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1, INTRODUCTION
1.1 GENERAL

This report covers the structural design, the detarmination of the critical design load
case and the chtical design condition for each set of structural members in the UCO-
Lick APF Obsarvatory Enclosure,

The ‘Environmental Requirements’ section of the KECK Outrigger Obsarvatory
Functional Spacification Cl No FE02985-01,. pages 12 - 17 are used 1o daterming
ther eritical 10ads and load casas lor each structural mamber, KECE loading is mana
savara than lhe conditions at LICK which is at 5000 i elevation, Mt Hamilton near
San Francisco, California. The conditions at Lick are checked against each condition
al Kack for comparison purposes (see Table 1 below).

Condition KECK LICK
Elavation 4 146m 1520m
Wind Velocily al site, V,, famfs 53 mfs
Equrvalent wind velocily at sea level B0 mis 49 mis
Air density relative to sea level 68 % 86 Y
Basic wind pressure 2.0 kPa 1.4 kPa
Craad load on seimulh wheels including aquipment - 500 KM 550 KN
uppear bound
Dead load on azimuth whesls — lower bound 00 KM 450 KN
Telescope dead load TBC 210 KM
Centre of gravity of telescope above base of scope TERC 34 m
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Earhquake Zona i 4
Pseudostatic honzontal acceleration 0.25 0.25
Snow top 457 2 kPa 2 kPa
Snow 45° - 709 0.6 kPa 0.6 kPa
Snow on Balcony AkPa 3 kPa
e load 0.7 kPa 0.7 kPa

Tahble 1: KECK and LICK - Condition comparisan

To avaid confusion with managamant, designars and fabncators, working stress
loads, (resulting bending moments, shears, axial forces etc are un-factored) ara

considerad i.e; actual expecied maximum loadings.

Hand calculations were backed up by ANSY Swvaersion 8 and 9 Finile Elamant
Analysis (FEA) program resulls run by Francis Tang
1.2 REFERENCES

Thiz documant references the following specifications and standards

# Cl/Reforence Title

1 TBA Co-Rotating Obsarvatory, Doma Control Syatam,

Tachnical Spacification

2  TH-02848-02 Culrigger Enclosura Technical Specification
19m Co-rotating Ohservaton)

3 DM-02955-03 Cutrigaer Enclosure Critical Design Review Notes
4 A5 1170.3-01 Australian Standard : Wind Loading Code

5 THA LIEA Uniform Building Code Volume 2 -Structural
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6 [DN-03158-02 Dasign Analysis Reporl ; Cladding
¥ DON-03157-02 Design Analysis Reporl | Cooling and Ventilation

8 DN-03159-01 Design analysis report Structural Engineering
(Praliminary)
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1.3 LICK ENCLOSURE - STRUCTURES OVERVIEW (SEE FIGURE 1)

The enclosure broadly conslsta of two main atructures, - fixed ringwall and rotating
domae structuras, Plapze reler igure 1, Telescope pier struciure was designed by
EarthTech and coordinated by Matt Radovan, from tha Univarsity of California
Dbservatories LICK.

The ringwall consists of an approximately 8m diameter base ring wall with 3.5m high,
which supparts tha domea and the adindrical intemal struclure below the upper dome
hemispherg housing the three floors. It also suppons the service baloony (refar
FIG1-item 11) and the APF mirmor remaval rail (refer FIG1-item 12).

The rotating dome canslst structuras of:

(a) Large azimuth support beam (refer FIG1-itam 1) , which is approximataly
SO0mm high x 200mm wide and supports all of the retating structures and has
the azimuth support wheels undemeath.

(b} Two arch beams on each side of the slit (rafer FIG1-itam 2), this is
approximataly 400mm high and 250mm wide. The beam supports the
shutters tha four main floor hangers and supporis the doma sausages and

separation fies. These members are important to support the dome for wind,
snow and ice laads.

ic) Cladding Frame Assambly (refar FIG1-item 3), — Ihase members suppor the
side of the dome and are made of 21900 4.8 thick CHS mambars,

{d} Separation ties/struls (refer FIGT-item 4), which hold the two halves of the
doma from paeling apar in winds and also Lo transfer loads between two
hemispheres,

{e) Fiber Reinforcement Panel (FRP) (refer FIG1-item 5), provides enclosure 1o
the dome structures and also provides wind resistance and thermal insulations
e environmantal loadings, |
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(1) Three main floors (rafar figure 1), are supported by the floor hangers (see
FiG1-item €) and the azimuth support beam (FIG1-item 1).

() Shuller (rafer FIG1-ilem 7), - consists of two shuttles, which oparata
separately.

The rotating doma iz drivan by 2 drive whaels at 180° spacing (refer FIG1-item 8) and
supported by 20 vertical suppon whaeals {refer FIG1-ilem 9), flexibly mounted in
ramavabla bogies, and equispaced betwaen the drives. Thase rollers are maounted on
the underside of the azimuth suppard baam,

14 honzontal guide whaels (reter FIG1-itam 10} position the dome lalerally belween
the vartical support whaals. The gulde whesl assemblies are mounled at the lop onto
the azimuth support beam and tha bottom onto the leval 2 Noor,
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Figurea 1.: LICK ENCLOSURE - STRUCTURES OVERWVIEW
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2, STRUCTURAL DESIGN LOAD CONDITIONS AND MATERIALS
2.1 SummARY OF LOAD CONDITIONS

The structural design coendition 15 firstly determinad for the crtical structural load for
each sel of struciural members.

2.2 Deap Loap (D)

Dead load of the steel structura for the design is taken as 350kN lowar bound and
330kMN upper bound with 300kN lower bound and 400kN upper bound for the weight
of the structura on the azimuth wheels, Dead load of equipment i laken as 100kN
upper bound on he azimuth whesls giving an upper bound tatal load on the azimuth
wheels of S00kN.

Tha lalescope dead load as taken 21 tonne with a centre of gravity 3,4m above the
base of the lelescope

2.3 LIvE Loap (L)

The live load an the floors for strength caloulalions is taken as 3kPa UDL and 3kN
point load over a 100mm by 100mm area. For stability calculations and load on
azimuth wheels, a live load factor of 0.4 is usad, giving 1.2 kPa UDL on all fioors. The
level 3 floor has an additional load of & 6 tonna miror including 0.5 tonne mirror cart,
Thase mirror loads are increased by 50% for dynamic load. Thie maximum paint
wihaal load of the mirrer carl is 1aken as S0EN 1o allew Tor unusual conditions

2.4 Winp Loan (Wo)

From P14 of the KECK functional spacification { ref 2} the survival wind gust is 67m/s
{(150mph) for & three second gust to ASCE 7-95.1y at 4146m — 13,600 it alevation.
This design speed was increasad by 10% lo 72mds (165mph) to ensure the salety of
the struclure. This 10% extra procedure is nomally raserved for post disaster
facilities as hospilals and essential services buildings. As this is not applicable here,
lhe extra 10% wind speed becomas an extra salety factor. This translates inlo an
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approximate 20% increase In wind pressure over the §7m/fs (150mphlwind pressure

required in the design.

