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cJ The yurpose ol th:8 studywwcdSLFUflWC*,%,to determtne 

the damage and blast loadIn{ on (weration Greenhouse Army Test Structure 3.111 and to eUrvey 

the damage dons to Greenhouse Structure 3.1.3 and other miscellaneous structures. These 

strut-lures, located on the 5mwetck Atoll, were expcsed to the effects of the two atomic burst8 

(Mike ard King) of 0perat:on Ivy in the late Iall ol 1932. A damage survey was conducted w 

thnNLrrn 7 rP;raQ+ke-k(asMctmeettsinstrtoted Tahndegy tn WC- 
&9!33 to obtain data upon which lo base a correlation of the damage Incurred wrth the meaeured 

a&-blast cvcrpressurrs caused by the two shots. 
The damage ia.15~4 *: Strurrure 3.1.1 by shot Mike was comparabte to that caused by shot 

Eary of Operation Greenhouse. It la probable that no damage occurred to Structure 3.1.1 from 

ehot King. Only the fi.zt permanent d8flecttons were recorded of Stt:r:ture 3.1.t for shot Mike. 
The iack 01 transtent rcsmnse records for thm shoe increased the alkr~i’ulty of correlatmg the 
loading wrth the deform;r?nms sustaIned. 

Analyses viere pericrmed on Building8 2 and 3 of Stitructure 3.1.1.,The effect 01 va:ying 

overpressure and the &Up& 01 the load-ttme cute were mvestigatcd.‘~tuetUral param- 
&em of Buildmgs 2 and 3 were obtainedby correlation d the rcW88Uiq ovzrpreasure wtth the 
rerorde&req?rmesIcr ahot Enry 01 OpeHLttOtt Greenhouse. The results’,of th? vartoua analyses 
for %f+ratron I?y ?ndnrte that the free-air overpressure In the vlCit’.lty of Structure 3.1.1 was 
between 12 and i4 pst Ior shot alike. which compar*s reasonably ueii F ‘\h rres:cres pre- 
drctcd at Structure 3.l.l based on actual mcasuremeuts mad8 J! other loL+tion3 near the 

stractute. _ - 
- The oL&&ati* r: I ..adc in the gross-damage survey may be ~sr:arird as lollowe: 

1. Tne $m:q tiustam~t bv tha var’ouq buildings of Structure 3.1.1 .:~d to uhnt Mike ua8 

a8 fotlown: The led: QWL::, of bultd. *“gs 1 and 7 aUblam8d oniy slight ;<d~llo~l damage due to 

ai: tAst. The b:eri irames of Eulldrrc i c ~‘0 -2 moderate plastic de!o: .xticn, and the eteel 

sheeting of the rcx f?ce uab disttirt?A ,nx;lrd between &:r:s. The ;trc: f.rame a!!d sldtng of 

Buklaing 6 received no apparent addttional timage. The -cr,irc,e Ir-rrrs n! R*ni+ngs 3 and 5 . d 
suffered moderate plastic &!ormatton. Ti,a rear oblll of Bu:ldtrg 3 Wt3 bloar;r O;I by the air 

blast. The tinear ~1:s of Birilding 4 were undamaged. However, large cracks were opened in 

the roof slabs adf;c+nt to the shear wall8 and roof girdere. The overpressure was approxi- 

mately 14 ps:. 
2. Structure 3.i.3 sUffered no major structural damage. The Liast dr :rs were removed 

prier to the test. The wood-frame air lock. which was left in place, wa!. destroyed by the air 
blast. The ?aittSd surface of the vent pipe wa8 ckpred on the side facing tiround Zeru “.: 

gage overrressure was aoproxlmztely 1% psi. 
3. All reruforced-concrete tiemtburtea mstrunientatinn s:ieltere auncared to have per- 

tormc! their fvncti’m 8atrsfacWuily wltho;l’. 3Xhlbitip.y any pritnary StNCtural fallurea. 
4. Of the many one story rctnforced-concrete surface and semibaried structures ob- 

*erred, none were b&iv damaged. The only serioue structural iallures observed were conIined 
to wing wniis designed to retain portions of the fill on the semtburied structures. Exposed 
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steel beams and ptpfs attached to these structures were damaged and destroyed by overpres- 
sure8 of 11 psi and greater. 

5. Small butldlcgs covered with thin sheet metal over diagonal wood sheathlng generally 
wtthetood overpressures up to 5 and 6 pst. However, one structure of this type was observed 
badly damaged by an ovcrpressure of 4.5 psi. 

6. Lightly constructed wood-trame shacks apparently sheathed with corrugated metal and 
located in regions ~11th overpressures great;r than 4 PSI were completely destroyed. No strx- 
tures of this type were ohservcd m rrglons subjected to less than 4 psi overpressure. 

7. Palm trees were destroyed hf air-blast overpressures of 4 to 5 psi and greater, but 
none were destroyed by overprrssures less than 4 psi. 
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CtlAPTEi3 1 

INTRCDUCTiON 

1.1 PUFtPCSE 

The purpoee of thli report ts tci (1) record and lnterprct the results of the damage reeult- 
ing from shota King ;Incl Mike 01 0peratton Ivy at Enlwetok on a number of mlscel!hrc,our 
structures Incluct!:w. tne Greenhouse Army Test Structure 3.1.1 and (2) !c preen! a dyvmmic 
analysts of S!.x :lil;e 9.1.1 to determlnc the probable loadmg and establish correiatton wtth 
mcaaured blaer r;rraaures In the region near Structure 3.1.1. 

A general damage survey of all structures of interest at Enlwetok was mzde ;.I August 1953 
by T. 0. Stark of (Cc Office ci the Chlef of Engtneers and John S. Archer of the :idssachusetrs 
Instltu:e of T&x&o=&&_ Exce.pta from a letter report on this field trip wrrtteti by stark are 
fnctuded as Apper<u A of :h!s report. 

1.2 SCCPFI 

E d f 
The pertinent data and pbztogaphs obtaIned tn the field survey are iacludsa I> C’bap. 2 an@ 

Appendix B for Slructvre 3.1.1 and tn Chp. 3 for all other structures. 
A geaera! daz~;-r tw-veg of all structures other than X1.1 at the site wx5 m&de with the 

tnteutloa of correinrt,% ovvrpreasures with observed structurai damage. PiuXogr:;hlc evi- 
dence of the darn+ *As cbtalnd whenever possible, and detailed measuremexs were ma& Csi 

the damage where ac ~~Lyels of the structural behavior appeared practlxl. 

1.3 WSTORY 

With the exception of Struc:ar?,s 3 1.1 and 3.1.3, prsc!:rslly all bul:dings &served rt !h= 
stte were coostructti for the support of Operation Ivy. Structures 3.1.1 and 5.?.Y ..tre ~LJI- 
pleted tn 1951 DI test ctructurer uoder the sponsorship of the Office of the Chief o: i*‘~-,in~ere, 
Freprtment of ‘he Army, for Cpxattc . Greenhouse. Durmg the Greenhouse oper?!lon Struc- 
ture S.l.1 wae subjected to a peak reflected air-blast overpresfiure of about 30 pai as a re&t 
of shot Zasy, the atructureo test shot. Followmg an eatenslve damage surve* the struc:crc 
was paa’s subjected ta an air blast from snot U?m but Iroan a dtiierent dir .ct!or.. A less BX- 
tcnslve ciamage survey was rnzde after tkiS sLt eir__ ** the orlen*Wlon of the biabt -save was 
r;rch that the air blaet caused leas damage than shot Easy (2 ihe frames L! tCie ?e;t atructurc 

A program of electron:e rnUrument&on of Srr%ture 3.1.1 ~8 prcp&sed by the Office of 
the Chief of Engineers Ior Operation Ivy but was not approved on the basis that thrb operation 
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was prfmarlly a weapons development test. As a result only two electromc pressure gages 
were mounted on Structure 3.1.1. A program of trwsient rksplr:ement instrumentat~cn would 
have materially assisted in coxeiatmg the analysis w!th the measured results. 

Prior to Operation Ivy In the fail oi 1952, a . epresentatI;z of the OfOce of the Chief of 
Engineers, Department of the Army, Yl.%ted the site and supervfsed extensive phorography 01 
Structure 3.1.1 as well as other strxtures of interest. Fo!Ioarlng the compleUon VI Operalion 
Ivy the damage survey by S&ark azd Archer was undertaken. 

t 
i 
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CHAFTER 2 

DAMAGE SURVEY AND ANALWS OF STRUCTURE 3.1.1 

2.1 GENERAL 

Structure X1.1, the Green.L.ocrec Army Test Buldtng, was the only structure exnmtned at 
the alte of Gperatfon Ivy which had teen constructed for the exclustve purpose of measurmg 
the effect of rlr blast from nuclear weapons on surface structuree. This structure hap1 & to 
be located at a range from Ground Zero of uhot M&e* of Gperatlon Ivy such that the dan~gc 
caused by the air blart was wltnu hnite suitable for a dynamic analysis. In addrtlon, complete 
ptans were availnde for :’ e structure. and damage survey notes Y ere rvaitabble for the previous 
nuclear ehots which had damaged the structure. 

The magr&Ae of tne air-h!ast wave for ahot MJke of Operation Ivy at the location of 
Structurt 3.1.1 wan not known ;ollablp, alt!nugh a number of neaauremente of air-blasr over- 
prereureu were made at various dmsancee from Ground Zero.* Therefore an estimate of the 
actual a:r-blast pressure at Structure 3.1.1 can &et be cObtamed by ayndmlc anaJynes of 
BulldJngr 2 and 3 of thfr at.ucture. Vmrioue levels of atr-blast overt;reasure are assumed, 
and the response in computed uamg methodn of analysis which have been developed.‘*r-’ A 
comparlaon of the computed reopotue for the ~rrioue ae.su.ned Ieve;., of :.Ii-tlast overpressure 
slth the ZctuaJ va!ues of permanent deflectlon mcaeured III the flelu suriey I?& to an eatl- 
mate of tt;c prokble atr-blaot overpreesure at the !ocaticn of S:ruckre 3.1.1. 

The field survey meaauremcnts and photcgraphe of Structure 3.t.l are presented in Sec. 
2.2. The Cpam:c naly~ee of Y~ildmgs 2 and 3 are prcaented rn Set 2.:. 

2.2 EIJRVKY 2dEA&rBFIIIENTs ANn REfWLTS 

Tbc dsmage 6urvey measurtmento WI& al!+. Oporatlan Ivy c.on5!sted ln ea;!rr!or-Ml- 
offset meaouremezittr. coiu~~- _ .s-. _ - A* -* y*ssurements, anti tcof-elevation met~uremem~ . i:* A- 

dttton, gener-aJ cbbehatioue an3 ;hotographs wert made of the dtructure whlcn :‘. &cvm &a- 
grammatically tn Fig. 2.l, Stnce no bench mark.9 or ftxed Wints were available uoon which to 
base the mrasuremcnts, only reiatl e horizontal and vlrtlcal displacements of the structure 
were obtatlf d. 

The pre-Ivy conditioa of S:ructure 31.1 was determtned from znrvey notes and pb-&graphs 
obtatned foiiowing shot8 zany and Item of Gperatiof! CirQQnhmbQ’-*’ 21-d corn the pretcat VI& 

made t!y a representative of the Office of t:.z Chief of Zngtaeeta tn thQ fall o! 1952. 
A Crecrtption of the post-ivy Wage survtr uld rcrrul!e is presented in the foJlowL?q 

rectlons. 

*Shot King of_Operrtion Ivy produced air blast overpressures at Structure 3.1.1 of such a 
low magnitude tkt no meatirable damage occuved from this shot. 
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2.2.1 Exterior-wall-olfset Measurements 

The exterior-wall-offset measurements were made by establishing tines of sight approxi- 
mately parallel with the walls of Structure X1.1, using a surveyor’s transit. Each Ime of sight 
deftned a vertical plane located about 1 f! from the face of a wall. Offset measurements were 
mrde perpendicular from each vertJca1 plane to the sur\ey pomte located tn the walls (Fig. 
2.2). The location of the survey points ts shown in Fig. 2.3. The posttion of each pomt relailve 
to a verttcal plane through the base pomt wi 1 then determined ‘Jy the dIf.erence In the offsel 

‘table 2.1--YUM.HAhY OF EXTERIOR-WALL-OFFSET AND COLUMN-OFFSET MEAS~IRFMCNIS 
--. 

Average horuontel dleplaccment Columr-offset 

Bldg. FfOOr 
rclawe lo lax+. II mea~utcmenta,~ It 

NO. 1e\e1 I\T’ Grcenhouset TO(al Per story TOtal 

1 second 0.00 0.00 0.00 
Third 0.00 0.01 0.01 
Roof -0.01 i 0.02 0.01 

2 second 0.08 0.W 0.14 0.10 0.10 
Thrrd 0.14 0.18 0.32 0.24 0.34 

Roof 0.32 0.32 0.84 0.24 0.511 

3 Sexno C.J” n.o( 0.11 0.13 0.13 
Third O.?O O.i3 0.33 0.16 0.31 
Roof 0.34 0.26 0.00 6.21 0.52 

4 ScCMld O.&U 0.01 0.01 
Thlld 0.00 0.01 0.01 
Roof -0.015 0.01 0.00 

5 Second 3.14 0.03 U.23 0.22 ^ .- “.‘L 
Third 0.20 ’ 0.14 0.34 0.11 0.33 
itnot 0.38 0.24 0.r - 0.21 0.54 

6 senord 0.02 0.03 0.03 
Third 0.06 0.07 O.lC 
&xl& 0.12 0.06 0.16 

? Second 0.“3 0.01 0.04 
Third -0.05t 0.01 -0.041 
Roof -0 ret 0.01 -0.055 

_ .--_-- I _-_ -_ 

*AVerqe CJ !WaArements In t%?c. 8.1. 
tAverrgc of rn~bsuremcnts in reference 10. 
3Average oi =xnaurements m See. t3.2. 
~:i,~g&ve +n xdkntes motion tows-d ‘_WY ’ :‘cru. 

distance6 to the two polnt6. C!.xngaa in the relative poslttons of the survey potnta sere C?~GUIM 

by comparison wtth earlier surveys. T!!is tdormatlon 1s summarir.ed m Tabie 2.1, an,J the 

complete data are cantatned In Sec. 8.1. 

