STATE OF MINNESOTA
BOARD OF ARCHITECTURE, ENGINEERING, LAND SURVEYING,
LANDSCAPE ARCHiTECTURE GEOSC%ENCE AND INTERIOR DESIGN

In the Matter of

| CEASE AND DESIST ORDER
Jan H. Zicha, unlicensed

AND
- NOTICE OF RIGHT TO HEARING

Board File No: 2004-—0_008
TO: Jan H. Zicha

8629 Leslie Avenue
Lanham, MD 20706

ALLEGATIONS

The Complaint Committee of the Board of Architecture, Engineering, Land Su'rveying, Landscape -

r3

~chitecture, Geoscience and Interior Design ("Board") alleges as follows:

1. A complaint t:oncaming Jan H. Zicha ("Respondent”) has been received and reviewed by

the Board’s Complaint Committee '

2. Respondent is not currently and never has been licensed by the Board as a professxonai

engmeer in the State of Minnesocta.

3. Respondent is licensed as a professional engineer in the State of Maryland.

4. Respondent applied to become licensed in Minnesota as a professional engineer through

comity in 'September 2002.

5, The Board notified Respondent that his comity application was incomplete. A true and

correct copy of the email notifying Respondent that his comity application was lncompiete is attached

hereto as Exhlblt A.

6. Respondent has since failed to complete his application for licensure.

7. Réspondent reviewed the following documents for the Hiawatha Cotridor Light Rall Project

that is located in Minnesota:



* Production Testing and Quality Control of the Reinforced Concrate Blocks of <
the Low Vibration Track (LVT) System

e Production Testing and Qﬂality Control of the Resilient Block Pads of the
Low Vibration Track (LVT) System

Production Testing and Quality Control of the Rubber Boots of the Low

Vibration Track (LVT) System
LVT Supports Design Document for Hiawatha LRT for the Hiawatha Corridor
. Light Rail Project.,

True and correct copies of the docﬁments are aftached hereto as Exhibit B, C, D, and E.

8. - Respondent stamped these documents using his Maryland stamp. He also typed onthem,

‘I have applied for the registration in Minnesota and the application is pend;ng * He signed and dated

the documents January 16 2003. True and correct copies of the documents are attached hereto as ( |

Exhibit B, C, D, and E.

9. Respondent reviewed shop drawings for this Minnesota Hiawatha Corridor Light Rail

project. He used his Maryland stamp, and typed on the drawings, “l have applied for the registration in
Minnesota and the. application is pending.” He signed and dated these drawings January 16, 2003.

True and correct copies of the sho;p drawings are attached hereto as Exhibit F.

10. Inan email dated August 28, 2003, Respondent admits to stamping drawings for this

project. Respondent statés:

. “I have sfam-ped mentioned drawings in the past and returned them to me client
Permanent Way Clorp.oration. | do not know what action was taken on this project aﬁér
that. Allt can say is that the LVT track supplied by PWC is the best choice available on |
the world rﬁarket. Ht requires virtually no maintenance and has at least ten time i-onger(, t

life expectancy than anything else of the kind, as we have already found on LVT
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i_hstallation at twenty locations world-wide. Ther (sic) is no secret that not all of PWC’s

competitors like it. However, the proper place for improvement of their products is at

the drafting board.”

A true and correct copy of the email dated August ‘28, 2003 is attached hereto as Exhibit G.

11. The fo%ipwing order is in the public interest.

ORDER
NOW, THEREFORE, IT IS HERERY ORDERED, pursuant to Minn. Stat. § 356.111, subd. 3
(2002), that Respondent Jan H. Zicha shall CEASE AND DESIST from hoidingj) himself out as a
profeséiorzal engineer in Minnesota, from practicing professional engiﬁeering in Minnesota, and from
further violations of Minn. Stat. §§ 326.02 to 326.15 (2002) un.ti.l such time as he becom‘es ficensed as a
sfessional engineer in the stéte of Minnesota.

| ITiS FURTHER ORDERED THAT pursuant to Minn. Stat. § 326.111, subd. 6 (2002), Respondent -
shall pay a CIVIL PENALTY of ten thousand dollars ($;!0,0G0.00) to tbe Board, within'sixty (60) days
after the date of the Board's approval of this cease and desist order. In accordance with Minn. Stat. §

16D.17, Subd. 2 (2002), in the event this Order becomes final, the Board may file and enforce the civil

penalty as a judgment without further notice or additional proceedings.

NOTICE OF RIGHT TO HEARING |
Pursuant to MEnr_;. Stat. § 326;111, subd. 3>(2002), Respondent may request a hearing in this
matter. Such request must be in writing and served upon the Board within thirty days after service of this
Order, whereupon a hearing will be heid within thirty days after receipt of the request unless Respondent
d the Complaint Commiﬁee agree that the hearing be scheduled after the thirty-day period. In
‘accordance with Minn. Stat. § 326.1 11, subd. 3 (2002), if no hearihg is requested by Respondent Wi’%hiﬁ
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ﬂ;'irty days of service of this. Order, this Order will become final and will remain in effect until it is medified (
or vacated by the Board.- In accordance with Minn. Stat. § 16D.17, Subd. 2 (2002), in the event this

Order becomes final, the Board may file and enforce the civil penalty as a judgment without further notibe

or additional proceedings.