The steel suppor structure conzists of short, stiff members, therefora dynamic

harmonics ang ignoracd,

The dome is censiderad 1o be complataly sealad Tor this T3m/és (165mph) wind load
e the siit closed, no external doors or vents open and all air intakes sealed undar
the extreme wind gust condition.

The equivalent design condition at sea leval is 55mfs (125mph) and at LICK 50007
{B0m's 135mph).

Using 73mis (265Kmih) (165mph) at 4146m elevation and designing to AS1170.2
Wind Load Code +; results in a basic prezsure of 3.25kPa if the installation wera at
sea level As the air pressure al site elevation of 4146m is 60% of sea lavel, this
gives a basio design wind prassure al all siles of 2.0kPa. The basic wind pressura al
LICK is also taken as 2kPa, This s conservative and was reduced for the slot shuttar
cover dasign to the local LICK conditions giveng 2.5kPa suction instaad of the 3.5kPa

vsed elsewhers on LICHK.

Using Fig. Ad.3 (see altached) the external pressure coefficients can be determined
giving the following local design pressures;

e«  The maximum external suction and uplift pressure is 1.5 x 2.0 = 3.0kPa. The
design URS 3.5kPa and is therefore concluded as being adequate. Intemnal
pressures ane ignored as itis assumed that the dome siit s closed as are the
axlamal doors and vents. If the condition of the vants opan and tha maximum
wind then tha maximum prassure on the axtemal mambers could bea as high
as GkFa,

*  The maximum direct pressure is (0.8 + 0.2) x 2.0 = 2,2kPa. The 2.5kPa used
in design is therefore concludad as baing adequale.

Verosfp VSpace_Design'iProjecieilick AFF EncieauraVCORCogy of LICK  DAR Shiuciurbl
Engmeering Configured 24 08 05.doc Page 12 of 44
1 Elsoyn Opte Syalema Py Limesa, Qemin, ACT J008 The dacgimian ] and o icissed Fiaimad o idrams hd popady of Electn

Cipli Syaiema Py Limitedd,  Erdonmation hemein may nol be copiod nor csdosed wiihou wiittnn consent of Elecsm Dodc
Fylimn Ply Limiad



Lick &FF Encloaure; COR Malos

«  The lae side sucton (s 0.4 x 2.0 = 0.8kPa. When added 1o 1, 7kPa allow for
internal pressure. The 2. 5xFa wsed in design is therefore concluded as being

mare han adequate. This condition allows for the shutters being partially
broken or not closed.

These pressures are all permissible stress design or working stress design
prassures, The values should be conservative, as the dome will dissipate some of the
preassure in the third dimension, Refer o0 AS1170.2,

For overall stability, struciural loads and calculation of the wheel forces, drag and
uplilt forces from AS1170.2 Appandix Ady, ara used. A hordzontal drag factor and an
uplift factor of 0.7 is used from equation Ad (2) and assessment of Fig Ad1.2. Thasa
factors rasull in pressures of 1.4kPa, The 2.5kPa used in the design therafore is
concluded as being adequate with extra safety possibla with area raduction faclors.

The uplift force calculated on the structure is 100N, The horzontal force on tha 9.5m
diameter dome for the section above the spring line is 35m” by 2.0kPa being 70kN
applied 2.0m above tha spring ling. Tha horizontal farce on the 3.3m high equivalant
barral section also conservalivaly taken as 9.0m in diamater is G0RN. Cambining
these two forces gives 130kN shear and 470kN-m overturning momant at tha

azimuth dome rail level,

The horizonlal forca on the 3.5m high base nng wall taken as Bm in diamaeter is SBkN
Combining these three forces now results in 190kN base shear, and 1020&kMN-m

overiuming moment at the base of the base ring wall.
2.5 EARTHOUAKE LOAD

The sarthgquake area is seismic zone 4. The steal dome structure is flaxible, less than
1am high therefore the initial design uses the simplified pseudostatic approach
specified in USA UBC Code 44 Vol 2 1628.8.2. Zone 4 Z = 0.4, lnundation unknown,

tharefore use Ca = 0.4 Na, structural imporlgnce factor 1.0, no iregularities, R = 5.6,
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omega 0 = 2.2, therefare we conform o the height limit of 4Bm. Saa Table 160 8 ap
=25Rp=3.0Na=1.0

Therafore from 1630,2.3.2 the base shear maximum is 0.21W, The structural design
conservatively uses 0250

Tha astimatad maximum dome waight above the azimuth rail and equipmaent, is a
maximum of 40 tonna, tharafore the maximum base shear is 100kN. For comparison
lhe base shear for wind at the dome rail level iz 130kN, which is more than the
earthquake base shear.

2.6 TEMPERATURE LOAD

Tha structure is able to expand in all directions theratare it is not necessary to take
temperature forces into consideration for the steel frame design, The modulus of the
cladding is an order of magnitude lower than that of the steel framing and tharafore
oo soft 1o induce much load. Tharmal stressas in the cladding isall are not
slgnificant compared with other loads (see DAR "Composite Cladding™ 1) and 1he
thermal loads on the frame are negligitilea,

2.7 Swnow Loano (SD)

The KECK snow load s 2kPa on the top 45 degrees and 0.6kPa an tha ring between
d45degreas and 70 degrees (refer 1o P14 of thia Functional Specificalion »),

Tha area of tha dome abovie 45 degrees is approximately 6.7m in diameter giving
dbsg m al 2kPa, which gives FOKN, The area of the dame between 45 degrees and
70 degreas is a ring of approximately 1,2m wide and 7 8m average diamelar, giving
=g moat 0.6kPa gives 1BkN.

Thesza values give a lolal verlical load of BBKN, due to snow, to the azimuth rail.
Adding Gsq.m balcony at 3kPa, giving a total 106xN 1o the base of the nng wall,
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2.8 IcE Loan (io)

The KECHK ica load (5 0.VkPa on the entire sudace of the domea and walls, Tha
surface area of the B.6m diameter hamispher above the spring line is 141sg m and

the 8m diameter barral, 3.3m high, has an area of 825 m.
This gives a total vertical load of 143kN to dome rail lavel,
The Bm diameler base ring wall 3.5m high glves another BBsg m or B2kN,

Adding the platform and handrail (10kN), to two faces of tha ring wall makes the otal
load at the basa of the ning wall 215kN,

2.9 Loap COMBINATIONS f CRITICAL LoADS

ta) Thia 3.5kPa wind suclion laad Wd on the external walls and dome membars is the
mast crtical load for the design of individual extamal members.

ib) The crtical load for the stability of the structure is taken as 2 5kPa horizontal wind
prassura.