2.2.2 Column-offset Measurement6 

The column-offset neaeuremente lo: Butldirgs 2. 3, 5. and 6 were inA& by JargJng a 
plumb kb from the ceiltng in each story adjacent to the trint or rear of :he LO!UL~*~~ on tint 

floor. Hortzontal-offset measureme,lts were made from rhe !.!umb lioe to the to;, sod bottom 
of the a&acent face of each coiumn (F&g. 2.4). The relative permanent distortion of each ‘.’ Ii* 
umn in a horrzontat direction was determmed from the dtfference of the offsets at the top and 
bottom of the column The column deformatton thus obtained is approrimately the total her!- 
eontal deformatron of tho frame of the structure caused by all the blast tests perfo:med In the 

16 

SECRET - RESTRICTED 2ATA 



vicinity of Structure X1.1. Thus the column-offset measurementa served as a check on the 
total lateral structural deformatton obtained from tne eatertor-wzll-survey po,ht meaaure- 
merits. The results of the column-motion measurements are aummarI:ed ln Table 2.1. The 
complete data are contalned In Sec. 8.2. 

2.2.3 Roof-elevation Meaauremente 

A level survey wae made on the roof of Structure 3.1.1 to determ:ne the elevation of all 
the roof survey points relative to a commnn horlzon’& pizne. The elevatlona of these polnta 

were related to previous level surveys by aesummg tkt the avenge elevetton of the four 

Tlb1e 22-- SUhlblARY OF ROOF-ELEVATION CHANCES 

Total no. of 
usable survey 

nMlK. point nIfPSUrl?- 
Number of polnts s.Mwlng lndlcelr4 chnnae In elevrllon 

No; merits’ -0.12 II -0.09 It, -0.06 It -0.03 II -0.c2 rt -0.01 I1 0 It 

I 41 0 u 0 0 6 0 19 
2 35 0 0 0 1 5 6 1s 
3 35 II 0 0 0 0 1 0 
4 4s 1 1 1 2 2 7 33 
5 31 0 0 0 0 0 0 0 
(I 35 0 0 0 1 5 It II 
7 4a 0 0 0 0 2 16 u 

Total no. cf 
usanti survey 

Bldg. polzll r.,e*Wre- 
Number of potnts shor:ng lndicued chara In rlrva(lon 

No, menta* +o.o11t +o.ozn .OAQR *OJMft +o.Gjft l o.(ttir 
_~._~ _~~~~ ~~ ~~ 

1 47 2s 2 6 0 0 0 

2 95 8 1 0 0 0 0 
3 35 4 a 13 6 2 1 
4 43 1 0 I 3 6 0 
5 3). 0 5 13 a 0 1 
6 3s 2 0 0 0 D I.! 
7 40 11 1 0 0 0 0 

-__---.- 

l see sec. 8.3. 

corner pot&s 02 Ei~tldl~ 4 did not change. P1:ese @ate were se&ted ae tSe pAr.s upon 
which to base the elevations tx4usr4 2: + .he massiveness 3.73. extreme rigid<::_ of Buildq 1. 

The resuttlng eievatlons of otttee. wo!nts on the roof of Structure Lt.1 seem KJ YY: .;y the rea- 
sonableness of this iasumption. Oa thle basis the change In -I= ation cf each roof curv.cy pint 
as a result of Operation Ivy was car gitcd. A summary cl the ieuuRk< c:cvaticn c>x--- SC* :a 

given la Table 2.2. A sketch of t:.e <-age to the rod of Burlcin(~ 4 is given In Fig. 2.5. The 
complete data are contatned in Sec. B.S. 

2.2.4 General Observatlcns and Photcxga~b 

The damatre to Structure Xi.1 caused by shot M&e of GpcrrtIon Ivy @as of the same order 
of magnitude as that caused by shot Easy of Operation Greenhouse. Figures 2.9 and 2.19 are 
poztteet vtew6 of the front and back of tne structure. 

(a) E~f&ng 1. The panels of Building 1 sustained only slight damage due to air blast. A 
few afitional haircrachs were discovered in the back of some panels. hut no additional major 
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Rtructurai damage was 31ecerned. See FIRS. 2.6 to 2.8 for pretest views and Fige. 2.9 and 2.10 
for go&test vlews. 

(b) Building 2. The back-wall corrugated metal sheath@ cn Bu~ldmg 2 was deflected in- 
ward between supportmg beams. The large deflection of the sheathing caused the gtrt flanges 
to become dlslorted and tartsted. ‘KY bulldlng was obviously deflected away fmm the blast, 
but the maln supportmg steel columns remalned undamaged except for plast!c rotation of their 

. 

ends. The roof was undamaged. See Figs. 2.;1 and 2.12 ior pretest v?ewn and Flge. 2.13 and 
2.14 for posttest YIews. 

(C) Euildin~ ,?. Building 2 was deflected away from the blast in a manner slmliar lo 
BuildMg 2. The concrete cclumns were Lracketi and epalled at the toy and bottom owing to 
PlaStlC hinge actlon. The roof was eYSenllaliy undamaged. Pretest Chotqraphs are shown in 
Figs. 2.15 and 2.16; the only posttest vteur available are In Figs. 2.9, 2.10, and 2.13. 

:d) B?ti!dzn~* 1. Bullding 4 was undamageC vlth the exceytioc of the roof. Large cracka 
were opened In the roof slabs adlacent to the ehrar walls and roof girders. 01 the underslde 
of the roof these cracks appear to be located along the enda of reInforcing bra p!aced in the 
bottom Of the roof slab aud lermtnatmg about 9.3 in. from ual:s and girders. These bars are 
oriented normal to tha shear walls. The roof cracks orlgfrsted in Operation Greeehcuse !ol- 
low@ the Iterr: shct and were wtdened by Operation Ivy. Several lnrerlor views ,I! Rullding 4 
are glvcn In Figs. 2.18 to 2.26. Eateslor views of Bul!dlng 4 are shown In Figs. 2.9, ~10, 2.17, 
2.29, and 2.34. 

(e) Bu~lritng 5. The rear wall of Butldlng 9. which had been badly damared by the Easy 
shti of OperalIon Greenhousr, was destroyed by OperalIon Ivy. The wall s.ll;, was ae!rched at 
Ihe roof and floor levels and rotateo abou: t>- top of the fooling until It lay ~IAI c?. the ground 
at the rear of the structure. Except ‘or Ihe Ia:eral deflectton of the struct!Ul -, r.o ad&tlonal 
damage WJB noted. Pretest views c. Bu!ldbg 5 are gives In Figs. 2.27 ana ;.?I, and posttest 
views are given In Fqs. 2.26 iO 221. 

(0 Btildiqs 6 md 7. Butidk3r d and 5 received no apparent damaqe bcyo~~ th?t observed 
In previous operations. Pretest and ;xit&st News of these buUdingP,n arr corlt~lr.c* in Flge. 
2.32 to 2.38. 

2.3 DYNAMIC ANALYSIS 0” BTRUCTt&?E 3.1.1 

2.3.1 Introduction 

Section 2.3 derla ~1~:. ii.e .;neral fcalurer c! the analysis of Bu!:oinga Z a.,: 3 3 Ztruc- 
ture 3.1.1. Attention IS glvcn to the over-ail struc:ural ccmfquratlon, the fa&.~..er~ll load vs 
::me variations, and the baelc conceptu rued 17 1l;rn:ulate ano Wlve the eqiut~cce *A motion. 
Mettods for eq.%uatmg rr’;hrnd md oetcrmlntng frz-i* -< :!z+a~tcrb are ady:ed ou the bas:s of 

an investigation of data Iron Cpe,atlGa Greochruuc. The resultr ti! !hr v~J&~Ii znl’yaee are 
presented &I graphIcal form. 

2.3.2 Structural Propertie 

BulldIng 2 Is a three-story steel-framt structure, one bay wide Rnd Wee bays long. The 
structural frame consists of two rigid trames constructed of filandarl ro!ied sections through- 
out. Welded Connectionm a:e used (0 ensure contliluW+ at all the joInta <: 1:re fnrr . The *oaf 
and floors are ape-way reinforced-concrete slabs b:-.nning betweea :rarzes. Steel V-helm 
sheet!ng 1s used as tht coverlcg materill fur the flont ar.d rear face% The V-L;-.aJ1 la sup- 
ported ML girts of standard rolled beetions which span be!wc?n flo+rs. Detailed skstchea of 
Building 2 are shown in Figs. 2.39 to 2.41. 

BulldIng 3 1s a three-story relnforced-concrete frame structure, one bly w!dc ahd three 
bays long. The rooi and floors are one-say reinforced-concrete slabs spamung between 
frames. The front .nd rear ficea are one-way relnforcrd-concrete dabs spanning vertically 

10 

SECRi3 - RESTRICTED DATA 



and are continuous over the entire height of the structure. Detailaci sketches O; Building 3 are 
shown in Figs. 2.42 to 2.44. 

The analyses of Buildings 2 and 3 were carried out by using certain basic material prop- 
erties. These properties with snme modification are an average ot those used by Ammann and 
Wnitney in their etudy of the behavior of these structures during Operation Greenhouse.” The 
actual values of the pertment quantitlen are presented In Table D-6. 

2.3.3 Loading 

Structure 3.1.1 %as located in the region uf h&oh reflection for bhUt l&kc of Ope:r&icn 1;j. 
The following overpressure v6 time variations for windowless structures located in the region 
Of irregular reflection ohtained from reference 1 were used to compute the loadmgs for the 
analysis of the stricture. A more complclo dlscusgion of the theoretical and empirical basis 
for these methods of load determinatton is contained in reference 1. 

‘The air-blast wave in the vicinity of Structure 3.1.1 may be approximated as shows In 
Fig. 2.45. The variations in front, rear, and roof pressures with time are shown in Figs. 2.46 
to 2.46, respectively. 

The nomenclature ami relations used in Ilgures are: 
co = velocity of ?ound in undisturbed alr 

crep = velocitv of sound intJt=eflected region 
= 4i2 ~66~’ + 38( - 5111.6, where .f = 1 + (P,,/14.7) 

h’ = clearmg he:yht, taken as the full height of the front face or half its width, uhichever 
is emaller 

L = length of the structure in directlon of propagation of blxst wave 
L’ = distance along oati roaf in direction of piopagation of blast wave to point at which 

local roJ “verpressure is bemg calculated 
P, = maxlrnum incident free-air overpressure 

Pa = free-air overpressure at any time t (Fig. 2.451 
P refl = reflected overpressure produced by the impingement of a plane shocK 07 a plane 

surface 
= 2P,, ((1X.3 + 4P,,)/(102.9 + P,,) 

q = dynamic pressure at any time t 
= q,ll - (t/t,)]e-aJt/b 

‘b = peak dynamtc pressure generated by blast wave 
to = dura;fon cf wrilive phase of blast wave 

t = time, measured from motant blaet wave impinges up00 surface ccmp; .-czsrdered 
1, = time required to clear a surface of difraction eifcc?* 

= (fh’/c,enl 
?I, : velocity oi propagation of shock front 

The bas:c data fr*r the loadings on StrurWe q 1.1 are :&ken from reference 2. Tile curvca 
of maximum free-air overpressure vs distance and durati*n of positive p’laSe vs diziznre for 
shot hflke of 0prr:ion Ivy are raprod~ccu rn Figs. 2.49 ai.- _. ’ .J 3, re9pectivr.y. The fact tndt 

Structure 3.1.1 was oblique to tbe shock from shot Mlke af Operation ivy was not cdr.sidered 
eignlficant and was neglected because the angle of incidence was small (see Fig. 2.51). 

An alternate variatton in front-fa_e overpressure was inverdigsted. This variation, which 
includes a ftnite tlme of rise, is shown in Fig. 2.5 2. No attempt was made to modify the rep r- 
face aid roof loads to include the rise time because rta effect os Fke Ioadii~* would nrjt sign:fi- 
camly changt the structural response. The magmtude of the tutu d rise ‘.a.8 bn5S on the 
phenomwa recorded at the site durmg Operation Grtcnhouse. 

