MARSHALL ISLANDS FILE TRACKING DOCUMENT

Record Number: <>Q/05/

File Name (TITLE): \/QW aeA WM e A

MM%MM/

4 Y ,
Document Number (ID): W Cf? / /

DATE: ]/ [98Y

Previous Location (FROM): e

AUTHOR: 1. S . Hhre hee ~, A 0.

Addditional Information:

OrMlIbox: / -

CyMlIbox:



UNCLASSIFIED .- w1687
ZNMHEDIJTIIITITDmmMM \\\\\\

L st S ® 9 ﬂ‘m s T ~
&u EL e

Tse - 1 Y KT BN

kL prmi aar ALIERE ¥, ¥
Wumm .n - -m- [onT— i

Technical
Report

distributed by

SR
Defense Technical Information Center
A N> DEFENSE LOGISTICS AGENCY

Cameron Station « Alexandria, Virginia 22314

UNCLASSIFIED



NOTICE

We are pleased to supply this document in response to your request.

The acquisition of technical reports, notes, memorandums, etc., is an
active, ongoing program at the Defense Technical Information Center
(DTIC) that depends, in part, on the efforts and interests of users and
contributors,

Therefore, if you know of the existence of any significant reports, etc.,
that are not in the DTIC collection, we would appreciate receiving copies
or information related to their sources and availability.

The appropriate regulations are Department of Defense Directive 5100.36,
Defense Scientific and Technical Information Program; Department of
Defense Directive 5200.20, Distribution Statements on Technical Docu-
ments; Military Standard (MIL-STD) 847-A, Format Requirements for
Scientific and Technical Reports Prepared by or for the Department of
Defense; Department of Defense Regulation 5200.1-R, Information
Security Program Regulation,

Our Acquisition Section, DTIC-DDA-1, will assist in resolving any questions
you may have, Telephone numbers of that office are: (202) 274-6847,
274-6874 or Autovon 284-6847, 284-6874

June 1982



T AR R U AT TN

W R

s .Hxﬁﬁng«ﬂ.ﬂ«ai
AR

.

A PRRP TV sl b ok kst » Uy B SRR PPN 3 wt..\ # i

ST ‘1_.1..4.%53.34.1 it idr oG Je bt S G AU S GBI DAL 0. S B oA S A il ittt Jhe & R AT AV AT RO e
‘ - ’ "o

T e e o oo ¢ 354 il s thtales 2ok i 12 Aatha il 19N i 204
/‘ PRERAS 4 i e R :
8 21 R .

Blosiowr i e susinsd ad emiissmmns e

ey - : .r\:ri..iu't‘w




- ~amear? ~OBRGA \i'}-\..niit B mndaout it A -
- — PO L ot atkaeaiC NN

ot - .+ PG o YEETANS I MY -
" LU TEURG aN - ! § r..., ,.\\.\:.. n.«ﬂ»ﬁ?ﬁ ot okt g A 3N&dl}.nd
~ - a¥ AORIRS) O 3 Ve VU
,}\\ow,‘-zxn:; Yy 2 Q&.? /Q.. R e R i,
AP Ot D AT W R :.. LTl
. :uﬂ.wwr).,v <
N

SRV G VEPE L A
e i e a 3e o
— e
— e ——. o - -
N .. e e e b -

o

t

~
be

i wR &ﬁk .
- pitaeiet )
wfwmaﬁ ‘ !

Gﬂ.u( \a

-
. .
) - = m\mw
ve el o -
i - 3 SN -~ T
o~ . n,u,* l.,,.f o i A
h

| - :
N - oo |17 o4 z,_u
2 a4

! \Y) .
® - n\u ,
-1

. ..
e AN <A . Bk
: VIS e e P
tw . b N 4 ) N 2 wf& R
- ’~ ».ﬂ . o A
< v =4 A . 25
—. i 4 < s~ G
N -z .3 . \ el E i T w58
s - / { ~ e
ﬁh.a” P $ 4 . - 5 M. @ el
x, oot " .t i -M i
A ! -~ . - ' M
> - ; b [
e —. €= . v -
PR -
3 ! , .
- \\ Y| ] -
- 0N &M
- .
{ .
i i
Ly -
o . .
‘
T . 1
I ,
«
u i e o S oh B Btish R A N ,.'m
P s dhadid At e s S AN RS MO . ' * 2%
0 e Lk AN CaE RO v . ; o S
P (o vh i . . Y 5 < o
' . . e Tk S
L lllll U e Al arA e [ T et . PR et s -
- s - e 32 ¢ o FOIPEEIN - As\lll.(')\"l
g Iwrmﬁu B WD TN L\l:«.,_m..z..ai.uﬁu‘ FEYRG Mirmttia ] v, 58 e A DAL 1.»:1\ ‘.i:.:m%.,..a .&.« e e TS T _4/ 5:3:.# e
T Crey g e YOO TR A ST LY O ik at Bl A Rk et Rl \l. 2 \ V.x“:fi. "t rxsﬂ R * .w
v Y ,,x oot ] .

313!153;
N
" . ” -, o ek 3 rd om bt e v b i s b i . e ottt ot A
- - PRI RTINS XV IRUPR
—— Kon et i P It ot Arioms 5 B i @ Wb sttt R PR 2 b0 P
: SRRV SNl ot . s _
- - AN




..fv&’/

g2

iy~ o
Mm.m,inu!w

TATION CENTER

)
s

il
-

DEFENSE DOCUM

FOR

AATICN

i

L INFC

2
4
i

N
1

|

i

G

b it

41
A

SCIENTIFIC A

AMERON STATION. ALEXANDRIA. VIRGINIA

'I
#

K



ROPICE: When government or other drawings, specis
fications or other data are used for any purpose
cther than in connection with a definitely related
government procurement operation, the U. 5.
Covernment thereby incurs no respeusibility, nor any
obligation whatsoever; and the faet that the Govern-
ment may have formilated, furnished, or in any way
supplied the sald drawings, specificaticns, or other
data is not to be regarded by implication or cther-
wisa as {n any marnner licensing the hoider o sny
other person or corporation, or conveylrng any rights
or perwnission to manulagi.re; uge or sgell any
patented invemion it mAy in any way bLe related
therelo.

NOTICE:

THIS TOCGHENT CONTAZNS DNFCRMATION
AFFFCTING THS NATIONAL DEFERSE OF
HE UNITED STATES WITITi THT «EAN-
ING OF THE EGPIONAGE LAWS, TITZE 18,
U.S.C., SECTIONS 793 and 79L. THE
TRANSMISSICN OR THE PEVELATION OF
TTS CONTENTS IN ANY MANIER 70 Al
UNAUTFORIZYD FRRSCH IS PROEIBITED

BY LAW.

