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TO: Dr. E. L. Goldwasser and Dr. A. L. Read 

FRO):: $1. W. Sa,lrig 

SUBJECT: Observations on Various Features oft UL Bxperimenta~l Area 
Pr3posals 

At the request sf Drs. Goldwasser and Read, I spent from 3:OO PM, 

Tuesday, Scpteaber 5, 1367 through the afternoon of Friday, 

September 9, 1967 at the National Accelerator Laboratory in Oak Brook. 

Approxi!nately Z/3 of the time was spent on considerations aff?cting 

the experimental area. During this ti;ne c!xncepts for three difitrent 

styles of experiaental end stations (NAL Stati,xs A, B, and C) were 

being brwght to focus by many staf~f a~nd visiting physicists. Co*- 

ceptual ideas had jelled, and specific beams, shielding proposals, 

a~nd statisn lengths were being established, and I xas a,sked questions 

3'1 building and crane coverages, etc. 

The corxeptual ideas, which appeared to be rexonably firm, proposed 

the three following types of t.argft stati3,ns: 

Typf A - A modified "internal target area' style of station, where 

the primary EPB passes through relatively thin targets ar.d provides 

practically all tk features of a true "internal target" station., 

except that of multiple beam traversal. This station would generate 

relatively less radiation than types B and C and would be more flexible 

in set-up than C, but less than B. Presently envisoned were earth- 

covered beam lines downstream of the target, possibly with relatively 

vertical concrete walls fornning a bin, which gets away frsm the 13Q2 

toe 3f an earth berw. 

TYPf B - This statiw. would be the 3ost flexible. Presumably It 

xould incorporate the largest numbilber of secofidary beans (12 were 

being considered) ar.d would be the msst subject to change. The very 

passive shielding to stop x~nuons would no', be present -- this radiation 
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wcuxlld pass out of the target region and eventually into earth. 

It would not be possible to obtain r.eutral secondary barns frorr. 

tkis station since eecandary lines wet clear the "muan to dump" 

cha~nnel. 

Type C - This would be the most rr.assively shielded station, stopping 

muons irmedia~tely after they are genwated. Neutral secondary beaw 

would be availabLe here, plus 2 to 3 other high-energy channels which 

21-e expected to be stable In set-up over periods of years. Target 

station shifldlng is expected to be In the ra~ngf of 24,000-30,000 tons, 

mostly 31 iron. (As a comparison, although not strictly identical, 

the "Blue Book" long EPB channel had approximately 85,000 tans of 

shielding.) 

Mechanical Considerations Discussed 

1) Can the two proposals for the EPB and the Internal Target and 

Cocstruction Staging Area be ,xade almost identical? In fact, can 

s,ll aft the 6 buildings over the long straight sections be made the 

sale? 

Figure 1 and Figure 2 on the following page show the existing propo- 

sals. 

It appears to-the author that they can be combined into a coxrnc~n 

structure style, as shown in Fig. 3, which increased tk flexibility 

possible for the EPB exit. If the branch tunnel ia made to junctixi 

with the main building, and the collimator effect obtained by an 

arrangement nade such as shar;n in Fig. 5, (instead oft earth fill 

around a small pipe as in Fig. I), one has future flexibility. If', 

sevfral years after starting, it is desirable to put different beam 

transport elfrwnts in, they can go anywhere and the tunnel plug car! 

also be repositioned. A further advar.tage is t?z.at the outside radius 

railroa~d can be made continuol;s dwn the EPB tunnel. 
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Costs for implementing Fig. 3 in place of Fig. 1 ar.d Fig. 2 would 

be little changed. 

1) Flsor Area - Main Building 

2) cost at $ :tZ of Flosr Area. 
(SOWE - D. bhpe~ (DUFF)) 

3) Additional Tunnel 60'~ $'c8O/ft 

4) cost 05 ?Ia.nd-Placed Backfill 
around 60' Beam Line (Fig. 1) 
601: x li yds high x 5 yds wide x $5/yd3 

5) Tunnel End Walls - 30 yds at $70 

6) Movable Modula,r PLgs in EPB Tunnfl 

Approximate Difference 

=2 1 Fig. 

