Chronology of CAVE Floor Construction
in the ACITC (Torgersen Hall)
By
Ronald D. Kriz
(11-07-00)

Spring of 1997 met with Mr. Bob Livingstone, Capital Project Manager for ACITC
building who recommended that I contact Mr. Richard Williams who has worked on a
variety of construction projects at Virginia Tech. I contact Mr. Williams who visited us
and decided he would be open to working on this project.

On October 18, 1999 I met with key faculty and university officials on the status of
construction of the CAVE in the ACITC. Present at the meeting where Professor Ali
Nayfeh, Dr. Rick Habayeb, Dr. John Wilson, Dr. Tim Pickering, and myself. Dr. Ken
Reifsnider who called the meeting was absent. We first met in a VIMS Conference
Room in Hancock Hall where I gave a presentation on the current status which I posted
on the Web at http://www.sv.vt.edu/future/vt-cave/VT/acitic.html . I explained that as
the status of this project changed I would post updates at the top of this Web page. Most
critical was the need to proceed to build the CAVE floor support structure for the motion
platform in the floor of the CAVE. To emphasize the importance of this construction I
brought a 1/8-scale model that I originally made to show Richard Williams. We then
proceeded to walk over to the ACITC building that was under construction at the time. I
showed the group the 12'x12" hole in the floor and explained that although I had made
arrangements to building the CAVE floor support structure, I had no authority or money
to pay Mr. Williams and asked for guidance from the assembled group of university
officials and key faculty. Professor Nayfeh and Dr. Wilson said to contact Dick Williams
and proceed to build the support structure. I contacted Mr. Williams and Mr. Bob
Livingstone and we started on the design. There were several meetings with Mr.
Livingstone as the design progressed who recommended that I contact Dr. David Ford
who was responsible for approving any construction in the ACITC building. I compiled
a report summarizing the design and construction (see attached copy of report), that was
approved by Dr. Ford under the recommendation of Mr. Livingstone.

Current status of construction is summarized at

http://www.sv.vtedu/present/ ACITC_update_15jun00/



Virginia
Tt 'h VT-CAVE
w VIRGINIA POLYTECHNIC INSTITUTE University Visualization and Animation Group
AND STATE UNIVERSITY 2000 Kraft Dr, Suite 2400

Blacksburg, VA 24061-0244
(540 231-2062 Fax: (540) 557-6016

Tuly 6, 2000

Dr. David Ford, Vice Provost for Academic Affairs
330 Burruss Hall
Virginia Tech

Dear Dr. Ford:

Attached is a signed report with complete appendices that describe the details of the construction of a
the ACITC CAVE floor that will support the motion base platform. This report states that the
proposed structure is safe to operate and will not create annoying sounds to building occupants if
operated within the limitations stated in appendix B. We anticipate some minor changes to the
design details in appendix A that address fire code and safety issues, but this will not change our
conclusions for safe operation.

I have also consulted with Mr. Robert Livingstone who is the Capital Project Manager for the
ACITC building and who suggested that I work with Mr. Richard Williams, who is a licensed P.E.,
on the design and construction of the CAVE floor. Discussions that I have had with Mr. Livingstone
clarified that Mr. William’s final signed design drawings would satisfy the necessary requirements
for safe operation of the ACITC CAVE floor and motion platform. Mr. Livingstone can be
contacted at 231-4966 (fperdl@vt.edu) if you have any questions with regard to university issues.

Regards,

(RIS
Ronald D. Kriz, Director

University Visualization and Animation Group of the
Advanced Communications and Information Technology Center

Attachments
Cc: Mr. R. L. Williams

Prof. Tom Murray
Mr. R. D. Livingstone

A Land-Grant University—The Commonwealth is Our Campus
An Equal Opportunity / Affirmative Action Institution



Report on the Advanced Communications and Information Technology
Center (ACITC) CAVE Floor Design and Construction

June 16, 2000

Dr. Ronald D. Kriz, Director
University Visualization and Animation Group of the ACITC
2000 Kraft Dr., Suite 2400, MS 04
Blacksburg, Virginia 20460
(540) 231-2062
rkriz@vt.edu

Signature: @uﬁ %

Mr. Dick Williams, P.E.
Consulting Engineer Inc.
P.O. Box 20053
3786 Kenwick Trail
Roanoke, Virginia 24018
Phone: (540) 774-5141
Fax  (540) 774-5467

Signature: QVQ_Q«..O €. (D &Qk..‘.\_,

Dr. Thomas M. Murray. Professor
Montague-Betts Professor of Structure Steel
Department of Civil and Environment Engineering (0105)
105A Patton Hall
Virginia Tech
Blacksburg, Virginia 24061
(540) 231-6074
thmurray @vt.edu

Signature: "J/‘—/vyw %w’\




Project Background Chronology:

1.