2.3.4 Analysis 

The idealized system used to approximate tiie behavior 01 fInSdings 2 and 3 1% uhown in 
Fig. 2.53. The multi-c&tree-of-freedom actual system is replaced by 2 system hav~w nine 

independent coordinates. One coordinate Is used to describe the motion of eacn floor mass, 
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and one coordinate defmes the motion relollve to the floors of the wail slab between Coors for 
each story of both the front and rear faces. The positive direction of motion is as dhc’&n la 

Fig. 2.53. 
The details of construction of Bullding 2 make it possible to reduce the analysis of this 

structure to a consideration of a three-Lcgree-of-freedom system by neglecting the eifert of 
the front and rear faces. The basts for this approach is presented in Appendix E. The analysis 
of Building 3 LS compltcated by the continuous constructton of the front and rear faces. This 
detail makes it necessary to include the fro.lt- and rear-wall motion because these elements 
signifm?ntly aid the frame In reststing the horizontal motion of the floors. 

The approach e‘npioyed m thts report :s based on the prmclple of conservatron uf energy. 
There aie only three basic quantities to be considered m thle method. These are (1) the po- 
tenttal energy of the external loads, (2) the strain energy stored tn the various reslstlng ele- 
ments, and (3) the kinetic energy aesocclared wrth the motton of the varloui masses. 

The evaluation of the three baste energy terms is accompllshed by standard relations DE 
shown In Appendix C. The fundamental equation which relates kinetic energy, strain energy, 
and the potential energy of the external load for any coordmate y, la given tn Eq. 2.1. 

d a(KE) 

I I 

JCKE) a(PE) _--i-_-+-s- aA 

dt 3Y, 8Ym 3Y, 2Y, 
(3.1) 

where KE = total kinetic energy of the system 
PE = total potential energy of the system 
We = potential energy of all external loads 

grn = first derivative of y,.,, with respect tot 

Equation 2.1 1s written for each coordinate of the system so that an equation of motion Is ub- 
tamed for each independent coordin? .e. Thm relation is known as the Lagran&! form of the 
differential equation of motion.” 

The detatled compuW1or.s n! ____ A*nec*+--% for narttcular loads are accomplished by a nu- 
merical method of analyam called the “Accelera’;an Impulse Extrapolation Method.” Thts 
method is rigorously presented in reference 4. The basic recurrence formula relatrng three 
successive displaceme.tts separated by a time Interval At Is 

P It*1 
= 2>, - y,_, + y,, At? 

The degree of accuracy obtained with thle procedure ts a !urz:lon of the lc~lgtl: of the ttme 
Interval. 

For time intervals short in relation to the natural frequency of the elemnn?, the error is 

small. 
A detailed derivation of the equatIona yo:‘ernlr;: tnc behrvlor of Put!dtngs 2 and 3 !S 

presented in Ap@~itr. C. The con.putatlonr of reepcxw nf tlwei, b’ructurci to the VariUUS 

loading conditions are presented in Appw4lx E. 

2.3.3 Evaluatton of Rebound 

The maximum displacement of pny sleme-? Is ubbtned from !b numerical &yrir of the 
dynamtc response. The only deflectlcn records available for Wdiags Z ad S for shot Mike 
of Operation Ivy are the permanent displacements. In order to oUafn the permanent displace- 
ment of an element from the dynamic analgols. It !s MC&~ to r-e thd rr.zst- dm deflec- 
rion b, the amount of recovery to be expected. The computed recovery (or rzbcund) Is obtained 
by divtding the reststance at the time of maximum deflection by the elastic sp:tig constant. k. 
The Greenhouse data and the numcrkal analysis k~r Greenh-uM prc_senJcd tn Appendix E are 
examined to determine the \-didltp of this rebound corr~~tioh 

The maximum relative deflection and final reIat:ve d&ectlon of ench of the three stories 
of Building 2 as recorded for Operation Gtfenhouse are pr ezzted In Table 2.3. The computed 
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values of maxtmum relative displacement and flnal relattve dte@cemcnt from the dynamic 
analysis of Building 2 for the condItiona of Operation Greenhouse are also presented tn Table 
2.3. A compartson of the recorded end computed rebound for Butldlng 2 showr that the com- 
puted rebound 18 generally smaller ~CUI the actual. 

Owtng to the discrepancy between computed and actual rewund at Greenhouse, an emptrl- 
cal approach la used to evaluate the amount of recovery. The fInal permanent deflections for 
rhot Mlhe of Gperatlon Ivy are ob rind by eubtractlng the actual rebound obae;ved durtng 

Tale LJ-cOMPARI5i3H OF RECORDED *vu COXPLIIED OCY‘ECnoNB FOR 
BUlLDIN 2 AT OPPRM’ION CIRELti’XOLSL 

_-- 
Yulmum uory clnrl uory Rebound. n 

d4nMh. n den-, n Plr* second Third 
r$ Yt -Y, Yl -Y* Y! It - II I, - R pn?y *or* ‘loI), 

-_ 
Recwded 0.1s 0.403 o.a?z 0.060 O.lM 0.140 0.075 o.m3 n.121 
COCtplti 0.133 0.417 0.256 0.0% 0.2e.s 0.152 0.074 0.1% O.LW 

-w_- 

‘Tat& 2.4-COMPUTED XAXIMJY RELATIVE DElLECTiONS. SiOT HIKE, 
OPERATION IVY. B~ILBING 2 

MaxImum relative defleetka for 0-bzc Yulmum relstlw dcflecllrm lor 0.018-kxc 
“tn. Of rtL1. n “me 04 ribs. R 

Onrprerun Flrstmto~SecodakxyT8inlsLor(orl nrst aary &Ca%d *r, ThlrlJ uory 

Wd. Pa Y* YI -n 11-n II h - h YI - Ya 

6 0.041 0.081 0.1% 
IO O&b4 O.ltu 0.252 0.055 0.1% 0.246 
1% E.OwJ 0.3ltl 0.7.97 0.087 0.323 0.282 
13 0.113 0387 0.316 0.116 ‘.x87 0.281 
I4 0.165 0.M 0.524 0.176 6.447 0.305 
16 0.256 0.525 0.361 0.W 0.533 0.523 
17 0.5ld 0.129 O..lS 0.531 0.71% 0.327 
!9 1.170 0.721 0.4% 

- 

Operatlan Grecnhouee (Table 2.3) from the computed maximum dlsplacementa of the var:ous 
anaJysce. The rerulttng permrnent deflections obiatned are ctnsidcre? to Se the most rea- 
ronlbiu that can be esttmated at the present time. 

A wrlce of pl!?t RCI~~IN?CII was performed on Buhdiq 2 ualag the ra;os& obtalned from 
Operation Greenhouse. These analyses were ulsed ;o det~rmfne the teststance vtiues for Use 
columns of the bulkting which xzuld iI-0 the best approximtion to the drEc-,tia reccrfb of 
Operation GrceAouse. The l pprcach 8dopted was to vary the hblght oi cokn~;~ b::.wecn pla6tlc 
htnger. The recorded a& comptted dtquacement VI) ttme curves for the relative defierttoa of 
each of the three Btorfes of Bu!:!dlq 2 are presented in r’tgr 2.54 to 2.56. The compu?rd 
curves repread tho best agreement obtained from the several anaiysee performed. The re- 
rtntanccr were obtatned ustng the cohunn heights a# 11&d on tie f!gxrer. The computatlona 
for these analyses are tnckaded In Appendtx E. 

Fowteen loadtng casea were tnve6ttgaAi for !?uflding t, u tudlrated in TaIAes 2.4 and 
2.5, under the condrttons of shot tdtxe of Operation Iq. The effective coiunan heights in:or- 
preted from the Greenhouee data were u8ed in t% Jetermtnxtlon of the rMntnnce values for 
these analyses. Eight values of overpressure with an tnatantar.aou.s time of rise were con- 
rldered. These analyses define the varlattioa of maximum response with overpreeaure for the 
complete range of yteldmg to failure. Sia additiclul analyses were performed Incorporating a 
ttme of rlee of IS msec tn the front-face loading. These elx analyses were used to ehow the 

21 

SECRET - WESTRlCTED DATA 



effect of rtse tlme ln the range of overpressures whkb bracket the preraure experienced by 
Duiidiq 1 during SW bflke of Operatlor. Ivy. 

The resulta cf the varlour anatyeer for Bulldlng 2 are pre#ented in Tables 2.4 and 3.5. 
The curves of Iti deflectlon VI peak lncldent dree-air ovcrprermue and the recorded 

valuer of fInal delktlon for Bufldlng 2 are ehown tn Figs. 2.57 to 2.59. The range of posoiblr 
overprerauree eatsting at the alte for cihot Mike of Operatlcm ivy la determtned by a commrl- 
non of the computed and recorded Itnat CL *ctlosa. 

T&k %5-COUPVTED flVAL RLIATIVII D1.?LFcTCRLI. RlKn YIIR. 
OPCiUTY)N IW. OIJILDlr(C 2 
__- 

flM.l ICIBlI.C &flcctlue (or O-UC flul mwln dc(I.c?im lar O.Ot.-~ 
“ma 01 IIV. n *am9 01 nu. n 

O*WQt.CMWe flru ODry secmd nary ‘IbIrd do,f flrddorf nudmaq Mcdstoq 

(P, I. “11 YI >, - II II - VI 11 71 - 7, YS - It 
.- 

(I 0 0 0 

LO 0 ,O 0.130 0 0 0.114 
12 0.016 0.036 0.175 0.012 0.040 O.I60 
13 0.138 0.104 O.l!M 0.040 0.114 0.166 
14 0.0 0.206 O.IOI OJOJ 0.164 0.163 
I5 0.151 0.243 0.X7* 0.166 0.250 0.201 
I7 0.441 0.44b 0.2.W 0.467 0.03 0.206 
IU 1.066 0.436 0.306 

T&G 2.6-h!.~.,a.‘W AND fINAL DEFLECTIOKT fO8 RVILDINC 3 
--_~ -____ 

P, 13 14 P* If 14 P” 11 I4 

Y,: I! -YI: Yl - I:: 
Mulmum 0.32, 0.430 Uulmum 0.401 0.411 blulmum 0.176 0.146 
fwknlnd 0.163 0.103 RFbound O.ZLI 0.11” Iicbwnd O.ZlO 0,210 
Com,Urd lllul 0.156 0.267 ComputedlId 0.165 @.I*3 ComplVdfId 0 n 
5lc.atred Imal o.vro J.0,” L(c.wn* final OS,50 0.130 L(rwured llnd 0.140 a,40 

-- --------- - 

The tiynca of Buildtnp 3 were used merely aa a check of the rerultr obtained from 
Buildmg 2. Only two overprteeuree wlth lnatantaneou~ rlee tlme were lzvestlgatcd for t!k!n 
rrtructltre. The ddkdc ZI.%LU~ of the ~.alysrr made a greater number of invetiigaliono :u- 
practical. The realatancc V*!WI were obtnlned u&g column heights babe:! on the r%~l+rr CJI 
the correlation cd the Greenbouae anaiyecs of-Bulhlkig 2. The resultr of the two Vutyees ot 
BuWng 3 are presented tn Table 2.0. 

A stucij oi ;Lc ccmputen asr*rnurn relatlve deflec+lr+~‘r (TabIt. L4), the final def!ecrW PI) 
overpresaure curve6 (Figs. 2.57 to 2.58), and the final rc!atlve dr!l*ct:oae !Tah!c 1.5) det+:- 
mined for Building 2 lead to the conc:us~~n UUC 3e ma%lmum al: -bltst ovcrpresc@z in the 
vlclnlly of Structure 2.1.1 ww Meen 12 and 14 prl. Very little dlflerence 16 obt&M 15 LX 
etructural response computed with a zero time of rlee and wtth a rise time ~1 18 m8ec. In 
view of the uncertainty regarding factors VALI as the effectWe masr of the superlmpcsed dead 
load and other approxlmatlons used ln lhe load computations, It ta estimated that a time cf rise 
of the magnitude us4 in thla analysle may be neglected wlUmut graatly affekng th. structural 
rerpcrsee. It may therefore be concluded Out one cannot determine a8 a result tl Lhe analyels 
of this structure whether a elgniflcant time of rlbe wae prsknt ln the air ‘il~A or got. 

The compartson of the maximum and final computed deflectfonr VL the me&a! t-d fmti de- 
flections for Bulldtng 2 (Table 2.6) mdicates that a maxlrriJm air-blat% sxrpreseure of i2 cr 
13 pal would have caused the observed structural deformatloh The analy6es Gf Bui!dkg 3 Ir.- 
volve a i&her degree of uncertainty than those for Bullding 2 because of the ptructurlf rehoJad 
a88umptlon and the streng+Jz properties of relnforced concrete columns. 
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NOTES: 
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NC 1MO. dated 10 May 1950. 

Fig. 2.3 -Laxsoo of turcy polott oo SUuclW 3.1.1. 
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Fig. 2.13-Partett. from of BulldIng, 1. 2. and 3. 

Fig. 2.14-Porttest. teat of Bulldhng 2. 
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F*g. 2.20-Pomm. su11~10~ 4. 1ntcrlw view of roof crack. Same 1ocaCion as Fig. 2.iS (IWklng 

towafd reu wall). 
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Pig. 2.21-FreteW. Bullding 4. lnterloc vleW of roof Crack rdjrctat W ))Yc‘ wd m w 5 

ride (lwkcg toward rear wall). 