= ;o,coo fii 10,5oc ft2 

@SC, GCO $294, coo 

$17,OC@ 

2,000 

'1,100 

= 40,000 

$337,000 $298,100 

$39,000 

A further interesting scheme was shown to 'ale by MacRanald z~f DUSAF 

just bff3rf I left, as shown in Fig. 4. This envisions a taperirz 

widening 3f the last 120 ft of the long straight section, instead 3i 

the abrupt widening of Fig. 3. Both outside and inside ra~dlas rail- 

niads are identical with Fig. 3. The OI~E 20 ft wide craix services 

the Y area quite weli and a branch crane from the internal target tur 

nel can be interlaced with the main building crane if it is the 

underhung style, but without the trolley transfer fiaturt?. Ttis 

scheme reduces the m&in building floor area from 10,500 ft2 scheme 

in Fig. 1 to Approximately 9,100 ft2, fx additional cost reductisns 

of approximately 900 x $28 = $Z~,CCO per station over Fig. 3 scheme 

The choice for scheme 4 (Fig. !i) rests 311 DUSAF'S ability to fcononl- 

tally make cross-beams of many different lengths, compared ta >GE~ 

two for Fig. 3, ard the value the aperating people would pla~cf on the 

L!SefLlllIESS of an inside storage alcove witk cleans coverage which 

comes as a byproduct of Fig. 3. 
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&fc;re Leaving the discussion of the Lang straight section I;uildings, 

a wild idsa shguLd be mentioned with respect to the initially "unused" 

cnes -- will there be 3? If soms scheme ccluld lx found which would 

cut d,zwn the initial cDst, and the full building te recovered by 

future cost at a time when it was needed, without massive reconstruc- 

tign, the savings might be attractive. If columns are allowed at 

P1lQ-r f=iw Fuiles pa@?\ 

F1G 6 -j-EPlraasro’, COLU&~tJt j-0 ALLOti lN’ri’j&-l 

Ll(.~lWZ COdS~Qcr~o,j IN UluUfW) SmlGfl itlChM’( 

midspan ,xn the rQ>rrf support beams, the span is halved and the stress 

reduced a factor of approximately 4. SQ, perhaps 3nLy each 4th beam 

aeeds to be used. Spanning panels overhead would support the earth. 
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When the unobstructed area needs t3 be recwered, the spnce between 

the beans could perhaps be poured with concrete from prfviclusly 

placed pipes, and the columns cxxld then be remned. Sow equivalfnt 

schew could be pxtulated for the floor. 

The inpportant feature is that c~luxns, which night not be nuch of 

an i!xpedinent when buildings are "in reserve", would greatly reduce 

tze jab required of the rJverhead and floor beams 21‘ slabs. This scheme 

has teen raugly outlined t9 Ross Dowdy, DUSAF Structural Engineer, 

whet got a glean in his eye but said Little nore than "people are 

aivzys t,ryinE to make Life harder for the Structural Engineer". Per- 

haps he should lx encouraged to think about such a scheme in his 3wn 

terms. RDoIny& fNpUbJ((;’ 
Wd-H h,LG 3 

FIG 7 &IL SW& Fu& lipa Bed,ic.ti !-/AFL 

With nain building arrangements as suggested, the service railrcrad 

down the outside of the LDng EPB c3uLd be continuous. Branch lines 

ccluld l;e intrclduced at each beam splitting station in the ':nside 

radius': so that each splitting Y wg,uLd have s~nf servicing capability 

as Main Ring Buildings. 

At Target Stations on the split branch Line the scheme wguld be 

zpposite hand. 
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3r. Mashke believes the main transport tunnels will be rflaiively 

quiet with respect to residual radiation -- unshielded ZIE~ could be 

expected t3 U3rk there. The bean: transp3rt line may be shielded b> 

perhaps a ftv indhes of iron, split cyli.nders that would nest arsund 

the vacuum pipes. Magnets will be infrequent (LOO' to 4CO' apat), 

vecuum pumps will be present and variDu& Q beam Ijosition nsnitw~ and 

raliation detectors. The railroad would a~llow use oft tile streetcar 

type Work Center Vehicle (a traveling t3oL room, light and Electric 

po-wer cen:er) or, in case of a residual radiation embarrassmerz, the 

Shielded Manipulator Vehicle could also be introduced. 

