.: 

S01!ware lican,ed to AMEC Rev. No.: 'c) Part 

Sheet: 5.3 of ]'3 -JobTitle Ref 

-
Client 

I By oa1912-Nov-04 Chd 

FIie HANFORD.std 1aala/rrne 18-Nov-200413:36 

Cont. .. 
Noda I UC I Force-X Force-Y Forca-z Moment-X Moment-Y Moment-ZI 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

27 18 6.867 44.162 -0.016 0.000 0.000 0.000 
12 3 -0.464 2.397 -0.017 0.000 0.000 0.000 
12 4 -0.464 2.397 -0.017 0.000 0.000 0.000 
27 29 11.3n 40.219 -0.017 0.000 0.000 0.000 
27 23 -2.722 27.574 -0.018 . 0.000 0.000 0.000 
27 25 -2.106 28.361 -0.020 0.000 0.000 0.000 
28 39 -6.662 40.938 -0.024 0.000 0.000 0.000 
28 41 -6.304 40.018 --0.024 0.000 0.000 0.000 
27 17 0.028 -0.123 -0.025 0.000 0:000 0.000 
28 17 -0.024 -0.132 -0.026 0.000 0.000 0.000 
27 39 5.551 39.411 -0.028 0.000 0.000 0.000 
28 48 -1.862 15.310 -0.028 0.000 0.000 0.000 
27 41 6.166 40.198 -0.030 0.000 0.000 0.000 
27 48 1.726 15.491 -0.031 0.000 0.000 0.000 
28 44 -6.875 41.262 -0.038 0.000 0.000 0.000 
27 46 6.580 40.953 -0.043 0.000 0.000 0.000 
28 46 -6.522 40.357 -0.043 0.000 0.000 0.000 
27 44 5.886 39.910 -0.050 0.000 0.000 0.000 
27 15 0.066 -0.267 -0.059 0.000 , 0.000 0.000 
28 43 -6.669 40.346 -0.060 0.000 0.000 0.000 
28 45 -6.311 39.425 -0.060 0.000 0.000 0.000 
28 15 -0.056 -0.308 -0.061 0.000 0.000 0.000 
27 43 5.530 38.TT1 -0.064 0.000 0.000 0.000 
27 45 6.146 39.558 -0.066 0.000 0.000 0.000 
12 1 -2.255 21 .319 -0.102 0.000 0.000 0.000 
11 24 -2.016 46.4TT -0.164 0.000 0.000 0.000 
12 2 -4.643 23.975 -0.171 0.000 0.000 0.000 
16 3 0.441 2.455 -0.179 0.000 0.000 · 0.000 

16 4 0.441 2.455 -0.179 0.000 0.000 0.000 
17 3 -0.438 2.507 -0.199 0.000 0.000 0.000 
17 4 -0.438 2.507 -0.199 0.000 0.000 0.000 
12 7 -2.157 12.TT2 -0.204 0.000 0.000 0.000 
11 27 14.304 55.364 -0.290 0.000 0.000 0.000 
11 30 15.469 61 .7.31 -0.374 0.000 0.000 0.000 
12 29 -0.012 44.532 -0.457 0.000 0.000 0.000 

12 18 -9.055 58.066 -0.4TT 0.000 0.000 0.000 
11 25 -1.803 46.119 -0.492 0.000 0.000 0.000 

6 34 8.646 35.449 -0.546 0.000 . 0.000 0.000 
7 10 -0.176 -2.527 -0.654 0.000 0.000 0.000 

6 33 9.003 37.318 -0.662 0.000 0.000 0.000 
7 · a 17.458 -18.952 -0.677 0.000 0.000 0.000 
12 30 -0.232 45.726 -0.684 0.000 0.000 0.000 
17 37 -8.400 40.131 -0.758 0.000 0.000 0.000 

6 5 -20.914 -1 8.763 -0.763 0.000 0.000 0.000 
16 37 8.536 41.071 -O.TT9 0.000 0.000 0.000 

7 33 -9.149 36.211 -0.813 0.000 0.000 0.000 
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~ ame<:!J Attachment: '2 Job No Sheel No Rev 

8 
Cale. No.: 145579-C-CA-014 

c) Rev. No.: Part 
Software licensed to AMEC 

Job Tille Sheet: Sf of 1,3 Ref 

By 0st"12-Nov-04 Chd 

Client File HANFORD.std I Date/Tina 18-Nov-2004 13:36 

Cont. .. 
Node L/C Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) .(kNm) (kNm) (kNm) 

17 10 0.007 2.070 -0.848 0.000 0.000 0.000 
16 7 2.200 10.989 -0.874 0.000 0.000 0.000 
7 9 -0.166 -5.662 -0.889 ·0.000 0.000 0.000 
17. 5 -9.008 2.928 -0.891 Q.000 0.000 0.000 
12 24 -13.532 61.479 -0.905 0.000 0.000 0.000 
11 22 18.189 54.938 -0.967 0.000 0.000 0.000 
6 32 7.943 34.734 -0.967 0.000. 0.000 0.000 
6 11 -0.239 -6.008 -0.983 0.000. 0.000 0.000 
7 5 -9.303 -3.260 -0.986 0.000 0.000 0.000 
7 32 -9.142 33.860 -0.989 0.000 0.000 0.000 
16 36 9.559 51 .961 -1 .019 0.000 0.000 .0.000 
16 6 13.130 4.085 -1.029 0.000 0.000 0.000 
6 10 0.716 -3.517 -1.139 0.000 0.000 0.000 
17 7 -2.352 12.103 -1.144 0.000 0.000 0.000 
6 6 13.173 -3.974 -1 .184 0.000 0.000 0.000 
16 38 10.997 70.764 -1.216 0.000 0.000 0.000 
12 10 0.164 0.998 -1.254 0.000 0.000 0.000 
7 34 -8.802 33.378 -1 .409 0.000 0.000 0.000 
17 38 -9.918 53.307 -1.410 0.000 0.000 0.000 
16 10 0.250 4.305 -1 ;440 0.000 0.000 0.000 
7 11 0.287 -6.305 -1 .448 0.000 0.000 0.000 
12 5 -9.035 -0.550 -1.525 0.000 0.000 0.000 
6 9 -0.699 -6.962 -1.546 0.000 0.000 0.000 
12 11 -0.129 2.590 -1.556 0.000 0.000 0.000 
12 21 -15.292 54.461 -1.570 0.000 0.000 0.000 
28 32 -6.833 38.859 -1.590 0.000 0.000 0.000 
28 34 -6.480 37.953 -1.595 0.000 0.000 0.000 
27 34 6.534 38.538 -1 .596 0.000 0.000 0.000 
17 36 -12.114 . 72.390 ~1.602 0.000 0.000 0.000 
27 32 5.840 37.495 -1 .603 0 .000 0.000 0.000 
28 31 -6.628 37.942 -1.612 0.000 0.000 0.000 
28 33 -6.270 37.022 -1 .612 0.000 0.000 0.000 
27 31 5.484 . 36.356 -1.617 0.000 0.000 0.000 
27 33 6.099 37.143 -1.619 0.000 0.000 0.000 
12 19 -11 .754 23.167 -1 .644 0.000 0.000 0.000 
11 20 15.833 23.998 -1.684 0.000 0.000 0.000 
16 1 2.286 21 .570 -1.706 0.000 0.000 0.000 
17 11 -2.017 19.637 -1.718 0.000 0.000 0.000 
17 1 -2.266 20.948 -1 .729 0.000 0.000 0.000 
11 9 -0.163 2.166 -1.738 0.000 0.000 0.000 
16 9 1.614 18.825 -1.759 0.000 0.000 0.000 
11 6 13.097 -0.803 -1 ,788 0.000 0.000 0.000 
16 2 4.413 24.551 -1.793 0.000 0.000 0.000 
11 28 14.793 56.763 -1 .824 0.000 0.000 0.000 
7 31 -9.653 33.407 -1 .866 0.000 0.000 0.000 
17 9 -4.945 45.082 -1 .975 0.000 0.000 0.000 
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.. 

Software licensed to AMEC 

Job Title 

Client 

Cont ... 
Node UC Force-X 

(kip) 

17 35 -8.730 
17 2 -4.375 
16 11 3.532 
6 47 2.722 
7 8 -0.848 
12 25 -12.910 
11 29 15.006 
11 10 0.121 
16 21 -7.196 
7 47 -2.881 
6 39 8.265 

12 27 -0.378 
12 26 -13.130 

1 33 10.036 
2 31 -9.054 

1 31 8.569 

2 33 -7.297 
1 34 7.025 
1 32 6.616 
2 32 -5.974 
2 34 -5.666 
17 22 4.213 
17 8 -0.432 
16 23 -2.537 
17 19 -11 .711 

16 20 15.856 

27 . 12 0.006 
28 12 -0.002 

6 42 8.598 

6 41 8.955 

7 41 -9.128 

7 40 -9.120 

6 40 7.895 

12 8 -0.324 

17 29 0.012 

16 25 -1.827 

12 23 -13.276 

7 42 -8.780 

7 16 0.012 

6 16 -0.028 

16 24 -0.804 

16 16 -0.023 

17 16 0.020 

16 26 0.635 

16 18 8.899 

17 30 -1 .506 

Print Time/Data: 19/11/2004 11 :08 

arnecf1 Attachment: 
Cale. No.: 

Rev. No.: 
Sheet: 

2. 
145579-C-CA-014 

0 
55 of 13 

• Force-Y Force-Z Moment-X Moment-Y 
(kip) (kip) (kNm) (kNm) 

44.784 -1 .981 0.000 0.000 
25.066 -1.988 0.000 0.000 
43.896 -2.022 0.000 . 0.000 

9.362 -2.051 0.000 0.000 
-6.265 -2.057 · 0.000 0.000 
55.347 -2.129 0.000 0.000 
56.406 -2.152 0.000 0.000 

1.689 -2.176 . 0.000 0.000 
35.447 -2.183 0.000 0.000 

8.165 -2.249 0.000 0.000 
30.395 -2.277 0.000 0.000 
45.598 -2.324 0.000 0.000 
56.541 -2.355 0.000 - 0.000 
72.666 -2.396 0.000 0.000 
70.205 -2.397 0.000 0.000 
50.432 -2.398 0.000 0.000 
47.997 -2.402 0.000 0.000 
38.321 -2.408 0.000 0.000 
37.807 -2.412 0.000 0.000 
36.163 -2.412 0.000 . · '•0.000 

35.529 -2.414 0.000 0.000 
35.892 -2.424 0.000 0.000 

8.274 -2.479 0.000 0.000 
40.003 -2.699 0.000 0.000 

26.383 -2.818 0.000 0.000 
28.110 -2.915 0.000 0.000 
-5.260 -3.195 0.000 0.000 
-5.268 -3.195 0.000 0.000 
25.328 -3.215 0.000 0.000 