4

In the event a hearing is scheduled in this matter, it will be held before an administrative law judge
'of the Office of Administrative Hearings for the State of Minnesota, 100 Washmgton Square, Suite 1700,
Minneapolis, Minnesota 55401-2138, Telephone: (61 2)'341~7610. All parties have the right to represent
themselves or be represented throughout the proceedings herein by legal cbunsei or a person of their
choice if not otherwise prohibited as the unauthorized practice of law. The hearing will be conducted |
pursuant to the contested case procedures asl prescribed in Minn. Stat. §§ 14.57 to 14.69 (2002), as o
amended, and the Rules of the Office 61’ Administrative Hearings, Minn. Rules Ch. 1400.5010 to
1400.8401 (2003). Failure to attend the hearing in this matter may result in the allegations of this Order ( |
being taken as true and deemed _pro_ved without further evidence, the proceeding being determined
| against the party failing to attend. Questions concerning this Order may be directed to Assistant Attorney
General Michele'Owen, 1800 NCL Tower, 445 Minnesota Street, St. Paul, Minhesota 55%01 , Telephone:
(651) 297-3995. |
COpies_ of the above-cited statutes and procedural rules are available on-«ltine at
www.revisor.leg.state.mn.us or may be purchased from the Department of Administrgtion, Public
Documents Division, 117 University Avenue, St. Paul, Minnesota 55155, telephone: (651) 29773000.
IF YOU NEED A REASONABLE ACCOMMODATION for a disability in ofd'erto_ participate in the
hearing process,_suoh an accommodé’cion can be made available upon advance request so that the
| hearing is accessible. Examples of reasonable accommodations include wheelchair accessibility, an
interpreter, or Braille or targe~print materialls. if any party requires an intérpreter, including a foreign(_

language interpreter, the Board office must be promptly notified. To arrange an accommodation or an



rpreter, you may contact Doreen Frost, Executive Director of the Board, Suite 160, 85 East Seventh

Place, St. Paul, Minnesotda 55401, or you may call: Voice (651) 296-2388 or TDD (651) 297-5353.

Dated: ‘7 [ ‘E/ o4 2004

STATE OF MINNESOTA

BOARD OF ARCHITECTURE,
ENGINEERING, LAND SURVEYING,
LANDSCAPE ARCHITECTURE,

7CEEN / D INTERIOR DESEGN

es O Brien, Architect
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Shari Telega '

 Tor janzicha@ecs.com
Subject: Application for Licensure
Reﬂ_trin§trUct%Qns.dPeVerifyRqumai!._cN'lEMO.ECEI.EVAL.

oC [o'o] h doc )
. Dear Jan Zicha:

In reference to your application for licensure as a Professional Engineer by Comity to the Minnesota
Board of Architecture, Engineering, Land Surveying, Landscape Architecture, Geoscience and
Interior Design (Board), the following décuments have not vet been received:

1.Five reference letters (completed according to the “Instructions to Applicants Regarding the
Submission of _ Reference Form” — included in the application packet)
2.Fundamentals and Professional Exam Verifications

3.0Official Transcripts ‘

Four of the reference letters to accompany your application for licensure as a Professipnai Engineer
by Comity in Minnesota have been received and are incorrectly completed. Please review the .
attached “Instructions to Applicants Regarding the Submission of Reference Forms” (also included in

the application packet). On the second page, you are to include the same experience record as is
furnished in itém number 22 of the G-4 a

pplication. Each referénce is to initial statements that
he/she can substantiate. ' ‘

The Board has not vet recéived ver_if_ication of your exams. If these verifications are in process,
thank you. If you need another verification form, one is attached.

Finally, we have not vet received Official Transcripts. In your letter dated September 23, 2002

, yOu
state that you graduated from the University of Zilina in Europe. This University is not ABET
accredited and so must be evaluated. If it has not

t ) ‘ yvet been, I have also attached a memo concerning
evaluation of foreign education for your use. : :

If you intend to pursue licensure in Minnesota, please be certain that the above—mentioned

documents are complete and submit them to the Board at the address above. Upon receipt of the
requested informatlon, further consideration will be given to vour application.

Respectfully,

Shari Telega :
PE Licensing Coordinator

MN Board of AELSLAGID
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Production testing shall be performed at the manufacturer’s laboratory or, if such
laboratory is not equipped to perfor one or more of the tests specified herein, at a
qualified outside laboratory. - L '

[f all the control and test results épeciﬁed-herein are satisfactory, the daily batch defined -

as all the concrete blocks produced during one day shall be accepted. Any control or test
faiture shall cavse the daily batch to be rejected :

1 Concrete Control Tesés
1.7 Procedurs

The vibration of the casting machine or a vibrating
the concrete in the moulds. The moulds shall be m
. moulding until the moment of test.. The curing of
performed in accordance with ASTM C197 or ofhy

table shall be used 16 compact
o1st cured from the time of
the concrete moulds shall be

er equivalent specification.

The flexural strength test shall be executed in accordance with ASTM C 78
(beams) or other equivalent specification. : .

The manufacturer may also, at its ¢ption, produce concrete blocks omitfing the
steel reinforcements and perform the concrefe control tests on cores taken from
these blocks. In case of discrepancies between the results o

n cylinders and oft
cores, the results on cores shall prevail. :

1.2  Accepfance Criferia

‘The minimum strength requirernents shall be as follows:

e Compressive strength Fc =7000 psi
»  Flexurdl strength Ft= 600 psi

1.3 Frequéncy '

The manufacturer shall produce 4 test speciﬁqens (2 eylinders and 2beams)

per production week.