The author believes provision should be made to prwide at least Light 

werhfad craze service. This would envision a precast tunnel section 

twa feet higher than presently proposed for the accelerator as a very 

minirrum. Magnet components would be installed or replaced by t;he side- 

handling trucks proposed far the accelerator. The crane shou:d be of 

the order of 3-ton capacity minimum and would be ti.e superior system 

for worki?.g wit, all loads oft 3 tsns 3r less -- shielding around the 

beamtl;bes, temporary developmental equipment. The cranes should bt 

portabLe, br!xght in with the work C~‘EWS, and be capable of rapid 

erection frwn a mast on the rail vehicle. For specif~ic jobs they vould 

probably be uefd locally over ranges of 50 to LOO ft, and hence could 

operate from plug-in electrical 3utlfts. For economy it is not in- 

conceivable that EUC~ short lengths of rail cwld be brought in and 

erected at the nwk site ts modularly-placed supports in the tunr.tl 

shell by the same vehicle transporting the crane. Or the crane rails 

may consibt 3f flfctricai conduit used for utility distributisn. T k 

superior features to be preserved are the very real ease and precision 

with which a pendulum load can be guided by hand in the h,Drizonial 

plan, acd the ability oft the handling devices to move independently 

with respect to the rail vehicles. 
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2) On those straight section buildings w1;ich will n,zt be initialiy 

ixplenented as external beam outlets, how far ekould tke branch tunnel 

bt ~&enzled at initial construction? 

tiiib the p3zition monitoring and adiustment system proposed for the 

accelerator, it is presumed the capability Exists for quickly recovering 

from any disturbance which night result from close-in earthwark. 

Theefzrf, this is nst a restraint. 

It is Fresuaed <hat the nest Likely action in activating a reserve 

beam station wouid be to extend the branch tunnel section rather than 

tz csnstruct an earth bulkhead 01 retaining wall and then a large 

building or slab arta. 

The Least restraint on future construction would be sbtained if such 

work csuld be undertaken even thagh the accelerator is operating. 

?rom these considerations it appears the quantity of shielding rf- 

quired between the accelerator and the future construction work is 

the principal criterion. If this is to be taken as the canonical 

30 ft 3f earth, the branch tunnel extfnsionwxld need to be apprOXi- 

rrately 240 it Lxg,as measured from the junction of the branch tUr,neL 

with the straight section building and as scaled from the MK.111 

Internal Target Section drawing. If the precast tunnel elements cost 

$28O/ft, this-would amount to $67,000 for the stru6cu.e or the order 

3f $80,000 with the earthwork as well. To re-e.=tabl'ch con-truc+ion L L_ L i , 

sheet piling would probably be driven dcwn through the earth 

an both tides of the branch tunnel right-of-way and formed int3 a 

braced-cut operation. This would allow a vertical %a11 on t'c.f accel- 

erator side ta preserve the 30 ft of shei?d;ng. (DUSAF should be 

consulted as tz whether superior opti,2ns exist.) 



- 9- 

iP:;-7 I 4 
2200 

If heavy aggregate, for example baritf at 220 ibs/ft3, WEI-~ used be- 

tween the accelerator and branch tunnels, the branch tunnel Length 

could be decreased to approximately 120 ft in Length which would 

reduce costs $40,000. However, with baritf aggregate installed 

+-- c, L.+C ----‘--- 

d.- r, 120 ----T-J ----I 

Fit B - RGbVtJ-@ti M-4 BRAh’LY rup.dti~L 1btit3w d3-f USG 

OF H~.w~ /+~C~&STt) -r~ SHIK:ID FuTu& Ci.@Jf~O~~~!O4 Slw 

3 7 
7 yards high, 760 yards would be required which is $84,000 at $LLO/yd' 

in place. ThiF certainly is far from a net savings in init;al cost, 

EVEI? though the barite, worth approximately $Q5/yd3, might be USE- 

fully salvaged after the tunnel extension. 