27.196 -3.332 0.000 0.000 
26.127 -3.458 0.000 0.000 

23.775 -3.634 0.000 0.000 
24.613 -3.637 0.000 0.000 

2.419 -3.743 0.000 0.000 

43.844 -3.777 0.000 0.000 

44.981 -3.920 0.000 0.000 

56.412 -3.996 0.000 0.000 

23.293 -4.053 0.000 0.000 
-15.199 -4.056 0.000 0.000 

-15.225 -4.071 0.000 0.000 

55.871 -4.159 0.000 0.000 
14.111 -4.279 0.000 0.000 
14.051 -4.280 0.000 0.000 

74.674 -4.357 0.000 0.000 

57.110 -4.374 0.000 0.000 

57.020 -4.429 0.000 0.000 

Job No Sheet No Rev 

9 

Part 

Ref 

By Dat-, 2-Nov-04 · Chd 

Flle HANFORD.std Dala/Tlme 18-Nov-2004 13:36 

Moment-Z 
(kNm) 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
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~ 
Job No Sheet No Rev 

z.. 10 
ame<fi Attachment: 

Sol\wan, licensed to AMEC Cale. No.: 145579-C-CA-014 Part 

Job nue Rev. No.: 0 Rof 

Sheet: Sb of 13 By 0 •1"12-Nov-04 Chd 

Client FIie HANFORD.std jDale/T"ma 18-Nov-2004 13:36 

Cont ... 
Node UC Force-X Force-Y Foree-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

7 39 -9.632 23.323 -4.510 0.000 . 0.000 0.000 
16 27 14.390 54.656 -4.528 0.000 0.000 0.000 
17 28 -3.702 76.104 -4.622 0.000 0.000 0.000 
2 12 -0.003 -4.450 -4.845 0.000 0.000 · 0.000 
1 12 0.001 -4.454 -4.845 0.000 0.000 0.000 

17 18 -8.993 58.118 -4.860 0.000 0.000 0.000 
16 22 18.196 57.427 -4.927 0.000 0.000 0.000 
17 27 -0.317 48.497 -5.000 0.000 0.000 0.000 
17 21 -15.161 57.288 -5.242 0.000 0.000 0.000 

17 25 -12.903 58.108 -5.656 0.000 0.000 0.000 
16 29 15.101 59.634 -5.750 0.000 0.000 0.000 
16 28 16.124 70.525 -5.989 0.000 0.000 0.000 
16 47 2.704 38.136 -6.164 0.000 0.000 0.000 
16 30 17.562 89.328 -6.186 0.000 0.000 0.000 

17 47 . -2.683 37.506 -6.208 0.000 0.000 - 0.000 
17 26 -14.421 71 .284 -6.308 0.000 0.000 0.000 

17 24 -16.618 90.367 -6 .501 0.000 0.000 0.000 
11 47 2.716 25.794 -6.582 0.000 0.000 0.000 

" 12 16 0.011 1.077 -6.669 0.000 0.000 0.000 
11 16 -0.020 0.993 -6.686 0.000 . 0.000 0.000 
12 47 -2.709 24.794 -6.788 0.000 0.000 0.000 
17 23 -13.233 62.761 -6.879 0.000 0.000 0.000 
17 12 0.004 9.258 -6.949 0.000 0.000 0.000 
16 12 -0.002 9.280 -6.951 0.000 0.000 0.000 
16 31 7.824 57.254 -7.489 0.000 0.000 0.000 
11 31 7.755 50.504 -7.788 0.000 0.000 0.000 
11 34 8.919 56.871 -7.872 0.000 0.000 0.000 
12 32 -9.013 56.499 -6.531 0.000 0.000 0.000 
17 33 -8.397 61 .273 -8.685 0.000 0.000 0.000 

16 33 8.535 62.232 -8.711 0.000 0.000 0.000 

7 12 -0.002 -33.029 -8.906 0.000 0.000 0.000 
6 12 -0.001 -33.043 -8.911 0.000 0.000 0.000 
16 32 9.558 . 73.122 -8.950 0.000 0.000 0.000 
16 34 10.996 91 .925 -9.147 0.000 0.000 0.000 
11 32 8.243 51 .903 -9.322 0.000 0.000 0.000 
17 34 -9.915 74.449 -9.337 0.000 0.000 0.000 

7 14 0.027 -35.465 -9.463 0.000 0.000 0.000 

6 14 -0.065 -35.524 -9.500 0.000 0.000 0.000 

17 32 -12.112 93.532 -9.530 0.000 . 0.000 0.000 

11 33 8.456 51.546 -9.650 0.000 0.000 0.000 

12 33 -8.392 50.367 -9.754 0.000 0.000 0.000 

17 31 -8.727 65.926 -9.908 0.000 0.000 0.000 

12 34 -8.612 51.560 -9.981 0.000 0.000 0.000 

16 14 -0.053 32.926 -9.984 0.000 0.000 0.000 

17 14 0.047 32.786 -9.987 0:000 0.000 0.000 

11 39 7.721 57.502 -11.096 0.000 0.000 0.000 
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~ 
Jab No Sheol No Rev 

2. 11 
amecf1 Attachment: 

Software licansed to AMEC Cale. No.: 145579-C-CA-014 Part 

Job TIiie Rev. No.: 
c) Ref 

Sheet: s7 of 73 By Dai912-Nov-04 Chd 

Client FIie HANFORD.std I 0•rnme 18-Nov-2004 13:36 

Cont ... 
Node UC Force-X Force-Y Force-Z Momant-X Momant-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

11 42 8.886 63.870 -11.180 0.000 0.000 0.000 
16 39 7.788 77.308 -11.502 0.000 0.000 0.000 
12 31 -8.758 51.432 -11.621 0.000 0.000 0.000 
12 40 -8.996 63.640 -11.814 0.000 0.000 0.000 
11 40 8.209 58.902 -12.630 0.000 0.000 0.000 
17 41 -8.364 81 .234 -12.701 0.000 0.000 0.000 
16 41 8.497 82.286 -12.723 0.000 0.000 0.000 
11 41 8.422 58.545 -12.958 0.000 0.000 0.000 
16 40 9.520 93.176 -12.962 0.000 0.000 0.000 
12 41 -8.374 57.507 -13.038 0.000 0.000 0.000 
16 42 10.958 111 .979 -13.160 0.000 0.000 0.000 

12 42 -8.594 58.701 -13.264 0.000 0.000 0.000 
17 42 -9.882 94.410 -13.353 0.000 0.000 0.000 
17 40 -12.078 113.493 -13.546 0.000 0.000 0.000 
17 39 -8.693 85.887 -13.924 0.000 0.000 0.000 
12 39 -8.740 58.573 -14.905 0.000 0.000 0.000 <:-
12 14 0.025 2.514 -15.562 0.000 0.000 0.000 
11 14 -0.046 2.316 -15.600 0.000 0.000 0.000 
12 12 0.002 -10.510 -16.776 0.000 0.000 0.000 
11 12 . -0.003 -10.523 -16.784 0.000 0.000 0.000 

.-
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Column Load combinations giving maximum 
Shear forces laterally 



amecfi Attachment: __ :'5__,_ ___ _ 

.. - - -

~ Rev. No.: (") 
Job No 1,, .... l'h Sheet: s~ of 7_3 1 

Cale No· 145579 C CA 014 

Software licensed to AMEC 
Part 

Job -Hie 
Sl:/G,4/< /N .x-01R · LAT€12AL 

Raf 

By Date, 2-Nov-04 Chd 

Client FIie HANFORD.std I Datarrime 16-Nov-2004 1 3:36 

Node UC Force-X Fon::e-Y Force-Z Moment-X Moment-Y Moment-Z 
(kip) (kip) (kip) (l<Nm) (kNm) (kNm) 

6 22 16.347 53.496 3.759 0.000 0.000 0.000 
16 22 18.196 57.427 -4.927 0.000 0.000 0.000 
11 22 18.189 54.938 -0.987 0.000 0.000 0.000 
16 30 17.562 89.328 -6.186 0.000 0.000 0.000 
7 6 17.458 -18.952 -0.en 0.000 0.000 0.000 
17 6 16.823 -25.599 2.867 0.000 0.000 0.000 
12 6 16.761 -22.179 1.818 0.000 0.000 0.000 
16 28 16.124 70.525 -5.989 0.000 0.000 0.000 
6 20 15.922 20.612 0.836 0.000 0.000 0.000 
16 20 15.856 28.110 -2.915 . 0.000 0.000 0.000 
11 20 15.833 23.996 -1 .684 0.000 0.000 0.000 
6 29 15.590 51.652 3.201 0.000 0.000 0.000 
11 30 15.469 61.731 -0.374 0.000 0.000 0.000 
6 30 15.233 49.984 3.318 0.000 0.000 0.000 
16 29 15.101 59.634 -5.750 0.000 0.000 0.000 
11 29 15.006 56.406 -2.152 0.000 0.000 0.000 

6 27 14.900 55.051 4.256 0.000 0.000 0.000 
11 28 14.793 56.763 -1 .824 0.000 0.000 0.000 

7 20 14.566 4.412 1.129 0.000 0.000 0.000 
6 28 14.530 49.269 2.896 0.000 0.000 0.000 
16 27 14.390 54.656 -4.528 0.000 0.000 0.000 
11 27 14.304 55.364 -0.290 0.000 0.000 0.000 
17 20 14.120 -2.144 0.940 0.000 0.000 · 0.000 
12 20 14.041 1-.538 1.699 0.000 0.000 0.000 
27 22 14.028 40.847 -0.007 0.000 0.000 0.000 

1 29 13.477 73.453 0.022 0.000 0.000 0.000 
6 6 13.173 -3.974 . -1 .184 0.000 . 0.000 0.000 
16 6 13.13.0 4.085 -1 .029 0.000 0.000 0.000 
11 6 13.097 -0.603 -1.788 0.000 · 0.000 0.000 

27 20 12.260 16.505 0.002 0.000 0.000 0.000 

1 27 12.009 51.019 0.020 0.000 0.000 0.000 

28 6 12.009 -22.709 0.001 0.000 0.000 0.000 

1 22 11.978 37.802 0.007 0.000 · 0.000 0.000 

27 30 11 .811 41.614 0.006 0.000 0.000 0.000 

27 29 11.377 40.219 -0.017 0.000 0.000 0.000 

27 28 11.118 40.571 -0.001 0.000 0.000 0.000 

16 38 10.997 70.764 -1 .216 0.000 0.000 0.000 

16 34 10.996 91 .925 -9.147 0.000 0.000 0.000 

16 42 10.958 111 .979 -13.160 0.000 0.000 0.000 

16 46 10.946 60.626 1.456 0.000 0.000 0.000 

27 27 10.761 39.432 -0.016 0.000 0.000 0.000 

27 6 10.562 0.892 0.007 0.000 0.000 0.000 

1 30 10.465 36.908 0.011 0.000 0.000 0.000 

2 6 10.347 -17.832 -0.007 0.000 0.000 0.000 

28 20 10.172 -7.267 -0.001 0.000 0.000 0.000 

1 45 10.106 75.515 0.035 0.000 0.000 0.000 
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~ 
Job No Sheet No Rav 

am~ Attachment: 2.. 2 
Cale. No.: 145579-C-CA-014 

Soltwall! licensed lo AMEC 0 
Part 

Rev. No.: 
Job Tille 

Sheet: ~ of 7~ Raf 

By 0•1812-Nov-04 Chd 

Client FIia HANFORD.std I Dele/nme 18-Nov-2004 13:36 

Cont. .. 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

1 41 10.090 74.880 0.071 0.000 0.000 0.000 

1 28 10.056 38.395 0.007 0.000 0.000 0.000 

1 37 10.039 72.463 1.624 0.000 0 .000 0.000 
1 33 10.036 72.866 -2.396 0.000 0.000 0.000 