{e) Tha critical load for the design of the intemal loor membears is 3kPa UDL and 3k
prink load over a 100mm by 100mm area.

fel) This eritical load case for the design of the maximum vartical load on the azimuth

support rollers is dead load uppear bound + 20% factored live load (see above)
+gnow + o fwind 50%

La.: D+ 04l +Sd + Id + Wd/2.
= The critical load casa for the harizontal guide rollers at the azimuth rail is wind,

«  The wind load causes uplifi of 7.4kMN/m on one sida at the azimuih rall and
downward load af ¥ 4kMim on the ofhar side.
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# The lower bound dead load on the domea rail is 13kN/m and the upper bound is
1TkN/m. Tha live load factored 40% adds Skhim. The lower bound weight at

azimuth rail is more than the maximure wind Ioad.
&  Tha ice and snow Ioad at domea rail level is 9&N/m.

# Tha crilical load on (he doma rail is therafore 35kNmM, baing dead load uppar
bound plus the live load faciored snow and ice foad, plus 50% of wind. This
rasults on a maximum wheel load on 22 wheels of 455N with wheels stationary.

= The erlical horizenial Inad at azimuth rail level is 130kM laken over 4 effeciiva

wheals giving 35kN maximum per wheel.
(&) Tha bwo erilical loads for the foundations of the ring wall are
I, Dead load uppar bound plus 40% laciored live load, snow, ce and wind
Oy + 041 + Sd + id + Wd

This gives 550KMN dead load, plus 120KN by factored live load, plus 106KN
snow load, plus 215KN ice load with 1020KNm wind overturning moment. The
maximium load on thi basea of the ring wall is 991KN, giving 39KN/m and wind
bending moment gives 206N/m, tharafors tha maximum comblnad forces s
BOKNImM, giving approximately 120KN per column maximum, Design Mote:
A=2583 mm", 1=200e%mm’

il. Dead load lower baund and wind,
0.890; + 1.6Wd

Lising the dead welght lower bound multiply by 0.9 givas 18KMN/m, therefora as
tha maximum wind bending momeant multiply by 1.5 gives 1otal 33KNm,
therefore the structure will nead to be held down by 16KMN/m weight allowing
for 0.9 factor. This is equal to approximately 35KN per column.
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(1} Tha crilical load casa for tha honzontal guide rollers at the azimuth rail is wind

2.10 MATERIALS

The steel materials are grade ©350 for circular and sgquare hollow sections and grace
C300 for universal beams, columns, angles, rods etc.

211 PRINTING

The staelwork painting system specified is 1252 inorganic zine sillcate systam o
AS2312 with a polyurethane top coat. The polyurethane top coat is masked out for @
G0mm at each bolt hole, So, the fricton grip for the 8.8 grade bolt is able to be
mokilized. This (s to reduce vibration slip. The actual first coal Ameran D9 85-75
micran an ingrganic zinc silicate over an abrasive blast clean 2%, 2™ intermediate
coat Amercoat 385 100-125 micron with two top coats Ameran (S0 free 877
palyurathane 50-7Hmm sach

In come cases, 1253 inorganic silicate system only is used on components that are

nat visible externally an tha finished enclosure.  Thera is on lop coal.
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3. RINGWALL
3.1 DESCRIPTION

Ring wall, 8m diameter x 3.5m high, supports the dome and encloses the lower
eylindrical structure below the dome hemisphera housing the three Noors.

The ringwall is vartically supported by 12 support columns 150UC 23.4 (refer itam 13)

o resist the maximum dead weight, snow and ice, and a banding momient from wind.

Feferring item 14 in figure 1 al the lop the base ring wall is the main dome rail
{azimuth ring baam) - Refar COF03284, consisling of a composite 200UC46

rivaraal ealumn saction and a PH0PFEC bant as o band,

The base ring wall i thoroughly braced with $0x12 flal bar (refer item 15) to take the
norizontal wind load as a cantilaver, Please sae figure 1,

3.2 AzmuTH TRACK (RING BEAM)

(MDDD30BY, MDDD3294) - (refer FIGT-item 14)

The vertical design load on tha ring beam at the top of tha 3.5m high ring wall is
[30EN 3.5

<+

s 2

JokM/m and the design horizontal lcad X358 = 11TkMN/m

The verboal columns are spaced at approximately 2.1m cenlers with a 2.9m span al
the door. This gives a sacant langth of 0.27m. The maximum verlical bending
moment theretora is a maximum of 40kMN-m allowing for 43kMN wheel point loads
1.15m apart and BO% of simpla suppor and a twist of 15kN-m, The proposed 200UC
df and 200PFC compasita baam, having a Zx of BA0ET, resulls in a banding streas
of 50Mpa and a lorsion strass of 45Mpa, which is salisfactory, with an expeclad

deflection of approximately Trmim.

The harzontal bending moment on the rail was difficult to assess, For the design; a
model of a simply supported beam of 6.5m span with 11kN/m was wsad giving SBkh-
m. The 200UC 46 with a 200PFC welded parallel 1o it has a Zyy of 406E3 rasulting in
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a strass of 145MPa which is satisfactory, Thare are three joinls in the azimuth track
1o ba sile wekded to allow for construction and transport.

3.3 SuPPORT COLUMME

(MDD-03087, MDD03083, MDD03348) - (refar FIG1-itam 13)

Tha 12 suppor columns, which ara 3.5m high, will have a maximum vertical load of
approximaiely 120kN under wind load and maximum dead weight, snow and ice, and
a bending mameant rom wind of 2.5kPa of 10kN-m, The 150UC 23.4 columns
sélacted give a 40MPa axial stress on 2880m* and a banding stress of B0MPa Zxx =
TEEE 3 which is very accaptable. The maximum ughift par column is ullimate 35KHK

which i5 easily salisfactory

Tha axial stressas al tha bases of the columns will be slighlly mara, dua fo an
additional 6kM ice load on the base ring wall, but are still well within accapiable limits.
Also the columns will have an increased load of TOKMN maximum due to bracing
forces (sea balow). This gives a maximum iolal compressive stress of B3MPa which
15 satisfactory, The base and cap plates ara 20mm plate to match the 20mm hold
down bolts, both of which ara sized as standard for an installation of this typa. Note:
ECO Engingers change order ROSP replaced by Zinc Silicate |Z52 AR2312.

A4 BracinG
{MDDOD3128) - {relar FIG -itam 15)

Tha cntical horizonial wind load s braced (refar item 15) by diagonal 90x12 flat
bracing batwean tha main cofumns and truss bracing, lwo cross braces, on one side
of the main double entry door. This honzontal load consists of the 2.5kPa load on the
dome above the spring line of 90kN, the load on the dome to the azimuth rail of 74kN
and half the load on the base ring wall of 50% of 35KN giving a total of 200N, This
force can ba reducad by ovarall drag factor lo 0,63 x 200=126kN, Reler 10 AS1170.2
C5.2.1 paragraph 2.
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IT we assurme bwo braces are working in tension aach side, the required load to be
faken is S0kN maximum par braco.