2 test specimens shall be tested at 7 days, one for compressive strength and one
for flexural strength.

2 test specimens shall be tested at 28 days, one for compressive strength and one
for flexural strength. ‘ - : ‘

Ifthe étrength re

28 day tests
shall be warved.

quirements are met at 7 days, then the correspbnding
[f the strength requirements are met neither at 7 o
corresponding to the production week for which
.shall be rejected unless the requirements are met

or &t 28 days, the daily batches
the requirements were not met
on cores as provided in
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paragraph 1.1,

Dimensional Contrai

2.7 rocediure

The dimensional tolerances shall conform to the &

‘ pproved shop drawings when
measizred with instruments or-go/no g0 ganges as stipulated in the approved
technical specifications. : "

2.2 F_re-qaency
Two corcrete blocks per daily batch shall be subjected to dimensional control.

Aspect Control
3.1 Precedure

The concrete block shall be visually inspected for cracks, structiral defects and
surface.finish. ' . :

3.2, Accepiance Criferia

The concrete block shall not present cracks; st'mcmrai defects, or surface finish

defects incompatible with the satisfactory long term performance of the,
" system. :

3.3 Frequency
All concrete blocks shall be éubj ected to the aspect control.
Fastening Shoulder Tests

4.1  Procedure

This test shall not be performed before 28 days or a 7600 psi concrete
compressive strength is achieved, whichever is sooner.

The rail fastenings shall be subjected to the pull-out and forque tests described

in AREA (American Railway Engineering Association) chapter 10, paragraph
1.9.19. . :

42 Freguency

The pull out test shall be performed v one concrete block per daily batch,

The torque test shall be performed On one concrete block per daily bateh.
S g p : 2 y

| STR 30.A67
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5.1

* P2 shall be defined as the peak load of

- The configuration for

to an iritial load of 20,000 Ibs.
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Thas test shall not be performed before 28 days or 2 7000 psi concrete
compressive strength is achieved, whichever is sooner.

 Procedurs

the positive bending moment test shall be as shown in
figure 1. : -

The objsective of this fest shall be to.record the load -mq\i;ix:@d—té@r-eéaee the
Tst crack in the concrete block, and to evaluate-the reinforcements’
effectiveness in closing the cracks after the removal of the load.

Levels P cind P2

The concrete block shall be positioned under the press actuator and subjected

The loading of the concrete block shall be progressively increased by 4000 Ibs.
merements.  After each increment, ihe load shall be maintained for a minimum
of 1 minute while both side surfaces of the concrete block are examined for the
presence of cracks. -

7

P1 shall be defined as the Joad required to generaté the first crack,

_ Aﬁer P1 has been reached, the concrete block shall be subjected to successive

zero-to-peak loading cycl

es. The peak Joad of each eycle shall be increased by
2 4000 Ibs. increment. _ - ‘

In each cycl:é, the load shall be gradually increased from zero up to the peak

load. The peak load shall be held for a minfmum of 1 minute before being
fully released. - )

Once the load has been released, the width of the cracks on the side surfaces of
the unioaded conerete block shall be measured and recorded.

The crack widths shall be measured at the level corresponding to the
theoretical position of the lower reinforcement's centroid. If it 1s not possible
to measure a crack at this level dueto chipping of the concrete or surface
imperfections, measurements shall be taken equidistant and as ¢lose as possible
above and below this level; the two values shall be averaged to obtain the
width of the crack. - ‘

d of the last cycle in which the widest
crack on the concrete block is closed after the removal of the lpad. A crack
whose width does not exceed 0.002 in. shail be considered to be clgsed.

A



Only every 10th concrete block subjected. to this test shal] be tested up
P4 ‘

L Doe, No.:
Approval:
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Rew Level:
Rev, Approval:
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Levels P3 and P4

After reaching level P2, the ncremental ioading cycles shall be resamed.

P3 shall be defined as the peak |

oad of the last cycle in which the oPezaing of
the widest crack on the unloaded

conerete block is not greater than 0.02 in.

After reaching level P3, the load shall be

gradually increased until the ultimate -
faiture of the rail eoncrete block

-£4 shall be defined as the maxipmum load camed by the eonecrete block.
Acceptance Criferia |
Specified values for P2 and P3 are:

P2 > 46,000 Ibs., P3 > 60,000 Tbs.

Fregusncy

The rail seat positive bending

moment test shall be performed on one concrete
block per daily batch.

Every concrete block subjected fo this test shail be tested up to level P2

to level

5TR 030.A67

BS

24 Aptil, 2001
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3.1 Procedurg

3.2 Acceptance Criteria
STATIC DEFLECTION TEST
4.1 Prscedurc‘-:

4.2 Freqﬁancy

POROSITY MEASUREMENTS

5.1 Procedure

52  Acceptance Criteria
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Unless otherwise agreed by the Engineer, batches of block

: pads shall not exceed
7000 units per batch when presented for inspection. : :

3 block pads per batch shall be randomly selected for each production contre! and

test specified herein,

Ifall the control and test results are satisfactory on the 3 block pads, the batch
shall be accepted.

. 1f one block pad does not mcetall the requirements, the controls and tests shalt be
repeated on 6 additional randomly selected block pads.

I more than one of the first 3 or any of the additional 6 block pads do not meet

the requirements, the batch shall be rejected.