16 36 9.559 51.961 -1 .019 0.000 0.000 0.000 

16 32 9.558 73.122 -8.950 0.000 0.000 0.000 

16 40 9.520 93.176 -12.962 0.000 0.000 0.000 
16 44 9.508 41.823 1.653 0.000 0.000 0.000 
6 18 9.042 59.503 4.927 0.000 0 .000 Q.000 

6 33 9.003 37.318 -0.662 0.000 0.000 0.000 

6 37 9.003 58.479 7.269 0.000 0.000 0.000 

6 45 8.969 78.552 11 .284 0.000 0.000 0.000 

6 41 8.955 27.196 -3.332 0.000 0.000 0.000 
11 38 8.919 56.871 8.912 0.000 0.000 0.000 
11 34 8.919 56.871 -7.872 0.000 0.000 0.000 
16 18 8.899 57.110 -4.374 0.000 0.000 0.000 

11 46 8.887 63.871 12.223 0.000 0.000 0.000 

11 42 8.886 63.870 -11 .180 0.000 0.000 0.000 

11 18 8:836 58.626 0.419 0.000 0.000 0.000 

1 20 8.764 12.111 -0.003 Q.000 0.000 0.000 

2 20 8.707 -3.409 -0.004 0.000 0.000 0.000 

6 34 8.646 35.449 -0.546 0.000 0.000 0.000 

6 38 8.646 56.611 7.386 0.000 0.000 0.000 

1 43 8.639 53.081 0.033 0.000 0.000 0.000 

1 39 8.622 52.446 0.069 0.000 0.000 · 0.000 
6 46 8.612 76.684 11.401 0.000 0.000 0.000 

6 42 8.598 25.328 -3.215 0.000 0.000 0.000 
1 35 8.572 50.029 1.622 0.000 0.000 0.000 

1 31 8.569 50.432 -2.398 0.000 - 0.000 0.000 
16 37 8.536 41.071 -0.779 0.000 0.000 0.000 
16 . 33 8.535 62.232 -8.711 0.000 0.000 0.000 

16 41 8.497 82.286 -12.723 0.000 0.000 0.000 
16 45 8.485 30.933 1.893 0.000 0.000 0.000 

11 37 8.456 51 .546 7.134 0.000 0.000 0.000 
11 33 8.456 51.546 -9.650 0.000 0.000 0.000 

11 45 8.423 58.546 10.446 0.000 0.000 0.000 
11 41 8.422 58.545 -12.958 0.000 0.000 0.000 

6 31 8.313 40.516 0.392 0.000 0.000 0.000 

6 35 8.313 61 .677 8.324 0.000 0.000 0.000 

6 43 8.279 81.751 12.339 · 0.000 0.000 0.000 

6 39 8.265 30.395 -2.277 0.000 0.000 0.000 

11 36 8.243 51.904 7.463 0.000 0.000 0.000 

11 32 8.243 51 .903 -9.322 0.000 0.000 0.000 

11 44 8.210 58.904 10.774 0.000 0.000 0.000 
11 40 8.209 58.902 -12.630 0.000 0.000 0.000 
6 32 7.943 34.734 -0.967 0.000 0.000 0.000 
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~ 
Job No ShlMII No Rev 

ame& Attachment: . 2 3 
Cale. No.: 145579-C-CA-014 

Software licensed to AMEC Rev. No.: 0 Part 

Job Title ' Sheet: t;o ot7.3 Ref 

By 0• 1812-Nov-04 Chd 

Client File HANFORD.std I Date/T".,,. 18-Nov-2004 13:36 

Cont ... 
Node UC Force-X Force-Y Force-z Moment-X Moment•Y Moment-Z 

(kip) . (kip) (kip) (kNm) (kNm) (kNm) 

6 36 7.942 55.896 6.964 0.000 0.000 0.000 
6 44 7.908 75.969 10.979 0.000 0.000 .0.000 
6 40 7.895 24.613 -3.637 0.000 0.000 0.000 
16 35 7.825 36.093 0.442 0.000 0.000 0.000 
16 31 7.824 57.254 -7.489 0.000 0.000 0:000 
16 39 7.786 77.308 -11.502 0.000 . 0.000 0.000 
16 43 7.775 25.955 3.114 0.000 0.000 0.000 
11 35 7.755 50.504 8.996 0.000 0.000 0.000 
11 31 7.755 50.504 -7.788 0.000 0.000 0.000 
11 43 7.722 57.504 12.308 0.000 0.000 0.000 
11 39 7.721 57.502 -11 .096 0.000 , 0.000 0.000 

1 18 7.655 44.523 0.017 0.000 0.000 0.000 
1 46 7.095 40.970 0.024 0.000 0.000 0.000 
1 42 7.078 40.335 0.060 0.000 0.000 0.000 
1 38 7.027 37.918 1.613 0.000 . 0.000 0.000 

1 34 7.025 38.321 -2.408 . 0.000 0.000 0.000 

1 6 6.882 -3.279 -0.008 0.000 0.000 0.000 

27 18 6.867 44.162 -0.016 0.000 0.000 0.000 
1 44 6.686 40.456 0.020 0.000 0.000 0.000 
1 40 6.669 39.822 0.056 0.000 0.000 0.000 

1 36 6.618 37.404 1.609 0.000 0.000 0.000 

1 32 6.616 37.807 -2.412 0.000 0.000 0.000 

27 42 6.601 41 .592 -0.007 0.000 0.000 0.000 
27 46 6.580 40.953 -0.043 0.000 0.000 0.000 
27 34 6.534 38.538 -1.596 0.000 0.000 0.000 
27 38 6.531 38.940 . 2.425 0.000 0.000 0.000 

27 41 6.166 40.198 -0.030 0.000 0.000 0.000 

27 45 6.146 39.558 -0.066 0.000 0.000 0.000 

27 33 6.099 37.143 -1.619 0.000 0.000 O.OQO 

27 37 6.096 37.546 2.402 0.000 ' 0.000 0.000 

27 40 5.907 40.550 -0.014 0.000 0.000 0.000 
27 44 5.886 39.910 -0.050 0.000 0.000 0.000 

27 32 5.840 37.495 -1.603 0.000 0.000 0.000 

27 36 5.837 37.898 2.418 0.000 0.000 0.000 

27 39 5.551 39.411 -0.028 .0.000 0.000 0.000 

27 43 5.530 38.771 -0.064 0.000 0.000 0.000 

27 31 5.484 36.356 -1 .617 0.000 0.000 0.000 

27 35 5.481 36.759 · 2.403 0.000 0.000 0.000 

11 2 4.690 23.869 0.149 0.000 0.000 0.000 

6 2 4.439 25.348 1.987 0.000 0.000 0.000 

16 2 4.413 24.551 -1.793 0.000 0.000 0.000 

1 10 4.292 46.443 0.017 0.000 0.000 0.000 

17 22 4.213 35.892 -2.424 0.000 0.000 0.000 

7 22 4.077 40.407 3.623 0.000 0.000 0.000 

12 22 4.055 38.239 0.937 0.000 0.000 0.000 

16 11 3.532 43.896 -2.022 0.000 0.000 0.000 
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~ 
Software liosnaed to AMEC 

Job Tltle 

CUanl 

Cont. .. 
Node UC Force-X 

(kip} 

1 25 3.475 
1 7 3.355 

27 7 3.040 
6 48 2.729 
6 47 2.722 
11 48 2.716 
11 47 2.716 
16 47 2.704 
16 · 48 2.698 
1 2 2.687 

28 22 2.613 
27 2 2.365 
1 8 2.336 
6 1 2.305 

6 7 2.298 
16 1 2.286 
11 1 2.267 
16 7 2.200 
1 23 2.008 
2 22 1.986 
1 48 1.923 
1 47 1.913 
11 7 1.879 
27 47 1.738 
27 48 1.726 
16 9 1.614 
1 1 1.614 

27 1 1.462 
11 11 0.739 
6 10 0.716 
16 26 0.635 
27 11 0.565 
11 4 0.469 
11 3 0.469 
1 26 0.463 

6 4 0.444 

6 3 0.444 
16 4 0.441 
16 3 0.441 

7 11 0.287 
1 11 0.277 
1 3 0.269 

1 4 0.269 
16 10 0.250 
6 11 0.239 

27 4 0.236 

Print Time/Dale: 19/11/2004 11:02 

Job No 

amecf!i Attachment: 2-

Force-Y 

(kip) 

65.550 
17.049 
16.737 
38.708 

9.362 
25.795 
25.794 
38.136 

8.791 
13.427 
23.033 
13.124 
16.531 
22.052 
12.103 
21.570 
22.414 
10.989 
43.116 
24.580 
15.631 
15.269 
12.342 
15.856 
15.491 
18.825 
14.048 
14.301 

8.790 
-3.517 
74.674 

1.587 

2.387 
2.387 

31 .005 
2.535 

2.535 
2.455 
2.455 

-6.305 
· 0.383 
1.343 
1.343 
4.305 

-6.008 
1.312 

Cale. No.: 

Rev. No. : 
Sheet: 

145579-C-CA-014 
0 

~\ of 7-3 
Part 

Rel 

By 

File HANFORD.std 

Force.z Moment-X Moment-Y Moment-Z 

(kip) (kNm) (kNm) . (kNm) 

0.025 0.000 0.000 0.000 
0.013 0.000 0.000 0.000 

-0.013 0.000 0.000 0.000 
6.301 0.000 O.QOO 0.000 

-2.051 0.000 ci.OOO · 0.000 
6.792 0.000 0.000 0.000 

-6.582 0.000 0.000 0.000 
-6.164 0.000 0.000 0.000 
2.188 0.000 0.000 0.000 

-0.002 0.000 0.000 0.000 
-0.006 0.000 . 0.000 0.000 
0.002 0.000 0.000 0.000 
0.014 0.000 0.000 0.000 
1.822 0.000 0.000 0.000 

· 1.118 0.000 0.000 0.000 
-1.706 0.000 0.000 0.000 
0.089 0.000 0.000 0.000 

-0.874 0.000 0.000 0.000 
0.023 0.000 0.000 0.000 
0.005 0.000 0.000 0.000 
0.010 Q.000 0.000 0.000 
0.031 0.000 0.000 0.000 
0.181 0.000 0.000 0.000 