Based on a maximum bracing load of G0kN, the stresses in the 80x12 Nat s 55MPa,
Two M20 8.8 T8 bolts each end have a capacity of 62kN each working, Friction gap
bolts using zinc silicate system would ba battar. Checking back to PANSTARS max
force BOMPa x 00 x 12 = BEKN.

3.5 GIRTS
(MDDO3090, MDDOT990, MDDA304E1) - (refar FIGT-item 16)

The girls (refer em 16) are spaced at approximately 750mm maximum centers for a
maximum local pressure of 3.6kPa. Tha maximum span is approximalely 2.1m,

therafone the maximum bending moment is 1.5kMN-m,

The bending slrass on the 1008HS 4 sections proposed is therefore only 35MPa.
These mambars ane selected to be consistent with othars and (o provide sufficient
space for 1he bracing connections. They will also stiffen the base ring wall, thanaby
reducing both the brace and azimuth rail loads, The girts are supporied using a
standard M12 balt — in - lube spanner hole detail. which has been used by EOQS on
soveral obsenvalarnies.

These connections have a capacity of at least 4kN, depending on the washar
diameter, the lead 1s 3kN maximum under wind of 3.5kPa.

The inside wall girts are 100 x & flat and are supporied an the girts at midspan. Thay
tharefora only 1o span 1m. Allowing 2.5kPa internal pressure gives a bending
momant af 15kN-m and o stress of 260MPa, which is satisfactory for this non design
condition of tha doors fully opan in a hurricans. Al LICK lhe forces ara approximately
0% giving a stress of 182MPa which is acceptable. Mext project this should be Smm
plate giving 140MPa for 2 5kPa pressure.
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4. WHEELS

4.1 AXiMuTH DRIVE!SUPPORT WHEELS

(ADO3I623, ADDTEED) - {raler FIG1-Ilem B and 9)

As cullingd in section 2.1 above, the maximum expectad vertical laad on the vartical
azimuth wheels is 3.0 tonnadmater langih of the dome rail, Tha olal number of
verlical wheels is 22 being 20 support wheels and two drive wheels. The spacing
between the wheals is approximataly 1.4m therefore the maximum verical load per
wheel s 45kN.

The wheets used are 3623 Vulkollan whesl C45 Part No173/246M02/65x1 9.8 with
whole whoal capacity is 65KN, with the weakest strength at taper bearings LM29748
with factor of safety of 1.9, allowing 0.5 factor gives 20KN for some axial loads at
bearings. As tha axtrame Ioads are rare, GoKN capacity wheels are deemed easily
appropriate and will handle a Zm maximum spacing without exceeding heair

continuous use stalic rating,

The design of wheael housings and axles usas standard statics to determine the plata
and rod sizes, The wheel axles are sized at 38mm o sull tha selacled wheel, giving
45MPa shear, If wa assums thal the S0kN s a point load on the centra of the axle
(relor lo MDDO357T) and that it spans 120m give 27AMPa. The steel usad is 4140
high tensile steel with the yield of 760 and ultimate of B60MPa. BOMPa bearing on the
zide rails {refer to MMOTS24) A [ateral Inad of 10% of 50kN s allowed for 500 {0 the
wheal force. This gives 119 MPa on @40 pivot shaft. The hinge axle is sized at S0mm
0D 36mm 1D twhe giving 30MPa shear, The 90mm by 12mm side ralls have 2.5kN-m
aach for the 400mm spacing between the support sprng and the hinge axle, glving
155MPa bending siresses.

4.2 AZiMuTH GUIDE ROLLERS

(ADOB103) - (rafar FIG1-itam 10)
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Allowing for tha resolved angles are proporion to the Cosine of the angle of the load
to the wheel. 14 whesals theralore angle 26", P +2Pcos25"+2PCos50" = 4P for each
wheel give 35kN per whesl, indicating that 44 KM capacity wheels are accaptabla.
The weakast strenglh (4 al ball bearings 8208-2RS with factor of safety of 1.3,
allewing 0.5 lactor gives 17KN for axial loads at bearings.

e azimuth guide wheal assembly therafors is designad for a horizonial load of
AOEM. The wheals are RAEDER VOGEL pard no. 173M1400076/5/40. The wheel axlas
are held in a wheel box (refar MDDOBT1B) with 12mm plale both sides via diamelar
F8mm axle sprung approx 100mm. Allowing for & point load of 40kM at the centre of
the axle shaft giving 1kM-m and a slress on the shalt of 185mPa which is easily
salisfactory. The bearing on the 12 plate sides is 81MPa I8 easily sallslactory,
Banding on side plabe 15 40kMN+22 175+ is approximately 1 kM=m and tha slross on
the 100 high 12mm plate is approximataly 60MPa therefore easily satisfactory. The
force an the four bolts is approximately 40kN+4 = 10kN and therefore 316 8.8 bolts
TF o oid A51252 capacity is 22kN. Rafaring 10 MDDO8104 the arm dasign these
balts baar on 12mm plale which is 520MPa is easily satislaciony, Bending an the main
arm 150x100x4RHS is ADEKNxTm=+4 = 10kM-m. Allowing for the B0x 130 hole and for
the 12mm platex200:100 double plates each side gives 160MPa for the RHS
bending and tha y axis, if the bending moment is taken by the sides only of the RHS
and he wa 1Amm pate doubles the siress is 187MPa which is satislaciory
aapacially as the wo fanges each side are ignomd. The lop connaction 1o the
azimuth raif is 20kM distributad into two halves = 10kM each 12mm plata and M16 8.8
balt iz easily satisfaciory for the othar end the single M20 B.B In tension takes 20kN
units B7kM capacity which is easily satisfactory.

The connaction to the azimuth support beam (refer to MDDOS052 and MDDOTE26)
are 12mm plale at top taking 10kN each onlo the lop and bottom of a box 12mm
plate consarvatively taken therafore on a 12m x 12m area givas only 7OMPa and is
tharefore easily satisfactory. The bollom is supported on the 2" floor perimeter beam
with a gusset via 18mm plate shown on MDDOR119. Taking a cantilever laad of

20N over BDmm verical height gives 1.2kMN-m, resulting in a stress of 351MPa ovar
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Blmm widlh, This plale 12 OK for LICK whan the homzontal width force s 60%., On
the level 2 the Smm plate is 100 thin 0 take any bending so the 16mm plate brackeal
onto the 1005HS 4 floor baam resulls in approx 150MPa and the stress in the
1005HS 4 [s only 15MPa therafore is satislactony.