St

L e’

it M“.-ad..ﬁ; -

n'.‘i ‘l‘.' +

e far ke it M

gl

oo

2

P TV T

Eaad

i il e o 3y




e ga ey o e T v

P

Lyubhtind 50

4
L

b+ ropm— S T T YT S

- — - St AT Y T g T

P
4

Y

ERY

e <o iy i el

| PPN,

w

|

e R
g et e g TR T -
P

L

X e

3
2
K
3

R T g atttartads ol
" ho ot LA RAN

.:.l.;.‘ N - i q L ORI SISy J e ﬁ_j
LA ' ; 1 S i T et xe N 2
)

vt

+

[ YR vy

v

A& Subtithodrh R’

s

oW

h

Tt T A o DT e e TRV o

.-

o e wa—
T

BT TRN

fb

-




.

™~ o
E -
SECRET
@
2. wren
This document consists of 178 pages
No. 150 of 230 copies, Series A
Report to.the Scientibic Director
DAMAGE SURVEY AND
ANALYSIS OF STRUCTURES /{
. -
By
x‘-.o\w’\a}.
John 8. Archer 2
IR
and can ", e
Edward A. Lawlor , LT J 15«5.’
. o~
ogpi® ‘6'0
»
e v
saelel Ll S ng— -
Magsachusetts nsifw® of Techgdoy »
Cambridyce SRITLC kit !
\‘ - ) - h::—
N S e ‘)
0 DATA
RESTRICTE
This document containg restricted 4ata as
defined in the Atomic Energy Act ¥ 1804,
Its transmittal or the disclosure of itr
contents in any maaner te an unastherized T plTToreATT
‘e

person is promited.

Ty

pre Py

rewrer T

haidouie

« Loy 2 . 5 :
o b ot 200 St i hee

su‘.ivl. e :
' nm.mmm\umwu&mu:mumm ‘Mwm ‘
-. ; .

T
b - T T T TN MAS A e g sy o w7 e 3

v

Bk d i

O
oy

IL; N

a s

bR

o Ao A 4




ABSTRACT _

/ ~ £ i
- The purpose of this study_mmage-eumnd—*m%wsot&ncrtum% to determine
the damage and blast loading on (peration Greenhouse Army Test Structure 3. 1.1 and to sucvey
the damage done to Creenhnuse Structure 3.1.3 and other miscellaneous structures. These
structures, located on the Zniwetck Atoll, were expcsed to the effects of the two atomic bursts
{Mike ard King) of Operation Ivy in the late fali of 1952, A damage survey was conducted by
theOffane-ai-the Chiel Ll Jouineers-and-the-Massachunetts Institute of Techrology tn Avgust—
893 to obtain data upon which to base a correlation of the damage incurred with the measured
air-blast overpressures caused by the two shots, )
The damage caused ' Strucwure 3.1.1 by shot Mike was comparabte to that caused by shot
Easy of Qperation Greenlouse. It is probable that no damage occurred to Structure 2.1.t from
shot King. Ouly the fia2) permanent defiections were recorded of Stricture 3.1.1 for shot Mike.
The lack of transient response records for this shot increased the atiuculty of correlating the
loading with the defurmations sustained,
Analyses were periormed on Buildings 2 and 3 of Structure 3.1.1., The effect of va. ying
overpressure and the shape of the load-time curve were mvestigated."{ﬁmﬁmtural param-
I oters of Buildings 2 and 3 were obtained-by correiation of the maasur'eq overpressure with the
. recordedresponss {cr shot Kasy ol Operation Greenhouse. The results'cf the various analyses
for Operation Ivy 'ndicate that the free-air overpressure in the vicimity of Structure 3.1.1 was
between 12 and i4 ps! {or shot sike. which comparns reasonably weii v “h pressvres pre-
dicted at Structure 3.1.1 based on actuz) mcasurements made at vther looations rear the

atructure,
e The olidgrvatic r «.ade in the gross-damage survey may se cummiacivzed as follows:

1. The dam:age sustained by tha various buildings of Structure 3,11 Jue to shot Mike was
as follows: The tes: paacis nf aldiegs t and 7 sustained only slight c2ditional damage due to
air biast, The stevirames of Bwmlding 2 « '~ -2 moderate plastic defoimmuticn, and the steel
sheeting of the roar face was disturtad .nward between ;:tis. The stcel frame and s'ding of
Builaing 8 received no appareni additicnal Camage. The «Gncreee frames of Pidings 3 and 5
suffered moderate piastic Jeformation, Tie rear wall of Bu:lding 5 waa blowa ou oy (he air
blast. The srear wol's of Building 4 were vadamaged. However, large cracks werc cpened in

the roof slabs udizcent to the shear walls and roof girders. The overpressure was approxi-

mately 14 psi,

2. Structure 3.1.3 suffered no major structural damage. The Liast drrs were removed
pricr to the test. The wood-frame air lock, which was left in place, wa:. destroyed by the atr
blast. The painted surface of the vent pipe was charred on the side facirg Ground Zerv '™
gage overpressure was aoproximately 18 psi.

3. All re:nforced-concrete semiburiea instrumcntation shelters appeared to have per-
formed their functinn satisfactarily withour exubiting any primavy structural failures,

4. Of the many cne story rewnforced-concrete surface and semiburied ctructures ob-
served, none were bidly damaged. The only serious structural fallures obacrved were conlined
to wing walls designed to retain portions of the f:1l on the semiburied structures. Exposed
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steel beams and pipes attached to these structures were damaged and destroyed by overpres- - -
sures of 11 psi and greater. 1

§. Small buildings covered with thin sheet metal over diagonal wood sheathing generally 3
withstood overpressures up to 5 and 8 psi. However, one structure of this type was observed
badly damaged by an overpressure of 4.5 psi.

8. Lightly constructed wood-frame shacks apparently sheathed with corrugated metal and
located in regions with overpressures greater than 4 pst were completely destroyed. No struc-
tures of this type were chserved in rogions subjected to less than 4 psi overpressure,

7. Palm trees were dustroyed by air-blast overpressures of 4 to § psi and greater, but
none were destroyed by overpressaures less than 4 psi,
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CHAPTER 1
INTRCDUCTION
1.1 PURPOSE

The purpose ¢ this report is te (1) record and interpret the results of the damage result-
ing {rom shnts King dna Mike of Operation Ivy at Eniwetok on a number of miscellansous
structures includh:, the Greenhcuse Army Test Structure 3.1.1 and {2) tc prezeat a dyramie
analysis of Stouttu: e 3.1.1 to determine the probable loading and establish correiation with
meagured blag: grrusures in the region near Structure 3.1.1.