Fig. 2.~-~tw,s(. Butldlnng 4, lnterla view of roof crack. Same bXtlott as F@. 2.21. 
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Cl& ?.ZI-buau. Butkdta~ 4. ~nccrla view d rd crack. SAUH lcuria~ 81 Fig. 2.21 fkdu~g 
LOwAla from *r:i1. 
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SLCl!@M x-x ! Lp 

Pkg. :.?3--~rxnrwraa tilon through frame d Bullding 3. 
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z.U-Second-f:.mr third-floor. and rmf v:ans of Buildmn 3. 
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CHAPTER 2 

WMAGE SURVEY OF N\ISCEllANEOUS STRUCTURES 

1.1 GENERAL 

i?ecaue* there were two kromlc burrtrrl &!fercalpolnte laD*raUon :~.tJtere nsan 
overlay d Um ah-blast rlfcctr at some iocatlone. la WC l CI#I the bl#t-wave overprcseurce 
from 008 shot were liwgnUlcant compared to the ovwprcrrwes from lh!r diaer ehol. In ulcw 
cwea It ma amzrcnt ‘?a: the larger owrprerwrc ~wc~d t* 9beervrl r*~~qe. At other lo- 
catlohs Uis orerpreuszree from boii~botswereirl!!~ hune oi&ru( m+-~~;d*:mthescc~eeo 
the &served &mz.gc wculd probably nol have been caused by thr cbeerrcd otsrprecaure from 
only one of the r!xSb lie L;lbkllcn af the cbscnrd &uchtrrl damagr , TnblC 3 1, 11618 the 
dlstuuce of rxh elructwc from t!e Ground Zersr fur both the AGke a%? iQg &ots wllb the 
correqwdz~ air-bfas: orerpreccnrre for each. A brief detirrip!~a cd L’.? ~tr~!‘Iure and the 
J1Ina@ CaUsed to If 15 ‘!SO grvcn. along x::h relcwncc!r IO the ptxl:.~t;.Ca$tr aJ%d FiUZ. 

Ti,c :ai;rticu d Us euuchm6 with respect lo U-be ur~3a.l Zero* f3r the two atomic burate 
vere cbUined !rom maw ln reference 11. In “nr* v caeee Uie locate 2 the tirrlcture on the 
map wae oat gtrcn aad had to be esUmatcd ‘!%e over~rcmnuee cower- XI Uxe dlrun.,r 
&ue determIned were oWlned from 0vcr;rrzreure curvee lo reference 0. 
. A summary d pneral damzgr oorrtatior made aa a rtsull Ji the damage ewrey lo con- 

talned to sec. 9.2. 

2.2 GUMLIARY OF CROSS-DAMAGE OBSERVATIONB 

T?te gross damage observed at variw8 polalm caused by rbtitr MIkt and King of Operation 
Ivy may be mimmariud ae followa: 

1. AU rrrnforced-concrete eemlburied lnstrumentatl~,n tieKerr emued to have per- 
formed Lbelr IuncUoo salldaclor~lp vithout exhlbiung any primary atructurti iallures. 

2. Of the n;rny me-s:org reinforced-concrete surface and semiburled structurea observed, 
none were badly damag4. The only sermu8 structural lalluree obrerred wre conflned to wing 

SECRET - RESTRICTED DATR 



~11s designed ta retain portions of the ftll on Ihe nemtburled struclurer. ‘rh&e structuf~~ 

were wposed to ovcrprrreurc6 al I1 psi and greater. 
3. Small butldtngs covered with thin bhe-t meLal wer dlayotul ocod shea:ntng generally 

vlthtilcad ovcryreaaurer up to 5 and 6 psi. However, one rlruclure d this lype WAS obdcrvcd 
ba&p damaged by an ovfrprcssurc of 4 ! ;st. 

4. tightly cunulructed w@d-lr-me ttharks apparently Jleathcd onty rrth r0rruu.att-d mcut 
rnd Iocatrd tn rcgwnr wth overpreasurts grratrr r.han 4 pal uerc c~~ntpl~~tely d~bIr~:cd. ti0 

sfmcturea GI MY ~y(w arm observed in rcg:onr rubycted lo lrss ttun 4 psi wcryrrbsure. 
5. Palm lrcer acre derlmyed by atr-blrrt overprerrurrr of 4 lti 5 psi md &Yrrler. but 

hfjtw were destroyed by overpressure* Lrsr than 4 pat. 
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FQ, ).4G-_Pornr~f. gmefrtos cd KJU bla*o 10 II from 1I0r of *lm!ng I)uch. CJIWJ hclng 
L41)re Ground Zero. Resnue level,: Mkt. 12 ~1: KQ. 3.5 pd. 
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Fig. X43-Potnert. dte of lightly constructed tlmhg rhxk cn Lucy. Stxh was ccmpleuly de- 

mall&d by ii? blat. heuu~c levels: Mike. 9.4 pi; Kiog. 3.55 pi. 

Fig. X50-Posacn. tbermrl rutim aa und bu between Lucy end Mary. Mike Grc; .d Zero to 

right of CUIXII. Hate flattening cf 3~. of ~.xnd portions ;nd the scorched ~muce 

of 0minum. Reuwe levels: Mike. 7.1 psi: King, 2.6 *i. 
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Fig. S.oi-Ponttw. thermal sutlon m und bar bcween Lurj 884 Mary. 5i&a Grou3~ 7.~~0 10 
left d czar. Nom damaged rear prtlom of IUUCIICC. ht;:str :cvcls: Mlk, 7.: 

ptl: King, 0.6 ~1. 
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PI& X64---Portten. Mary Mth Crwnd Zero to rlghc of CIIIKII. Note detao@ @ti.alp+‘blc 

.ouer rad numermrc rms11 wouden atruc~ufea. Rruurt levelt: Mike. 5.6 pi; Klap, 

0.7 pi. 

FQJ. S#iS-Porttot. Muy. M!k Chund 2~0 to left of CUUUI. Site 0fdeUrqcd time’: shwk 
DUI bra of pboto@rphic tau. Prenue kvch: M!kc. 5.6 pi: King. 0.: ;A. 
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Fig. 3.56--Foaces!. Mary. Frrlng rowud Mike Ground Zero. Note remmfnr of only uees Id1 on 
Island. Resswe levels: Mlke, 6.6 psi: King. 0.7 ~1. 
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PJ& %~.--F~vw& Vera. Notr t.& and vcpcndoa oa l&d 
KJD& 2.6 ywJ. 

Rene level% wJm. 2.0 pb 
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Fl& 3.62 -Fwrut. Wll!nL. ‘rllnln~ lhAck 81 bodl ad of umd. Klq Cd alo to krt of 
La:i::Ie. ncm deouged cod Jmluncd In 5 la, et but. lfcuun iwek: Mlh. 1.9 
psi: Khg. 4.3 ~1. 
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- It3 of camera. Reust leteh: Mike. F:& 3.‘?f~-Pretert, pier oo Yvonne. Kw Ground ZCIO 1. 

1.35 psi: King. 11 pd. 
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Fig. 3.74~-Ccnurl derrlh. Statian 307 w Yvonne. Rcuutc kveb: Mk. 1.’ ; id: iifq, 11 frt 
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Fig. 3.79-Rclcsr. ~.“a. lowcf on nath end of Bruce. Cherrl rlcr. Note mMfbe of COOEnU 
found~~~~ Pmwrc ievclr. M1k+.0.76 pl; King. 0.73 ,h!. 

Fig. 3.80-RnRnnat. camera lower on Wth end Of h~cc. V:m facing W&Y from ctO%ld ik0. 
Note undamaged aecrinbrckgrormd. Pfcuure kveh: Mt!~t.0.76 pl: Klag.0.73 
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f XISTINC iOYER DECK 

SECl!CXf AA 

rig. 3.88-_S~fion 809 on Mack. hcrfuf6 levelf: M&t. 2.5 pi: King. 0.W .:a~. 
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Fig. 3.89-Posnen. Stath 898 cm MA& Tlmlng shack cm we&en deck o! cc::::Ge pier !io 

blast drmrgr to structutc. Renwt leveh: Mike. 2 5 ~1: Kln!#. 0.73 ~1. 
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CHAPTER 4 

CONCLUSIONS 

The follo~r;.g ronrluslons can be drawn irom the damage survey performed for Operation 
IVY. 

1. The damage r~~talned by the various bulldIngs of Struc!ure 3.1.1 Jur to shot Wlke was 
as lollowa: The teal panel: 01 Dulldings 1 and 7 sustamed only slight additional damage due to 
air blast. The steel !rames 01 Lc!ldlng 2 suffered moderate plasttc dzformatlon, and the steel 
sheeting of !hc rear face WC* *11;(o:ted inward between @rts. The steei (rame and mdlng ~)f 
BulldIng 8 r .%.cl:*ed NJ apparent addlllonal damage. The concrete ItamQu of Buildtngs 5 and 5 

suffered %cderS.? ;!J&:c defurmatton. T%e rear wall cf Bulldirq 5 was Noen of! by the ;Lr 
blast. The shear ~11s of Bulldlng 4 were undamaged. ljowevor, !trga ctacka were opened in 

the roof *labs adjacent to the shear wMa and roof glrdess. The w2rprcciiiure wxi approxt- 
mately 14 pur. 

2. Structure 3.1.3 sufferW! no major strurtunl damage, ‘fi,e bias! Joors ‘were removed 
prior III the test. The wood frame dir lock, which was lelt 1~ p1;ce, \I.U destroyed bv the alp 
blast. The painted surface of the vent pipe was charred on the side IacinK Ground Zero. The 
gage overprcssurc was approximately 18 psi. 

3. All :rI?forcrd-ronrrete ncr&uriQd Inatrumcntation 6h~ltets atp>eard lo lsve p+~lura??d 

their luncthh? batL&iiorlly wlihout exh:Dltrng any p:rmrry s!rdc:araI lall~:r?s. 
4. Of the any c+e.etory rcinforred-concrrtc eurface r.n3 aemlburi:G &ructur.!s &sc;yti, 

none were badly dan&;r:. TIIIhr only 6er339 structural f3tiUrtF rmnrrrei wcw csnl~ii:d to vuq 
walls designed 1o retain porti@ns of tbe fill on the aem!bltr:ci btrirctures ir_~ciled stcc: bzamo 

and pipes attached tc thpse structr)res were d~tnaped xnd aeu!royed by ov@rprcda’rreP r,f ‘! ?s;, 
AWI g:reA!,I. 

5. Small buil&ngs covered vclth Thor sheet m?Lii c”ter -’ _ .;Oil;ll U-AA th%thifl~ ~encr*\ly 
wilbstoad overpressures up to 5 ana ij pst. However, O!:r acrtiiturr ot thw t]* ‘was Gwcrved 
badly dirmayctd by an overpressure of 4.3 psi. 

6. Lightly constructed wood frame shacks apparently anea!hd tvlfh col~iu~~i:~ mt.tai ..nd 
located rn regions with overprec. .res greater than 4 ~$1 vier? tompleteiy diiitrqcd. No :‘truc- 

tUres of this type were CbsQrveo 1.6 regions sub]er!e~ *n lezs ct.~n 4 pet Wcerpressure. 

7. Palm trees were destroyed by air-b:ast ovQrpressUr%s ul4 13 5 psi : ; gre?ter, but 
non+ were destroyed by overpressures less than 4 ps.1. 

From the resuils of the dynamic analysis 01 Str;rc%r Z.1.t prexnrcd Ln ‘AC. 2.6. the I:,: 

lowing conclustons cap be drawn: 

1. The free-ai: ovprpreeaure existing In the Wimlty of StruLture 3.1.1 fw btc: f&ke 01 
Operation Ivy was between 12 ar.d 14 psi. 

2. Yreesureu irreasured by :ke side-on Laffle D_ne at Sta:lon 611-01 on Engem were more 
reliable t&r. those measured bjr the Pitot-slatlc !*lbe cage a: the same stztlon. 

2. The eilect on structural response of rise tlme3 o! t* .,‘_ order of msgmtude investigated 
!S smal!. 
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APPENDIX A 

REPORT CJF XLD TRIP 

A.1 GENERAL 

T. 0. Stark of the OUlce of the Chle! of EngIneerr and John. C. Archer of Xarrachuscttr 

Inatltute OI Technology arrived nt Enlweti Atoll on A-q. Id, lQ53, and lert Aug. 26. 1953. 
Section A.2 cotilefe of excsr’pta Irom a letter report on the :!eid trip usitlrn by Stark to the 

CNtf, Engineering Wvirion, OfIlce of the Chief of Engineers. 

A.2 EXCEkPTS PROM REPORT OF FIELD TRIP 

A. Purpose of Trip 

. . . . ..*.................*.........**...... . . . . . . . . . . . . . . . . . . . . . . . . . . . 

C. Obaerratlon and Actlvftfes 

.,................C>.....*............*..*. . ..-....*........“....... 

Cm ?Icsdsy. it. Au(l-st, we proceed:d to Engebf (JANET) D nn oi ~wut 2 nwrs. Ihe wncy -ne 

begun :.nmedtatcly and conslaed of eslebi~sbfng a beae line ad mrrsurin(l offsets from ex!ang 

“ramket” pins on vertical p*~eld and ,‘“l *aIra to the verttca: plaw edr_~Isbed, Tbls pro”ldr* . 

reltirx tx-asuremcnl oi &eflecuoa from bs~ $0 I#- nf wtil. I iw Ic~21 *as set up on ti rwf md -. 

were U&en on 41 rows of 7 “r*;zset” ptns each. 

. . . . . . . . . . . . . . . . . . . . . . ..*........ . . . . . . . ‘. .I............... . . . . . . . 