The supports for these wheels are currently being modified to suit the revised whael
beam which was a 2005HS which was found 1o be unable 1o ba rolled and has been
superseded by a 200UC48 with & 12mm side plale

4.3 AZMUTH GUIDE ROLLER ATTACHMENT

The vartical offsal of Lavel 2 floor complicatas the transfer of the horizontal base
shear load from the dome structure to the base ring wall. The wheals are housad an
the composite 2000045 and 12mm side plale.
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5. DOME
5.1 DESCRIPTION
Az described in section 1.3, the domea sinuclure consists of
(@} Langa azimuith support beam
{b} Two arch beams on each sidae of the slit
(o) Bausagas
1d) Feparation es/struts

5.2 Man ARCH BEaM
(MDDOTE11, MDDOTATZ, MDDOTE1, MDDATA4) - (refer FIGT-item 2)

Arch baam are located on each side of the slit and consist of a composite baam
mada up aof 10mm thick plate, ralled 150 UC30 and stitch welded together.

Wind Load

Using f3m/s (2B5Kmih) (1685mph) at 4146m elevation and designing to AS1170.2
Wind Load Code 4y resulls in a basic pressure of 3.25kFa if the installation ware at
gaa leval, As the air pressura at site alavation of 4148m 15 B0% of sea leval, this
gives a basic dasign wind prassura at all sites of 2.0kPa, For impinging wind, a factor
of 20% is used to allow for local billowing & results in wind prassure of 2,5kPa. From
AS1107.2, coafliciant for external pressure on circular wall @ 90° is 1.5, therefore the
suction & uplift pressure 15 1.5 x 2.0 = 3.5 kPa. Two cases of FEA analyses were
performed; wind direction |s in parallel with the slits, and alsa is in perpendicular 1o

this slils,
Snow & lee Load

From the LICK specilicalion, tha Ioading of snow & ice is combinad to give a design

pressyre of 1.2kPa from zanith to 45°. Howavear, the wind load causas uplilt on ane
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side and downward load on the other side. Worsl case scenarnio assumes maximum

wind uplift suchion 3.5kPa without the downward loads from the snow and ice.

Mechanical Forces

Each short 150 UC30 welded to Arch Beam carres 100KN verlical loads lrom Noor
hangers, which supporls all the floors, Chain overlays for shutters along the tracks of
Arch Beam gave 0.05MPa prassure acting radically inwards, with 40KN pulling forces
at each end lo maintain the tension in the chain.

Results — Refer figures 5.2, 5.3, 5.4, and 5.5

First analysis with wind direction in parallal with the slits - FEA-w1 {refer figures 5.2
and 5.4) shows magimum localized stress 157MPa at chain tensioner cutouls. The
gussets al supports expariance 8'MPa and the banding atress (s In arch bending is
70MPa, Both arch beams deflect about 10mm in the direction of the wind,

Sdacond analysis with wind direction normal 1o the slils - FEA-w2 (rafer figuras 5.3
and 5.5) shows maximum sirass 1800MPa at lange of 150 UC30, walded to the
20mm end plate. The arch beam deflects about 40mm in the direction of the wind.
This is considered satsfactory,

5.3 SIDE SUPPORT BEAMS
(MDDOTTEE, MDDOTTRET) - {refar FIG1-itam 3)

These are the two large circumfarential beams placed verically and at right angles to
gach side of the slit at 3m centars. The approximale bending momeanl is {aken as a
am width, with 3.5kPa wind load, spanning 5m giving 30kM-m.

Hand calculation shows the resulling bending stress of approximately 2000MFPa under
wind load for the selectad 218CHS 4.8 is satisfactary,

Wind Load

Basic design wind pressure used is 2.0kPa. For impinging wind, local billowing wind
pressure is 2.5kPa. This posilive impinging pressure is used on structures whera
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angle of wind drag is less than 40deg. The suction & uplift pressure is 3.5 kPa and Is
used for angle of wind drag larger than 40deg.

Results

FEA = w1 [rafer ligures 5.2 and 5.4} shows maximum stress s 45MPa al saring line
leval. 3.5xPa suction pressure causes normal relative displacamant of 7. 4mm from

Iower support to top arch beam attachments.

FEA — w2 (refer figures 5.3 and 5.5) shows maximum stress is 155MPa at tha front of
the dome, whera thera is anly ane separation tie between arch beams, 2.5kPa
suction pressure causes relative displacement of 23mm from lowear suppon o top

arch beam attachments

It 15 considered satisfactory with C350 mimimum.

5.4 OTHER CLADDING SUPPORT BEARMS

(MDDOT7S8, MDDODYTE9, MDDOTT90, MDDOT791. MDDOT792, MDDOTTI3,
MDDO7 794, MODOS101, MDDOB102) - (refer FIG -itam 17)

The same member siZza as the main cladding support beams has been selectad for
il the other cladding suppon beams. This is 1o provide commaen detailing, even
thouglh the bending moments in thesa beams are less, so siresses will be lower in

thesa beams than in the main cladding supports.

Rosulls

FEA = w1 (rafer iguras 5.2 and 5.4} shows cladding support beam that experiences
the unbalance of the impinging and suction forcas, the maximum stress is 40MPa.
Other support beams have slress balow 20MPa.

FEA — w2 (rafar figures 5.3 and 5.5) shows no significant siress above 40MPa.
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5.9 STRUTITIES (ARCH BEAM SEPARATION TIE)

(MDDOYTEA, MDD YBRS) - (rafer FIGT-itam 4)

The structura is kinked upwards to clear the swing radius of Ihe lelescope. These
membars take the harizontal wind load trying to paal the two part hemispheres apart.
Tha load is lakan down onta the main cladding supporl beams, approximately 1m
abava tha relinforcad Laval 3 foor,

Hand caloulation shows the raquirad axial load 1o be laken s S0kN, making the
1«5 SHS, with an effective length of 5m satisfactory.

Wind Load

Warking wind pressura 2.5kPa is usad on structures where angle of wind drag (s less
than 40deg, The suction & uplift pressure is 3.5 kPa for angle of wind drag largar
tham a0deq.

Snow &% lce Load

Wind load causes uplift on one side and downward load on tha othar side. Waorst
CE58 SCananso assumes maximum wind uplift suction 3.5kPa without the downward
loads from the snow and ca

Results

FEA - w1 (refer figures 5.2 and 5.4) shows the maximum stress 160 MPa 15 in
1 50%50 RHS 1 tha front of the dome, 100xd4 SHS expariances maximum banding
stress 116MPa. The mid span deflects aboul 20mm.

FEA — w2 (rafer figures 5.3 and 5.5} shows the maximum localized stress 200MPa is
in 150x50 RHS at the top of the dome. 100x4 SHS experiences maximum bending
stress 165MPa. The mid span defiects about 32mm.