A variation on this concept would be to place the heavy shielding 

at the start of construction of the tunnel extension. Let us as.sume 

a well-drilling rig can be operated frcm the top of the earth fill. 

A close pattern of holes, perhaps 3 it in diameter, could be put down 

and filled with a mixture of compressed junk automobile? and barite 

aggregate *s soon as they are drilled. Perhaps light-gauge steel hole 
Lir.frS would be required because of the closeness oft the hole SYcing. 

T%o advantages arise immediately, (1) the heavy materials would not 

bt incorporated unless the station were actually going to be brought 

int3 service and (2) a very good evaiuation of the quantities of 

heavy materials required would be available from actual measurerxnt 

of the radiatisn being generated from accelerator operatione. This 
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approach wwld undoubtedly be the rr.ost expensive overall, but prac- 

tically all charges wauld be future casts, and anly 120 ft OP tht 

branch tufinel would be initially required. This would reduce iritial 

costs to approximately $40,000 from $80,300. 

7%~ ather options may possibly be considered: (1) Burying a largs 

pipe (2 ft t3 1 ft in dianeter) for the first 240 it, which ws~ld 

cost $6,000 to $10,000 instead of $80,000 for the turml, but bl;ilclz 

in a discouragingly inflexible start for any futllrf Ex~rinentat 

station, 31 (2) constructing the Z40 it tunnel branch during a shut- 

down for which probably ?3t le ss than 6 weeks wo'~Ld be required , 

assuming the tl;nnel sections are precast before the shutdown. 

From this spectrum of alternates, the second is most appealing t3 the 

author -- build 120 ft long branch tunnel initially. Add dense 

shielding between the accelerator and the branch work site in the fu- 

ture if thiz csnetruction is to be done while the accelerator is 

,aperating. If only one of three stations is eventually implemented, 

this will als,a be the least expensive overall option. 

3) What tyEf of buildings and handling facilities shsuid be pro- 

vidfd at and downstream of the target stations? 

Bffxf discussing individual stations the elevations intended for such 

stations are of interest. The tentative decision, xx rather firm, 

is to establish the accelerator tunnel floor at 725 ft and to maintain 

t'he single,straight and very long EPB "distribution" line at approxi- 

mately the same elevation. Having this tunnel buried gives consid- 

erzble facility for communication and utility distribution (rsads and 

rights-of-way) over this line to the target stations, secondary beam 

lines, and experimental equipment end stations. Primary utility 

distribution t3 the experimental areaz is expected to be along this 

lint, with branches to the various rtations. 
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After each beam splitting station alsng the primary EPB Ilne, the 

branch line for the target station will rise to, or very near, the 

surface which is approximately 740 ft elevation. In this way the 

target stations and secondary beam lines will be essentially at the 

eurface and avoid the very real prablens, such as flood control, 

awkward a,ccess, secondary line restriction dur to sides of the ho:e, 

etc., which would arise if the experinental areas were kept at x 

near the accelerator elevation in large "Glory Holes". 

For Target Station C, which will have the mzst ms,ssive shieldi% and 

relatively tiw-stable secondary beam lines, a conventional building 

and handling system seems !nnost appropriate. 

Present NAL studies envision high density (predominantly ir,zn) 

shielding totaling approxiznately 25,000 tans in a sort of target sta- 

tion lanp. This could possibly be housed in a, building 125 it wide 

x 200 ft lxlg. This shielding then transitions into lighter nodular 

shielding fx*perhaps another 200 ft before the secondary beam lines 

art really distinct and separate. 

The big lump of target shielding poses unusual problernc. The internal 

regions will undoubtedly become signifcantly ra~dioactive. Although 

no specific radiation !nodel, c exist either from the LRL or the NAL work 

for this region, it will certainly be factors higher in residual radia- 

tion than the most troublesome spots on the accelerator. Thus, during 

periods of re&anging secondary beams or maintaining target statian 

co!nponents, much of the shielding will have to be handled wing special 

precautions. Let us presume that after the outside layers of shielding 

are renoved the bala~nce can be handled by prstecting the crane operator 

with a shielded cab -- a special addition to the crane which would 

weight 30 to 40 tms. Fortunately for initial coats, this cab my 

not have to be procured untial a year or two after the start of initial 

lm intensity operatim. 