1.2 scope

2. general damage survey of all structures of interest at Eniwetok was made ia August 1953
by T. O. Stark of the Olfice of the Chief of Engineers and John 8. Archer of the !{assachusetts
institule of Technoiogy. Excecpts from a letter report on this field trip writtes by otark ave
included as Apperix A of this report.

The pertinent data and phctographs obtained in the field survey are includey In Thap, 2 anca
Appendix B for Stiuctvre 3,1.1 and in Chap. 3 {or all other structures,

A general damzse survey of all structures other than 3.1.1 at the site was marte with the
intention of correiact-f overpreasures with observed structural damage. Photogyphic evi-
dence of the damaye wa3 cblained whenever possible, and detailed measuremeats were maue o
the damage where ar liaiysis of the structural behavior appeared practizal.

1.3 HISTORY

With the exception of 8tructuzres 3 1.1 and 3.1.8, pract:icully all buildings orserved at the
site were constructed {or the support of Operation Ivy. Structures 3.1.% and 3.1.% .cre cem-
pleted in 1951 55 test etructures uncer the sponsorship of the Office of the Chisf of inginiers,
Department of the Army, {or Creratic . Greenhouse. During the Greenhouse opera‘ion Struc-
ture 8.1.1 was subjected to 2 peak reflected air-blast overpreasure of about 30 pai 28 a resuit
of ghot Zaay, the structures test shot. Following an extensive damage surve: the structure
was 2zain cubjected to an air blast from snot Item but {rown a diiferent dir .ction. A leas ex-
tensive damage survey was made after this si.ot since the ortentating of the Uiast wave was
such that the air blagt caused less damage than shot Easy to the frames of the test structuse

A program of electronic metrumentation of Stracture 3.1.1 wag propesed by the Office of
the Chief of Engineers tor Operation Ivy but waa not approved on the basis that this operation
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was primarily a weapons development test. As a result only two electronic pressure gages
were mounted on Structure 3.1.1. A program of transient displa:ement instrumentation would
have materially assisted in cosrelating the analysis with the measured results.

Prior to Operation Ivy in the fail of 1952, a - epresentatis z of the Office of the Chief of '
Engineers, Department of the Army, visited the gite and supervised extensive photography of
Structure 3.1.1 as well as other structures of interest, Following the completion of Ogeration

Ivy the damage survey by Stark and Archer was undertaken.
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CHAPTER 2

DAMAGE SURVEY AND ANALYSIS OF STRUCTURE 3.1

2.1 GENERAL

Structure 3.1.1, the Greenhouse Army Test Buiiding, waa the only structure examined at
the site of Operation Ivy which had teen constructed for the exclusive purpose of measuring
the effect cof air blast {rom nuclear weapons on surface structures. This structure hapr aed to
be locited at a2 rangs from Ground Zero of shot Mike® of Operation Ivy such that the dasige
caused by the air blast was witawi iumits suitable for a dynamic analysis. In addition, compiete
plang were availaole for ' e structure, and damage survey notes v ere availabie for the previous
nuclear shots which had damaged the structure.

The magnitude of the air-blast wave for shot Mike of Operation Ivy at the location of
Structure 3.1.1 was not knowa reliably, alttiough & number of measnremnents of air-blast over-
pressures were made at various disiances {roms Ground Zero.! Therefore an estimate of the
actual air-blast pressgure at Structure 3.1.1 can best be <btained by aynamic analyses of
Buildings 2 and 3 of this at.ucture. Various levels of air-biast overpgressure are assumed,
and the response is computed using methods of analysis which have been developed.!#”" A
comparison of the computed response for the varicus assuw.ned levei. of s.ir-ulast overpressure
with the actual valies of permanant deflection measured 1n the fielq survey 121ds to an esti-
mate of the proutble atr-blast overpressure at the locaticn of Structure 3.1.1.

The {ield survey measurements and photographs of Structure 3.1.1 are presented ia Sec.
2.2. The cdynamic analyaes of Bnildings 2 and 3 are presented sn Sec 2.0,

2.2 EURVEY MEASUREMENTS AN RESULTS

The camage survey measurements made afie, Operation Ivy consisted {n exterior-wall-
offset meaguremanats, columz-«ffsct n'wasurements, and 1cof-elevation messurement, . I ad-
dition, general chaervations and ghotographs were made of the structure whicn i+, shown dia-
grammatically tn Fig. 2.1, Since no bench marks or fixed joints were available upon which to
base the measurements, only reiat! e horizontal and vertical displacements of the structure

were obtainec.
The pre-Ivy condition of Structure 3.1.1 was determined {rom survey notes and ph-dugraghs

obtained foiiowing shots Easy and Item of Operation Greenhruse’ ¥ ard com the pretest visit
made by a represeatative of the Otffice of t..2 Chief of Zngiacera in the fall of 1952,
A description of the post-lvy damage survey and resuits is presented in the following

sections.

*Shot King of Overction lvy produced air -blast overpressures at Structure 3.1.1 of such a
low magnitude thot no measurable damage occurred from this shot.
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2.2.1 Exterior-wall-offset Measurements

The exterior-wall-cffset measurements were made by establishing !ines of sight apps oxi-
mately parallel with the walls of Structure 3.1.1, using a surveyor’s transit. Each line of sight
defined a vertical plane located about 1 ft from the face of a wall. Offset measurements were
made perpendicular from each vertical plane to the suriey points located in the walls (Fig.
2.2), The location of the survey points 13 shown in Fig. 2.3, The position of each point relative
to a vertical plane through the base point wi 1 then determined Uy the dif_erence in the offset

Table 2.1-—SUMMARY OF EXTERIOR-WALL-OFFSET AND COLUMN-OFFSET MEASUKEMENIS

Average horizontal displacement Columar-offset
Bldg. Floor relative to bas=, ft measurements,] ft
No. level vy Greenhouset Total Per story Total
1 Second 0.00 0.00 0.00
Third 0.00 0.01 0.01
Roof -0.018 0.02 0.01
2 Second 0.u8 0.08 0.14 0.10 0.10
Third 0.14 0.18 0.32 0.24 9.34
Roof 0.32 0.32 0.64 0.24 0.58
3 Secona c.07 0.04 0.11 0.13 0.13
Third G.20 0.i3 0.33 0.18 0.31
Roof 0.34 0.26 0.00 .21 0.52
4 Sceond 0.0v 0.01 0.01
Thiad 0.00 0.01 0.01
Roof ~0.014 0.01 0.00
5 Second .14 0.03 v.23 0.22 6.22
Third 0.20 0.14 0.34 0.11 0.33
Roof 0.38 0.24 0.¢° 0.21 0.54
6 Se~ond 0.02 0.03 0.03
Third 0.08 0.07 0.1¢
Roo 0.12 ©.06 0.16
k4 Second 0.03 0.01 0.0¢
Third ~0.058 0.0z ~0.041%
Roof -0 (8% 0.0} -0.058

® Average c! mea.urements in Sec. 8.1,

1 Average of measurements in refcrence 10.

{ Average of measurements in Sec. D.2.

s Nogative aizn idicates motion toward L Vo ry,

distances to the two polnts. Clanges in the relative positions of the survey pointe were obditnes
by comparison with earlier surveys, This information i8 summarized in Tabie 2.1, and the
complete data are contained in Sec. B.1.