The FEA result on fies is conservative as any stiffness from the fiberglass cladding
and saven 200x100x5 angle bars along the span, which connects to middle infil
pansl, have boen neglectad.
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The grade of the RHS and SHS sections are G350 minimum, therefore 200MPa Ia
58% of yield and thareflore is satisfactory,

5.6 PATCH PLATE CONNECTIONS FOR DOME CLADDING

The patch plate connectors are for the dome cladding connactions (stirrups) and ara
placed at B00mm ceantars on tha oulzide faces of the cladding support membas
(dome girts and circumferential beams) to provida the attachmant for tha fixed
cladding pangls ¢,

The largest span of tha skin is less than 3m, giving a one way span reaction lor

2 GkPa at 400mm centers of 3kN. The patch plate is a 90mm x 50mm x 10 plate, with
an M12 nul welded o tha undarside, This resulls in 120N/mm perimeter force on the
plate and a maximum bending stress of appraximately S0MPa, which is salisfactory
given that local effects could double the wind forces to 5kPa

The funclion of the plale s (o distribule the force mora evenly inlo the supporing skin
of tha 219 CHS 4.8, Allowing for a width of 100mm and an equivalent fixad andad
beam for CHS of span 200mm gives a bending moment of TSEIN-mm and & wall
stress in the 200 CHS 4.8 of 200Mpa, which is reasonable as the assumptions ara all

consansalive,

5.7 AZIMUTH SUPPORT BEAM

(AD0TTA8E, ADOTTES, ADDTTED, ADDBOST) - (refer FIGT-ilem 1)

Azimuth support boam & mada as part of tha lavel 2 quadrant, which the main
function is 1o cary the weaight of ha whole rolaling domea and transfer the loads 1o
base ringwall via the azimulh wheels, It is made up of relled Bmim plale and wilh
12mm local reinforced plate st arch beam support, and welded to level 2 1m spacing
SHS. Each quadrant, with span 80deg, has threa 12mm plate local reinforcements to
increase the buckling strength, giving the factor of safety (FS) for linear buckling of

14, Plaase rafar figura 5.1 Tor first inear buckiing failure mode.
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Figure 5.1 Azimuth Suppan Baam - first buckling faillure mode with FS <14

Tha harizontal force of 2.0kPa on 35m” above the spring line produces TOKN above
2.0m abova tha spring ling and also on 3.3m high aquivalant barrel section is laken
as BOKN, Combining the two forces produces an overturning moment of 4 7T0KMm
and shear of 1308N at the rail level of azimuth support beam.

Initial FEA analysis showed thal with estimate 30 tonne weaight of the structure on
azimuth rail level, the horzontal wind load of 130KM is not sufficient to overcome the
waight of tha struclure to cause over lifting. Further assambly analysis with spring
supports 10KN/mm per support, which simulates tha stifiness of the azimuth whoels,
did suppor the finding.

Howeaver, as precautionary action, 14 circumferential hurricane hooks, which connact
to azimuth guide rolier and the ringwall nng beam, are weldad to the azimuth support
Feam to stop the azimuth support beam from ever uplifing. This, in effects, if

engaged, will reduca the nel ovarluming moment 1o {ar less than calculated 4G0KNm

mgximum ovarurning momenis,

FEA-w1 {rafer figures 5.2 and 5.4) shows maximum stress 95MPa at the arch beam
connaction and the corner of the arch housing the driving wheal. The relative
deflaction is Tmm between front and rear of the azamuth support beam.
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FEA-w2 {rafor igures 5.3 and 5.5) shows masimum [ocaliced slrass 215MPa at the
main ciadding support beam connection. The stress is 135MPa at the junclion
betwaen perimatars verical Gmm and boltom 12mm plate. The relative deflection is
Tomm beltween windward and leeward of the azimuth support beam. It is considenad

safisfaciory.
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Figure 5.2, Wind diraclion in parallal with the siils = FEA=wT = Von Mises Stress

Figure 5.3 Wind direction normal to the slits - FEA-wZ - Von Mises Strass
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Figure 5.3.: Wind direclion in parallel with the slits - FEA-w1 ~ Displacament Plol

Figure 5.4.! Wind direction normal Lo the slits - FEA-wZ2 - Displacemsnl Plol
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Shutter Frame

{ADDT715 and ADOTT16) - (refar FIG1-itam 7)

This shutter frame is site specific. FEA analysis is considerad consarvative because it
assumes wind, snow and ice load distribufion act collinearly to produce the maximum
in plane force at each transverse beam, Also any stiffness from the fibarglass

cladding has baan nagleciad.

Wind Load

Survival LICK wind speed & 120Mph {53md's) for a 3 second gust, Daslgning Lo
AS1170.2 Wind Load Code, this eguales 1o a prassure of 1.7kPa, derating for altitude
{300Dk) results in 3 basic site wind pressure of 1.36kPa. For impinging wind, a facior
of 20% 1z used 1o allow Tor local billowing & results in wind pressure of 1.63kPa. From
AS1T107.2, coefllicient for external prassura an clroular wall i 90° 15 1.5, tharefore lhe
auction & uplift pressura is 1.5 % 1.63(note additional 20% Is still used) = 2.5 kPa

Snow & lce Load

Fram the LICK spacification, the laading of snow & loe is combined 1o glive a design
pressura of 1.2kFa from zanith 1o 45% This 1.2kPa is used for the shutter design

Forcos

For design purposes, the snow & ice loading pressures are assumad 1o ba acting
ovar tha full FRP surfaces & the wind loading pressure is acting over the worst caze
projected area, Total area iz 21m* & gives a tolal of force of SAKN,
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Mombor Soctions & Strangth

Al matarial usad for the shutter frame is aluminiem B061-TE grada, This matarial has
a UTs of 290MPa & a nyiald of 241Mpa. However once welded, the parent matarial
around the weld is no longer tempared & its strength is reduced. AS1664.2 stipulates
the wald affectad zone to be up lo 25mm of the weld. If the member is nol heal
trealed, the UTS of the weld alfectad zene falls 1o 1650 Pa & ayield is 138Mpa. If the
mambar s heat treated, than full TE propardies are relurnad 1o all of the parent
matarial. All tapped holes have helical thread inserts & all fastenars are zine plated
high tensile steel to class 8.8 minimum. All members are finished in a 3 coats, two

pack [socyanale free coating systam.

Longitudinal beams: Thesa are a composile 180 » 90mm box saction, fabricated from
Brmm thick plate. These mambers are 0o long o ba succesafully heat reated 1o a T6
temper, Because of the composite fabrication, I is assumed that all of this member is
weld affecled & has a aviald of 138Mpa.

Transvarsa beams: These mambears ara fabricated from an edge rofled 100 x 50 x
Bmm RHE. A 12mm thick interface plate s welded 1o each end for attachment to the
longitudinal beams. An additonal 12mm thick reinforcing plate has baen used (o
spread Lhe highly localized siresses al ihis poinl, Agaln these mambars ara oo long
lo be succassiully haeat treated, Therefore a eyield of 13BMpa is assumed at the weld

affected zones & a oyiald of 241Mpa for the RHS away from this zone,

Drive platas: Thasa plates support the drives & driva loading & torque is transfered
through these plates.