Even if only a small proportion of the target shielding needs to be 

unstacked for maintenance or a beam line cha~nge, the an;ount of material 

to handle is staggering. Let us say l/5 of the total will be noved -- 

5,003 tons. If an operator in a crane can hwdle 6 blocks an hour 

averaged over a shift, which would change very little whether he was 

handling lo-ton or SO-ton blocks, it ie irn?lediately apparent that the 

total number of lif~ts required should be a, miniwm. If 50-ton nodules 

are cl-.p>Lied, approximately 4, 8 hr shifts would be required to un- 

stack ar.d restack l/5 of the station. If lo-ton nodules were used, 

two weeks would be required. 

All precautions should be taken to keep such handling operatins un- 

complicated by foreseeable problems. For exanple, the foundation should 

be very stable so that differential settlewnts do not bind the blocks 

together. The best solution would be to support the target shielding 

pad from bedrock. 

Again, Brookhaven has had troubles with blocks freezing together. For 

this region it would appear worthwhile to house the shielding in a 

buildrng and heat the building sufficiently to take the chill off -- 

maintain perhaps hOoF. Like shipyard lofts, it will probably be found 

extravagant to maintain such a large building comfortably for people 

at all tines, and keeping the chill off plus spot heating for peopled 

areas will be the economic answer. 

Since the time consumed in rearranging the target station will be 

largely a function of the handling efficiency, a conventional top- 

riding crane is the national choice. This is particularly true where 

the shielded cab is required, which would add an unusual 40-5~1 

traveling load. 

The most efficient use of the crane will result if practically all of 

the load transport is done using the trolley motion rather than 

bridge plus trolley. Thus, reasonably wide aprons are required 01 

either side of the target station where the individual blocks ~1a.y 
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be set or. trucks, or on the floor, to be picked up by straddle 

carriers, for transport wt af the sta,tion. Befare the 125 ft building 

width is adopted, layouts should prove sufficjent space is available. 

Perhaps i+O ft 3r 150 ft width is .nwe appropriate. 

Whether t:re second 200 it 3f lighter nodular shielding needs to be 

fully housed is not quite as clear a~ for the min target statisn 

where .mintenance CBL be required at any time. The chance of wanting 

to rearrange the secondary beam lines during the winter is proba~bly 

not zero, in irhich case the building would be essential. To house it 

in cmbination with a jO-ton cranewa~y would cost approximately $35/ft2 

including house utilities or $1 million for a 150 x ZOO ft building. 

During shutdowns both the target shielding and the lighter shielding 

along the beam tubes wolild want to be rearranged alnost simultaneously. 

The need for a seco,?d bridge crane over tiie secs:,d 200 feet the:1 needs 

exaCratior. Before doi,g ~'0 let us dLscuss $11~ o:;her prir;cipal 

target sta~tion. 

Kousing and Handling at Station B 

Station B is t3 be the busiest, the most dispersed and the mgst ofte? 

rearranged gf the initial principal target stati,xns. The large nunber 

of secondary bfarns (12 as an initial model), the great area1 extent gf 

the fanning out of the lines, together with a desire for real flexibil 

in placing such lines, discourages the concept of fixed permanent 

buildings over the inboard fanning sections. 

.tY 

The author believes a rather radical departure from the past concept elf 

percacent buildiwis will be w.2rthwhiLe here. A few exploratory s!cetc:les 

have been ade by DUSAF's F. J,xhns,zn, but -3nsiderably '11ore 'ayout w3rk 

should be dQne tefgre 3ne can say with conviction that a concept exists. 
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In brief, the proposal would be t3 meld the concepts of overhead :ram 

cranes with that of "Space Franc" roofs. The two components are each 

developed and xorking, the pa ssibility af combina,tion is still "blue 

sky". 

Tl-*,?l c~‘~lr~fs of x0-ton capacity are presently being installed in Boeing 

Aircraft's buildings at Everett, Washington for their iL7 Air Bus prs- 

auction. These are very large clear-span buildings approximately 

1600 ft x 500 ft in which the cranes ax hung fron tht roof trusses. 