The manufacturer shall, however, have the option to subdivide z rejected batch
into 500 unit sub-batches and to

repeat the controls and tests on each sub-batch
using the same acoeptance and rejection criteria as above.

Aspect Confrol

The test block pad shall be visually inspected and found flawless and clean
edged. Small surface defects, such as chips or blistets, shall, however, not
comstitute canse for rejection. : I

- Dimensional Control

The dimensional tolerances shall be in accordance with fhe approved drawing
of the pad. L :

Flatness Control
3.1 Procedure

A full block-pad _éhall rest ona flat, level and smooth control surface, A .
straight, rigid rule shall be laid across the top surface of the pad along its
length. The rule shall rest across the pad without compressing it. '

. The flatness shall be controlled &t a minimum of three locations: 1 in. fom |
each edge and at the centerline of the pad. The proceduze shall be 1epeated
-with the rule placed along the width of the pad. Ifvisible deformations exist in

other locations, these locations shall be verified as well in accordance with the
-same procedure. e

[¥3)
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3.2  Accspiance Criteria

No gap or pocket between the rule and the top surface of the pad shail exceed

0.02 in. in depth or 0.8 in. in length.

* The vertical distance measured from the bottom edge of the rule on either side
of the pad (lengthwise and widthwise) and the control surface shall’be in

- accordance with the thickness dimension and tolerance specified in the
approved drawing of the block pad.

- & Btatic Deflection Tect
47  Procedurs

This test shall be

performed at room temperature {(+20°C) on a complete bivek
pad. : ; : :

The loads shall be transmitted fo the block pad through a rigid plate. The plate
shall be suitably reinforced to guarantee the accuracy of the pad deflection
mezasurements. Prior to the load application, the plate shall rest with all its
weight on the pad. ' - .

Gauges, positioned at the comers of the foading plate, shall be.used to measure
the deflection of the pad. - .

The block pad shall be subjected to 10 preloading cycles between 0 and
12,000 ibs. : :

The ganges shall be set to zero.

The pad shali be subjected to 2 loading of 12,000 Tbs. Theé deflections
measured by the gauges shall be recorded. ' '

4.2 Accebfancs Criteria

The deflection (average of the gauge r&adings) shall be 0.086in  0.012 in.

&1
et

Porosity Messurement
51 Procedirre

The porosity of the block pad material shall be tested by a water absérption
measurerment. ‘ )

This test shall be performed on a 4x4 in. square sample cut from a block pad,

The thickness (T), initial weight

(PO}, and volume (V) of the samiple shall be
measured and recorded. ‘
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The saniple shall be submerged in distilled water at room temperature (+20°

and compressed between two steel plates down to a fhickness equal to

0.70 x T. The sample shall be held in this manner for | mimute, It shall ¢

then
be unloaded and maintained free of load for another minute. :

This cycle shall be repeated 3 times before the semple is removed from the
water.

The sample shall be superficially dried. Its vei ght P1 shall be measured and
recorded. = - i

The amount of water absorbed per unit volume by the sample shall be
determined by the following equation: : '

A={P] - P0)
. Y
Accepiance Criferiz

The value of A must ﬁot excesd 0.000036 Ib/in°.

C)
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Unless otherwise 4g1"c:ed by the Engineer; batclies of rubber boots shall not exceed
7000 units per batch when presented for Inspection. -

3 rubber boots per batch shall be randomly selected for testing.

If all the test results are satisfactory on the 3 rabber boots, the batch shall be
accepted. : '

o e rm e e - e !

if oue;.‘rubber 265_01“1 dogs not meet all the requirements, all the tests shalf be
repeated on 6 additional randomly selected rubber boots. :

If méreut'a_a‘h one of the first 3 or any of the a
the requirements, the batch shall be rejected.

The manufactirer shall, however, Kave the
into 500 mmit sub-batches and to repeat the
acceptance and rejecfion criteria as above.

option to subdivide arejected bateh
tests on each sub-batch using the same

Aspect Contro!l

“The rubber boot shall be visnally inspected and found flawless and clean
edged. Smeall surface defects, such as chips or blisters, shall, however, not
constifute cause for rejection. :

Dimensicnal Conirol

The dimensional tglerances of the rubber boot

shkall be in accordance with the
_approved drawing of the boot. :

3.1 Procedure

The Shofe A hardpess of the boot material shall be measured according to
~ ASTM D2240, indentation hardness of nibber and plastics by means of a

durometer. Measurements shall be made at five points on the upper surface of
the boot base.

3.2  Acceptance Criferia

The average of the measured values must fall between 74° and 80 ° Shore A,

43

dditional 6 rubber boots do not meet .
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4.7 Procedure.

12 samples (6 longitudinal and 6 transversal) shall be cut f:ofn'the base of the
boot according to ASTM D412, method A, die C. The thickness of the
samples shall correspond to that of the base of the boot.

The ultimate strength and the elongation at break shall be measured on six
samples (3 longitudinal and 3 transversal). .