2.2.2 Column-offset Measurements

The column-oifset measurements for Buildings 2, 3, 5, and 8 were inade Ly hanzing a
plumb tcb from the ceiling in each story adjacent to the tront or rear of the columans on that
floor. Horizontal-offset measuremeants were made from the \.iumb line to the top and bottom
of the adjacent face of each colurmn (Fig. 2.4). The relative permanent d:stortion of each ¢i-
umn in 2 horizontal direction was determined from the diiference of the oifsets at tnie top and
bottoin of the column. The column deformation thus obtained i8 approximately the total hori-
zontal deformation of the frame of the structure caused by all the blast tests performed in the

16
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vicinity of Structure 3.1.1. Thus the column-ofiset meagurements served as a check cn the
total lateral structural deformation vbtained from tne exterior-wall-survey point measure-
ments. The results of the column-motion measurements are summarized in Table 2.1. The
complete data are contained in Sec. B.2.

2,2.3 Roof-elevation Measurements

A level survey was made on the roof of Structure 3.1.1 to determirne the efevation of all
the roof survey points relative tnh a common horizontal plane. The elevations of these points
were related to previous level surveys by assuming that the average elevation of the four

Table 2.2-—SUMMARY OF ROOF-ELEVATION CHANGES

Total no. of
usable survey
howtl hang, t
Dldg.  point measure- Number of points s! ng indicated ¢© e in clevation
No, ments® -0.12 1 —0,09{t -0.061t ~-0,031t ~0,021t —0,01(t Oft
1 47 0 0 0 ¢ 17 ] 19
2 35 0 0 0 1 & 6 16
3 35 0 o 0 0 0 1 0
4 49 1 1 1 2 2 7 33
% 31 (] ] [ 0 0 1] 0
L] 35 [} 0 (] 1 5 it 17
1 43 1] 0 0 [ 2 i 24
Total no, ¢f

usable SUIVEY  yuoker of potnts show ing Indicated chacge tn elevation
Bldg. point measure=

No, ments® +«0,0Lft v0,02ft «0. U3t 10,04t «0.05{t ~0.08

1 “ 26 2 0 0 ) 0
2 35 P 1 o ) ¢ 0
3 35 4 a 13 6 2 1
4 49 1 0 1 9 o 0
s 3 0 8 13 9 0 1
8 35 2 0 0 0 o ¢
1 4 1 1 0 o 0 0
* See Sec. B.3,

corner pointa of Building 4 did not change. [Lese yoints were selccted as the points vpon
which to base the elevations beavouse ol the massiveness 2ad extreme rigidit;- of Building 1.
The resulting elevations of othet points on the roof of Structure 3.1.1 seem o ve: iy the rea-
sonableness of this assumption, On this basis the change in -« 2tion of each roof zurvey point
a8 a result of Operation Ivy was cor suted, A summary of the resulting clevation caanges is
given in Table 2.2, A sketch of ti.e damage to the roof of Builcing 4 is given in Fig. 2.5. The
complete Jdata are contained in Sec. B.3.

.2.4 General Observaticns and Photograyia

The damage to Structere S.i.1 caused by shot Mike of Operatinn Ivy was of the same ordar
of magritude as that caused by shot Easy of Operation Greenhouse, Figures 2.9 and 2.10 are
pocttest views of the froat and back of the structure.

(a) Building 1. The paneis of Building 1 sustained only slight damage due to air blast. A
{ew additional haircrachs were discovered in the back of sore panels, but no additional major

17

SECREY — RESTRICYED DATA

o r'e e T TR SO
- & e e
’ &} o ~
" . .

i)

¥

w

ot

v -r

~r

T,

e A i e e i i b

o G R e e R L el T R PR
ik ksl Rl
i

.

S i

b Rk L A

N
i adin ao ki

\ .
PPNy SECIV I ST AR

-

byl Y chiagt




g ——y

T

Atructural damage was discerred. See Figa, 2.6 to 2.8 for pretest views and Figs. 2.9 and 2.10
for posttest views.

(b) Building 2. The back-wall corrugated metal sheathing cn Building 2 was deflected in-
ward between supporting beams. The large deflection of the sheathing caused the girt flanges
to become distorted and twisted. Thiy butlding was obviously deflected away {rom the blast,
but the main supporting steel columns remained undamaged excepl for plastic rotation of their
ends, The roof was undamaged. See Figs. 2..1 and 2.12 jor pretest views and Figs. 2.13 and
2.14 for posttest views.

(c) Building 3. Building 2 was defiected away from the tlast in 2 manner simliar to
Building 2. The concrete cclumns were crackeu and apalled at the top and bottom owing to
plastic hinge action. The roof was essentially undamaged. Pretest ghotngraphs are shown in
Figs. 2.15 and 2.16; the only postiest views available are in Figs. 2.8, 2,10, and 2,13,

\d) Building 4. Building 4 was undamaged with the exceptior of the roof. Large cracks
were opened in the roof slabs adjacent to the shear walls and roof girders, Oa twhe underside
of the roof these cracks appear to be located along the ends of reinforcing bara placed in the
bottom of the roof slab aud terminating about 3.3 in. from walls and girders. These bars are
oriented normal to the shear walla. The roof crasks originated in Operation Greerhouse fol-
lowing the Item shot and were widened by Operation Ivy, Several interior views of Budding 4
are given in Figs. 2.18 to 2.26. Exterior views of Building 4 are shown in Figs. 2.9, 2.10, 2,17,
2.29, and 2.34,

(e) Buslding 5. The rear wall of Building S, which had been badly damaged by the Easy
shot of Operation Greenhouse, was destroyed by Operation lvy. The wall slab was getached at
the roof and floor leveis and rotated aboul th~ top of the footing until it lay 11at on the ground
at the rear of the structure. Except ‘or the lateral deflection of the structiy =, ro additional
damage was noted. Pretest views c. Building 5 are given {n Figs. 2.27 ana L.2%, and posttest
views are given in Figs. 2.26 i0 2.21.

() Buildings 6 and 7. Bulidings & und 7 received no apparent damage beyora iht observed
in previous operations, Pretest anrd gostiest views of these buildinga are containcd in Figs.
2.32 to 2.38.