-0.010 0.000 0.000 0.000 
-0.031 0.000 0.000 0.000 
-1 .759 0.000 0.000 0.000 
0.006 0.000 0.0!)0 0.000 

-0.006 0.000 0.000 0.000 
0.195 0.000 0.000 0.000 

-1.139 0.000 0.000 0.000 
-4.357 0.000 0.000 0.000 
0.020 0.000 0.000 0.000 
0.015 0.000 0 .. 000 0.000 
0.015 0.000 0.000 0.000 
0.014 0.000 0.000 0.000 
0.199 0.000 0.000 0.000 
0.199 0.000 0.000 0.000 

-0.179 0.000 0.000 0.000 
-0.179 0.000 0.000 · 0.000 
-1.448 0.000 0.000 0.000 
0.002 0.000 0.000 0.000 

-0.000 · 0.000 0.000 0.000 
-0.000 0.000 0.000 0.000 
-1.440 0.000 0.000 0.000 
-0.983 0.000 0.000 0.000 
0.000 0.000 · 0.000 0.000 
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~ 
Job No Sheet No Aev 

amec':J Attachment: 
2 5 

145579-C-CA- 01~ Cale. No.: Part 
Software licenslld to AMEC 

Job lltle Rev. No.: 0 Ref 

Sheet: ~2.. of 7.:3 
By 081"12-Nov-04 Chd 

Client File HANFORD.std I Datamme 18-Nov-2004 13:36 

Cont. .. 
Node UC Force-X Force-Y Force-z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

27 3 0.236 1.312 0.000 0.000 0.000 0.000 
28 10 0.167 -0.546 -0.010 0.000 0.000 0.000 
12 10 0.164 0.998 -1.254 0.000 0.000 0.000 
11 10 0.121 1.689 -2.176 0.000 0.000 0.000 
2 11 0.120 -0.266 -0.002 0.000 0.000 0.000 

27 14 0.094 0.566 -0.011 0.000 0.000 0.000 
1 15 0.094 0.563 0.011 0.000 0.000 0.000 
1 14 0.072 -0.284 0.059 0.000 0.000 0.000 

27 15 0.066 -0.287 -0.059 0.000 0.000 0.000 
1 24 0.054 30.491 0.010 0.000 0.000 0.000 
7 15 0.049 32.776 9.984 0.000 0.000 0.000 
17 14 0.047 32.786 -9.987 0.000 0.000 0.000 
27 16 0.040 0.242 -0.005 0.000 0.000 0.000 
1 17 0.040 0.241 0.005 o.cioo 0.000 0.000 
1 16 0.031 -0.122 0.025 0.000 0.000 0.000 
17 15 0.028 -35.458 9.460 0.000 0.000 0.000 
27 17 0.028 -0.123 -0.025 0.000 0.000 0.000 
7 14 0.027 -35.465 -9.463 0.000 0.000 0.000 
12 15 0.025 2.512 15.557 0.000 0.000 0.000 
12 14 0.025 2.514 -:15.562 0.000 0.000 0.000 
7 17 0.021 14.047 4.279 0.000 0.000 0.000 
17 16 . 0.020 14.051 -4.280 0.000 0.000 0.000 
17 29 0.012 43.844 -3.m 0.000 0.000 0.000 
17 17 0.012 -15.196 4.054 0.000 0.000 0.000 
7 16 0.012 -15.199 -4.056 0.000 0.000 0.000 
12 17 0.011 1.077 6.667 0.000 0.000 0.000 
12 16 0.011 1.077 -6.669 0.000 0.000 0.000 
17 10 0.007 2.070 -0.848 0.000 0.000 0.000 
27 12 0.006 -5.260 -3.195 0.000 0.000 0.000 
1 13 0.006 -5.260 3.195 0.000 0.000 0.000 
7 ·13 0.004 9.253 6.949 0.000 0.000 0.000 
17 12 0.004 9.258 -6.949 0.000 0.000 0.000 
12 13 0.002 -10.511 16.777 0.000 0.000 0.000 
12 . 12 0.002 -10.510 -16.776 0.000 0.000 0.000 

1 12 0.001 -4.454 -4.845 0.000 0.000 0.000 

27 13 0.000 -4.455 4.845 0.000 0.000 0.000 

16 13 -0.001 -33.041 8.911 0.000 0.000 0.000 

6 12 -0.001 -33:043 -8.911 0.000 0.000 0.000 

17 13 -0.002 -33.026 8.906 0.000 0.000 0.000 

28 12 -0.002 -5.268 -3.195 0.000 0.000 0.000 

7 12 -0.002 -33.029 -8.906 0.000 0.000 0.000 

2 13 -0.002 -5.266 3.195 0.000 0.000 0.000 

6 13 -0.002 9.280 6.951 0.000 0.000 0.000 

16 12 -0.002 9.280 -6 .951 0.000 0.000 0.000 

11 13 -0.003 -10.523 16.785 0.000 0.000 0.000 

11 12 -0.003 -10.523 -16.784 0.000 0.000 0.000 
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~ 
Job No Sheet No Rev 

ame& Attachment: 2. 6 
Cale. No.: 145579-C-CA- Dllf 

Part 
Software licensed to AMEC 

Rev. No.: 0 
Job Title 

Sheet: Co~ of 1-'3, Ref 

' 
By Date-t2-Nov-04 Chd 

C\iart Fne HANFORD.std I Datamme 18-Nov-2004 13:36 

Cont .. . 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (lcNm) 

2 12 -0.003 -4.450 -4.845 .0.000 0.000 0.000 
28 13 -0.004 -4.451 4.845 0.000 0.000 0.000 
12 29 -0.012 44.532 -0.457 0.000 0.000 0.000 
27 10 -0.014 -0.273 -0.011 0.000 0.000 0,000 
11 17 -0.019 0.994 6.688 0.000 0.000 0.000 
2 17 -0.020 0.205 0.005 0.000 · 0.000 0.000 

11 16 -0.020 0.993 -6.686 0.000 0.000 0.000 
28 16 --0.020 0.207 -0.005 · 0.000 0.000 0.000 
6 17 -0.020 14.122 4.280 0.000 0.000 0.000 
16 16 -0.023 14.111 -4.279 0.000 0.000 0.000 
2 16 -0.023 -0.136 0.026 0.000 0.000 0.000 
28 17 -0.024 -0.132 -0.026 0.000 0.000 0.000 
6 16 -0.028 -15.225 -4.071 0.000 0.000 0.000 
16 17 -0.029 -15.234 4.073 0.000 0.000 0.000 
11 15 -0.045 2.318 15.604 0.000 0.000 0.000 
2 15 -0.046 0.478 0.012 0.000 0.000 0.000 
11 14 -0.046 2.316 -15.600 0.000 0.000 0.000 
28 14 -0.046 0.482 -0.012 0.000 0.000 0.000 
6 15 -0.047 32.951 9.988 0.000 0.000 0.000 
16 14 -0.053 32.926 -9.984 O.QOO 0.000 0.000 
2 14 -0.054 -0.318 0.061 0.000 0.000 0.000 
28 15 -0.056 -0.308 -0.061 0.000 0.000 0.000 
6 14 -0.065 -35.524 -9.500 0.000 0.000 0.000 
16 15 -0.068 -35.545 9.503 0.000 0.000 0.000 
7 30 -0.072 40.416 - 2.706 0.000 0.000 0.000 

28 11 -0.113 0.697 0.013 0.000 0.000 0.000 
12 11 -0.129 2.590 . ~1.556 0.000 0.000 0.000 
11 9 -0.163 2.166 -1.738 0.000 0.000 0.000 
7 9 ..0.166 -5.662 -0.889 0.000 0.000 0.000 
7 10 -0.176 -2.527 -0.654 0.000 - 0.000 0.000 
6 8 -0.205 0.748 0.267 0.000 0.000 0.000 
12 30 -0.232 45.726 -0.684 0.000 0.000 0.000 
2 4 -0.233 1.284 -0.000 0.000 0.000 0.000 
2 3 -0.233 1.284 -0.000 0.000 0.000 0.000 
28 4 -0.257 1.348 0.000 0.000 0.000 0.000 
28 3 -0.257 1.348 0.000 0.000 0.000 · 0.000 
28 29 -0.265 28.301 -0.014 0.000 0.000 0.000 

2 9 -0.265 0.578 0.001 0.000 0.000 0.000 

1 9 -0.268 -0.302 -0.003 0.000 0.000 0.000 
28 8 -0.310 0.682 -0.010 0.000 0.000 0.000 
17 27 -0.317 48.497 -5.000 0.000 0.000 0.000 

12 8 -0.324 2.419 -3.743 0.000 0.000 0.000 

27 9 -0.360 0.197 0.011 0.000 0.000 0.000 

12 27 -0.378 45.598 -2.324 0.000 0.000 0.000 
7 28 -0.412 40.898 3.125 . 0.000 0.000 0.000 
7 29 -0.419 43.250 3.302 0.000 0.000 0.000 
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~ 
Job No Sheet No Rev 

~me~ Attachment: 
:2._ 7 

Cale. No.: 145579-C-CA-0 /~ 
Software licensed to AMEC 0 Part 

Rev. No.: 
Job Title 

Sheet: G:.~ of 7~ Ref 

By 011912-Nov-04 Chd 

Client FK• HANFORD.std I Datemme 18-Nov-2004 13:36 

Cont. .. 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 
17 8 -0.432 8.274 -2.479 0.000 0.000 0.000 
17 4 -0.438 2.507 -0.199 0.000 0.000 0.000 
17 3 -0.438 2.507 -0.199 0.000 0.000 0.000 
12 4 -0.464 2.397 -0.017 0.000 0.000 0.000 
12 3 -0.484 2.397 -0.017 0.000 0.000 0.000 -
7 3 . -0.467 2.496 0.181 0.000 0.000 0.000 
7 4 -0.467 2.496 0.181 0.000 0.000 0.000 
28 30 -0.475 29.233 0.003 0:000 0.000 0.000 
2 30 -0.511 28.838 0.005 0.000 0.000 0.000 

28 9 -0.584 1.904 0.020 0.000 0.000 0.000 
28 27 -0.622 29.222 -0.014 0.000 0.000 0.000 
12 28 -0.634 50.664 0.767 0.000 0.000 0.000 
12 9 -0.665 9.174 0.378 0.000 0.000 0.000 
16 8 -0.697 -2.332 0.189 0.000 0.000 0.000 
6 9 -0.699 -6.962 -1.546 0.000 0.000 0.000 
2 28 -0.800 29.472 0.007 0.000 0.000 0.000 
16 24 -0.804 55.871 -4.159 0.000 . 0.000 0.000 
11 8 -0.814 0.300 0.307 0.000 0.000 0.000 . 
28 28 -0.828 30.138 0.008 0.000 0.000 0.000 
27 8 -0.835 -1 .322 -0.009 0.000 0.000 0.000 
7 8 -0.848 -6.265 -2.057 0.000 0.000 . 0.000 
7 27 -0.923 40.446 2.249 0.000 0.000 0.000 
11 26 -1.340 51 .445 1.286 0.000 0.000 0.000 
2 1 -1.407 13.140 0.003 0.000 0.000 0.000 
6 25 -1.453 44.458 3.412 0.000 0.000 0.000 
17 30 -1 .506 57.020 -4.429 0.000 0.000 0.000 
28 1 -1.581 14.094 -0.002 0.000 0.000 0.000 
2 48 -1.659 14.628 0.008 0.000 0.000 0.000 
2 47 -1.663 14.287 0.029 0.000 0.000 0.000 
27 26 -1.672 29.756 0.003 0.000 0.000 0.000 
11 25 -1.803 46.119 -0.492 0.000 0.000 0.000 