The remaining 6 sadaples (3 longitudinal and 3 transversal) shaill be artificially
aged according to ASTM D573 for 72 hours in an oven maintained at a
temperature of 100°C + 1°C. The ultimate tensile strength and the elongation
at break shall be measured after cooling the samples at room temperature
(+20°C) for not less than 16 hours. :

4.2 Accepiance Criteria

Fot each set, the median value of the fhree meas

ures shall be recorded and the
values shall meet the following criteria: ~ '

- Minimum tensile strength of the initial section:

before ageihg - 1740 psi
afler ageing - 1450 psi

~ Minimum elongation at break:

before ageing - 250%
after agemng - 180%
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1 Introduction

The purpase of the calculations below is to analyze and evaluate the loading conditions
congruent with Hiawatha LRV traffic equipped with The Permanent Way Corporation’s Low
Vibration Track. o

The results of these calculations verify the validity of the LVT design in tetis of:

+ Component spring rates and track modulus,
+ Lateral resistance of the track. _
+ Resistance of the concrete biocks.

The LVT system comprises two resilient levels (the rail pad and the block pad) separated by an
intermediate mass (the concrete block). The resiliency and high damping achieved at the block
pad level do not affect the integrity of the rail fastenings. In addition, the block pad has a high
level of elastic reserve which allows the system to accommodate occasional severe impact loads
(impacts greater than those covered in this calculation) without critical failure of any of the LVT - (
components or detrimental effects to the track or system.

2 Executive summary

The reference values and computing methods contained herein are backed by faborarory test
résults and a proprietary model developed by The Permanent Way Corporation.

21  Spring Rates & track modulus

The spring rates specified for the resilient cotuponents of the non ballasted trackform yield:

K, . = global spring rate of a block 130,476 Ib./in.
Ky =trackmodutiss for d; 30 in. = 4348 1b/in.in.

2,2 Distribution factor
The spring rate characteristics of the block combined with the track geometry and pfdpéﬁies of
the rail profile yield a distribution factor, for d, 30in)=D,, 0f0.41.

2.3 Rail deflection

The 130,476 Ib./in. block spring rate and the 0.41 distribution fictor yield a rail deflection of (

0.072 in. for nominal loading conditions corresponding to 30,450 Ib. axle loads and a {1+ 0.5)
impact factor. '

Frmve—
* e—— TN
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24  Vertical and fateral forces on trackbase concrete

The pressures exerted by the base of the block on the trackbase concrete were caleulated under
combined vertical and lateral forces per block for loading conditions of CASE 1:L/V = 0.5
(standard assumption In the industry) and CASE 2: L/V =1 {extreme assumption imposed on
The Permanent Way Corporation for these project specific calculations).

25 Requirement for encasement concrete reinforcement

- Assuming a conservative comipressive strength value for the encasement concrete of > 5000 psi
and using 500 psi as the tensile strength, the comparatively low forces transferred to the
encasement concrete justify the standard practice of not reinforcing the encasement concrete and

‘not installing steel connections betwden the encasement concrete and the civil works.

2.6 Block calculations

The stresses in the blocks corresponding to a 9,350 Ib. vertical load per block have been
calculated and found well below the allowable stresses recoramended by the American Concrete
Institute. ' '

.3 Basis of design & design input data

34  Track geometry

+ The rails shall be supported on individual blocks at 30 in. spacing.
+ The running rails shall be 115 rails, installed at a 1:40° jnclination.’
+ Track gauge shall be 4’ 8.5,

3.2 Nominal loading from rolling stock
The standard desi'gn‘loading shall be as follows:

Maximum normal axle load of 30,450 Ib., operating speed 55 mph.
4 Design assumptions
4.1 Dynamic load factors

- Nominal impact factor shall be {1+0.5) ot 50 % over the static wheel load.

o e— —— RERALCA NN
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42 LIV ratio
CASE1:L/V =05 ' - )
CASE2: L/V=1

The L/V ratio shall be used to determine the lateral forces applied to the trackform. This ratio

takes into account all lateral forces exerted on the track and includes a safety factor which is
increased for tangent track. -

5 Spring rates & track modulus

K., =springrate -of the block pad . 142,750 1b./in.

K, =springrate of the rail pad = 1,750,000 1b./in.
= spring rate of the boot base 11,420,000 1b./in.

K,  =global spring rate of a block :

#

il

The relationship between the global spring rate of the block and that of its résilient cempbpénts
is given by: :
UK = 1K, + VK + UK,
This expression yields: K, = 130,476 1b./in.
The value of the track modulus is given by:

K = track modulus = K /d . where: d = spacing between biocks = 30 in.
K;=4348 Ib./in.in. '
6 Distribution factor

6.1 Theory

The force carriéd by a single block (i.e. block reaction R)) located at the point of wheel load is
given by Zimmermann as;

R=d0 (KB

V8
. Where:

R, =block reaction =y X_

Page 6 of 49
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K, = global spring rate of a block, K
¥y =rail deflection
d = spacing of suppoit blocks
Q = factored wheel load
i E = Young's modulus for rail steel
I

= moment of inertia of the rail section

The'distdbutiop factor can thus be expressed as follows:

De=R, =d (K/dEI)"
QB
6.2 Input and results

K,= 130,476 Ib fin.

d, =30,

Axle Toads = 30,450 Ib.

Nominal impact factor = (1+ 0.5)

Q= (deload / 2) x TF = (30,450 /2) x (1+0.5) = 22,838 Ib.

E = 29,000,000 psi
1=656in'  (for 115 Ib. rail)

Calenlated distribution factor: C De=041

7 Rail deflection calculations

7.1 Rail deflection for nominal impact factor

The deflection of the rail under an applied force is given by:

y=QDg /K,
‘Where:
y =rail deflection
. Q  =factored wheel load
Dr  =distribution factor

Q* Dg =1load transmitted to one support
K, = global spring rate of a block = 130,476 1b./in.