On July 13, 1995 a memorandum was sent to nine “Program Authors” for planning
the design of the Advanced Communication and Information Technology Center
(ACITC) building. Dr. Ron Kriz was asked to coordinate activities related to
“Visualization”. “Program Authors” were encouraged to work closely with the
ACITC architect to build unique features into the ACITC building that related to their
assigned area of expertise.

On January 20, 1996, Dr. Kriz along with 27 Co-PIs, submitted a white paper to NSF
to build a CAVE Virtual Environment in collaboration with NCSA as an ACITC
visualization activity. The white paper was accepted.

On February 20, 1996, the NSF-ARI proposal was submitted to NSF to build a CAVE
in the ACITC, which was accepted on July 19, 1996.

In the Fall of 1996, Dr. Kriz met with the ACITC architect and proposed to build a
room that would contain a glass floor and sufficient ceiling height that would allow
ceiling projection for a future upgrade to the existing CAVE.

In the Spring of 1997, Dr. Kriz met with Mr. Robert Livingstone, university ACITC
Capital Project Manager, who recommended Mr. Richard Williams design the
ACITC CAVE floor support structure.

On July 5, 2000, Dr. Kriz, Dick Williams, Scott Easter (A&E), and Chuck Smith
(A&E) met with Mr. Robert Livingstone to discuss final revisions in the design.
Modifications include: 1) replace all wooden components with steel and/or fiber-
reinforced concrete panels and 2) construct a safety skirt around the motion platform
prior to occupancy with barrier to the CAVE entrance during operation, and 3)
construct a safety net which will be used during the installation and removal of the
motion platform chair.

The CAVE floor support structure is scheduled for construction mid-July 2000.

Project Summary of Design and Construction:

Details of the design and construction of the ACITC CAVE floor support structure are
located in the Appendices. Appendix A describes the support structure design criteria
and construction, and Appendix B describes vibration analysis of motion platform.

In summary, the support structure has been designed for both static, dynamic, and fatigue
based on: 1) Virginia Uniform Statewide Building Code, 2) BOCA National Building
Code, 3) ASCE-9, and 4) ANSI / AF & PA NDS. Discussion with Mr. Livingstone
clarified that these design codes meets the requirements for safe operation of the CAVE
floor support structure and existing ACITC building structure.



Preliminary results of dynamics analysis, located in Appendix B, strongly show that the
motion platform will operate within safe limits of the existing ACITC building and
support structure designed in Appendix A. Detailed analysis is pending. At worst the
operation of the motion platform will result in a noise problem that can be controlled by
providing operational limits to the operation of the motion platform. If the motion
platform operation exceeds noise limits perceived by ACITC occupants then operation
will be scheduled when the ACITC occupants are not in the building. Detailed dynamic
analysis will provide information for operational limits. We recommend another
dynamic analysis of the motion platform when installed will result in more accurate
operational guidelines.

We recommend that an operational log of motion platform usage and annual visual
inspection of support structure bolts although not necessary will provide and additional
margin of safety.



Appendix A

Design Criteria and Construction of ACITC CAVE floor
substructure and existing ACITC building structure.



F?_ECHARD L. WILLIAMS . CONSULTING ENGINEER, iNC,

3786 KENWICK TRAIL . P.O, BOX 20053 ® ROANOKE, VIRGIHIA 24018
PHONE {549) 774-5 141
FAX (540) 774-3467

Virginia Polytechnic [nstitute June 9.2000
And State University

Materials Response Group

Blacksburg, Virginia 24061

Alt: Ronald Kriz

Comm. Renovation and Relocation VT Cave
021589

Dear Sir,

I am submitting to you a copy of design criteria, general information and information on materials (steel
and wood) to be used on the project. This information. will be shown on the contract documents to
establish the design, fabrication and construction requirements for the project.