They are 16mm thick plate with a 80 x §mm SHS welded cantifever beam to support
the outboand beanng.

VeosiptiSpoce Design'Projecisilick APF EnclosuratCER Cogy of LICK AR Siructural
Enginesnng_ Configured_24 03 _05.doc Page 34 of 44
o Elechn Ogiic Syatems Pry Limtes, Goimn, AST 2008 T docaimiil il ancosed @cimabon iemaing s propery of Elscing

Oplic Syatama Fiy Limesg. Indemalion horein may rod be copicd nor disciased wancat weitlen coraant of Elecng Sgae
Simtorms Py L imeesd



Lick AFF Encloaurs: COR Malos

These plates have bean heal treated to attain the full TS temper, tharafore a ayield of
241Mpa iz usad,

Outrigger arms: Thesa arms support the outrigger rails & are fabricated fram a 50 x
emm SHE weldad to a 12mm thick inlerface plate. These members have been heat

treatad (o atlain the full TG temper, therefore a ayield of 241Mpa is usead.

Outrigger rails: These members support the FRP flare panels on the outboard sides.
They are a rolled ¥5 x 6 EA. Thare ara no welds on the ralls so the TG ayield of

24 1Mpa ig still retained,

Critical survival condilion produces an ovarall elfective Ven-Mises stress of no more
than B5MPa with highly critical stress of BMPa at the both end supports of the
transverse beam. A 12mm thick aluminium reinforcing plate is welded at each cormar
betwean ransverse and longitudinal beams o ensure the spread of the highly
lecallzad stresses. This glves a SF of 1.5 at this highly localized point, Transverse
baams experence 40MPa bending tensila and compressive siresses al bottom and
top surface respaclively. The maximum deflection is approximately 28mm al mid
span, For companson, hand calculation results for a straight, both ends fixed,
uniformly loaded beam are, 65Mpa at the fixed ends & 32 Mpa at mid span, This
comparas favourably with the FEA results as shown |n figure 5.6, away from the
highly lecalized stress area, as tha lengitudinal baams are allowing shight rotation a
the ends.
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Figura 5.6.: Shutter Survival Condition = Von Mises Strass

The outriggers arms, which are made of the 5046 RHMS, axpanance BSMPa banding
tensile and compressive stresses al supports. Hand calculation shows, assuming

even force distribution over the 4 arms each side, the stress in the arm s 62MPa.

The shutiar drive has bean designed so that the shutters are still able to operate on
one chain only. For this condition full drive forces & tlorque are been transfemed
through one drive plate only. Single chain oparating condition with 800Nm torgquea
producas maximum effactive strass of 150MPa as shown in figure 5.7, This rasults in
a 5F of 1.6 & is satisfactory in the unlikely event of failure condition. Hand
caloulations show a stress of G6MPa In the cantilever arm. Operational condition is

cansidared conservalive as working stress are much lowear than this critical stress,
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Figure %.7.; Shulier Operating on one chain — Yon Misas Stress

For the shufter uplift condition, the dead weight of fhe shutter itself has been
neglected, Shutler uplifi condilion produces critical tensile stress of 930MPa in
hurncana hook, The ransverse beam experences 65MPa tensila and GOMPa
comprassive stresses on top and bottom sufaces respactively as shown In figuna
5.7. This resulls in a SF of 2.7 for this condition.

Figure 5.8.: Shutler uplift condition — Von Mises Stress
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5.8 VENT DOOR FRAME

A similar construction is proposed for the vent panel framas as is used for tha
shuttars. Wind forcas will be assessed by lransform Composites design team as the
datall design for these components ara finalised,
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6. FLOORS AND MISCELLANEOUS

6.1 DESCRIPTION

The top "observing” floor (level 3) is approximately 0.5m above the top of the Azimuth
support beam, the inlermadiate "maintenance” floor (level 2) is approximalely 0.75m
below the rail and the botlom “equipmant” Noor (level 1) s approximately 2.5m lower

again. All floors are part of the dome structure and co-rotate with the telescope

Lavel 2 fioor 18 the main support floor, and it is suppordad on 1he azimuth suppaort
beam on the culside and the four loor hangers on the inside. The lavel 3 floor is
supporsd on the level 2 quadrant on the outside and the floar hangars an the inside
The level 3 s also supported onto main arch beam and the main sausages. This also

tigs the sausages onto the structure and reduces the stresses

The Level 1 Noor is also hung from these hangers and from a row of columns

suspended from the level 2 loor above.

Stairs from each level connect each floor and removable halches are provided in
Il A Toor,

6.2 LevEL 3 "O8SERVING” FLOOR

(ADDTTS6, MDDS000E7-MDDS0007E, MDDSOO0S4-MDD5S00100)
(ADSODTET, MDDS00TES, MDDS0O01AE) - {refler FIGT -laval 3)

This loor cansists of serraled Expamel Preslock «w flooring code PI0B-325 1o allow
free passage of air from the silt to the vent doors. This slas graling floorng consisls
of 32mim x Srim serrated verical load bars at 30mm centers. connectad with Bmm

twisted cross bars at S0mm centers. The sarrations make the floor non-slip, even at

temparalures balow lreszing

The racommended maximum span is approximately 900mm. The grating weight iz

approximately 48Kg per m *,
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The support baam maximum span is approximately 3m, with a maximum of 1m of
floor supported. Using a 3kPa live load plus 3kMN point load gives a maximum banding
maenent of 5.6 kN-m, The selected 100 SHS 4 floor beams result in a bending stress
of 124MPa and a deflection of approximately 10mm,

All quadranis are bolted with at least three 3xM12 bolts, which are sufficient 1o

overcome the 3kFa live shearing loads.

The guadrant suppons door halches arg made of the curved 100x50x4 RHS,
100xASHS and 100x10EA bar, Design momaent by 3KN point load and 3kPa liva load
on door halches is 2.25KNm, which gives banding strass on the curved baam lo
B5MPa. This quadrant is connected to neighboring quadrants by 4xM12 bolts, which
is required to counteract the maments. This quadrant also has the welded suppors
for gas slruls (o assist the opaning and closing of the door hatches, which welghs

approximataly B0keg aach.

For M1 mirrar maintananca purposa, level 3 quadrants arg designad with mirror
removal rail 1o carry its 6 tonne weight, Design lakes into consideration that 5 tonne
of its weight could rest solely on any one rail of the quadrant involved. This lnad is
then spread through 1o the floor hangears, which suppor the level 3 guadrants, in
additlon o the columns dawn to level 2 quadrant and then to the azimuth supped

beam,

To spread the shorl term GOKN M1 mirror point load more efficiently to two of the
floor hangers, a transvarsa beam with 3.2m span batween the floor hangers. G0% of
shor tarm B0KN point load multiply with dynamic factor 1.5 gives 56KM concentrated
load gives TEKN-m banding moment with 3.0m span betweean floor hangers, This
producas a working stress of 178MPa. which is considared satisfactory.