2.3 DYNAMIC ANALYS13 0F STRUCTURE 3.1.1

2.3.1 Iniroduction

Section 2.3 deals wiil ile goneral features ¢f the 2nalysis of Bullaings C a.d 3 2f Strug-
ture 3.1.1. Attention 18 given to the over-ail struciural cenfiguration, the fundaz.ertal 1oad vs
time variztions, and the basic concepty uszed 1o 1ormulate and solve the equaticng of motion,
Methods for evaiuating rebound and cetermining fra-ce -« iistancen are adofied on the bas:s of
an investigation of data from Opesation Greenrnuse, The sésults of the varione antiyses are
presented in graphical forai,

2.3.2 Structural Propertiez

Building 2 {3 a three-story steel-frame atructure, one bay wide and three bays long. The
structural frame consists of two rigid frames constructed of standard roiled sectiuns through-
out. Welded connections a e used to ensure contiuuity at all the jointn ¢l the framr . The roof
ané floors are one-way reinforced-concrete slabs sr~nning betweea {ranes. Steel V-beum
sheeting I8 used as the coverrg material for the {ront ard rear faced, The V-beam 18 sup-
ported on girts of standard roiled nections which gpan betwe 2n {loors, Detailed sketches of
Building 2 are shown in Figs. 2.39 to 2.41. .

Building 3 {8 a three-3tory reinforced-concrete frame siructure, one bay wide and three
bays long. The roof and floors are on2-way reinforced-concrete slabs spanning between
frames. The front and rear faces are one-way reinforced-concrete slabs spanning vertically
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and are continuous over the entire height of the structure. Detailed sketches of Building 3 are
shown in Figs. 2,42 to 2.44.

The aralyses of Buildings 2 and 3 were carried out by using certain basic material prop-
erties. Thege properties with some modification are an average of those used by Ammarn and
Whaitney in their study of the behavior of these structures during Operation Greenhouse.'' The
actual values of the pertinent quantities are presented in Table D.8,

2.3.3 Loading

Structure 3.1.1 was located in the region of Mach reflectiun for shot Mike of Operaticn Ivy.
The following overpressure vs fime vanations for windowless structeres located in the region
of irregular reflection ohtained from reference 1 were used to compute the loadings for the
analysis of the str:cture. A more complcln discussion of the theoretical and empirical bas:s
for these methods of load determination is contained in reference I,

‘The atr-blast wave in the vicinity of Structure 3.1.1 may be approximated as shown in
Fig. 2.45. The variations in front, rear, and roof pressures with time are shown tn Figs. 2.48
to 2.48, respectively.

The nomenciature and reiations used in figures are:

¢, = velocity of <ound in undisturbed air
Creft = velocity of sound in the reflected region
= 422 (161,’ +38¢ - 5)/1.6, where £ =1+ (Pgo/14.7)
h’ = clearing height, taken as the full height of the front face or half its width, wvhichever
ts smaller
L = length of the atructure in direction of propagation of biast wave
L* = distance along tue rodf in direction of p.opagation of blast wave to point at which
local rouf uverpressure is being calculated
Py, = maxitaum incident free-air overpressure
Pg = free-air overpressure at any time t (Fig. 2,45)
= reflected overpressure produced by the impingement of a plane shock on a plane
surface
= 2Py, {(102.3 + 4Pg,)/(102.9 + Pyo))
q = dynamic pressure at any time t
=qf1 - (‘/to)]e—a.m/t.
g, = peek dyramic pressure generated by blast wave
to = guraifon cf posilive phase of blast wave
t = time, measured from 1natant blast wave impinges upes surface teng ~¢nsidered
t. = time required to clear a surface of dilfraction eifects
= (3h*/Cren)
Y, = velocity of propagarion of shock {ront

P refl

The bas:c data {r.r the loadings on Structure T 1.1 sre taken from reference 2. The curves
of maximum {ree-air overpressure vs distance awd durati~n of posuive phase vs diziance for
shot Mike of Operation Ivy are reprodecea in Figs. 2.49 a:d 2,50, respective.y. The fact that
Structure 3.1.1 was oblique to the shock from shot Mike of Operation Ivy was not cunsidered
significant and was neglected because the angle of incidence was small (see Fig. 2.51).

An alternate variation in front-fa_e overpressure was investigated, This variation, which
includes a finite time of rise, is shown in Fig. 2.52. No attempt was made to modify the rear-
face and roof loads to include the rise time because ita effect os the ivading - would not signifi-
cantly change the structural response. The magnitude of the tume of vise ',a8 busza on the
phenomena recorded at the site during Operauon Gricnhouse,

2.3.4 Analysis

The idcalized system used to approximate tiie behavior of Buildings 2 and 3 15 siiown in
Fig. 2.53. The multi-aegree-of-freedom actual system 1s replaged by  system having nine
independent coordinates. One coordinate i8 used to describe the rzotion of eacn floor mass,

.9
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and one coordinate defines the motion relative to the floors of the wail slab between ficors for
each story of both the front and rear faces. The positive direction of motion is as shown in
Fig. 2.53.

The details of construction of Building 2 make it possible to reduce the analysis of this
structure to a consideration of a three-ccgree-of-freedom system by neglecting the effect of -
the front and rear faces. The basis for this approach is presented in Appendix E, The analysis
of Building 3 18 complicated by the continuous construction of the front and rear faces., This
detail makes it necessary to include the fro.t- and rear-wall motion because these elements 3
significantly aid the frame in resisting the horizontal motion of the floors.

The approach eaployed 1n this report :s based on the principle of conservation of energy.
There are only three basic quantities to be considered in this method. These are (1) the po-
tenttal energy of the external loads, (2) the strain energy stored in the various reslsting ele- 1
ments, and (3) the kinetic energy asscciated with the motion of the various masses.

The evaluation of the three basic energy terms is accomplished by standard relations as
shown in Appendix C. The fundamental equation which relates kinetic energy, strain energy,
and the potential energy of the external load for any coordinate y_ is given in Eq. 2.1.

RN

Loaad ety

ol

d [a(xi:) AKE) 3(PE) oV, @.1)
& {9V Y m 3Ym #¥m !

vt

where KE = total kinetic energy of the system
PE = total potential energy of the system
U, = potential energy of all external loads
9m = first derivative of y ., with respect to t

Equation 2.1 is written for each coordinate of the system so that an equation of motion is ub-
tained for each independent coordinz . This relation is known as the Lagrangian form of the
differential equation of motion.!!