If there are any specific items you have questions on please let me know.

Sincerely, .
/QM,;.D A=A T
Richard L. Williams PE



ML LD¢ L3300 B9l 1D e T I S Y
RICHABD L. WILLIAMS * CONSULTING ENGINEER, iNC.
3786 KENWICK TRAIL . P.O. BOX 20053 . ROANOKE. VIRGIMNIA 21018

PHONE {540) 774-5141

DESIGN CRITERIA

{ cave vi 02159%

1.Governing Codes: (latest edition)
Virginia Uniform Statewide Building Code
BOCA National Bullding Code

ASCE ~9
ANSI/ AF & PANDS

2.Live Loads
Floor 100 psf

3.Dead Loads -

Motion Mechanics 3600 pounds

GENERAL NOTES

1.The contractor shall field verify all dimensions of axisting construction that
affects new construction prior to submission of shop drawings or fabrication. Any
variances from the plans shall be reported.

2.The contractor shall provide adequate bracing for the structure so that it will be
stable during all stages of construction.

STEEL

1.All structural steel, uniess otherwise noted, shall conform to the requirements
of ASTM A-36.

2.All detailing, fabrication and erection of structural steel, unisss otherwise noted,
shall conform {o the requirements of the AISC Specifications for buildings, and
design, 9" edition.

3.Unless otherwiss noted, all shop connections shall be made by welding or high
strength bolting (% inch dia. bolts).

4.Unless otherwise noted, welds shall be made with E-70 electrodes.

S.Unless otherwise noted, all field cannections shall be made with %2 inch dia.
high strength bolts (ASTM A-325). Connections shall be designed as bearing
type with threads in the shear plan.

©.Unless otherwise shown, all beam connections shall be standard framed as
shown in part 4 of the AISC Manual of Steel Construction. Unless reactions are
indicated on the plan, connections shall develop at least one-half of the total
uniform load capacity tabulated in ths tables of the manual for the given shape

FLW COMH=SULTIMNG EMG =oicE Bz 8g
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and span of the beam. Mowever in no case shall the length of connection be iess
than one-half of the * T" dimension of the beam web. Also, a 2-bolt connection
will be the minimum allowable.

Woop

1Al wood beams and joist shall be select structural southern pine.
2.Flooring to be % inch tongue and groove plywood.
3.Bolts for wood connections to be ¥ inch ANSI- ASME B818-2.1 unless

otherwise noted.

Pg. 2



1S

13aHs
30-01-8
ON gof

GALON SV
TIvos
00/s1/8

dvad  IvViadvd
VINIONIA ‘DHNESHOVIE
HOHL VINIDYIA

UIN

NV id

SNOLLOWS
ANIHOVIN NOLLOW

UNV

SHULON

[
l

]

JIANIONE ONILTNSN

WVITIIM T QYVHOIY

“ONI
S
v

SNOISIAZY Y

1eu (ous

na

murol jewa preaq
:..E oI 1w Fuuiooy yeruy o
U3430n JoUTm IUM22.209 10} PuTodaios JuEAdY 001 PIFRq dfkiow

sound 0oam1aq Furonds juof g/y epuoid $PUS seuwd apun
aoisasarp $uo opun Jof [@iew peusio} pIod Spwosd Fururusy

asouayan; Ty ‘saaos BUpUISISINoD fioe wip gh

2 8T qUA_ apranjos

o souid @ . somony

‘5d 099’6 ~ (0410 NSLY 13d) 299)ms 0} semopusdisd mBusng saiersdwmo) (3)

‘pasmbas 5w mpage

PIPTNS “NION- 16~

wd 000'6LL ~ (0210 NUSY) 835Q 0} JumoEadiad KRNI jo MIMPON (V)
tsoradosd wRGNUTE Fuaonoj S VY (VAR ey ¢
‘Pojeudeidum) suooifie Lioyow; 3q [[9GE 12T piv0q juawny

wo(¥ae atno!