6 26 -1.811 42.590 3.529 0.000 0.000 0.000 
16 25 -1.827 44.981 -3.920 0.000 0.000 0.000 
28 47 -1.858 15.649 -0.007 0.000 · 9.000 0.000 
28 48 -1.862 15.310 -0.028 0.000 0.000 0.000 
11 24 -2.016 46.4n -0.164 0.000 0.000 0.000 
17 11 -2.017 19.637 -1 .718 0.000 0.000 0.000 
2 10 -2.028 16.358 . 0.014 0.000 0.000 0.000 

27 25 -2.106 28.361 -0.020 0.000 0.000 0.000 

2 29 -2.122 41 .306 0.017 0.000 0.000 0.000 

6 23 -2.144 47.656 4.466 0.000 0.000 0.000 
12 7 -2.157 12.n2 -0.204 0.000 0.000 0.000 

12 1 -2.255 21 .319 -0.102 0.000 0.000 0.000 

17 1 -2.266 20.948 -1.729 0.000 0.000 0.000 

2 2 -2.331 12.836 -0.003 0.000 0.000 0.000 

17 7 -2.352 12.1 03 -1 .144 0.000 0.000 0.000 
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~ 
Job No I Sheet No 1--ameC'-", Attachment: 2. 8 

. Cale. No.: 145579-C-CA- olf:f_ 
Software licllnsad to AMEC 0 Part 

Rev. No.: -Jobrnle 
Sheet: C:, 5 of ]..3 Ref 

By Data12-Nov-04 Chd 

Client I FIie HANFORD.std I DalefT'IIII& 18-Nov-2004 13:36 

Cont. .. 
Node I L/C I Force-X Force-Y Force..Z Moment-X Moment-Y Moment..Z 

(kip) (kip) (kip) (kNm) (kNm) (lcNm) 

27 24 -2.365 28.713 -0;003 0.000 0.000 0.000 
7 1 -2.425 20.869 1.625 0.000 0.000 0.000 
11 23 -2.504 45.077 1.370 0.000 0.000 0.000 
6 24 -2.514 41 .874 3.107 0.000 0.000 0.000 
16 23 -2.537 40.003 -2.699 0.000 0.000 0.000 
7 · 7 -2.560 11.725 0.922 0.000 0:000 0.000 

28 2 -2.573 13.484 0.004 0.000 0.000 0.000 
17 47 -2.683 37.506 -6.208 0.000 0.000 0.000 
17 48 -2.691 8.259 2.127 0.000 0.000 0.000 
12 48 -2.709 24.793 6.548 0.000 0.000 0.000 
12 47 -2.709 24.794 -6.788 0.000 0.000 0.000 
2 7 -2.716 15.971 0.013 0.000 0.000 0.000 
27 23 -2.722 27.574 -0.018 0.000 0.000 0.000 

7 48 -2.871 37.411 6.085 0.000 0.000 0.000 
7 47 -2.881 8.165 ·2.249 0.000 0.000 0.000 
28 7 -2.988 16.650 -0.011 0.000 0.000 0.000 
1 21 -3.025 25.946 0.012 0.000 0.000 0.000 
17 28 -3.702 76.104 -4.622 0.000 0.000 0.000 
2 27 -3.879 63.514 0.022 0.000 0.000 0.000 
2 8 -4.371 45.968 0.021 0.000 0.000 0.000 
17 2 -4.375 25.066 -1.988 0.000 0.000 0.000 
12 2 · -4.643 23.975 -0.171 0.000 0.000 0.000 
7 2 -4.671 24.959 1.814 0.000 0.000 0.000 
17 9 -4.945 45.082 -1.975 0.000 0.000 0.000 
2 5 -4.999 -3.035 -0.004 0.000 0.000 0.000 
2 38 -5.685 35.1Z1 · 1.00o · -0.000 0.000 0.000 
2 34 -5.686 35.529 -2.414 0.000 0.000 0.000 
2 46 -5.718 38.113 0.018 0.000 0.000 0.000 
2 42 -5.725 37.516 0.054 0.000 0.000 0.000 
2 36 -5.974 35.755 1.608 0.000 0.000 0.000 
2 32 -5.974 36.163 -2.412 0.000 . 0.000 0.000 
2 44 -6.007 38.746 0.020 0.000 0.000 0.000 

2 40 -6.013 38.149 0.056 0.000 0.000 0.000 
27 21 -6.197 22.860 -0.011 0.000 0.000 0.000 
28 5 -6.207 0.837 0.007 0.000 0.000 0.000 
28 33 -6.270 37.022 -1.612 0.000 0.000 0.000 
28 37 -6.271 37.431 2.408 0.000 0.000 0.000 

28 41 -6.304 40.018 -0.024 0.000 0.000 0.000 
28 45 -6.311 39.425 -0.060 0.000 0.000 0.000 
2 18 -6.453 41 .946 0.013 0.000 0.000 0.000 
28 34 -6.480 37.953 -1 .595 0.000 0.000 0.000 
28 38 -6.481 38.362 2.425 0.000 0.000 0.000 
28 42 -6.514 40.949 -0.007 0.000 0.000 0.000 
28 46 -6.522 40.357 -0.043 0.000 0.000 0.000 
28 31 -6.628 37.942 -1 .612 0.000 0.000 0.000 
2B 35 -6.629 3B.351 2.408 0.000 0.000 0.000 
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Job No Sheet No Rev 

ameC'-~ Attachment: _2,, _____ _ 9 

Software licensed lo AMEC 

JobTltio 

Cale. No. : 145579-C-CA- 0/f 

Rev. No.: 0 
Sheet: t.(p of 7 3 

Part 

Ref 

By 011"12-Nov-04 Chet 

Client File HANFORD.std DalefTrne 18-Nov-2004 13:36 

Cont ... 
Node UC Force-X Force-Y Force-z Moment-X Moment-Y Moment.Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

2 19 -6.639 11 .388 -0.001 0.000 0.000 0.000 
28 39 -6.662 40.938 -0.024 0.000 0.000 0.000 
28 43 -6.669 40.346 -6.060 0.000 0.000 0.000 
28 32 -6.833 38.859 -1.590 0.000 0.000 0.000 
28 36 -6.834 39.267 2.430 0.000 0.000 0.000 
28 40 -6.867 41 .855 -0.001 0.000 · 0.000 0.000 
28 44 -6.876 41 .262 -0.038 0.000 0.000 0.000 
11 21 -7.024 39.508 1.523 · 0.000 0.000 0.000 
28 18 -7.141 44.228 -0.010 0.000 0.000 0.000 
16 21 -7.196 35.447 · -2.183 0.000 0.000 0.000 
6 21 -7.219 42.405 4.075 0.000 0.000 0.000 
2 37 -7.296 47.589 1.618 0.000 0.000 0.000 
2 33 -7.297 47.997 -2.402 0.000 0.000 0.000 
2 45 -7.329 50.581 0.030 0.000 0.000 0.000 
2 41 -7.336 49.984 0.066 0.000 0.000 0.000 

28 19 -8.045 16.280 0.005 0.000 0.000 0.000 
2 26 -8.184 36.237 0.006 0.000 0.000 0.000 
17 41 -8.364 81.234 -12.701 0.000 0.000 0.000 
12 45 -8.374 57.506 10.301 0.000 0.000 0.000 
12 41 -8.374 57.507 -13.038 0.000 0.000 0.000 
17 45 -8.378 30.051 1.885 0.000 0.000 0.000 
12 37 -8.392 50.366 7.022 0.000 0.000 0.000 
12 33 -8.392 50.367 -9.754 0.000 0.000 0.000 
17 33 -8.397 61.273 -8.685 0.000 0.000 0.000 
17 37 -8.400 40.131 -0.758 0.000 0.000 0.000 
2 24 -8.472 36.870 0.009 0.000 0.000 0.000 
12 46 -8.594 58.700 10.075 0.000 0.000 0.000 
12 42 -8.594 58.701 -13.264 0.000 0.000 0.000 
12 3B -8.612 51 .560 6.796 0.000 0.000 0.000 
12 34 -8.612 51.560 -9.981 0.000 0.000 0.000 
17 39 -8.693 B5.887 -13.924 0.000 · 0.000 0.000 

17 43 -8.708 34.703 0.662 0.000 0.000 0.000 

17 31 -8.727 65.926 -9.908 0.000 0.000 0.000 
17 35 -8.730 44.784 -1.981 0.000 0.000 0.000 

12 43 -8.740 58.571 8.434 0.000 0.000 0.000 

12 39 -8.740 58.573 -14.905 0.000 0.000 0.000 

12 35 -8.758 51 .432 5.155 0.000 0.000 0.000 

12 31 -8.758 51 .432 -11.621 · 0.000 0.000 0.000 

7 46 -8.764 74.474 10.532 0.000 0.000 0.000 

7 42 -8.780 23.293 -4.053 0.000 0.000 0.000 

7 38 -8.799 54.519 6.519 0.000 0.000 0.000 
7 34 -8.802 33.378 -1.409 0.000 0.000 0.000 
17 18 -8.993 58.118 -4.860 0.000 0.000 0.000 
12 44 -8.995 63.638 11 .525 0.000 0.000 0.000 

12 40 -8.996 63.640 -11 .814 0.000 0.000 0.000 

17 5 -9.008 2.928 -0.891 0.000 0.000 0.000 
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~ 
Job No Sheet No Rev 

amecfj Attachment: 2., 10 
145579-C-CA- Off Cale . No.: Part 

Software licensed lo AMEC 0 
JobTiUa Rev. No.: 

&J1 of 73 Raf 

Sheet: 
By Datei 2-Nov-04 Chd 

Client File HANFORD.std IDalBfTime 18-Nov-2004 13:36 

Cont. .. 
Node UC Force-X Force-Y Force-Z Mom~nt-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

12 36 -9.013 56.499 8.246 0.000 0.000 0.000 

12 32 -9.013 56.499 -8.531 0.000 0.000 0.000 
12 5 -9.035 -0.550 -1 .525 0.000 0.000 0.000 
2 35 -9.053 69.797 1.623 0.000 0.000 0.000 
2 31 -9.054 70.205 -2.397 0.000 0.000 0.000 

12 18 -9.055 58:0s6 --0.4TT 0.000 0.000 0.000 
2 43 -9.087 72.788 0.035 0.000 0.000 0.000 
2 39 -9.093 72.191 0.071 0.000 0.000 0.000 
7 44 -9.104 74.956 10.952 0.000 0.000 0.000 