The detailed computationn of deflecti~na far narticular loads are accomplished by a nu-
merical method of analysis called the “Accelera‘ion Impulge Extrapolation Method.” This
method is rigorously presented in reference 4. 'The basic recurrence {formuia relating three r

successive displacemeats separated by a time interval 4t is

G et i

L) e s
Yort = ¥q~ Ypop * ¥, O 3
The degree of accuracy obtained with this procedure is a funct'on of the length: of the time b
interval. .
For time intervals short {n relation to the natural frequency of the elem=nt, the error i3
small.¢ 4
A detailed derivation of the equationa governing toe behavior of Ruildings 32 and 3 (s 9
presented in Appendin C. The con.putations of regpense af thege pfsuctuses to the various s

loading conditions are presented in Appeniix E.

2.3.5 Evaluation of Rebound .
The maximum displacement of any cleme=! i obtained from the numerical analysis of the 4

dynamic response. The only deflecticn records available for Cuildings a ond 8 for shot Mike

of Operation Ivy are the permanent displacements. In order to oitain the permarcent displace- 1

ment of an element from the dynanic analysis, it is necessary to reduce the maxi- um deflec-
tion by the amount of recovery to be expecied. The computed recovery {or rebeund) ts obtained
by dividing the resistance at the time of maximum deflection by the elastic spcing constant, k. k-
The Greephouse data and the numerical analysis fur Greenhmuse presentcd in Apperdix % are
examined to determine the validity of this rebound coieputation.

The maximum relative deflection and final relative deliection of exch of the three stories
of Building 2 as recorded for Operation Greenhouse are prezcnted in Table 2.3. The computed

o
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values of maximum relative displacement and final relative displacement from the dynamic
analysis of Building 2 for the conditions of Operation Greenhouse are alsn presented in Table
2.3. A comparison of the recorded 2nd computed rebound for Building 2 shows that the com-
puted rebound is generally smaller tnan the actual.

Owing to the discrepancy between computed and actual reoound at Greenhouse, an empiri-
cal approach is used to evaluate the amount of recovery. The final permzanent deflections for
shot Mlike of Operation Ivy are obi wined by subtracting the actual rebound observed during

Tsble 2.3—COMPARISON OF RECORDED AND COMPUTED DEFLECTIONS FOR
BUILDING 2 AT OPERATION GREENKOUGE

Maximum story Finel story Rebound, ft
deflection, ft deflection, L First Second Third

i TR NN i n"Y nn—n  sary slory  story

Recorded 0,135 0.403 0,262 0.0860 0.120 0,140 0,075 0.283 022
Cortputed  0.133 0.417 0.238 0.059 0.289% 0.152 0,074 0,128 0.14

Tadle 2.4 —COMPUTED MAXIMUM RELATIVE DEFLECTIONS, SHOT MIKE,
OPERATION IVY, BUILDING 2

Maximum relstive defiection {or 0-sec M relative defl for 0.018-cec
Ume of rise, ft time of rise. ft
Overpressure  First story Second story Third story First story Second siory Third stocy

(P}, pst ¥ n-n n-n N Y= % Ben

L] 0.041 0.087 0.108

10 0,004 0,193 0.252 0.065 0196 0.48

12 0.083 0.518 0.297 0.087 0,923 0.282

13 0.113 0.387 0.318 0.11% $.397 . 0,201

14 0.16% 0.459 0.324 0.178 0,447 0.305

13 0.258 0.526 0,381 0.260 0.533 0.323

17 0.518 0.729 0.358 0.5323 0.71¢ 0,327

9 1170 0.721 0.428

Operation Greenhouse (Table 2.3) from ths computed maximum displacements of the varicus
analyees. The resulling permanent deflections obiained are considered to be vhe most rea-
sonable ihat can be egiimated at the pregent time,

2.3.6 Results of Aunlysis

A series of piiat anzlyses waa perfermed on Buliding 2 using the recoris obtalned from
Operation Greenhcuae, These znalyses were uged .o determine the resisiance vaiues for the
columns of the building whick w2uld 31+c the best approximation to the defleztion recerds of
Operation Greeiuioise, The approach adopted wag to vary the height of columa U-tween plastic
hinges. The recorded and computed dispiacement va time curves {or the relative deflection of 3
each of the three stories of Building 2 are presented in r'igs. 2.54 to 2.58, The computed t
curves represent the best agreement obtained {rom the several anzlyses performed. The re- f
aistances were odtained using the column heights aé listed on the figures. The computations
for these znalyees are included in Appendix E.

Fourteen loading cases were investigai.d for Ruilding &, 24 indicated in Tables 2.4 and

R ST

i, s i

2.5, under the conditions of shot Mixe of Operation Ivy, The effective coiuran helghts inter- ¢
preted from {he Gresnhouse data were used in the Jetermination of the resistance values for ;
these analyses. Eight values of overpressure with an instantanzous time of rise were con- R
sidered. These analyses define the variation of maximum response with overpressure for the P

i

complete range of vielding to failure. Six additicnal analyses were performed Incurporating a
time of rise of 18 maec in the front-face loading. These six analyses were used to show the

21
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elfect of rise time in the range of overpressures which bracket the pressure experienced by
Buiiding 2 during shot Mike of Operation Ivy.
The results of the various analyses for Building 2 are presented in Tables 2.4 and 2.5,
The curves of firal deflection vs peak incident free-air overpressure and the recorded
values of final deficction for Building 2 are shown in Figs. 2.57 to 2.59. The range of possible
overpressures existing at the site for shot Mike of Operation Ivy is determined by a compari-
son of the computed and recorded {inal def *ctiozs.

Table 2.5 —COMPUTED FINAL RELATIVE DEFLFCTIONS, RHOT MIXF,
UPERATION VY, BUILDING 2

Final relstive deflection for 0-sec Fiaal reiative deflec:.on for 0.018-s¢1
time of rise, Rt time Ot Tize, Nt
Overpreosure  First story Second story Third story  First slory Secomd story Third story
(Pyo o o ¥ N nn b n-n n-n
6 0 o [
10 ] 0 0,130 0 1) 0,124
12 0.010 0.03% 0.17% 0,012 0.040 0.160
13 0.938 0.104 0.194 0.040 o.114 0.189
14 0.0%0 0.206 0,202 0.103 0.184 0.183
i5 0.181 0,243 0.23% 0.188 0,250 0.201
17 0.441 0.446 0.338 0,487 0.433 0.20%
134 1.085 0.428 0,308

Table 2.8 —MAZL .M AND PINAL DEFLECTIOMS FOR BUILDING 3

Po 13 1} Pw 13 14 P 13 14
e n-oyn b 2l
Maximum 0,321 0.430 Maximum 0.403 0.411 Maximum 0,175 0,148
Rebound ©.163 0.163 Rebound 0.218 0.21n HRebound 0.216 0.2i0
Computed final 0,158 0.267 Computed final 0,185 0,193 Computed final 0 L
Measured inad  0.070 0.0 Messured final 0,130 0,130 Messured final 0,140 0,140