For the nominal impact factor:
Q =(304501b./2) x (1+ 0.5) = 22,838 Ib.

Page 7 of 79
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Q*Dg= 228381b* 041 = 93501,

y= 0072in.
8 LVT SUPPORT Load distribution and block displacement calculations

81  Theory

The model used to obtain the following results is detailed in document no. DCAOCL.GN, see:
Annexure "LVT Rail Support”.

S°= Angle of F,_,,_ with respect to vertical plane,  =266°
8.2 input
82.1 loads

¥, = wheel load x impact factor x distribution facter
F,=(30450b/2)x (1+ 0.5)x 0.41= 93501b,, -
For L/V ratio = 0.5

Fy=05 xF,= 4,675 b,

8.2.2 Blockpad

Block pad spring rate  =142750 Ib/in
Block pad effective length =250 m
" Block pad effective width - =102 in.
Spring rate of block pad per unitlength =R, = 5,710 Ib.inin.

823 Rubber boot

Boot effective height = 5.0 in.
Boot effective width =10.6 in

fo s
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Unit spring rate of boot wall = 9,578 Ib./inin2

- Spring rate of boot per unit width = R, = 9,578 Ib/imin’x 10.6 in.
R, = "101,812 Ib.fin.in. |

Force due to the shear deformation of the boot's corrugations =F,= 2,121 IB.

The contribution of the boot walls uséd in these ¢
made during tests performed under combined
Munich's report number 1330b). However,
the block pad under vertical Ioads. Identic

alculations was derived from measurements
vertical anid lateral loads (Technical University of
the boot walls had no influence on the spring rate of
al spring rates were measured under verfical loads on
VT system encased ini concrete and on samples tested

8.2.4 _Block geometry

(see Annexure D‘ra\;ving)
Ll = 10-7 iIL
L, =145in
L =252in,
hy = 50in . ’
hz = 8-2 il}. :
8.3 Results LIV =05
8.3.1 _Angle of block inclination:
= 0.034°

8.3.2 Distributed loads:

W= 2441b/in.

W, = 85 Ib.Ain.

W, = 793 Ib/in.,

W, = 299 1b./in.

83.3  Pressures Exerted bn Trackbase Concrete:

- Atpoint A: P, =W/pad width = 24 psi

Page 8 of 19 DESIGN CALCULATIONS LVT SUPPORTS
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At point B: Pp=(W+ W, ypad width = 32 psi
At point C: Pe = Wy/boot width = 75 psi
At point D: Pp=(W,;+W, Yboot width = 103 psi

Note: Encasement concrete strength > 5000 psi compressive
> 500 psi tensile

'B33.4 Block Displacement:

At point A: A= Wi/R, = 0.043 in.
At point B: ‘B =(W, + W, /R, = 0.058 in.
At poiﬁt C: o= Wy/R, = 0.008 in.
At point D: p={(W, +WR, = 0.011 in.

8.3.5 Lateral deflection of rail head due to the msplacement of thc support:

-Lateral msplacement of the base of the suppoxt (at point ¢) = 0.008 in.

-Displacement due to the tilting of the rail suppost
(yth)tan =(5.0 +82)tan 0.034°=  0.008 in.

Total lateral deflection of rail head — 0.008 + 0.008 = 0.016 in.
84 Results LV =1

S°= Angle of F .y, with respect to vertical plane, -~ =45.0°
84.1 Loads

F,=wheel Ioad x impact factor x distribution factor

F,=(304501b/2)x (1+ 0.5)x 0.4] = 935016,

For L/V ratio =1

Page 10 of #9 ‘ . DESIGN CALCULATIONS LVT SUPPORTS
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8.4.2 Block geometry ‘
(see Annexure Drawing)
Lg =107 iIl. '
L, =145in.
L =252 in.
by = 50in.
h, =82in
8.4.3 _Ancle of block inclination;
‘ = 0.364°
8.4.4 Distributed loads:
= 0 Ib/in.
W, = 915 Ib.fin.
W, = 279 Ib./in.
W, = 3213 Ihin.
8.4‘.5 . Pressures Exerted on Trackbase Concrete:
At point A P, =W, /pad width = 0 psi
At point B: Pp=(W+W,)pad width = 73 psi
At point C: P = Wy/boot width. = 26 psi
At point D: Pp=(W;+W,Vboot width =. 328 pst

~ . Note: Encasement concrete strength > 5000 psi compressive

> 500 psi tensile

Block Displacement:

84.6
At point A: 2= W/R, = 0 in.
At point B: 2= (W, + W, /R, = 0.130 in.

B T A S o S
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At point C: c=W/R, = 0.003 in,
Atpoint D: o= (W, + W,/R, =

0.034 in.

8.4.7 Lateral deflection of rail head due to the displacement of the Support:

-Liateral displaceme‘ﬁt of the base of the support (at poiﬁt ¢)=0.003in.

-Displacement due to the ﬁlﬁng of the rail support
(hy+h)tan =(5.0 +82)tan0364° = 0.084in.

 Total lateral deflection of rail head = 0.003 + 0,084 =0.086 in.