7 45 -9.112 77.308 11 .128 0.000 0.000 0.000 
7 40 -9.120 23.775 -3.634 0.000 0.000 0.000 
7 41 -9.128 26.127 -3.458 0.000 0.000 0.000 
7 36 -9.139 55.001 6.938 0.000 0.000 0.000 
7 32 -9.142 33.860 -0.989 0.000 0.000 0.000 
7 37 -9.146 57.352 7.115 0.000 0.000 0.000 
7 33 -9.149 36.211 -0.813 0.000 0.000 0.000 
7 5 -9.303 -3.260 --0.986 0.000 0.000 0.000 

28 25 -9.373 40.075 -0.011 0.000 0.000 0.000 
2 21 -9.523 35.677 0.007 0.000 0.000 0.000 

28 26 -9.583 41 .006 0.006 0.000 0.000 0.000 

7 43 -9.616 74.504 10.075 0.000 0.000 0.000 
7 39 -9.632 23.323 -4.510 0.000 0.000 0.000 
7 35 -9.650 54.548 6.062 O.OOQ 0.000 0.000 
7 31 -9.653 33.407 -1.886 0.000 0.000 0.000. 
7 18 -9.656 57.552 4.361 0.000 0.000 0.000 
28 23 -9.731 40.995 -0.011 0.000 0;000 0.000 
2 25 -9.795 48.705 0.019 0.000 0.000 0.000 
17 42 -9.882 94.410 -13.353 0.000 0.000 0.000 
17 ·46 -9.896 43.226 1.233 0.000 0.000 0.000 

17 34 -9.915 74.449 -9.337 0.000 0.000 0.000 

17 38 -9.918 53.307 -1.410 0.000 0.000 0.000 
28 24 -9.936 41 .911 0.011 0.000 0.000 0.000 
28 21 -11.050 40.693 -0.002 0.000 0.000 0.000 

1 19 -11 .240 -3.697 0.003 0.000 0.000 0.000 : 

2 23 -11.552 70.912 0.024 0.000 0.000 0.000 
17 19 -11.711 26.383 -2.818 0.000 0.000 0.000 
12 19 -11.754 23.167 -1.644 0.000 0.000 0.000 
17 40 -12.078 113.493 -13.546' 0.000 0.000 0.000 

17 44 -12.092 62.310 1.040 0.000 0.000 0.000 

17 32 -12.112 93.532 -9.530 0.000 0.000 0.000 

17 36 -12.114 72.390 -1 .602 0.000 0.000 0.000 

7 19 -12.196 20.104 0.820 0.000 0.000 0.000 
17 25 -12.903 58.108 -5.656 0.000 0.000 0.000 

12 25 -12.910 55.347 -2.129 0.000 0.000 0.000 
1 5 -13.122 -19.087 -0.003 0.000 0.000 0.000 

12 26 -13.130 56.541 -2.355 0.000 0.000 0.000 
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Job No Sheet No Rav 

2.. 
11 

amec-"', Attachment: 
s onwara llcarued to AMEC Cale. No.· 145579-C-CA- 0 l'l_f. Part 

JobTitla Rev. No.: 0 Ref 

Sheet: b7'i of 73 By oatei 2-Nov-04 Che! 

Client File HANFORD.std I Date/Time 18-Nov-2004 13:36 

Cont. .. 
Node UC Force-X Force-Y .Fon:e..Z Moment-X Moment-Y Moment.Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

17 23 -13.233 62.761 -6.879 0.000 0.000 0.000 
12 23 -13.276 56.412 -3.996 . 0.000 0.000 0.000 

7 26 ~13.453 48.262 2.551 0.000 0.000 0.000 
12 24 -13.532 61.479 -0.905 0.000 0.000 0.000 
7 24 -13.792 48.744 2.971 0.000, 0.000 0.000 
7 25 -13.800 51 .096 3.147 0.000' 0.000 0.000 
7 23 -14.304 48.292 2.094 0.000 0.000 0.000 
17 26 -14.421 71.284 -6.308 0.000 0.000 0.000 
27 19 -14.706 -7.211 -0.002 0.000 0.000 0.000 
17 21 -15.161 57.288 -5.242 0.000 0.000 0.000 
12 21 -15.292 54.481 -1.570 0.000 0.000 0.000 
7 21 -15.994 52.176 3.391 0.000 0.000 0.000 
27 5 -16.404 -22.825 0.003 0.000 0.000 0.000 
17 24 -16.618 90.367 -6.501 0.000 0.000 Q.000 
11 19 -17.785 3.425 1.636 0.000 0.000 0.000 

16 19 -17.999 -1 .196 0.745 0.000 0.000 Q.000 
6 19 -18.165 5.823 1.258 0.000 0.000 0.000 ~ 
11 5 -20.520 -21.376 1.532 0.000 0.000 0.000 
16 5 -20.726 -25.221 2.630 0.000 0.000 0.000 
6 5 -20.914 -18.763 -0.763 0.000 0.000 0.000 

. 
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~ 
Cale. No.: 145579-C-CA- 0-1f Job No Sheet No Rev 

Rev. No.: 0 1 
Sheet: t;;,'j of (3 

Part 
Software licensed to AMEC 

amec-~ Attachment: 2, 

Job Title Ref 

5//~4/< IN X-/JtR l-A i€J2A L- By 0•1912-Nov-04 Chd 

Client FD• HANFORD10PSFDL.std 1cata1Tlme 19-Nov-2004 09:25 

Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 
(kip) (kip) (kip) (kNm) (kNm} (kNm) 

7 6 17.458 -18.952 -0.677 0.000 ; 0.000 · 0.000 
17 6 16.823 -25.599 2.867 0.000 0.000 0.000 
12 6 16.761 -22.179 1.818 0.000 · 0.000 0.000 

,PO S I '1° IVE x-o/11'? 
7 19 (16.055 -3."36 · 0.502 0.000 0.000 0.000 l!f-
17 19 Tii.509 -10.055 1.636 0.000 0.000 0.000 set: ALSO f'?A GeS" 
12 19 15.368 · -7.017 1.766 0.000 0.000 0.000 ~ote /I/JAX sv~,qR 
6 19 14.506 11 .656 0.048 0.000 0.000 0.000 
11 19 14.505 14.334 -1.743 0.000 0.000 0.000 
16 19 14.455 19.473 -2.203 0.000 0.000 0.000 
6 6 13.173 -3.974 -1 .184 0.000 0.000 0.000 
16 6 13.130 4.085 -1 .029 0.000 . 0.000 0.000 
11 6 13.097 -0.803 -1.788 0.000 0.000 0.000 
28 6 12.009 -22.709 .0.001 0.000 0.000 0.000 
27 19 11.269 12.817 0.005 0.000 0.000 0.000 
28 19 11 .239 -10.674 -0.000 0.000 0.000 0.000 
27 6 10.562 0.892 0.007 0.000 0.000 0.000 
2 6 10.347 -17.832 -0.007 0.000 0.000 0.000 
2 19 9.649 -5.994 -0.005 0.000 0.000 0.000 
1 19 7.686 8.736 -0.006 0.000 0.000 · 0.000 
1 6 6.882 -3.279 -0.008 0.000 0.000 0.000 
11 2 4.690 23.869 0.149 0.000 0.000 0.000 
6 2 4.439 25.348 1.987 0.000 0.000 0.000 
16 2 4.413 24.551 -1.793 0.000 0.000 0.000 
1 10 4.292 46.443 0.017 0.000 0.000 0.000 
16 11 3.532 43.896 -2.022 0.000 0.000 0.000 
1 7 3.355 17.049 0.013 0.000 0.000 0,000 

27 7 3.040 16.737 -0.013 0.000 0.000 0.000 
1 2 2.687 13.427 -0.002 0.000 0.000 0.000 

27 2 2.365 13.124 0.002 0.000 0.000 0.000 .. 
1 8 2.336 16.531 0.014 0.000 0.000 0.000 
6 7 2.298 12.103 1.118 0.000 0.000 0.000 
16 7 2.200 10.989 -0.874 0.000 0.000 0.000 
11 7 1.879 12.342 0.181 0.000 0.000 0.000 
16 9 1.614 18.825 -1.759 0.000 0.000 0.000 
11 21 1.405 4.614 16.829 0.000 0.000 0.000 
11 20 1.405 4.614 -16.739 0.000 0.000 0.000 
6 20 1.332 -17.413 -7.679 0.000 0.000 0.000 
6 21 1.331 24.910 8.183 0.000 .. 0.000 0.000 
16 21 1.324 -17.654 7.738 0.000 0.000 0.000 
16 20 1.323 24.668 -8.125 0.000 0.000 0.000 
11 1 0.939 12.750 0.030 0.000 0.000 0.000 
6 1 0.889 13.096 1.033 0.000 0.000 0.000 
16 1 0.884 12.932 -0.994 0.000 0.000 0.000 
1 21 0.810 6.756 3.197 0.000 0.000 0.000 
1 20 0.805 7.562 -4.843 0.000 0.000 0.000 

11 11 0.739 8.790 0.195 0.000 0.000 0.000 
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Job No Shee\No Rev 

amec& Attachment: 2. 2 
145579-C-CA-0 I~ Cale. No.: Part 

Softwat:a licenaad to AMEC 

Job Tille Rev. No.: f) 
Raf 

Sheet: 1£:J. of 73 
By 011"12-Nov-04 Chd 

Client File HANFORD1 0PSFDLstd I DaWTima 19-Nov-2004 09:25 

Cont ... 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

6 10 0.716 -3.517 -1.139 0.000 0.000 0.000 
27 20 0.714 6.665 -3.197 0.000 0.000 0.000 
27 21 0.708 7.470 4.843 0.000 ·, 0.000 0.000 
27 11 0.565 1.587 0.020 0.000 0.000 0.000 

. 1 1 0.536 10.673 0.002 0.000 0.000 0.000 
27 1 0.471 10.613 -0.002 0.000 0.000 0.000 
11 3 0.469 2.387 0.015 0.000 0.000 0.000 
11 4 0.469 2.387 0.015 0.000 0.000 0.000 
6 3 0.444 2.535 0.199 0.000 0.000 0.000 
6 4 0.444 2.535 0.199 0.000 . 0.000 0.000 
16 3 0.441 2.455 -0.179 0.000 0.000 0.000 
16 4 0.441 2.455 -0.179 0.000 0.000 0.000 
7 11 0.287 -6.305 -1 .448 0.000 0.000 0.000 
1 11 0.277 0.383 0.002 0.000 0.000 0.000 
1 4 0.269 1.343 -0.000 0.000 0.000 0.000 . 
1 3 0.269 1.343 -0.000 0.000 0.000 0.000 