2/1 sowmerp sfps umamy

~.2/1 soumEp odpe WINWTUTY UOR20UTOd odky ‘Biq-euesow

A T3 (h/6) T 0z 39 VS SERANR (3w 2

0.3 '93Q8 1USTOI-10qy) $0162qe8-TOT 191 0] DOTEONyOsdR
3 ALSY T &(dmod [uqs s1eund ooy pivoq Wewsd 1y '{

ansse

_saaquay imanng
[931S POI-PIoD o TMEA oY) 40} FUORUOHORES, ISIV Wika SOUUPISIE Ut
podo[easp 5q [[OGs EsquEAT 10 SONTPSS puol siquace puv serpiedosd (wskyg ©

©03301d drp-yoq

o 4q (poreeuTwAret) paS03-LO[Te GOIT-3UTE 30 (pIATTAT) PAYEOD Oz Poare

19908 10] SGORUOYIOIE PIOPUTIE £SOV PO

2 3q 198 Wiof [MPW PaULIO) pro) z

a9 0g 10 PIOK 'ESGY JUSY Jo muswiaimbal 3y o)
i0fus (UG PeYou SeLeTIO SSB(u “Wiof (MO pawai} PIOD [EINAE Ty |

ISTOF "TVIAN daNg03 165

aemaao ssaqun ‘2ot

<aponaan 04-3

S(quacfje WRWUIW 3Y) 3Q [l UORYIIOD 10q-7

(swoq
40 Jurpram dq apew 3q [EME suonasumod do

NVId DNIAVYd ¥OO0Td

(SRS

nia spows 3q

P yauy p/g) Buntoq
119 ‘paj0u sstassuto %52y

Teimanig jo vonaass pue opedLal

Jo uoissyuiqns 0 1o
ojeuswp Mo Ao b

\

29 2109 2 28
= ]
SIXoM STXOR SIXOR SIXos
o VLXK o =+
© » o
2 H 3
E 3 3
P2 fo-21
|dAL 'ONINYMJ ONILSDX B $
” L e = ey ’
4 | fetx zm - B 5
M = -
) ()13
g - » 3
S 5 e . : g
el
i
S— x I= & =
B wro—| T | &
& 2
2 o
AR z
N L
ﬁ a _ / )
8= Pee Nk omvasfonusixa 3
s,
1S y & sy,
= an03 + X 2% -+

A

SWIVOR ININID 0I0U04NIZY
HAAL NIIXT b€ —

dAL D0 21 & ziser

YO ININZD QIDNO4NIZY
HAAL NAOKTA b/

dAL 0 .21 @ Ziwsw

21 @ SUloR _z/1
/S X 2/1 1 x go-

Qo Si-2

spunod poor  soeqsen worion
spaon waaN ¢

wd oot ooy
choor 3 2

6 - 3o5v
3p0g Burpyng vuons)
3p0) Buipyng apuaaiers aisojpun

VIHELIED »

NP3 160191 eapoy Furusenon |

-1 = _¥/8 V08

/O;bmm

21us8

—=91/8 X 2/1-

soumo &g i

apunom ay pefup #q o

‘310N

-1 = ¥/e gvosl

NOTLOHS

Je-z -z
8x 9 a— T _—ax0a
<, X9k \/ ]
Can) aran 7| f
o1 x 21 0
i T T T 5
FRIE) 7 R
T \A i
wan
TRy | /3 aw ur:z:ez 3
: 10 NOLIY201
g : 0014 IN0D 4O doL.
axL o1/5 x
=R so pl
SOOQNINOD B1/S X %0014 4AV2 40 doL. d
2 Y 5] |
1 B9 -5
S09ANLLY0D 91
SHITERR Pk Fr
ot

FIVIS 0L LoN

TIVLAd

~NVId

- o1

4svd HUNIHOVIN NOILLOW

E NOIHL 241 X 3LY1d

ONLLNNON 91X.01

HINKO A4
STI0H

ONILNNOR

4N ¥3d SY Gsve

~——— 3NIHOVN_ NOLLON

QNG SV FONVIL 3400 «
.0

1 =".¥/1 3V

ONINVY

d00Td

(s3QIs H108) dAL D0
21 @ zinse

FONVEVTIO NHO41VId
INTHOYN NOILON

(13AT1 NOILYHTAO) NHO4L¥Td GNTHOYR NOLON—/ -1

_91/9 X € X 20 NO HVAd oL

02X9M TYNOOVXI NO ONIIVAS FUV LVHL #.21AS0 40 ON3 ‘GLON

0-1 =

/s amvas (S8

NOILDES\E/

SMIVOE LNINID GIOUOINITY

4IHL NIIKd .¥/5 —]

o4 92 “is]