The ~lrvey of the bulldlr~ was completed. except lor photog:z@q, oo Friday. tf ~llgust. C.~r~r- 

day WLB spen* In ronp:eung notes. exe.-‘inrag the photogrqw whfcb bad aIre* k takn. 6.n.l 

rrrang!w for an k-boat and “Duck” Ia .Moodsy ud Tuesday rftb which to n&e exImmLtlon end 

pbofos 0:‘ mkcellmeous SINC~WW cm all the Islands. Thts survey Y&S completed on Tuesday a..: uu 

tmderbi~,ed departed 08 Wedne&y. 25 hcyat. 

I. Gcnerll Dcscrlptlon of kfultl-storv Bo,&Yg 

Ttte b.tlldlog did not sJmv extensive d?mrge from the frool but I1 was deterw:ned that L3ullctlng~ 5 

and 3 bad deflecteo cbou: 7 loches. This ccatrasts zan npproxlms!i;y 3’4 Inches of permuwnt dcf?x- 

11% from GREENHOUSE test. The rear paw1 of B~Idlng 5 was completely 0~1 and Iymg on UIC er WM. 

Large blocks of concrete were swpeoded Imm unsevewd relnforclnfj hors tn the roof. ‘I‘he IWII a.ab 

of Bctldlng 4 sbwed ~c&KI depression la hm places. One of these depressions NB* lnll:~icd from tne 

123 
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second GREENHUUS): shol. The !rndt?rstde of the roLf siPb showed considerable spallln# and appnwl- 

male faiiur? from she&r crarks al the end of boltom re~nforclnp bars about 33 inches from each end 

wall and lhe same dlslance from gtrberr. These cracks were thoroughly photojrylhcd. 

ReInforced concrete columns exhtblled add~llonal spalllng on the comprcsston sldc und cracltf~ 

on the opposlle side. Offsets al permanent deftectlon were mrasuced on all reinlowed concrete and 

tier1 columns. 
Wall panels end roots were cxamlned for addltlonQ crack&. Very lew 14dIllorut creeks were 

noled l qd these were fine NC cracks. 

2. Gerwrrl Dcscrlptlon 01 Burled Sheller 

The burled shJllcr. Struclure 3.1.3 was cxamlned for damage. The blat-proof doors had been 

removrd mind Iald lnslde the shellers prior IO the IdsI. No damage occurs-5 to tbc r\mp-lypr concrete 

enlrnnce. Th? rir locks. of limber. In the rrrlm(rulsr shelter, v’ere shnttrred and debris YLS IyIng In- 

side. No dwnlgr was noted In Ihe clrculrr-type @helter. The air Intake pipe pmIru&ng through the 

bacWl11 over the reclqm~lrr sheller rpproxlmately 3’/, !ecl was bent awry fro?1 the bras1 twrce. 

Photogrrgla wem tnu’# of the plpe es well 4s thr doorways r.rJ lnterlors of the 8heIldrs. 

1. General Deacrlp(Ion of Hlscelluwour Structurer 

Inspectlen of miscellaneous structures. prlmwy Ins1run~enUllon shellers snd tlmlng &acre wan 

begun at ALICE. the most rwnole Island on the northwest exlremlly of the Atoll. Enroule I ahelter on 

a coral red. WCK. was inspected md phot-raphed. Ex~mln~1lotr of very heavy concrete shellers ~a# 

ma& on ALICE. CLAIiA. IRENE. J.INET. etc. Llrcle ismage occurred on &SIC ~Crwlurea; hurcwr. 

vl-ig wJls rhl:h were kc& rstJxer than doweled to the brsle structure6 were dama&. aeel doors of 

lhe Navy type held up well. One door had an opening oul wllh mxIylme torch; l hemy steel l-beam 

above the door bsed for holsllng. was lolded 1lWdegrees In a horlantrl pl~r. A wul lor meaw’y 

blast yrcasures tn JANET was overturned. It appeared lo be urlented &out 45 degrees lrom norm&i 

In dIrcc:lon cl blast. A shsek on l..TE. nboal 4!; miles. was completely demolIshed. ‘The Umtr 

prrtrble gencrww was overturned nppmxlmrtely I00 feel awry and severely dnmaged. ‘Threr concrete 

yymnne. out of 6. u%=d for Instrumenalng of AF hangrr In GREENHOUSE test% P-P dn?? almdifq. rlmln(r 

shacks ‘wther MWI lhe Alull sustaIned lesser degrees of Jsmqe. Phal%r+hs were made 01 111 dam- 

age &!**I6 and wee-stands were photogr&Wd for comparfmn wllh pre-sha condltlona-ail trees *err 
of the coccnul-oalm varlely. The dock on JANET was enamlned but It nppesred lo hwc bcon darr.a&!ed 

severely frcm wave acllon and general we&lherlng. Other c~usevays and lrertlel :a *he vtc!nIty ol Ike 

URSULA group wrr belnu used for current conslrucllon. It appears ImpusatblP 11 specIflcnlIr l tlr~hlle 

damage lo any ci these docks and cirusevayr lo blrsl effects. 

4. Er~lm~te of ModIllcallon of MulU-story ~zlldtq for Future Instrumeuitllor, Pmrun 

At the rqwzl *f Capt. Kingsley. AFSWP. the under&!gned exbmlned the .%rm:. Ins1 strwurv ~~14 

& v:cr lo h,,k+n~ rrcomn~endalIons on rlructurll modlfle~tlons necessrry lcr L ic?-tr bIti metx_xe- 

iaeal pryrsm. Thr :nstrummts are lo be mounted on Baiidrngs 1. 2 t~‘-d 3. h:r. ,%ve Srlf. J-5, a we 

request of Cummnnder Mcarrrm. AEC Lldwn Officer al SandIn Corpora~lon. dlsaswd the rqart- 

netus wllh Ihr uidcrslgwd. The lotlowIng suggesllons were mr&: 

a. The :wcls (21 blown a11 on 2nd lloor rear of J)ulldlng 1 nwld b* rrplrceo !.y Umber tulicL.~ujd 

of a sl-nq~h :x~qxnble tc 12’ brick walls which h*w *‘I ‘-‘:I& all yrevlous b&t :.‘ads. -l-h*., wxld 

be braced by xa:es md shoring. 

b. The aepar8llon creeks tsztween iZ:&q+ : ihrough 4 wuld b.. .YI.,%J 5y P.-l.wh C!aber whew 

rllgttment of mrlxe Is conslstznl (roof s,d ardeflected wrlie). Thls ‘Imber i&P !x anchxed ?, n+tz.! 

araps rpaawr~ iatveen cnlsllng bolls with wedges driven between the l!mber and Ike slrrp. W?tirr thz 

bulldIng lines sre o!fse:. cnntir%na wedges w Id be driven ag&Insl ,rmi%rs. 

e. fhe .tec~ld hatches In Btvldlrg 4 In1 BuIldI~ 51 nuld be closed wllh I.xtlL:rtwj fl.mbers ALI 
cu~,?ln(l slop-leg channels. 

d. Pxlstlng lnstrumcct mounts on Bulldlngs I. 2 and 3 w-e In usable condl?‘wi. ;!I ,i reqs’r 
rccrpP1~ and redlelng lo clean up rust on tht’esds. 

C. Dlsplnccmcnt gage plpes. approtimately 3’. 2’ and l!;- here examlmd. ‘II? in-c rtipe ~0 &II 

fair condltlon and ufable: lhe 2’ pipe are *bout 758 usable. some havmg Lpen bent: ad !: e 1’~; 

pip are mostly bent and probably canaol be reused. 

1. A Inter eum!nnllon of the root of BulldIng 4 Indlcalvd Uta: the two ouislde dcadns 01 thhr 3-2.~ 

contInuoua r&f should be shored along the crack line for future letis. 
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E. Cmlc1usIcilms 
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APPENDIX B 

DAMAGE-SURVEY DATA FOR STRUCTURE 3.1.1 

B.l EXTERIOR-WALL-DISPLACEMENT MEASirREMFNTS 

Ihe iocatlonr of the aurvcy polnt# are rhown In Fly. 2.3. Watts wur6 marured Irom a 
vertkal plane to these survey polntr alter Operation Ivy. Slmllar prt:est meaaurcmmnl~ are 
available as postteet measurements ol Operation Greenhowe.‘+” For each irrlical row of 
survey pointa, the distance to the base point MI subtractcrr tram 4 measurements. the re- 
malnder betng the hortzontal dtstance between the bare point and the survey point, shown In 
Table B.1 as “dtset from vertical et base point.” The dllferenre betuecn the nre-Ivy ad port- 

Ivy measurements is then shown ar “net lateral dlaplacemen:.” The dteplacement for front and 

back Ia por.Itlve if away from Ground Zero, and for the eds It ‘s pudve lf It 1s toward the in- 

rrIde of the building. 

8.2 COLUMN-RFFSET MUWFtEMENl3 

The Itxatrons ol !ht columna tn Buildings 2, 3, 5, and 6 aro shown ln Ftg. B.1. liorlrontal- 
offset u,easuremcnts were made from a vtrtlcal lloe lo the fra7t or rear face at llre ly, an4 
bottolr cjf each cciumn o[ eacS stc :y of there h*Jtldingo. ahe di!fer*nce o! the offsOt measure- 
mcn:s !ndteate?l tha total permanent dlspiacr lent of the tog at th, column relative to the boGom 

of the co!umn. fi.e rektis, C.r placem8nta thus datrrmmea are i;icJ!.tted irt Table B.2, a 
positive sign IV! caring motion of the column top away from Grouna Zers. 

8.3 ROOF-EWVATION !dEASUREMEXTS 

The Iocatlorut of (be roof survey points are shown in F!g. 2.3. In th- level survey tb” cleta- 
tlorxt of the pomt8 were determined rektlve to an rrbltrary datum plane rinc8 no b8nch ma&t 
were available with which to determine the. ‘molute elevations. tn reducing the &Id data, &a 
Posttee! elevationa vere <ied to the pretest eievatton.8 by aesumlng that the average eltvatton 

of the four corcer Points of Bulldlng 4 remalued uoclnryed. The post-Ivy elevatfons ma ES- 
hined and the pre-Ivy elevations obiluned Iron: references 9 and 16 are bbulatr’ m Tatte B.S. 

The difference between these elrvatioho for each rtnt gtvee the vertical dIspla;emtnt 01 the 

roof, uprrrrd displacemente being itvlxated by a pomttv8 a:@ 
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‘r&h 7l.1 -EXTERIOR-U’ALL-DISPLACEYEN Y&A!RWI&YEKT3 

-0.040 -O.OH 

-0.095 - b.OSS 

-o.o:o -0.041 
-0.015 - 0.026 

+9.935 l O.G33 

.9.905 .O.OOS 

l 0.010 -0.W 

-c.o:o -0.012 

- 0.025 -c.ozt 

-0.050 -0.016 

-0.540 -0 9b4 

+9.014 -0 012 

*9.&n - 0.030 

-0.031: -0.053 

” o.osi -0.9:7 

-0.ot5 - o.czs 

.-0.025 -0.033 

- O.O& -0.5% 

-a.015 -O.W? 

+9.04u l 0.6;9 

0.900 -0.995 

-O.C,3 -0.014 

-9.Oi5 -O.‘jlO 

.O.OlC .O.k)S 

-9.030 -0.053 

-0.01s -0.924 

1 pl O.?Sd 

0.277 9.4:6 

9.332 0.643 

o.l)ro l#.la 

O.OfS 9.M 

9 OlU 0.144 

o.(n5 6.124 

iI.&% u.116 

0.1&l C 26!1 

9.1s 0 ?‘*( 

0.1;: 8.??0 

0.130 9.242 

&CBS cl6 

A-l 

A-2 

A-3 
A-4 
A-i 

A-6 
A-7 

B-l 

8-2 

s-3 

B-4 

B-5 

8-6 

B-7 

C-l 

C-4 

c-7 

D-l 

D-2 

D-3 

A-@ 
B-6 

C-6 
D-S 

A-13 
A-14 

A-13 

A-16 

A-IT 

B-13 

B-14 

B-15 

B-16 

B-17 

0.000 

0.000 

o.ono 
0.000 

0.000 

0.004 

0.000 

0.000 

l 0.035 

~.OlO 

40.005 
*o.oJo 

+O.OJO 

+0.020 

-0.020 

-0.otn 

-o.oto 

0.009 

-0.075 

- 0.030 

-0.09s 

+0.020 

l o.020 

-0.015 

-4.cs 

C.MO 

0.052 

0.044 

0.139 

0.009 

0.909 

0.69oJ 

0.999 

0.499 

0.020 

0.035 

0.02s 

0.925 

0.019 

0.000 

0.900 

0.009 

0.099 

0.999 

0.090 

0.000 

-0.005 

4 0.99e 

* 0.004 

+o.oOO 

l 0.011 

l 0.01S 

l 0.999 

- 0.024 

9.923 

-0.036 

-0.901 

-0.072 

-0.031 

-9.00, 

.x020 

l 0.023 

-0.012 

-0.955 

9.009 

0.055 

o-1*2 

0.21 

o.ow 

0.3U9 

0.909 

0.999 

0.099 

0.04U 

0.044 

0.041 

0.058 

0.045 

Front d BulldIn I 

0.99 D-4 
0.99 D-S 
9.99 D-6 

0.M D-7 

0.00 E-l 

0.90 E-2 

0.99 E-: 

-0.00 I e4~lowr~ 

-o.oa E-uuppr) 

-0.00 , E-S 

-&Cl0 c-6 

-0.01 E-7 

-0.01 I-! 