The analyses of Building 3 were used merely as a check of the results obtained from
Building 2. Only two overpressures with instantaneous rise time were investigated for thia
structuse. The difficult nawure of the analyses made a greater number of investigations ira-
practical, The resistance veines were obtained using column heights based on the resltr of
the correlation of the Greenhouse analyses of Building 2. The results of the two analvees of
Building 3 are presented in Table 2.6,

A study of the computee msrimum relative deflecfions (Tuble 2.4), the {inal deflecrtor va
overpressure curves (Figs. 2.57 to 2.50), and the {inal relative defl~ctions (Takle 2.5) det~r-
mined for Building 2 lead to the conciusiva thae e maximum alt -blast overpreseure in the
vicinity of Structure 3.1.1 was between 12 and 14 psi. Very littie difference is obtained iz e
structural response computed with a zero time of rise and with a rise time of 18 msec. In
view of the uncertainty regarding factors suc.i as the effective mass of the superimpcsed dead
load and other approximations used in the joad computations, it {8 estimated that a time of rise 1
of the magnitude useq in this analysis may be neglected without grestly affecting th - atructural 3
response. It may therefore be concluded that one cannot determine as a resuit of e analysis 3
of thia structure whether a significant time of rise was przaent in the air hlast or not.

The comparison of the maximum and final computed deflectfons va the measuy ed fina! de~
flections for Buliding 3 (Table 2.6) indicstes that a maxiruum air-blast cverpressure of 12 or
13 psi would have caused the observed structural deformation. The analyses of Building 3 in-
volve a higher degree of uncertainty than those for Building 2 because of the structural rebcand
sssumption and the strength properties of reinforced concrete columns,

i & D aaidact 5,256, 8 il 3.0
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Fig. 2.8==Pretest, rear of Building 1.
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Fig. 3.12—Pretest, rear of Bullding 2.
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Fig. 2.14—Posttest, rear of Bullding 2.
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Fig. 2.16— Preest, Bullding 4, intes
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Fig. 2.20— Posutest, Building 4, intetior view of toof crack. Same location as Fig. 2.18 {looxing

toward reas wall).
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Fig. 2.21— Pretent, Building 4. Interior view of toof crack sdjacent (o sheas wall on Swldiog 5
stde (looking toward rear wail).

Fig. 2,23~ Posttesc. Building 4, Interior view of roof crack. Same locatlou s Fig. 2.21.
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Fig. 2.23— Posttest, Building 4, iaterioc view of roof crack. Same locatioe as Fig. 2.21 {leok ng
toward front wall),

Fig. 2.24-—Posttest, Butlding &, tnterior view of tool crack adjaceat to coluna liae ca Betliizg
3 side (looking toward front wali).
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Fig. 2.2~ Posuest, Dadu.ig 4. 1ntesioe view of too crack. Same lecsiion as Fig 2.24 (loohisg
toward Building 3 side). Il

Fig. 2.28~ Fosteat, Building 4, futerior view of too? 2rack, Same lucatics as Fig. 2.24 {uditnyg

wward rear wall)

37

SECREY - RESYRICTED DATA




e -2
20 WY
RSN SN

e oy

Y

| S riianatans e o Loesiies S Dt au e

A2

Aprn o

L
»

AhBo i

rerempras
&

. " 2 h
p i 3 LA
i A B AT N .8 2

Fig. 2.28—Retest, rear of Bullding §

38

SECRET - RESTRICTED DATA




AR AT CTRACIPPTE 10 1 RSl N P S T SN TR WA AT DR TIIGE WP AT

R T O PR VA

TR -

-,

L1
SECRET - RESTPICTED DATA

R

“ — s o«
II',..

J§§

ha S Y

Fi1g. 2.30— Fosttest, reas of Bullding 5.
£

%
g

o

S

Fig. 2.30— Poctteat, peansel view of froes of Strectars 3.1.5.




T
4

PN

sy S >

—~
.
3
.
»
o
R

<
K

-

¢
? ~
,"Yﬁ»‘

patiem of erscks

Fig. 2.22—=Pretent, [ront of Bullding 6.

40
SECRET - RESYRICTED DATA

i R e

T
ity I s T




T 2 e S
'

kit e sk

—yr;

e

oy g

e AR pe T Y

Pt il A

gr"', St aton e ]
i

Fig. 233 Prates, seas of Duilding 6.

o
1 b S A v e g e v 1
o A -~

-

Fig. 2.34—Pomext, genesal view of rrec of Butldings 4, £. 6. and 7.

41

SECRET ~ RESTRICTED DATA




-

PO ettt A B

-

Fig. 2.36— Pretest, reas of Bullding 1.

(1]

SECRET - RESTRICTED DATA




"r"*"‘“‘,"‘*-‘;‘*-ﬁ% vr B
-LA R

e T T g ey o PEIIR gt £

DR P

!'% :“: -

»
Boo
e

L . :
WARIIWS iy

Fig. 2.28—Postten, end of Bulldirg ”.

43

SECREY - RESTRICTED DATA




€LLv 36-C

ELEv 24 0°

v 17207

fLEv 070

—p o Ty

;
. switwses s { enows ot
r A . -t - AR
{oonr 3w ancy - PLESKS

—— ooyl L ¢ epunis I |
te e w? A N
N e I \
IT . 264 WrF B8
ool slole] o &l Dito Ay s
- ‘; - ;n-z - Y - : ’;_:",
< R F pid v — >
ef elwie: &l o ) ~ R At dahdan \
TR o | ’},*.-4' !
'r’ i, I
4 -*- . ,r‘(: < -ed
' wardr )~ L‘T“‘l
J gy '
HRRERRERIK N
bo-| o
ok, Sisiel 3% H ~ tawf i~ =} ‘\\
Woelelete) of o) =} ] 1N
ol & j .o —A— X
k V- BEAM SREET
' TYPICAL GiRT CONNECTION
\ AT uons
I B A T S
- - - 1
ARSI S0 B S
il wlgiel m) a s ! .
TSN T - e ! § SNFTFENERS -
B i
i A 14 WF ot —-of
'yl G IR LT 0 o i )
— law o o - ~- - /
ey . . e
b e o
WALL ELEVATION-BUILDING 2 L AN -
7!. R I e
!ofw.n< S o =
L] " .
‘t' -
JETI M 4;{.—-———-—
T
612" MATE~ !i
oA AL
TYD 2h: C1RY CGMRECTION
W FLCOR

L ’;’-./\\

STRAPS
$ 70 CAC™
ANGLE

TYPICAL G'AT CONNECTION TO FOTN

Pig. 3.39 — Froot alsvation and wail 4.-ails, Bulding &.