QYYO8 LNIMID QIOHOANITY

HIEN NIOXTd . b/E —

Xa

saass ¥

SIPENR Pk

HOOT N4

SQ9QNINOD o1/ X

TEX D7




Material Response Group September 18, 2000
Depariment of Engineering Science and Mechanics

Mail Code 0218, 120 Patton Hall

Blacksburg, Virginia 24061

Att: Ronald Kriz
Ref. Renovation and Relocation VT Cave
021599
Structural Services Provided: Contract Documents
Engineering 175 Hours @ $ 50.00 $8,750.00
Documents CAD 2,280.00
Expenses (milsage) _252.0
$11,282.00
RICHARD L. WILLIAMS . CONSULTING ENGINEER, INC.
3786 KENWICK TRAIL . P.0. BOX 20053 . ROANOKE, VIRGINIA 24018
PHONE (540) 774-5141
FAX (540) 774-5467
Mr. Ronald Kriz September 18, 2000

Material Response Group

Department of Engineering Science and Mechanics
Virginia, Tech

Mail Code 0219,120 Patton Hall

Blacksburg, VA 24061

Dear Mr. Kriz,

| am sending to you a statement of my cost to date for the structural services provided. If you have any
questions on the statement are services required during the construction phase please feal free to call.

Regards,
Nos 0D €. G S

Richard L.. Williams P.E.



RICHARD L. WILLIAMS . CONSULTING ENGINEER, INC.

3786 KENWICK TRAIL . P.O. BOX 20053 . ROANOKE, VIRGINIA 24018
PHONE (540) 774-5141
FAX (540) 774-5467

Field Report February 22, 2001

Ref: VT Cave
Date: January 10, 2001

Contact: Johnny Jerels
Comfort Systems

Task: Completing the installation of the fiber cement board.
Comments: Observed the installed light gage metal joist and a portion of the fiber cement board.

The materials are as required on the contract document and the workmanship is
Excellent. If there are any questions let me know.

Gt €. (NSO

Richard L. Williams PE



RICHARD L. WILLIAMS ° CONSULTING ENGINEER, INC.

3786 KENWICK TRAIL . P.O. BOX 20053 . ROANOKE, VIRGINIA 24018
PHONE (540) 774-5141
FAX (540) 774-5467

Mr. Paul Siburt February 23, 2001
ESM Virginia Tech

Mail Code 0219

Blacksburg, VA 24061

Ref: Relocation and Renovations VT Cave
021599 VTC

Dear Mr. Siburt,

I am submitting to you my final field report stating the motion machine support and cave floor and floor
support has now been completed. My construction services are also complete and you will find a
statement of services enclosed.

Thank you for the opportunity to be a part of the cave community and if there are any questions let me
know.

Regards,

W e0e D00

Richard L. Williams PE

Copy: Ron Kriz, Paul Ely

RICHARD L. WILLIAMS ° CONSULTING ENGINEER, INC.

3786 KENWICK TRAIL o P.O. BOX 20053 . ROANOKE, VIRGINIA 24018
PHONE (540) 774-5141

FAX (540) 774-5467

Mr. Paul Siburt February 23, 2001
ESM

Virginia Tech

Mail Code 0219

Blacksburg, VA 24061

Ref: Renovations and Relocation VT Cave
021599

Structural Services Provided: Coordination with contractor, Shop Drawing Review, and Three Project
Reviews.

Lump Sum $ 1250.00



Appendix B

Vibration Analysis of ACITC CAVE floor structure



Page 1 ot2

Summary of Vibration Readings for CAVE
Submitted to °

Ronald D. Kriz
Virginia Polytechnic Institute and State University

Readings for the AITC building and CAVE room were taken on two separate
days. The first readings taken on May 18, 2000 included various heel drop and ambient
readings in the existing CAVE room. Readings in the AITC building included ambient,
heel drop, and walking measurements in the Visualization and Animation Lab. Heel drop
tests were performed at the site of the new CAVE located in the AITC building.
Readings on May 22, 2000 were all acquired in the existing CAVE location. Another
heel drop test was executed. All other readings taken were of the floor response
generated by the motion platform undergoing different motions.