-0.01 

I 

r-2 

-0.01 

-0.99 

40.00 

I 

t-3 

T-4 

F-5 

-0.99 I F-6 

aO.99 

1 

r-7 

-0.69 -0.m 1 :I: 

0.99 G-3 

l 0.90 

::: E I ;j 

Prcal d Dulldin 2 

9.30 E-4 

9.92 F-6 

+@ 94 
R 

G-a 

+e,JJ 

Yrmu of BullJw 1 

0.99 fj c-13 

l 9.94 p D-17 
-. _-_.- 
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T&!t B.! --rc@,,t'!,WdJ 
- 

o(fet from vcrueai :i 
at bare pmt. !t set tatcrrl jJ 

Gffwt from rrrt!cal 
a1 base pMt, ft 

N!?t 1rtcmJ 
&sptrcc- j SWVCY dlspluc- 

PWlVy PLlsl-lVy met, ft ,f F-lnt Prc-Ivy Port-Ivy mrnt, ft 
- 

Front of Bul k’q 3 IContlnuedJ 

E-12 

E-14 

c-1s 

E-16 

E-17 

F-13 

P-14 

?-15 

A-18 

A-19 

A 20 

A-21 

A-22 

A-22 

A-?4 

8-1s 

B-19 

B-20 

B-21 

n-22 

B-23 

B-24 

C-16 

c-19 

c-20 

c-21 

c-22 

c-23 

C-24 

D-18 

D-19 

D-2tl 

D-21 

A-25 

A-26 

A-20 

A-29 

A’-21: 

B-25 

B-26 

B-28 

B-2) 

w-27t 

0.180 

0.185 

0.190 

0.14; 

0.135 

0.2JO 

r).lJ5 

0.250 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0 000 

-0.015 

0.000 

l 0.015 

-0 Cl0 

-0.:15 

~0.010 

0.000 

-0.u4s 

-0.02s 

-0.020 

-0.022 

-0.015 

-0.020 

-0.a5tJ 

-0.033 

-0 r)!? 

-u.o20 

l o.oos 

0.000 

0.000 

0.000 

0.000 

l O.OlO 

l 0.03s 

l 0.045 

+0.035 

+o 060 

to.065 

0.371 

0.W 

0.392 

0.353 

0.337 

0.501 

v ;39 

0.501 

0.000 

0.003 

0.000 

0.000 

0.000 

0.000 

CL000 

+0.020 

.O.fJol 

~O.CII 

-0.000 

-0.015 

O.MO 

- o.<@s 

-o.o(s 

-0.030 

-0.025 

-0.016 

-&ON 

-0.010 

-0.045 

- 0.030 

c.01: 

-O.Cl? 

l .o!? 

0.000 

o.ocJ 

0.000 

0.000 

+0.02a 

l 0.178 

+O.lW 

l o.141 

l 0.157 

l 0.204 

so.19 F-16 

CO.20 F-17 

l 0.50 G-13 

.0.21 G-14 

9.20 

l 0.28 
I 

G-15 

I 

G-16 
*0.21 G-l? 

se.21 

ZKOM of Dullding 4 

0.00 

0.00 

0.30 
0.00 

0.00 

0.00 

0.00 

-0.30 

‘3.W 

-0.00 

l O.W 

0.00 

-0.01 

-6.01 

4l.w 

-0.00 
-0.00 

l 0.01 

- 0.00 

40.01 

-0.02 

*0.09 

- o.oc 

w.w 

l o 31 

D-22 -0 055 

D-23 -0.010 

D-24 -0.010 

E-10 -0.025 

E-19 l O.tllS 

E-20 

E-21 

E-22 

e-23 

E-24 

?-lb 

F-19 

F -20 

F-21 

Y-22 

Y,-2s 

Y-24 

C-18 

C-19 

ii-20 

G-21 

G-22 

G-0 

co-,. 

Front d BElldrnp S 

0.06 r C-25 

0.00 

LOa 

0.00 

l 0.02 

l 0.14 

aon 

l O.lO 

l G.:o 

l 0.14 

0.225 6.496 ‘0.21 

0.185 u.454 ‘0.21 

0.295 0.615 40.32 

0.305 0.4% l o.u 

0.2JJs 0.634 eo.35 

0.27s 

0,230 

0.602 

0.e~s 

l 0.3a 

+0.34 

-0.006 

-0.002 

-o.oIo 

-0.032 

l 0.009 

-0.004 

*O.OC-l 

-0.011 

-0.02L 

-0.643 

-1.010 

*cl.027 
. . 

*&VU‘ 

l 0.024 

+0.023 

4.006 

-0.014 

-9 301 

9.013 
.“.‘:2’ 

l O.O36 

l D 720 

l 0.020 

-O.&Q 

-0.01 

9.01 

4.w 

-0.01 

l o.o: 

0.000 

l 0.005 

-0.000 

-0.40 

-0.W 

l o.cos 

*c a40 

+o.oo, 

l 0.0?5 

-0.W5 

~0.010 

0.000 

l O.r?OI 

.a 020 

+0.030 

) E.OYl 
,o.o3u 

O.n’* 

O.CX 

-0.00 

-0.00 

-0.01 

-0.00 

-0.00 

-0.02 

-0.M 
. -- 

-v.wi 

- c.00 

-O.Ol 

-3.00 

-X01 

-0.61 

-C.Fl 

-0 04 

-C.OI 

-0.0: 

-O.bl 

-0.U2 

l o.t!a 

l o.075 

*0.0&a 

40.010 

l O.iW 

l O.135 

*0.1x 

l O.169 

l 0.12s 

l 0.105 

*Cd49 

‘0.216 

a228 

+0.2& 

d-231 

‘0.553 

l .320 

*0.346 

‘9.314 

l 0.343 

c6.i; 

*il.:4 

-0.t.r 

l 0.14 

.O.l.l 

‘0 i? 

‘0.12 

*0.14 

.3.19 

l 0.14 
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D’-27t 

E-25 

b-26 

E-21 

E-21 

K-26 

E’-zft 

F-25 

A-20 

A-40 

A-41 

B-39 

B-40 

R-41 

c-29 

c-40 

C41 

D -30 

D-4G 

A-30 

A-40 

A-41 

B-39 

9JQ 

B-41 

C-39 

c-a 

C-41 

V-3:1 

D-40 

A-11 

AJt 

A-K 

A-L 
A-M: 

A-N$ 
A- P 

B-H 

BJ 

B-K 

eo.200 .O.JYl 

l 0.1ao l 0.386 

*0.155 ‘0.371 

l 0.1UG .O.J8S 

+G.lTO +0.373 

l O.lSS *0.394 

l 0.18> +0.3w 

‘&ID0 bG.454 

0.600 0.600 

0.000 o.oGG 

o.GGo o.GOo 

-0.010 -0.035 

-0.G40 -0.018 

- G.Q?O **.014 

-0.G4G - 0.028 

-0.080 -‘.Wl 

-0.660 l O.GG4 

-0.270 -0341 

-0.100 - 0.024 

0.000 omo 

0.000 0.000 

o.QQo o.GGG 

-0.010 -0.019 

-0.G40 -0.031 

-0.OiG .-G.Q21 

-G.M’) -o.obo 

-O.CBG -0.078 

-o.G‘Jo -0.661 

)Q.ZYC -0 98. ” 

-O.!OG -G.lGd 

G.QGG o.wG 

o.uGG o.GoG 

0.000 o.wo 

G.GGG 0.006 

G&G 0.063 

-0.020 l u.wi 

+o.GGG w.G64 

-0.010 l O.OM 

.o.za ‘I F-26 

+0.21 ‘I F-21 

l 0.21 j/ F-2P 

l G.20 I{ G-25 

N.21 R G-19 

Prcaf nt RUlIQnq Y 

DJI 

E-39 

E-4G 

u-l1 

P-J) 

C-41 

e-35 

E4G 

E-41 

~3.01 $ P-3 

-0 w 
a 

-0.02 i 

Y-M 

F-41 

+0.30 h G-39 

-U.QO i I3 43 

5.:. 
3 

(i-4: 

-0.Cl 1 

cod d Bulldi.a# t 

O&G B-l 

B-Y 

0.00 

3 

B-U 

C.GG B-P 

Q.00 t-n 

C-Y 

3.GG Z-K 

-1).Ol C-L 

l o.GG C-Y 
a01 c-n 

l 0.115 

:0.210 

w.220 

.0.245 

l 0.22> 

-0.060 

.O.ZPA 

-G.lGG 

-0.085 

*0.2X 

-O.OUG 

-O.MO 

.G.‘rS 

-0.110 

-0.G40 

-G.G6G 

+o.zaG 

-0.lGG 

-0.085 

00 250 

-4.1qo 

O.CAO 
‘O.XS 

-G.llO 

-u.o(e 

A.035 

Ml&!@ 

l OAZS 
-0.650 

l 0.05@ 

0.W 

4 J.bzO 
4 0.035 
-0.015 

.0.015 

.G.458 

.0.467 

*0.476 

.O.b(J 

*a.615 

l O.bJT 

.o (21 

l 0.454 

l O.O?J 

00.053 

-O.GbG 

l O.OSI 

-0.Gs.o 

-0.vo5 

rO.023 

-u.Q41 

-0.632 

l 0.003 

-o.(da 

-G.O87 

-O.G% 

-0.087 

-0.ll98 

-G.GW 

-0.042 

-0.083 

-0.052 

-o.ow 

.o.G40 

-E.G?3 

4.055 

‘).Ql.? 

l U.WI 

**.a51 

*o.OGs 

+o 021 

‘0.010 

10.018 

40.28 

-0.2) 

*0.26 

.n,4G 

‘0.38 

l 0.13 

-0.37 

l 0.2b 

4.08 

- 0.13 

*G.G5 

‘0.14 

-0.11 

-0 94 

Y.GG 

-0 YI 

*.Q4 

*tr.w 

-o.uG 

- 0.37 

l 0.W 

- 0.00 

-0.35 

-0.x 

- o.CQ 

-0.35 

* 3.w 

*0.GG 

*G.Cl 

- 0.01 

-o.in 

l O.G3 

-0.G2 

-9 ‘. 

- J.CI 

-0.GG 

-0.OC 

.o.w 
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C-PJ 
D-H 
D-J 
D-K 
D-L 

D-Y 

D-NJ 

D-P; 

E-U 

C-J 

K-K 
K-1 
E-Y 
E-N 
P-P1 

*IL050 *0.0x3 

-0.035 -OM? 

-o.ws -0 051 

-e.oz5 -0.026 

-on15 -n.o21 

-0.03s .O.OlJ 

*0.010 .O.OOJ 

-0.014 

O.Ol\ - 0.054 

-0.020 -0.024 

l o.o:o l O.Q16 

Q.OW -0.021 

.O.OM 4.01 u 
-0.010 -0.030 

-O.fflS .O.GW 

l O.Ol$ -0.015 

-002 

-0.Cl 

- 0.a 

rO.PJ 

0.98 

l oao5 

.o.(rzo 

*O 01) 

l O.Q05 

*.a20 

+0.013 

*O.Mo, 

.0.005 

-0.001 

‘O.OJ~ 

l O.Ol 

l O.W 

-0.01 

-0.W 

-0.W 

.O.QllJ 

-0.013 

*04x3 

4.039 

tv.91 

rq.QQ 

.o 31 

.o.Q1 

A-J 0.w O.QOO 

A-l O.PQO O.QOO 

A-J O.&O u.QOo 

A-4 J.iJuJ O.OOQ 

h-5 Q.QQ4 O.QW 

A4 O.G% o.oQ@ 

A-7 0000 O.QOQ 

B-J -0.00s l 0.079 

B-a -Q.QlS - 0.626 

B-5 -0.010 -0.010 

B-4 -0.005 -0.004 

B-5 -5 .JG -b.O.YS 

B-6 _I, >!, _. _ -0.x4 

8-T *r).YN *o.osI 

C-J -0.025 

C-F -G.LiU -69z 

c-1 l iX025 *lJ.cza 

c.4 -0.011 -0.014 

c-s -0.035 -0.01s 

C-g(Jnur) -C.O3Y -0.033 

C-wupprr 4.665 - 0.076 

C-l l o.o%s l 0.04* 

D-l -0.055 

D-t -0.095 

3.1 l 0.fJl,5 ‘0.011 

D4 -0.035 -0.010 
_-_I_--- 

l NOM of tk wrvsy plmb could b kwtDd u he cormgsted meul sid~q. Tbmfure Lba pajtua 

off- w&w. mummed to tlu nrng* OJ &go ul(l. .I Joculazu ad)~ro w UN 7 (P Jiuaiwg t. 