9 Rail Support Calcu?lat-ioﬁs

' "fhesc calculations have been pérformed to evaluate the stru
supports of the non ballasted track.

ctural integrity of the concrete (

Values for compression and tensile stresses in concrete

or steel sections have been commputed
using the working stress method. . :

The first set of caleulations (uncracked-full section) accounts for the full cross section of the
support; while the second set

(cracked section) does not take into consideration any confribution
from the concrete located in the tensile- area of the support's cross section. This second
hypothesis provides a conservative estimate of the maximum concrete and steel stresses
generated by the design bending moment. '

9.1 Summary of Results

 First st of calculations, uncracked (full) cross-section

Compfession (concrete) = 287 psi
Tension (concrete) o= 284 psi
Tension (lower reinf. steel) = 1169 psi

Second set of calculations, cracked LVT cross-section

Compression (concrete) = 343 psi -
Tension (Jower reinf. steel) = 3727 psi

[
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These values may be compared Wiﬂl the allowable stresses recommended by the Amencan

Concrete Institute (ACI)

Concrete | mcompress;on: - 045 & = 3150 psi
Concrete in tension: 0.62 fc"*(MPa)= 625 psi
Steel in tension: 0.40 fy = 24,000 psi

8.2 Design Positive Bending Moment

The follomng calculations consider the load correspondmg to the 30,450 1b axle load.

Support reaction: R = wheel 1oad X mpact factor x distribution fac:‘tor

R,=30450 2 x (I+ 0.5)x041 = 9350 b,

For a rail support bea:mg over 1is full length on a res1hent block pad the maximum posmve
bending moment is given by:

, ' L = support length = 25.20 in.
M= R/ L-R) , Ri= r&ulfootmdth—SSOm

M =(9,350.Ib./8) (25.20 - 5.50 Yin. = 23,021 lb.in.

9.3 Uncracked Section Calculations

(See Annexure Drawing)

93.1  Steel Areas:

Asy =4 bars @ 20.500 in. =0.79 in? _
As,=angle 2.5"x 2.5"x 1/4 =1.18 in> Ixx=721 int
As; =4 bars @ 20315 in. =031 in? ;

Yield strength of steel Iemforcements Fy = 60,000 psi
Concrete strength: F¢' =7000 psi

Bs= 29,000,000 psi
Ec= 5000 F¢'?

n=Hs/Ec=~6
M

Page £3 of 9 - DESIGN CALCULATIONS LVT SUPPORTS
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9.32 Transformed steel areas-

Asi @)= 079in*x5 =393 in2 '
As,(@-1)= 118 in'x5 =589 in? I, =138 in*
As;(@-1)= 031 in?x5 =156 in?

Section Afin?) - Y (in) Y (in’ | AY(in) L(in%)
Ac 6652 | 320 C2129 6-81.2. 2271
As, | 393 1.00 39 39 1 -
As, 5.89 387 . | 28 |7 g2 14
As, | 156 5.46 . 85 464 —

79 | 248 8197 | - 2284

Y= &Y, =_248_=3.19in from bottom
3, 779

I= L+ AY:-(A)Y
=2284+ 8197 -779x3.19 % =258.02 in®*
933 Section Modulus

Sp=1 =258.02 cm* =80.25ix’
Y (6.40-3.19)in

Sp=1 =258.02 cm' =R81.01in’

Y  (3.19)m

934 Stresses:

. For the design bending moment M = 23 021 Ib.in.

Top concrete (cémpression): =M = 23021 = . 287 psi
' St 8025 :
N Bottom concrete (tension): = M = —23,021 _= . 284psi
Se 81.01

—— e — ]

Page 1.4 of 19

DESIGN CALCULATIONS LVT SUPPORTS



Doc. No.: DCAO7SB.AST

Approval: . ATB
Orig. Date: . 12 Faly 2001
Rev. Level: ’ B

" Rev. Approval: BS
Rev. Bate: .13 Angust, 2001

Bottom steel (tension): = @MY= 6 x 23,021 x(3.19.1.000)=1169 psi .
. .

258.02 '

9.4 'C?aéked section calculations
(Se¢ Annexure Drawing )
9.4.1 T.ocation of neutral axis |

M about neutral axis = ¢

nAs,(5.400 -Kd) + nAs,(2.530 -Kd) = (0-1)As,(Kd-0.939 ) + 0.5x 10.39 Ka?

6x0.79 (5400 Kd)+6 x 118 (2.530 -Kd)=5x 031 (Kd-0.939 )+ 5.20 K
Kd=1.92 in from top

24.2 Moment of inertia of cracked section

I=nAs,(5.400 kd)® + nAs,(2.530 -KdP + n x 7.21 + (a-1)As;(Ka-0.939 * +10.39
. K&EB

1=6x0.79 (5.400-1.92 Y+ 6 x 1.18 (2.530-1.92 P+ 6 x7.2]
0:939 ) + 1039 x 1.92%/3

+5 x 031 (1.92 -
1=0.013 in*

9.4.3 Stresses:

For the design bending moment M = 23,021 Ib.in.

Top concrete (compression): = MY = 23,021 -X1.92= 343 psi
, I 0.013
Bottom steel (tensi_on): ' = oMY = 6 x 23,021 _x(5.400 ;1.92‘}_2 3727 psi

i 0.013

- 10 Summary |

18.1 Conclusions

S e

O ¥ A & P T
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. All relevant loads have been taken Into consideration.

Rail stresses and pressures exerted on the trackbase concrete remain acceptable in all cases
The particular specifications for the blocks and resilient components reflect the results of
experience and the design caleulations.