"Space Frame" roof truss panels have been ava~ilahle 1'~ several years 

in increasingly large sizes. 100 it x 100 ft panels are probably 

directly available, 200 ft x ZOO ft certainly within the realv of 

possibility. These panels can be supparted only at the four corners. 

When considering then as support for underhung CIBIIES, a deficiency 

ca,n be irrmediately foreseen - the stiffness may be considenbly less 

than would be essential. When a load is picked up the roof would un- 

doubtedly vibrate with a slw period. This could be suppressed by 

occasional columns toward the centers of the spans. If these columns 

were movable, so they could be placed t,z avoid beam lines for each 

specific setup, the probleln nay be solvable. 

The advantage which the space franc roof and underhung crane cxnbina- 

tion offers is the ability to temporarily expand in any dtrection and 

still maintain conprehensive crane coverage. Costs are vague at this 

juncture, but would certainly not exceed the cost of permaner.t buildings. 

If further investigation bears out the promise of' this concept, it is 

probably the appropriate solution to use for the second 200 ft of target 

station c. 
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The target region proper of station B needs further examination 

particularly with respect to a radiation model. If the residual 

radiation poses problens equivalent to those for station C, which 

is what one would expect, then the same type of handling would be 

essential - a heavy, traveling shielded cab for the operator gn a 

top-riding bridge crane. One transitions to the space fra.ne - ~lnder- 

hunt c--ace csncept just outboard of the target region proper. 

Miscellaneous C,xnnnents 

Utility Tunnels in Experiwntal Area Floors. At present 6 ft x 7 ft 

tunnels are being cast into the extension of the Bevatron experinental 

area. For these few hundred feet, Costs are running $300/f% and the 

tine to form and cast them in place greatly extends the overall con- 

structign period. Certainly precast sections would be investigated for 

any future extension of this area. 

Utility Distribution. At load centers such as target stations it is 

undoubtedly appropriate to have a considerable portion of the electrical 

and cooling utilities as fixed installation. HoWeVar, even here the 

greatest flexibility will result if a proportion is portable. 

Aiong the rather sparsely populated bean transport portians o? secondary 

beam Lines, portable units would dominate. For example,a 13 kV electric 

service could be run on poles and transformers used periodically io 

service the loads. Rather small portable "cooling towers" greatly 

decrease the amount of water one has to circulate ,over long distances. 

Only the makeup water for evaporation losses need by supplied, which 

is perhaps l/800 of the actual water circulated for cooling at any 

,;iven area. For the Larger loads at beam and stations a "semi-portable" 

concept exists. For example, BNL is now using 6 mW cooling tower on 

skids which, with some effort can be repositioned with occasionally 
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changed Large Loads. 

Secondary Beam Line Cover. Two cclncfpts wfrf depicted or. NAL drawings: 

L) precast concrete, or "wrinkled ircln", tunnel sections covered with 

earth, and 2) modular cg,ncrete shielding covered with pc;rtabLe netal 

buildings. The Later concept, which will probably require the greater 

initial investment, appears to the author tQ be much rri~lrf fLexii;Le an6 

Less likely to generate future difficulties. Heaping earth in changing 

patterns wiLL certainly frustrate any initial program 9f obtaining good 

drainage throughout the expfrinfntal area. The earth to mvfr the 

channels will have tg cone fron sonfwhere, and the tendency will be to 

not go far emu&h, leaving sump~ which will ccrllect water, and in generaL 

keeping the entire region in a continuous state of ConstrUCtiOn - at 

times dusty, and s3netimes muddy. With the first concept clnf can fore- 

see a gradual "civilizing" of the fxperinental area - an giled apron 

here, grass c1r a n~re permnent plant-type cover there, and past roads 

to old fxpfrinfntal sites useful for current installations. 

NOTE : In this discussion cwnparison information has been obtained by 

scaling recent DUSAF drawings and using various sources fsr 

cost infoixation. It is presumed DUSAF would do rn~r~ defini- 

tive Layout work and prepare detailed cost fstinates if any 

of these proposals 82-f to be carried further. 
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Span: 200 leitt 
Depth of strut system 10 fm!t 

i 1 to 20 mt,io, drpth tu span) 

Panel-chords: 

Other materials: Struts, bol(s, :us- ,. 
sets, panel se&x ,’ ,’ 

Finish: Calvanizetf orkluminized or 
combinsiion (paintiny optional) 

struts 

struts vary from ,13 to 20 g’:.“g’~. 