The floor of the existing CAVE exhibited a fundamental natural frequency of 6.25 -
t0 6.75 Hz. The proposed site for the new CAVE showed a much stiffer system with a
response ranging from 10.00 to 15.00 Hz. The Visualization and Animation lab
demonstrated a fundamental natural frequency of 7.50 to 8.25 Hz. A summary of results
for each test can be found in the table on the following page.

It is my opinion that the motion platform can be operated in the AITC building
safely and without causing vibrations that will be annoying or distuptive to other building

occupants.

Thomas M. Murray, P.E;PRD. Y
Department of Civil and Environmental Engineering
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Date: Wed, 12 Jul 2000 11:33:55 -0400

From: fpcrdl@exchange.vt.edu

To: fordd@vt.edu

Cc: rkriz@vt.edu, drb@vt.edu, lynnk@vt.edu, stockr@vt.edu
Subject: RE: Kriz report

[ The following text is in the "iso-8859-1" character set. ]
[ Your display is set for the "US-ASCII" character set. ]
[ Some characters may be displayed incorrectly. ]

David:

T have reviewed the June 16, 2000 Report outlining the proposed
design/construction of structure to support a "motion machine"
and floor system in the ACITC Virtual Reality Cave.

It appears that conceivable concerns have been addressed;

® Structural analysis and design in accordance with
referenced Codes has been accomplished by a
licensed Structural Engineer.

x Dynamics analysis has been performed by a licensed
Civil Engineer having related discipline expertise.
s Capital Design and Construction design recommendations,

concerning "safety" and the use of "appropriate noncombustible
materials" consistent with the Building Construction Type,
will be incorporated into the final system design.

wd Proposed "operational guidelines" should ensure that safety is
maintained, and confirm or adjust expected motion machine use
in response to noise perceptions of building occupants.

Regards,
RDL.

————— Original Message—-———-—

From: David Ford [mailto:fordd@vt.edu]
Sent: Tuesday, July 11, 2000 10:06 PM
To: fpcrdl@vt.edu

Cc: stockr@vt.edu

Subject: Kriz report

Robert——--—--—-

Have you read the Kriz report on the CAVE motion platform? If so do
you concur that we can give Ron permission to proceed? If you
concur, I have drafted a letter to go to Ron stating that he can
proceed and listing the conditions (taken from the report) under
which the motion platform can be used. I will copy my MOU to you,
Ken Reifsnider, Scott Macrae and Rich Stock for the record.

——-——Thanks, David

VVVVVVVVVVVVVVVVVVVY



Virginia

[[[MH‘I Te C Office of the University Provost
&P VIRGINIA POLYTECHNIC INSTITUTE Vice Provost for Academic Affairs
AND STATE UNIVERSITY 330 Burruss Hall, Blacksburg, VA 24061-0132

Phone: (540) 231-4167 Fax: (540) 231-7211
e-mail address (fordd@vt.edu)

Memorandum of Understanding

MEMORANDUM

TO: Dr. Ronald D. Kriz

FROM: David R. Ford /

DATE: July 13, 2000

RE: ACITC CAVE Floor and Motion Base Platform

Thank you for the report describing the details of the construction of the ACITC CAVE floor that
will support a motion base platform. Upon receiving the report I discussed these recommendations
in the report with Mr. Robert Livingstone, Capital Project Manager for the ACITC building. Mr.
Livingstone and I agree that the construction of the CAVE floor and the motion platform should
proceed according to specifications with the following understanding:

1. that an “in situ” dynamic analysis be conducted after placement in the ACITC
CAVE space,
2, that, based on the “in situ” dynamic analysis, a formal, written operational limits

document be prepared and filed with the Facilities Design and Construction Office
and the ACITC building manager,

3. authorization for ongoing operations of the motion platform will be conditioned on
the CAVE operators adhering to the prescribed operational limits, the objective and
subjective tolerance(s) of other ACITC occupants, and ongoing anecdotal evidence
that operation of the platform does not cause any building damage, and,

4. an operational log of motion platform usage must be maintained 1nclud1ng an
annual visual inspection of support structure bolts.

Please contact me if you have questions about this memorandum of understanding.
DRF/lsp

Ce: ivingstone
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