S0KN M1 mirror concentrated load, 3KN point load and live load of 3kPa over an area
of 3,75m" produces 38KNm bending moment with 2.5m span. To carry thesa loads,
two 100x4 SHS and a 100x8 SHS, which are bolted at six places, are required o
form a composite beam with section modulus Z, 225 6x10°'mm”, giving the bending

slrass of 16TMPa. The mid span dellection is calculaled to be 4.9mm.
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10mm plate reinforcamant on bolh ends of 100x4 SHS s raquired for conneclion with
the mirror rail removal support. High tansile and hardened alloy steel rod A51444
4140 with yield strangth of 680MPa, B50MPa tensile strength is used as pin
conneclion between quadrant and remaoval suppart, giving the shear slress of
105MPa and banding siress of FOMPa for 2¥mm diameter size. A minlmum of Tmm
gap belweaan ends plate of 100x95HS and mirer removal suppord is allowed for
simply supportad condition

The Level 3 oor also lakes a large harizontal load from the doma wind load. The
comears between the four posts and the outside walls have been braced to distribute
this load ino the structure and the floor panels integrated lo the largest possible
extent, cansislent with the shipping dimansional canstraints. The Weblorge grating
will also distribute this lateral loading

6.3 LEVEL 2 "MAINTENANCE" FLOOR

(ADDTT13, MDDOTH22, MDDOT923, MDDOB0D1-MDDOBOYE) - (refar FIG1 -lavel 2)

The floaring lor this floor is 25 mm Structural ply, which [ watergrool, plastic coaled
plywood and attached to Ihe loor beams with min MB Teks 5w at 150mm conters.
This will brace up this floor wall. The maximum span is 600mm resulling i a bending
moment due to the 3kPa and 3kN floor load of 0.6kN-m over a 600mm length. This
results in a 20 MPa short tenm stress, and deflection of approxmalely 3mm. The
supporing beams agaln span appraximately 3m with 1m of contributory Noar widih
making 1005HS 4 beams, as salacled for Leval 3 loor, satisfactony,

6.4 LeveL 1 "EQuirMENT” FLOOR
(AR I12, MDDOF TS, MDDOTYTE, MDDOYTY9, MDDO7TED) - {refar FIGT-level 1)

This floor is also attached 1o the four main columns. | consists of similar 100 SHS 4
floor joists at 500mm centers, with 25 mm Structural ply flooring as for the levael 2

floor,
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The ply provides good lateral bracing, The joists are supported by 100 SHS 4 curved
beams to provide a ring floor approximately 1m wide from 4m to 6m diameler. These
beams are held up to the level 2 floor al the outside perimater with eight 100 SHS 4
hangers, equispaced at 45 degrees.

Mo lateral bracing is required due to the stiffness of the four central hangers
(1505HS).

5.5 Muun FLoOR HANGERS
(MDDE0O00L-MDDS0000T) - {refer FIG1-itam 6)

Floor hangers held all fioors from arch beam at 4 places, and carry upper bound of
100KMN sach ane, which making 150x5 SHS with 35MPa acceptable.

Two Flaor hanger are increased (o 15059 SHS thick to allow for the bending stress
1T0MPa as it exparances B0KN load upon impact from the lelescope, alven tha full
rotational velocity of lelescope is 4Degls with azimuth momeant of ineria of
42211.88kgm” and effective dynamics mass of 13,362kg.

With 2.5m span belween level 2 and level 3, this creales 34.5KNm design moment at
impact, However, this astimate s fairly consarvalive as the telescope will hardly

reach its full rotational velocity in service before hitting the fleor hanger,

6.6 STAIRS
{(ADOTE48, MDDS00108) - (rofer FIGT-ilem 14)

Thix stairs from level 2 (o level 3 are constructed with serated Expamel Presiook o,
floonng coda P30B-325 for safaty in loy conditions, with 200 x 12 plate stringars
segmentally curved [o sull the Inner and outer radii,

Handrall posts are welded to the PFC stringers at maximum 1.5m canters to suppor
tha 4200 x 4 CHS handrails.
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6.7 SERVICE PLATFORM (BALCONY)

(ADOTBA1, MDDOTA16, MDDOTETT, MDDS001 27, MDDS00128, MDDS00163,
MDDEDD154) - (refer FIG1-item 12)

A 1.5m x4, 3m service platform is provided for servicing tha vents and removing M1
mirror cell, Tha baicony is double the area initially proposed. The siza had baen
increased as a result of a review of door handling by staff

Entrance balcony covers an area of 10.7m” Total vertical distributed load from
snow, 1oe solid infill, sold ice falling from lop of dome, and live load produces a tofal
of BkPa,

SOKMN point load from M1 mirror with bending mement 28 5KNm is suppored by
160x100x6 RHS, giving the bending stress of 250MPa, This hand calculabion is vary

conservative as two olhers members in parallel will reduce the bending siress.

The hand rails have been designed to clear the rotating dome by al least 100mm
clearance.

Distributed load over 1,26m” area, cantilever 1.0m away from the balcony support,
producas local load of 7.5KN. 150x100xd4 RHS glves 115MPa, which (s satislactony,

100x4 SHS beam at centre seclion carries 3. 5KN/m ovar 3.0m span, which gives
total lnad of 10.5KN and 3.0KN point lead, This produces banding moment of
B.25KMNm and banding stress of 140MPa, For 3.5m span, bending moment is
B2KNm, 150x100x=4 is satisfaciory with 103.BMPa.

This balcony also constructed with semated Wabforge «w, Nooring coda P30B-325 for
safaty in oy conditions, and to prevent snow build up. The balcony frame is made up
of 100 5HS 4 sections and handrail posts of the same size are provided Lo take the
bBanding moment [or the extreme condition of wind lacal pressure on 8 salld infill
(should this be litted in the future). This also guaranlees safety from build up of snow
and ice, which may act as a solid infill,
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The varandah frame also supports the intake plenum (FCU) for the level 1 vantilation
gystem, as described in the DAR *Coaling and Ventialtion® .

6.8 APF M1 Mirror REMOWAL
(ADSO0129, MDDSO0130, MDDSEOD131) - (refer FIGT-ilam 11)

For worst case situalion, struciure is selectad 1o take on 5 lonne waight of tha M1
mirror, S0KN point inad &t mid span of main support beam produces 23.75KNm
bending moment. 150x100x6 is selected with bending stress of 145MPa tensile and
compressive, For Hmm deflection design, the minimal second moment of area
neadad is 7,150 'mm’*, the selecled 150<100x4 has 8. 17x10°mm*

The vertical struclure is made of 10024 SHS with 550KN axlal compression strangth,
which is far larger than the design S0KN axial load. This is conslderad satlsfactory,
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