16 10 0.250 4.305 -1.440 0.000 0.000 0.000 
6 11 0.239 -6.008 -0.983 0.000 0.000 0.000 
27 4 0.236 1.312 0.000 0.000 0.000 0.000 
27 3 0.236 1.312 ci.000 0.000 0.000 0.000 
28 10 0.167 -0.546 -0.010 0.000 0.000 0 .000 
12 10 0.164 0.998 -1 .254 0.000 C 0.000 0.000 
11 10 0.121 1.689 -2.176 0.000 0.000 ·o.ooo 
2 11 0.120 -0.266 -0.002 0.000 0.000 0.000 

27 14 0.094 0.566 -0.011 0.000 0.000 0.000 
1 15 0.094 0.563 0.011 0.000 0.000 0.000 
1 14 0.072 -0.284 0.059 0.000 0.000 0.000 

27 15 0.066 -0.287 -0.059 0.000 0.000 0.000 
7 15 0.049 32.776 9.984 0.000 0.000 0.000 
17 14 0.047 32.786 -9.987 0.000 0.000 0.000 
27 16 0.040 0.242 -0.005 0.000 0.000 0.000 
1 17 0.040 0.241 0.005 0.000 0.000 0.000 
1 16 0.031 -0.122 0.025 .0.000 0.000 0.000 
17 15 0.028 -35.456 9.460 0.000 0.000 0.000 
27 17 0.028 -0.123 -0.025 0.000 o.oop 0.000 
7 14 0.027 -35.465 -9.463 0.000 0.000 0.000 
12 15 0.025 2.512 15.557 ·o.ooo 0.000 0.000 
12 14 · 0.025 2.514 -15.562 0.000 0.000 0.000 
7 17 0.021 14.047 4.279 0.000 0.000 0.000 
17 16 0.020 14.051 -4.280 0.000 0.000 0.000 
17 17 0.012 -15.196 4.054 0.000 0.000 0.000 
7 16 0.012 -15.199 -4.056 0.000 0.000 0.000 
12 17 0.011 1.077 6.667 -0.000 0.000 0.000 
12 16 0.011 1.077 -6.669 0.000 0.000 0.000 
17 10 0.007 2.070 -0.848 0.000 0.000 0.000 
27 12 0.006 -5.260 -3.195 0.000 0.000 0.000 
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Job No Sheet No Rsv 

amec-' Attachment: 2. 3 
145579-C-CA- O]"l_f_ Cale. No .: Par1 

Software licensed to M1EC 
0 

Job Title Rev. No.: Roi 

Sheet: 11 of 7-3 By OaU>i 2-Nov-04 Chcl 

Client File HANFORD1 0PSFDL.std I Dale/T"rne 19-Nov-2004 09:25 

Cont ... 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment.Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

1 13 0.006 -5.260 3.195 0.000 0.000 0.000 
7 13 0.004 9.253 6.949 0.000 0.000 0.000 
17 12 0.004 9.258 -6.949 0.000 0.000 0.000 
12 13 0.002 -10.511 16.777 0.000 ·, 0.000 0.000 
12 12 0.002 -10.510 -16.TT6 0.000 0.000 0.000 
1 12 0.001 -4.454 -4.845 0.000 0.000 . 0.000 

27 13 0.000 -4.455 4.845 0.000 0.000 0.000 
16 13 -0.001 -33.041 8.911 0.000 0.000 0.000 
6 12 -0.001 -33.043 -8.911 0.000 0.000 0.000 
17 13 -0.002 -33.026 8.906 0.000 0.000 0.000 
28 12 -0.002 -5.268 -3.195 0.000 0.000 0.000 
7 12 -0.002 -33.029 -8.906 0.000 0.000 0.000 
2 13 -0.002 -5.266 3.195 0.000 0.000 0.000 
6 13 -0.002 9.280 6.951 0.000 0:000 0.000 
16 12 -0.002 9.280 -6.951 0.000 0.000 0.000 
11 13 -0.003 -10.523 16.785 0.000 0.000 0.000 
11 12 . -0.003 -10.523 -16.784 0.000 0.000 0.000 
2 12 -0.003 -4.450 -4.845 0.000 0.000 0.000 . 
28 13 -0.004 -4.451 4.845 0.000 0.000 0.000 
27 10 -0.014 -0.273 -0.011 0.000 0.000 0.000 
11 17 -0.019 0.994 6.688 0.000 0.000 . 0.000 
2 17 -0.020 0.205 0.005 0.000 0.000 0.000 
11 16 -0.020 0.993 -6.686 0.000 • 0.000 0.000 
28 16 -0.020 0.207 -0.005 0.000 0.000 0.000 
6 17 -0.020 14.122 4.280 0.000 0.000 0.000 
16 16 -0.023 14.111 -4.279 0.000 0.000 0.000 
2 16 -0.023 -0.136 0.026 0.000 0.000 0.000 
28 17 -0.024 -0.132 -0.026 0.000 0.000 0.000 
6 16 -0.028 -15.225 -4.071 0.000 0.000 0.000 
16 17 -0.029 -15.234 4.073 0.000 o.ooa 0.000 
11 15 -0.045 2.318 15.604 0.000 0.000 0.000 
2 15 -0.046 0.478 0.01,2 0.000 0.000 0.000 

11 14 -0.046 2.316 -15.600 0.000 0.000 0.000 
28 14 -0.046 0.482 -0.012 0.000 0.000 0.000 
6 15 -0.047 32.951 9.988 0.000 0.000 0.000 
16 14 -0.053 32.926 -9.984 0.000 0.000 0.000 
2 14 -0.054 -0.318 0.061 0.000 0.000 0.000 

28 15 -0.056 -0.308 -0.061 0.000 0.000 0.000 
6 14 -0.065 -35.524 -9.500 0.000 0.000 0.000 
16 15 -0.068 -35.545 9.503 0.000 0.000 0.000 
28 11 -0.113 0.697 0.013 0.000 0.000 0.000 
12 11 -0.129 2.590 -1.556 0.000 0.000 0.000 
11 9 -0.163 2.166 -1 .738 0.000 0.000 0.000 
7 9 -0.166 -5.662 -0.889 0.000 0.000 0.000 
7 10 -0.176 -2.527 -0.654 0.000 0.000 0.000 
6 8 -0.205 0.748 0.267 0.000 0.000 0.000 
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I Job No 1,-~ 1~ : ame& Attachment: Q_ 4 

Cale. No.: 145579-C-CA- Ql¥ 
Software licensed lo AMEC Rev. No.: 

O Part 

Job ritle Sheet: :n ... of ].3 Raf 

By 0ai&i 2-Nov-04 Chd 

CUent FIia HANFORD10PSFDL.std !DatalTime 19-Nov-2004 09:25 

Cont. .. 
Node UC Force-X Force-Y Force-Z Moment-X Moment-Y Moment-Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

2 3 -0.233 1.284 -0.000 0.000 0.000 0.000 
2 4 -0.233 1.284 -0.000 0.000 0.000 0.000 

28 3 -0.257 1.348 0.000 0.000 0.000 0.000 
28 4 -0.257 1.348 0.000 0.000 0.000 0.000 
2 9 -0.265 0.578 0.001 .•. 

' 
0.000 · 0.000 0.000 · 

1 9 -0.268 -0.302 -0.003 0.000 0.000 0.0QO 
28 8 -0.310 0.682 -0.010 0.000 0.000' 0.000 
12 8 -0.324 2.419 -3.743 0.000 0.000 0.000 
27 · 9 -0.360 0.197 0.011 0.000 0.000 0.000 
17 8 -0.432 8.274 -2.479 0.000 0.000 0.000 
17 3 -0.438 2.507 -0.199 0.000 0.000 0.000 
17 - 4 -0.438 2.507 -0.199 0.000 0.000 0.000 
12 4 -0.464 2.397 -0.017 · 0.000 0.000 0.000 
12 3 -0.464 2.397 -0.017 . 0.000 0.000 0.000 
2 1 -0.465 10.554 0.002 0.000 0.000 0.000 
7 4 -0.467 2.496 0.181 0.000 0.000 0.000 
7 3 -0.467 2.496 0.181 0.000 0.000 0.000 

28 1 -0.513 10.687 -0.002 0.000 0.000 0.000 
28 9 -0.584 1.904 0.020 0.000 0.000 0.000 
12 9 -0.665 9.174 0.378 0.000 0.000 0.000 
16 8 -0.697 ~2.332 0.189 0.000 · 0.000 0.000 
6 9 -0.699 -6.962 -1 .546 0.000 0.000 0.000 
2 21 -0.700 6.572 3.197 0.000 0.000 0.000 
2 20 -0.701 7.388 -4.843 0.000 0.000 0.000 
28 20 -0.772 6.761 -3.197 0.000 . 0.000 0.000 
28 21 -0.774 7.585 4.844 0.000 0.000 0.000 
11 8 -0.814 0.300 0.307 0.000 0.000 0.000 
27 8 -0.835 -1.322 -0.009 0.000 0.000 0.000 
7 8 -0.848 -6.265 -2.057 0.0QO 0.000 0.000 
17 1 -0.876 13.037 -1.032 0.000 0.000 0.000 
12 1 -0.929 12.765 -0.035 0.000 0.000 0.000 
7 1 -0.935 13.021 0.998 0.000 0.000 0.000 
17 20 -1 .310 24.801 -8.180 0.000 0.000 0.000 
17 21 -1.315 -17.482 7.675 0.000 0.000 0.000 
12 21 -1 .391 4.652 16.725 0.000 0.000 0.000 
12 20 -1.391 4.652 -16.828 0.000 0.000 0.000 
7 21 -1.398 24.770 8.128 0.000 0.000 0.000 
7 20 -1.404 -17.512 -7.727 0.000 0.000 0.000 
17 11 -2.017 19.637 -1 .718 0.000 0.000 0.000 

2 10 -2.028 16.358 0.014 0.000 0.000 0.000 

12 7 -2.157 12.772 -0.204 0.000 0.000 · 0.000 
2 2 -2.331 12.836 -0.003 0.000 0.000 0.000 

17 7 -2.352 12.103 -1.144 0.000 0.000 0.000 
7 7 -2.560 11 .725 0.922 0.000 0.000 0.000 

28 2 -2.573 13.484 0.004 0.000 0.000 0.000 

2 7 -2.716 15.971 0.013 0.000 0.000 0.000 
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Job No 1--·~ 1~ : amec-~ Attachment: z 5 

Cale. No.: 145579-C-CA- Off 
Software llcansed to AMEC Rev. No.: 

Q Part 

Job T,ija Sheet: 13 of 13 Ref 

I By 0at912-Nov-04 Chd 

Client IFne HANFORD10PSFDL.std IDatllfTin11 19-Nov-2004 09:25 

Cont ... 
Node LJC Force-X Force-Y Force..z Moment-X Moment-Y Moment..Z 

(kip) (kip) (kip) (kNm) (kNm) (kNm) 

28 7 -2.988 16.650 -0.011 0.000 0.000 0.000 
2 8 -4.371 45.968 0.021 0.000 0.000 0.000 
17 2 -4.375 25.066 -1.988 0.000 0.000 0.000 
12 2 -4.643 23.975 -0.171 0.000 0.000 0.000 
7 2 -4.671 24.959 1.814 0.000 0.000 0.000 
17 9 -4.945 45.082 -1 .975 0.000 0.000 0.000 
2 5 -4.999 -3.035 -0.004 0.000 0.000 . 0.000 