IL-L d Bd!&4 J 

0.00 D-5 

030 D4 

0.00 D-7 

0.00 t-1 

0.00 t-1 

0.00 L-3 

0.00 E-4tbwrl 

l O.W t_(tu&wr1 

l O.Ol E-5 

O.QO E4&WWJ 

*O&O E4tspprrrJ 

-0.03 E-7 

-0.01 Y-J 

l O.QO F-2 

r-3 

l 0.VO5 

l O.oLO 

rg.025 

.O.OlO 

-0.080 

-0.050 

l o 040 

-8.050 

4.0% 

-0.045 

- o.u15 

-0360 

-O&S 

-0.055 

-0.Q2a 

-5.abQ 

-6.GiO 

-3.055 

-Q IJO 

-0.1 ‘I5 

-0 1’: 

O.QOO 

-0.010 

-0.0% 

-0.050 

-0.010 

-0.099 

-c.oar) 

+0.515 

-0.974 

-O.QU 

‘0 is1 

-0.01 

-0.CJ 

ro.Ql 

-0.w 

Zen 

-“Mi 

-0 060 

-O.OSI 

-0.0% 

- Q.Q44 

-b.Qlti 

.E.3?: 

-0.07: 

-0.c50 

-0 OJ 

-0.00 

+&t: 

.O.C3 

l O.OO 

-0.01 

+O.OJ 

-O.GX 

-0.1.t 

.0.679 

-O.OIL 

l O.O5J 

+u.oo 

-0.01 

-0.048 

-0.024 

-O.C6& 

-930: 

-O&i5 

l a.w; 

DATA 



_.. -____- - 

aA 

b8 
SC 
bo 
M 

bR 

DC 
m 
M 

6D 
FC 
m 
LA 
Da 
DC 
Do 

M 
8B 
8c 
50 
DA 
CL) 

yc 
Do 

/A 
IL) 

Tc 

To 
M 
05 
DC 
ID 

?A 
18 
?c 
70 
DA 

Dn 
Qc 
fm 

twd 

sorad 

Nrd 

F!?Y 

:. -.%4 

nor4 

*0.12* 

*ac92 

.O.Wl 

-OX?31 

l 0.Cnl 

l 0.10? 

l 0.W 

l o.t01 

‘O.?W 

90.2J2 

424T 

4.144 

4.2bl 

l O.LsI 

l 0.241 

SO.23 

4.2% 

-0.2J7 

.a: 

.O.IW 

>0.2& 

*O.Lu 

-b.KQ 

l O.W 

.O.lI# 

-0.132 

l hl1l 

.O.l4ii 

.o.uJ 

‘O.12’) 

.LLl!O 

.a148 

‘0 111 

-o.:w 

-0.210 

‘OAlO 

*a195 

l hlHJ 

-0.174 

+o.\n 

*OS4 

l .ZlD 

4.221 

*a21 5 

*O.‘rl5 

*am 

l O.IiF) 

+0.2iS 

l 0.10 

l e.24 

l O.lI 

l a1s 

l o 19 

l a21 4.0-l 
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,-. 

J-L 

J-6 

J-7 

K-1 

u-t 

KJ 
a-4 
K-U 
Y-0 

Y-1 

L-f 

L-l 

t-3 

L-4 

ff-@ 

u-0 

W-LO 

E-i1 

M-12 

;‘a 

J-Y 

J-10 

J-11 

J-18 

K-8 
K-B 
lc-1’1 
K-II 
k-12 

L-8 
L-b 

L-10 
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J-i> 

J-Ib 

Jrlt 
J-I* 
J-It 

h-la 

I.-14 

L-l% 

w-n 

s-a4 

:-:(I 

:. ;s 

J-&3 

J-21 
i ‘a . 
J-23 
J-24 
Is-16 

Y-t% 
K-tD 
It-21 
K-22 
K-23 

L-24 
L-18 
L-IS 
L-20 
L-21 
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H-25 

H-26 

Ci-21 

H-28 

CC-2Y 

J-25 

J-26 

J-21 

J -28 

J-29 

K-25 

K-26 

K-27 

K-28 

K-29 

L-23 

L-26 

L-21 

H-30 

H-31 

H-32 

H-U 

H-34 

J-30 

J-31 

J-32 

J-33 

J-34 

K-30 

K-S! 

k-J2 

K-33 

U-34 

L-30 

L-31 

L-32 

H-36 

U-36 

H-37 

H-38 

H-39 

48. ! 24 

40. I24 

46.UYS 

40.1!4 

40.089 

48.147 

48 150 

46.141 

46.149 

46.121 

46.074 

46.369 

40.074 

48.064 

48.039 

4S.liO 

48.097 

48.093 

48.114 

4n.071 

rs.aw 

46.06~ 

46.034 

48.064 

48.091 

in.133 

48.123 

46. I38 

46.1% 

46. I27 

M-27 

H-M 

M-29 

N-25 

N-2ti 

N-27 

;; -18 
N-29 

P-25 

P-26 

C8.U74 

48.OM 

48.069 

48.G44 

48.1 nC 

18.!07 

46.036 

48.066 

?4.o65 

+0.04 

to.03 

‘0.02 

TO.03 

’ 0.03 

40.03 

l o.02 

l o.02 
+n nr 

48.074 

48.04Y 

48.07Y 

IS.084 

48.084 

48.1G4 

4S.i13 

48,121 

48.124 

48.115 

+0.03 

II p-=7 
P-28 

l G.o4 P-29 

II 

48.074 

48.074 

48.069 

48.079 

48.084 

48.103 

4e.395 

47.878 

4ao99 

re.:12 

48.044 

48.044 

48.073 

48.075 

48.114 48. i:Ii 

Roof of F&lldlng 6 

18.!23 

48.!& 

46.15s 

4U.lW 

48.169 

48.128 

46.1‘s 

46.161 

48.182 

48.166 

48.1 i4 

40.“64 

68.079 

46.114 

i8.105 

48.124 

4s.lPO 

40.121 

41.114 

-0.00 

I 
M-32 

-0.01 Lb-33 

0.w II M-34 

rG.01 

-‘;z 1; ;;;r 

_,:o, j! t : 

-c.oz I’ A4 

-u.Go P-J ’ 

*O.OG // , r-31 

-G.Oi y P-Z 

-0.01 I 
-0.00 

!) P-33 

P-H’ 
l o.01 1 

48.134 

i8.113 
48.677 

48.w4 

4S.109 

IS.136 

48.114 

46.124 

48.124 

sr8. C 24 

4b.124 

48.134 

:tx I\* 

46 izi . ” 

20.129 

48.144 

4S.137 

?8.037 

WI28 

45.156 

&A!<‘. 

&OR9 

4c.i 34 

46.11Y 

48.124 

48.1 l!J 

48.082 

id.CG5 

4t1.122 

“a.126 

4e.IUY 

48.144 

48.139 

ir( !34 

Z&lb4 

4;.::: 

4S.084 

48.114 

46.124 

4tr.075 

48.111 

48.130 

18.154 

48.144 

4&l* 

CRIC:! 

40.064 

46.W 

48.G.54 

48.064 

48.049 

48.od5 

48.04: 

46.059 

46.lJSO 

48.038 

-0.0: ’ J-36 

-0.01 ,! J-3? 

4a 054 

4e.xn 

48.C44 

46 ?74 . . 

48.G5:. 

4&.WO 

46.Oii 

40.037 

43.351 

40.062 

l 0.03 

l 0.02 

-0.19 

eo.02 

10.03 

40.02 

.o.oo 

-0.01 

-0.00 

-0.00 

l 0.oG 

+0.00 

-0.02 

-0.01 

-G.OO 

0.W 

-0.01 

-0.02 

-0.02 

-O.Cl 

-0.31 

-0.02 

-0.:: 

* AGO 

-0.0” 
-G.AC 

-0.0: 

+0&G 
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Table 6.3-_(Contlnued) 
- 

PWIQ! Post-Ivy Het -wt. Pre-:vy Post-Ivy Eiei vcrt. 

&WY elm.. elev., dtspl.. Survey &v., eiev., displ.. 

pornt 1: I1 ft yoint II 1t rt 
-- 

J-38 
J-38 
J-40 
J-41 
K-35 

K-36 
K-37 
K. 38 
K-3U 
K-40 

K-41 
L-35 
L-36 
L-37 
L-38 

L-SO 
L-40 
L-41 
Y-35 
Y-30 

48.04B 

a.064 
4P.04 
4aou 

4ao2.4 

4ao64 
48039 
4U.Cli 
4ao54 
48,054 

48.054 
4ao24 
4ao4P 

46.054 

48.OiO 
46.074 
40.054 
4&074 
48.074 

48.039 
45.054 
48.045 
48.039 
48.057 

4065 
48.036 
4a.r),lt 
4&c;; 
48.057 

48.049 
48.029 
48.oM 

48.03s 

4aw 
4ao77 
48.045 
4aom 

-0.01 m-37 48.064 
-0.01 u-30 48.064 
l 0.Co M-39 48.079 
-0.00 M-40 40.074 
l 0.OC M-41 4Y.G39 

l 0.00 N-35 48.054 
-0.00 N-36 4a.ou 
-0.01 N-37 4a.m 
-0.01 N-38 48S44 
l 0.01 ti-39 48.C.G 

-0.00 N-40 4a.tm 
t0.00 N-41 48.034 
-0.00 P-35 48.089 

P-36 (a.058 
-0.02 P-37 48058 

-0.01 P-38 49.OM 
l o,ot P-38 4a379 
-0.01 P-40 48.074 
l 0.01 1 P-41 1808.4 

4tl.071 

48.065 
$0.075 
48.071 
48.043 

48.056 
4a.w 
43.x7 
48.051 
43.058 

*WI69 
4Y.W 
4aloo 
48.100 
48.064 

&.075 
li1.088 
48.087 
46.088 

l o.01 

*O.OC 

-0.00 

.U.OO 
+0.00 

10.90 

l u.il) 

l 0.W 

‘0.01 
l 0.01 

l 0.CC 
l 0.01 
*o.o1 
*0.01 
*~O.OC 

,*o.cz 
to.01 
l 0.01 
+C.W 

M.070 l 0.00 
. . .._ -_- 

Rnc: c! F3ulldtng 7 (Contlnueb~ 

I’ 

Yl& El.1 -Locltloa of coluum h Bulldlcm 2. 3, 3, ml 6. 
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APPENDIX C 

EQUATIONS OF MOTION 

C.l GENERAL 

66Wr6.t gGner6l a68umptlOnE are made In the derivation Of the 6’.7StiOnS Of tUOtlO6 fOf 

Bui1dtngs ? and 3. It I6 Phaumed that the foU&tton remlined staticnary during the r66poase Of 

the rtructurc. Furthermnre it I6 QrrunvxI that all the column6 of any tory 6ct a6 a tinit h6vw 

6 6tlffne66 I The ma6666 concentrated at any Iloor level include the mp66 Of the ffoO.*, gtrder, 
6nd one-half the ma1)6 of the columnr above ud Lxloa the flour ln queution Fur the 6:cond 
fbr only one-third th@ ma66 of the flret-story CohnIar 16 mcluded. 

The #ySten! USd :@ describe th, mo(lon of the 6tructWe ha6 !!l66 iSd6pCd8Itt COOrdh6b6 

{Fig. C. . One coordinate de6ulb66 the motion of each of tire lh&e3-flOCr aS.66~6, 6nd one 
coordinate 16 wed for the motion of e6ch of the six front- 6nd rear-w& panel6 ktween floOr6. 
TM6 aIne-degree-of-freedom 6y6tem I6 wed UotIl lhe motion of the will pJnCl6 kf%C-ISM ob- 
i;%tcr~. .1 :*-tl-~‘t”,r~-nf-freedom 6yetem 16 then u6ed to dewrih the rtrpon66 of the 

three-floor rnawe6 for the remrinder of the motion. 

C.2 BUUDLHci 2 

The V-beam eheetmg of Buiidlng 2 ~66 reoumt?d tc bvb no rffect ou t!ie lozdit< trwa- 

I&ded t0 the gIrt6. 03 @rt6 Were Q6lLlltlWd t0 ZCt PI Q LF.!?. The mQ66, ilcxcrll r:gWty, arlc 

resI&a,nC@ cd tlr& girt6 uul Y-beams aere dieir~kuted u.iiA mlp ov5r tie bib!.& 31 G7e .f?triLtui~. 
Since the glrt6 were cocnected at the flwx level6 wltk cilp a&C? o? b&6, thclr 6hQP durlrs 

r66pon66 ~66 t;&er. >z :h~! o! a pin-edd barn. The detri:& der!d6ttbn of tnc eq?atlona of 
m&ion for elasttc action of the iroti urd rear At:: :, ,..HI bl;r. 

c.2.1 Deflected 8h6pe 

The followlmz 6e.t of eQultlcm6 define6 tie deflected 6h6pee ior t!X front and re6I “ace6, 
-1% that thcgirtr remain elastic (Fig. Cl). 