‘l’hrir “I!“-sh:i,,cd r:ic:.i~,~ I.;:; :L 
51’- ~.“(I gnu,‘~,’ 
TO- 1s g:,uge ,OeQd Load: 10.52psf bmrn trstcd for oirlir;:unl pi”‘- 

1:32-13 g:,uge (41” oc i Live Load: 30.00 psf formawe acccodin~: !o sp:rn :~ill:i 
x0--1,4 gauge 
63’~~~.‘12 gimge Wind Load: .ZO.OOpsf load. 

, / .,., :.,___ ___ _I_L__I~,_ ;~-L~r:.....,.-~,,--:.:_1~~.: ,, *...--, ,.. li ..-1.,, A.~ ~.. ,,“.i,/,_ .~...-..dd ._, __i_/ ,.,,, ~j_iL,,l__l_L .-,,_, &.d;;_:.~/ ,,.,.,.. i”,h 

,,& . .._ .,.~-;.~..~~,~~_,...l_iy,.‘Il,_,. __.L_L..- 

STRESSED ROOF PANEL CHORD 
I_ 3’5”1 

STRESSED CEILING PANEL CHORD 

May be sprayed with an acoustical 
inrulation for sound absorption1 

Buildings go up fast--uaiw liw lirhirn wrw1 building 
m~~tl~xl. I’:~wls ass~mhlu filsi y I hccaus~ each sdion is 
pwcisimz fhhricntid and ~runclwd for bolting to adjnwnt 
units. And n we21tlwr ticId shctl is Icwmd with lifc~tinw 
6tqlt.r in tvvry sc,am. l‘hc rcnlj is c~~rn~~l~~t~Yl in ii On? 
slcqj qwr:~ti~~n ‘I’llis quick I~ll~~~o611r,~,311~,ws intrrior fink 
ish to start sooner permits clrrhcr occugnncy. 

One hundred percent functional-the impressive new 
facilities of Intercontinental Engineering in Kansa.? 
City. Missouri meets their requirements for a high, wide, 
functional structure. Long. unbroken lines of fluted steel 
paneling form a striking backdrop for the low, modern 
office annex. And a bright alumanizrd steel extermr 
will remain maintenance-free for years. 



Machine shop service makes the 

mm of overhead space with 

the TRAM CHIEF 3.runway hv 

headroom crane. An economical 

arrangement utilizes a mOnOfracfOI 

drive on the trolley. Load 

transferring from bay to bay 
with hand-operated inrerlocking 

bridges and crossovas, covers 

normally inaccessible floor areas. 
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TRAM CHIEF CRANES SERVING THE INTER CONTINENTAL BALLISTICS MISSILE PROGRAM 

Four 90 foot mAM CHIEF cranes can be inrerlocked ro form two 180 foot spans and 

wirh cros(over ccmneccions 51% acres of this huge planr are effectively covered. Three 

cab operated double girder rrolleys work in conjuncrion with all four bridges wherein 

any one crane will accommodate two trolleys supporting a combined load of 20 IODS. 

Tbe TRAM CHIEF trolleys are equipped wirh posirive slow speed control of 2 ferrper 

minure on the first step-and hook speed is mainrained regardless of load for both raising 

and lowering. This precision hoisting fearure allows complete control for spotting 

loads to within a few thousandths of an inch. 
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Another TRAM CHIEP standard--three 
ton capacity, three runway, 72’.0” 
total span single girder TRAM CHIEF 
crane. Two of these unirs are used on the 
same set of runways and cover a very 
large special steel warehouse. This TRAM 
CHIEF crane illustrates the ease and 
simplicity of construction for single girder 
long span use. Items to be noted are 
the TRAM GIRDER attachments to the 
reinforced welded building girders, 
rhe “let-in” construcrion of the end trucks 
and bridge girder for low headroom 

headroom hoist and trolley, the 
center-mounted bridge drive, and 
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