·2 18 -5.697 8.803 -0.002 0.000 0.000 0.000 
28 5 -6.207 0.837 0.007 0.000 0.000 0.000 
28 18 -6.978 12.873 0.006 0.000 0.000 0.000 
~7 5 -9.008 2.928 -0.891 0.000 0.000 0.000 
12 5 -9.035 -0.550 -1.525 0.000 0.000 0.000 
7 5 -9.303 -3.260 :-0.986 0.000 0.000 0.000 

17 18 -10.322 18.472 -2.122 0.000 0.000 0.000 
12 18 -10.428 14.612 -1 .5n 0.000 0.000 0.000 
7 18 -10.706 12.256 0.193 0.000 0.000 0.000 
1 18 -12.318 -7.071 -0.000 0.000 0.000 0.000 
1 5 -13.122 -19.087 -0.003 0.000 0.000 0.000 

27 18 -15.697 -10.899 0.001 0.000 0.000 0.000 
27 5 -16.404 -22.825 0.003 0.000 0.000 0.000 
11 18 -19.112 -6.239 1.576 0.000 0.000 0.000 
16 18 · -19.401 -9.834 1.456 0.000 0.000 0.000 

>(- r.;, IR 
6 (18 J -19.581 -3.133 0.469 0.000 0.000 0.000 ~ ,veaA r/vG" 
11 1> -20.520 -21.376 1.532 0.000 0.000 0.000 
16 5 -20.726 -25.221 2.630 0.000 0.000 0.000 
6 5 -20.914 -18.763 -0.763 0.000 0.000 0.000 
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145579-C-CA-014 

-Attachment 3 

ICV™ Box Assembly Building 
Reference Drawings 

H-14-106797 Rev. C 
Bulk Vitrification ICV™ Box Assembly Building 

Fdn-Plans & Sections 

H-14-106789 Rev. 1 
Bulk Vitrification Civil Site Improvements Plan 

F-145579-00-B--0015 Rev. C 
Bulk Vitrification ICV™ Box Assembly Building 

Plan & Section 

F-145579-00-B-0016 Rev. C 
Bulk Vitrification ICV™ Box Assembly Building 

. Elevations · 

F-145579-35-D-0018 Rev. C 
Bulk Vitrification ICV™ Box Assembly 
Enclosure G.A. Plans and Elevations 

H-14-106812 Rev. 1 
Bulk Vitrification Grounding Layout General Arrangement 

H-14-1O6813 Rev. 1 
Bulk Vitr,ification Typical Grounding Details 
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Attachment: g 
Cale. No.: 145579-C-CA- 014 
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Att.achment 4 . 

E-mail Nov 17, 2004 from Dave Shuford, CH2M Hill 
to Paul Meyer, AMEC 



Paul Meyer (Trail) 

From: 
Sent: 

To: 

Cc: 

Shuford, David H (Dave) [David_H_Dave_Shuford@RL.gov] 

Wednesday, November 17, 2004 8:19 AM 

Paul Meyer (Trail); John Stephens (TRL); Tony Heim; Mark Lucas 

Janicek, George P; Hamilton, Dennis W; Leonard, Michael W 

Subject: FW: Performance Class of the ICV Box Assembly Building 

Please use this as direction that the performance category of the IGV bo'x'. assemhly buildir1g is PC-1. Call me if you hav e 
any questions. Dave 

From: Janicek, George P 
Sent: Tuesday, November 16, 2004 7:09 AM 
To: Shuford, David H (Dave) 
Subject: RE: Performance Class of the 10/ Box Assembly Building 

Dave, 

I concur on the !CV box assembly building being PC-1 

George 
--Original Message
From: Shuford, David H (Dave) 
Sent: Tuesday, November 16, 2004 6:55 AM 
To: _Janicek, George P 
Subject: FW: Performance Class of the IO/ Box Assembly Building 

Attachment: ___ 4___._ ____ _ 
Cale. No.: · 145579-C-CA- Q j 4 
Rev. No.: 0 
Sheet ---4-l- of _,/1----

George - any reason that the ICV box assembly building should not be PC-1? 

From: Paul Meyer (Trail) [mailto:paul.meyer@amec.com] 
Sent: Monday, November 15, 2004 6:28 PM 
To: Shuford, David H (Dave) 
Cc: John Stephens (TRL); Tony Heim; John Hicks; Divana Whitley 
Subject: Performance Class of the IO/ Box Assembly Building 

The notes from the March 11 • 2004 meeting included a revision to the spreadsheet "Foundations Chart" providing the PC 
rating of various Systems, Structures and Components (SSCs) on site. We've been including a copy of the spreadsheet it 
in our revised calculations to demonstrate to the IQRPE the source of the PC ratings. 

On that spreadsheet, there is a reference to "Any Pre-engineered Buildings" and the rating given is" GS {PC-1)" 

Is this likely to be specific enough for the IQRPE or would it be preferable for a more specific reference that mentions the 
ICV Box assembly building by name? If the latter, could you provide that reference? 

Thanks. 

Paul Meyer, P.Eng. 
Senior Structural Engineer 
AMEC Americas Limited 
Energy and Mining Division 
1385 Cedar Avenue 
Trail BC Canada V1 R 4C3 
1-250-368-2407, fax 2455 
paul.meyer@amec.com 

11/17/2004 
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. Attachment 5 

E-mail Dec 17, 2004 from Brad Hupy, P.E. (author 
of DBVS Geotechnical Report) to P. Meyer 



Paul Meyer (Trail) 

From: Brad Hupy 
Sent: Friday, December 17, 2004 2:47 PM 

Paul Meyer (Trail) To: 
Subject: RE: Questions about the soils and report at Hanford 

In order to have frost heave three things are needed; water, low temperature, and soil fine for enough for capillary potential 
to raise the water to the freezing front. Because Hanford is a near desert climate, there is little water near the ground 
surface. Within a The tabulated capillary rise for fine sand is in the range of 1 to 11 feet and for medium sand in the range 
of 0.3 to 1.5 feet. Hanford certainly is cold enough in the winter to freeze water. 

The little water in the near surface soil does freeze put the associated heave is negligible. The sand will not support 
capillary rise of several hundred feet that would be· required to produce (feed) a growing freezing front and cause 
damaging heave. In our opinion, there is little risk of frost heave in the soil at the project site. 

-Original Message--
From: Paul Meyer (Trail) 
Sent: Friday, December 17, 2004 1:47 PM 
To: Brad Hupy 
Subject: RE: Questions about the soils and report at Hanford 

Question: is it possible to state that a soil identified as "SP" (i.e. sand with few fines) will not be subject to frost 
heaving? Especially if it is very deep (e.g. our site at Hanford) 

-Paul 
---Original Message---

Attachment: 5 
Cale, No.: -:;-14;;5;-;:5::::--::-::.--:-----79-C-CA- 0 t 4 From: Brad Hupy 

Sent: Tuesday, Decembef'. 07, 2004 9:09 AM 
To: Paul Meyer (Trail) 
Cc: Tony Heim 
Subject: RE: Questions about the soils and report at Hanford 

Rev. No.: C 
Sheet 
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Paul, 

This is really pretty simple. The frost depth cited in our report is from statewide tabulation. If Hanford has 
determined and published site specific frost depth measurements then they may be used in lieu of the tabulated 
data. Site specific data is commonly used in this is way. A very good example is seismic ground motions. 

--Original Message--
From: Paul Meyer (Trail) 
Sent: Monday, December 06, 2004 4:33 PM 
To: Brad Hupy 
Cc Tony Heim 
Subject: Questions about the soils and report at Hanford 

We are still awaiting approval from the "Independent Qualified Registered Professional Engineer" (IQRPE) 
who is checking our foundation designs to ensure they will satisfy all design criteria. 

He has raised the following points/questions: 

Your report indicates a frost depth of 45 inches for granular soil and recommends a foundation depth of 48 
inches for critical structures. This is at odds with Hanford's' own measurements (See pages 26 through 28 of 
the attached Hanford document) which indicate that a temperature of 32 F has never been achieved at depths 
of only 36 inches. This is causing some problems for us, as the IQRPE wants us to conform to the . 
requirements of the Geotech report in addition to Hanford's own design criteria 

For your information, we have three types of foundations on the site. Foundation depths below grade are 45.6, 
36.6 and 21.6 inches. Actual concrete thicknesses are 48, 39 and 24 inches, with the top of concrete set at 
663.00 feet, while surrounding grade is at 662.8 feet. We removed the native soil to elevation 661 .000 and 

1 

' 



.. 
.. 

brought the local grade up to 662.8 with compacted crushed rock. 

The four 48" foundations consist of two chimneys, and two large steel structures. These are.all •critical 
structures" to use the phrase from your report. Foundations are uniformly 4a• thick, and are 1O'x12' and 
20'x30' feet for the two chimneys, and 30x44 and 24x62 for the two steel structures. Foundations are not 
enclosed. 

The single 39" foundation is a pre-engineered building, measuring 50 feet wide by 84 feet long by foundation 
consist of a single 12" thick slab with a thickened (to 39") edge. The building will be heated, and have an 
overhead crane. · 

The many (-100) 24 • deep foundations support single pieces of freestanding equipment or "utility poles• that 
are connected by pipes, cable trays and ducts. Foundations are unifonnly 24" thick and vary in size from 
44x24 to 6x6 feet. Most are the 6x6 ones. Minor seasonal movement of the foundations would not be a 
problem. Actual gravity loads are quite light, typical values are substantially under 250 psf, yes, that's 250, not 
2500. Foundations are not enclosed. 

All the foundations will bear on compacted native soil, which was prepared as recommended in your report. 
As noted, the native soil is basically a gravelly sand, with few fines. I don't believe it is frost-susceptible. 

Could you please reply to the following questions, raised by our reviewers? .. · 

1} Is the frost depth of 45 inches correct? Seems deep compared to other references. 

2} Is the frost depth of 45 inches still valid, given we have removed some native soil, and the surface is now 
covered with 1.8 feet (21.6"} of compacted crushed rock? Does the crushed rock make a difference? 

3} Are the depths of foundations shown above for the various types of foundations suitable for the uses 
described? · · 

4) IS frost he~ve an issue for the foundations as described? 

Thanks for your help on this. I'll be traveling to Hanford on Tuesday Dec 07, for a meeting Wednesday,Dec 
08. I will have e-mail access while there. I will be traveling back to Trail Thursday, Dec 09 and back in the 
office Friday. Dec 10. Best way to contact me is via e-mail until Friday, phone after that. . . 

Paul Meyer, P .Eng. 
Senior Structural Engineer 
AMEC Americas Limited 
Energy and Mining Division 
1385 Cedar Avenue 
Trail BC Canada V1 R 4C3 
1-250-368-2407, fax 2455 
paul.meyer@amec.com 
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