For the front face: 

16~60, x d x! 
Y6, = 7 ( h - -hI- + i,’ + f YI 1 

lBY69 
( 9*=-s- k t-22.; +;(y*_y,),yI -$ > 

1fJY 
y,=--i:3 

( 
22 x’ ;-a-+i;( +;(J.,-yl)+y, 

> 
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Subetitut!?g Eqe. C.l to C.8 into Eq. C.7 and lntegratlng ytcldr 

C.2.5 Klnetlc Energy of Syetrm 

The equatton Jcr the evrluatlon of the Wwtlc energy II IO followa 

Subatltutlrg Eqa. C.l to C.6 Into EZq. C.9 and tnteSrrtln(r gleldo 

SQW!!, w, h 
KK=fa,h, -;~ef6- l T- (. .I 

+ pt 
1 3966& X63,,, 6, 2’ 

+ - 3 2 m,,,h( -_-__.+~.) 7675 25 

lb&31 16&q i: jrf hil 5$! * +~*--+-----+-- 
25 25 3 6 8/ 

soeejft J 16& )I 2-- 
7075 25 

1 
c i n?*,ha ( 

1 
“‘i %*lh, 

c.a.4 Potentlti ErtrW oi Gxmnal Load 

The equation !or the poteatl?l energy of t!!e external Imad, Ue, La 

(C.10) 
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C.2.5 Equation8 of Motion 

The Lagranglan form of the diffcrentfil quAI& of mot:im which ;efLnce the rtlr;lon be- 
tween the pertlncnt eergy quantitleS la 

b&E) &!PEj *.‘Jc _-+---r. -.- 
Byrn vrn ‘yrn 

Performing the dentgrrrted diffcrentlnttonr 01th teepect to elch coordtnate yiel+% the iol- 
lovlno ret of quauonr 

For the front facix 

For the rcu fact 

(C.13) 

Cl0 

(C.lSj 

For floor levels, flr& floor. 
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E!lminatIng the dynxmk coupling bttwren the front- and rear .facs dcflectlonr and the 
floor deflections and a~mpllfylq, the equation6 of mulIOn for the Iloo: levelr arc aa loilow& 

Plrst nary: 

= 3yo [VF (I) h, ‘- W,!IJ h,l ’ 3g [wp(tJ h; - wRiti b] 

126 364El, 
’ gm ( -5& YQ - 3% Y‘O,,) ’ g (qj+ Y.4 - ?* YMJ 

l k&y8 - y,) - k,yi + Y, 
( 

5SJmah, 533m._tbt 
-- - l 

‘.860 
urn-~ (C.22) 

second noryz 

(C.23) 

fu or&r to make Ihe numcri’al olral~sis more conven!er.?, {be ?ermr Involvirq the f!:st- 
ti third-&xx accelrratlma arc ellnululed from the equation of molioa of the second floor. 
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) 

) 

PiaaI equi11oar for tramr. 

PIrst ieory: 

(C.35) 

iC.26) 

lC.27) 
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cae, 

1c.27) 

tlarl equatlono tw from ti tear wallr. 

Front race, frrrc uory: 

248m, h, __.. -. 9 
2s5 WI 

= wp h: (C.lf! 

248~~~~3 h; . . 
.---.. -- ha $15 

= w&t; h- 

IC.IiY 

(‘:.ln 
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k, = 12,820 klpa’ft k: = 5090 k!pr/I* k( * 2940 klpr,‘B 

vF(t) h = 16.485Pt,, kipr wR(t) h = 16.46sP,, Upr 

* 40,300 klpr/ft 
3e4Ef 

*U.?S 
-5h’ 

= 9519 upr/n 

Front iice: 

0.12!116&~ s 16.485P~,,t - 4&N’&, - 0.079469, K.31) 

0.12X6& . 10.485PI,,, - 40,300ysq - 0.07946f, - 0.079461, (C.52) 

O.ltSl69, . 16.485P,,ti - 40,300yr - O.G7Q4691- OA79469, K.lS) 

ReulAcI: 

0.0464#~,,,~ a 16.465Pbzk - 9310y,, l 0.029521, (C 141 

0.04648$‘,s - 16.485bl, - JJlOy,j l Q.‘J2952Y, l 0.02952~~ (C.55) 

0.046469, . 16.465Pk,,, - 9310y, l 0.029529, l 0.029529* K.56, 

ncor IcYcrlr tncludlng the emct d rcrt1crl bad. 

Fir* UOTJ: 

2.Wlf, m 2.6973(P, - Pe) + OM6C40,3OOy, - QJlOy,,_l * 0.W40,~, - Q3tDI,J 

l 5Wtft - yil .- 13,82Oy, l 0.0624691 l ;: y, (C.2?) 

3.703Tfg - 3.2046(Pr - PgJ + 0.cw40,3OOy~ - %X*,,,i * 0,415(40,300y, - Q5lOy_ 1 

l 0.421w,woy, - OtlOy,.l + O.Mii2W (y3 - y3 

LP, 
- Q.Q?w0QO) (yt - y1) - O.O21(13,~O)Y, * .&- (ra - y1) K.56) 

L’Y 
a.M31pg = 16.WP, - Pe) + 509Oiyg - y1) - 13J2OYl + 0.w2wfl+ r?, !: (C.4O) 

l3ocad rporyt 

¶.703Tl: = a?.ltUPp - P,) l O.Q64w40) b - 73 - O.97Q!5090) (yr - 1!) 

- 0.031(13,320! yI l x$j 111 - I,) lC.41) 
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Thtrd story: 

1.75esy* - 8.243;P. - P,) - :94O(y? - ye l 0.06246)1, 4 7 ffi - yr) J 

For ttu fats: 

4X.2 Strata Energy of Syntrm 
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ila:.b 

-w-9, 

YB 

fC.55) 

(C.‘,Oj 

(C.JTj 

K.58~ 

I 

K.39) 

(C.W 

IC 61) 

nirdtkmr: 

- ho,J 
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;c. !;I) 

(C.Gf) 

I47 

SECRET- RESTRICTED OAT&! 



- .._ 

4dEI. 
- Sh’s bl - ~2) * WY, - Y,) - k,y, 

+ s,h ,. 367m,h .: ZP, 
42.000; y* - 21,000 ” 1 ?;;- y’ 

(C.67) 

For third floor: 

16.133n+,J + ~~Q~+, -.- 
21,000 42,000 ’ j,=~(l-(,)jwF(l)h-wR(t)h) 

(y, - y,) + r,‘:, - y,) - (1 + f,) kz(Yx ).I) + SLY, 

:C.bS; 

where 

4OQlm,h 

I, = 
42.000 

19,133m>+ M 
(C.6Qj 

21.000 * 

+ (f, - fir21 ic,y- - (f, - (1 * f,) f,j k&2 - Y,’ - (1 + b) WYI - Yr) + ‘z ‘j-r .- PI) (c.: 9, 

where 

4OQlmsh -- 

f, = 
42,01)0 

16,133m,h 
?t nnn + MI 

36?m,h 

ft = 
21,WO 

15,X33msh 
21,000 + Ml 

148 
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. J 

\ 
“1 . 

\ . . \ ’ 

632W’ + !!K!?Q rl 

I =- 
42,000 42,000 

J l6,133m,h 

21,OOO + MI + ~2;~ 
409lmsh ~, 

(C.72) 

Fln;ll equatIona evaluated IOr the particular coMtlt,ta Of Building 3 of Structwc 3.1.1. 

msh = 0.53339 itIp-seC’/ft 

M, P 3.55387 klp-set’, rt M* i ?.?W43 kip-se?, It M, = 2.59925 klp-se?. It 

k, = 11,370 klpe/ft k, = 3610 ktpa/Lt k, q 1760 kr?s 11 

Y #) h = 16.485P, w,(t) h = ltl.485PB 

El. 
$ = 198.4 Lips, rt 

Front rxe: 

0. ~0638ji,, = 16.485PF - 76,2OOy% - 0.25527~: * 0,0i572~t - O.OiI;Af, (C.73) 

o.r0639g, - 18.485P~ - 76,200~~ - 0.523649, _ 0.32:84)i, + 0.05715~, (C.74) 

t?.40639ji, = 18.48SPF - 76,200~~ + 0.04572~, - 0<255t?j;, - O.3124!9, (C.75, 

Rear race: 

0.40539y,, = !6.485Pg - 76,2OOy,,a + 0.25527, - 0.04572y1 + 0.ulir3yl iL’.76i 

0.406399,, = 16.465PB - 76,2OOy_+ 0.32354yt + 0.32;64ji, - 0.057158, (c .77) 

0,40639& = 16.485PB - 76,200y,Ja - 0.04572~, + 0 25x73, + 0.31?1!), is: 78) 

For second floor: 

3.Qt&$, 2 0 J(l6.485) (PF - Pe) + 0.335 ‘?A (Yul, .- &,,;.:I 
I 

I + ll ‘-Lj I 
384Ei, 

: 
-.~ <- (It.\, - y2. A) 

L h I 

-rr.G60 - y-; - 426Oy, + 333O(y, - yJ - iQCO(y, - y3 

XB, 
+ 3810(yl - y,j - 11,370~: + 0.0519sy1 -o&0932\, + -;- ,‘I !C.?B! 

“1 

For third floz: 

5.79095t = 0.296(16.485) (PF - Pe) = 0.064 
I 
ST2 (Yso, - fsql,j 

+ 0.419 E1~ 
h’ 

(ysg - Y,,.J 1 I l 0.335 -- &li 4 )?$5Y, 
. , 

- 338O(y, - y,) + 431O(y, - y.~) 

+ o.o13(11,37O~y, + O.lOQ?lji, 

SECRET - 

t 176Ob, - ;:J - 2.01Y(38’0~: - y:’ 
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. 
, 

For roof: 

2.80185i, = 0.143(16.485) (P, - PB) + 0.0158 - ).J 

i 
384EI. 

-0.085 __ i h, (y, - Ysu,) . 

- SlOy, l 14QO(y, - I,) - 294O(y* - y,) + 0.00207f11,370)y, 

+ O.O1924(381O)(y, - y;J - l.O2131(176O)(y, - yJ + 2 (Y, - y2) (C-81) 

A slmpllfled 6~1 of eq?latlcN Is presented bcior for the motion of the floors after the 
response of the wall sl?.br kr become osclllatorg. 

Second floor: 

Mt l 
ld,135m,h\ ,. -____ 

21,wo I 
:‘, a I”. L I. * $1 :: w,# h: !? 

40Qlm.h 
w, + t;fya - y,) - k,y, I 42s6o- yz 

SB’lm,h _--- 
21,000 

y, + ;f+, (C.S2) 

Third floor: 

w + 
16,13Sm,h 409lm.h 

2l,,OO * -i%~- !r 2, = (1 - f,) (‘#) h - rR(tJ h] - Rwl * f,Ry, * k& - yz: 

- (1 + f,) kz(Yz - y,) + f,k,y, + (C.83) 

Roof: 

M8 + -21,ooo- 
7883m.h S67m,h f + ’ ( srn,h 367m.h 

a,,)()0 * \ 41,000- + jy-Joo$ fl 

15G 
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APPENDIX D 

STRUCTURAL PROPERTIES 

D.l BUILIXNG 2 

Refer to the detatled plans of Buildl~ 2 In F&s. 2.39 to 2.41. 

0.1.1 Coiumns 

The strength properti~ 9f WC rolled column aectIoi3 are batoa on the relations of refer- 
ence 3. Flgwe D.! shorr a typkal P vs M cur~c for WF &ape, where 

(D.1) 

(D.2) 

(D.3) 

(D-4) 

(D.9 

(D.6) 

PI& 0.1 -Typka p ve Y curve for WF dmgw. 
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I - :‘II”; -9 
- ---I-- l 

e zoo. 
5 
a 

i + 

-.--J- 
I 

$00 -- kl -d 
-f-._ -A 

t 

-__ 

0 
400 530 
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. 

Interactron cutvcs of P V8 M for we appropriate column WCliON are prcarqmj In Flcn< 

0.2 tu S.C. TLcar cut VM art b,+646 VII a clrlic ytdd etreoa. 'he mcreaar cue IO o rappld rate 
d mraln Is detcrmlned by the Pslllculu wlys!s and Is npir!led to the O,ILLIC v;~Iuce lloled IO 

(he lable of ~xlal Iwd and moment br esch load. 
The barw propertlcs of the column HctIoM we Irken from the AIX Mannull. 

D.1.2 Girders 

Thr rctu~1 rrrlrtlon In momcnl of InertIs lor the Kwdcrr II a luncrton of tie type 3! lord- 
1~. Thle c~~IItlon Is due to the fact W the rcMxccd-concrtla Ilmr or rw! r!rb wll I&u- 

ence Ihe gird&r sertlo~ conNer8bly when lhe Lop finngo 1s UI comprerslon but only sllghlly 

*hen the txtitom I!arse 1s In ComPreaslon To rvold Ihe comuicsllv of eval*~r,nc 1~ true VLII- 

sllon !n I, the moment of lnertla l se urumed unlforn (rwr lhe r+ea. a.d 1nr v*!ile taken rl~) 

IJmt rt lb cunwr of tiu rpm usumhg camPowe rrtlon, Figure D.7 glvor I& vtiuce of mo- 
ment of mrrtrr ured for the vuloue gwdero. 

c 

Yy. D.?-Glrbr motwtd~-lmrclr ra.!ao 1-x 
lJuildlq 2. 

SECREl- RESfRlCfED GATA 



I?:*& &X~‘: k; _ 17,R20 b.ijS R h, ; 10.64 It 

Second dory: kt 5090 kqe II 11, -. 12.5 ft 

Third stary: ks - X40 klps 1: h, = Il.33 ft 

Note that the helet uf column !Y based on the d.s!wce t@~~+n center IIIXS cl gtr&rs. 
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Hear face tone 12 WF 72. IWO II WI 27 ;+r 1ra.w’; 

xl 1OOGm. 1; s . 155.1 in.* 2; I, :54 !a.) 

My I, C6.Y.Z -- L’.-- . L 14.8 fJ\ tt;*-R 

The vrluon of ITAN” used for the par?lcuIar tlcmcrd~ i,‘w iirtrd In Tabi. (21. T?ICU ra:urr 
arc rswsixtc~ r:th ;r sLnglc Ir:.me. 
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