L VT has extensive experience in revenue semce n addlhon to thorough laboratory and
qualification testmg

10.2 References

From 1991, over 260 km (160 miles) of LVT have been in revenue service, are currently being
or will be installed on the follomng properties:

- PATH, New York-New Jersey
- Channel Tunnel, England-France
- Metrolink, St Louis, Missouri
- Grauholz Tunnel, SBB, Switzerland
- B.AR.T., Colma, California
- MARTA, Aflanta, Georgia
- D.ART., Dallas, Texas
- - * Tri-Met, Portland, Oregon
- Lantdu and Airport Railway, MTRC, Hong Kong
- Tnchen Metro, Korea :
-~ Rio Metro, Brazil
- Oresund Tunnel, Denmark
- MTA, Los Angeles, California
- D.O.T., Connecticut
- Amtrak, Newark, New Jersey
- Copenbagen Metro, Denmark _
- Quarry Bay, MTRC, Hong Kong E
- Tseung Kwan O, MTRC, Hong Kong %
- West Rail, KCRC, Hong Kong Nt
- ‘Trensurb, Porto Alegre, Brazil % Eé %3‘3
- B.AR.T., San Francisco Alrport Extensmn Calﬂ:” Im

11 Annexure

: : .
Block Geometry : ] the Tegis ation = o
sketch: EN/558/A67 1 bave an‘:g; ?}ie application is pem
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Rail Sﬁpp.ort Calculations:
. S.ketch: EN/5597/A67

LVY Rail Support
Doc. Code:  DCAODL.GN
Load distribution and block displacement model Sketch: PS/214

-
[ T —
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LVT Rail Support

Load Distribution ang Rail Support Displacement Model

Introduction

The object of this model is to determine the distribution of the
rail loads on the phase II concrete which encases the base of the

rail support. The model ~also calculates the support's
displacement and angle of inclination under a given rail load.

The elements of the model'ére:,
Model inputs:
~ Rail loads.
- Qoﬁfiguration of the rail support.

— Properties of the elastomeric components.

Model outputs:

- Latexral translation, vertical translation, and rotation of
the rail support under the given loads.

-~ Magnitude and distribution of forces on the base and field
end of the rail support-.
The model is based on tﬁe balanc

e of the forces acting on the rail.
Support. An outline of its der

ivation is given in this note.

Assumptions and explanation of inputs used in calculations

Horizontal forces

The load F, is carried entirely by the independent rail support.
The distributed loads ws

and wy; represent the boot wall's
resistance to the tilting and horizontal displacement of the
block. A : S '

Vertical forces

The vertical load ¥, is couhteracted-by two distributed loads on
the base of the block (wy, w» represent the block pad's resistance
To ‘the tilting and vertical displacement. of the block), and by a
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" vertical force Fy acting on the field side of the block.
Fy represents the resistance of the boo
vertical deflection of the block. -

The force
t wall corrugations to a

Derivation of the egqmations

The loading - and geometr

y of the track system is shown in the
enclosed sketch.

Taking the sum of moments .about point {0,0):.

0 =1/2 W1 + 1/3 W12 + 1/2 Wshi® + 1/3 Weh? 4 BL - Fi (ha + hy)
- Fla

<

Sum of horizontal forces:

E‘K=0=~“FH-‘W3h1—l/2W4hl‘

Ws = (Fg - 1/2 Why) 1
by

Summ of vertical forces:

FyzO=W1L+1/2W2L'§‘Eb“FV

Wi = (Fy - 1/2 WL, - 7)) 1

L . | .

For the block pad:

‘Where R, = spring rate of the pad

= angle of block tilfing under the load

For the boot (field side wall):

WQ = hjl Rb tan
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Where Ry = spring rate of boot wall

i

angle of block tilting under the load

Substituting these values in the sum of moments equ{ati’on:

0=6F (L ~ L) + 6FL - 6Fghy - 12Fghy + RyL® tan  + Rphi® tan

Solving for tan :

6Fy (Lo ~ Lp) + 6Fg (hy + 2hy) ~ 6 FyL

tan =
‘ : Rp L° + Rphy®
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: Een Barker

From: Creta King [creta King@state.mn.us]

Sent: Thursday, August 28, 2003 8:14 AM o
To: . , Ben Barker

Subject: FW: Answer to Compaint

————— Original Message—-—-—--

From: JanZicha@es.com [mailto:JanZicha@ds.com]
dent: Thuisday, August 28, 2003 3:46 AM

To: creta.king@state.mn.us

Ce: mail@sonneville.com

Subject: Answer to Compaint

Dear Ms. King,

I have)r@ceived 5 faxed copy of information on a complaint in Minﬁasota from
Mr., Benjamin Baker. I do not have an e-mail address to answer him or the
Roard directly. Please pass to him this message.

T am currently working on several projects in China, Korea and Philippines

I do not have copies of stated drawings relevant to the Hiawatha project in
Minnesota with me.

I can send them after my return to the USA on September
12, 2003.

I have stamped mentloned drawings in the past and returned them to my client ‘(
Permanent Way Corporation. I do not know what action was taken on this "
project after that. All I can say is that the LVT track supplied by PWC is

the best choice available on the world market. It reguires virtually no

maintenance and has at least ten time lohger. life expectany than anythlng

else of the kind, as we have already found on LVT installatioh at twenty

locations world-wide. Ther is no secret that not all of BWC's competltoxs

tike it. However, the proper place for improvement of their products is at
the drafting board

With Best Regards,

Jan H. Zicha, P.E.

o BXHBITG