4“

SECRET - RESTRICTED DATA




ey
7
H ;

¢
b :
¢ K-

K

i 4
3
N o
».

Rl
¥
S ~
i ":1
H ;
13 R
¢ s

¥

i:
e 3
£ 2
: 3 a
; e 18°-0" . 1r’-g" . w-a" re ©
: . &
3 -y -3 ! Y- - 1
; , : S G ‘ e e e e b ROCE
-~ - + —— M - JELSeoy
& [':’: ! 2TWFIC2 g } ;
< \ M. 3 F WL Ters: IE e e o T i
: . -
o Y ¥ I (-
o . ) A  :
9 n . - " etee
L - ~ ; : ?
. [7,] - - K
, H $ i
7 m ] : : et ¢
A s ~ - |
- » ©
: m ' _i3mofL
. - » X £ ] : e LTV “TW = ‘:1 R
r ] L Lo rier | LI oo L) zwresz_ LJaH
; 0 W -z2weezy sowri2? 21w 127 2owrrzr [ Laowrezr 2uwrigr -
m . =
) w - NOTE o!
E ~ 2 e =l GIRTS AND SIOING WOT SmOwN | o b
@ = - ® - -
3 - = $ , " FY
g P 2 b < 3
* . : .
3 m lg - -
3 ] v _ L Y Ll _|2NOFL
. h " -, . . 2y r? 2o § ) ST A ] o ELet2-0"
4 o i D 2PW- 148 [T"‘, g [—_E 27wF1es J - E_H 2TWF 145 [_ "
! o i e bl L1 L el gl
; - L -2rwreas erweiry , - 2 WF 1T 27wF T i 2rwe 17 27wr 145
> ' i . °
02 gt ol b %
'S - t i vl -
% s - w i - w !l
W o g x i 2 sl | 2 x
IR e -, 0 « i I3 -
dit . p K Ly 3
) < \ﬂ = ! il - '
= PEsgpel : Ul sy rsT AL

T A e« ..‘}........J"T:E’;

hawrad
H
i?

P PRUEIUUTS SR Say &
235 s WL ;‘ L om0

cee b

Fig 240 Transverse section hiough frame of Building 2.

e VU P S YL T




- Sreasolt & wveseout &,
(S 8- -P |

S o g T
w : =T -4 b m“ )
E , i 3%
4 ! N . [
ooy .s_(l,u” - da ] “ : _ w.
[ ] ] ' H v
TR N
S RIEE m 34
PR ) _.: iE
v & _. { - = ~ = ™
" M w_ .—.\..-“. re - Pt | m W
P 0 LAy L8 d
Do Mmu o 3 S
[ i - e LRI I *
i KN _ _u * -
w e e i |
! e i _ ” .“ el 2
, g =] o $§ 2
” 7 I3
! ¥ LQ. - “*1.. M * .
2 O lEmTe ot g
H] -+ ; HH 1~} &
t —J_iq 1 .~ . ﬂ.
_ B * | 7 E
“ : | w i 3
1 . ! - H o
| Y i & '
. { F " s 0
I (.
D&
_ “ : il
N B £ 3
s ol _ — d m"W -
3! LI iooa
> w! H 3
E mhrvﬁ.... 5
i & . ! £
¥ u“ ¢ Ll & 4
2 — i=e N
el AR IE
s # m o Ei
3 3G t3
2 VR 1
A fsvots—— 1 —Ha M.th# e ]
¢ R IR ST T SRR ]
— L - b
ENOBADFL FLAN AOLF PN

46

SECRET - RESTRICTED DATA

u w
- .

I S N N e T




{
ST TRICAL ABOUT § -0
[

!

__GUT8 BE ract

[} .—]
i w0 Facl

o
i

P O'

i - so |
'vl:”»u P TTYITES == ‘!:M(:M"}m—&--——rbfﬂ'
PRI IHTEE Al LN s
'—‘1 s “3‘!'6“‘1 1 "';__vu-unm-gnn-u :‘Jf_ ELE. 0"6»: = N0 cowt@uroc
i L o
H*ﬁpzr;r‘ FniTTE o i

- es Mt u-uu} I

f $ 8" 0C BT

12’ -0"

ey 4 I - ___L ¥'s coweciouoe jrosq oc
1.3 1 e
Q‘f % n” I I i | h [y s0tu racas ‘ .l;u‘rué’{ s
e ‘;H‘ ! ! l Ul st ers -m'} ‘. B1 S a‘ -
LI et ' & 4 L rom sraciae J ) :gi 5: R Ay PR
fugel 4111 € buipuiaiuied t PG hi‘ih;- Al
3 '{ {+ T .m} q‘t:mtusu‘ae ﬂ :z :’.' OJ,I .
R - ¥ 4 Jovows &
it it Rt R AR
1 i T X 10 oc__'_‘: ’ '9
'hﬁu'.’c __[ §'9 28 oc sora ]
H 4'. e ‘uu-x{
R il _ﬁ‘m“ e = o) Pposoc by o) ae
?T',-'_%a J ‘ i l'{ {7 vore racty se b EATS g .
wi 1. g \ ‘ IR EITY } 'Q‘O v g0 0e .
lnui] . J} t ﬂn _'f'_"_“'.‘_“_- % —'-' i . “'vf\'_ ¥eov |‘|(M L
e S +-- ‘,[ Y etttk M orTyis \*2’;37—
. P Ugeceis @80 A N
b l ] l,. Tl T g slm-mé« {'soowispwo
. 1. {‘. . ‘ 4 - - ".i Gk
o I o - Ii*— %
- . *I ? ‘ﬂr i 8¢ sjoc ’f:r {(.1 ®OTE SLad STELL ?
.L.¢'9 }_ TR YT UL I i ot anoms ¥
- " " ve ‘P Jaees aur raesenf )' feeses fzgl__*,-,,."“
Vi e Wkt
et te tainiB il HISsS i3t ooy . I F " L B
kit ".‘ ”i’ R e
T O il‘! § i __tea vt _}j LR -:7:3.:;' .-
’50';’ T N't( ‘H H 'lw\.-. :':f .’* e f?‘-; o
ht io u:, ' -+ ,/H .
™ n 9 ou T3
A _mm liii w4 L s
FRONT & RSAQ ELEVATIOY SECTION M-W
Fig. 2.42~—Froat and rear elovations and wall detaiis, Building 3.
47
SECRET ~ RESTRICTED DATA
F““«"."-‘A‘Qb‘\ M“’Ww?’wmwMAsm Yo 5 pita 3 e RS v o
E "“;'\v“ * e - e g R
§ C e
{
13 e
P . - S .
L s - ‘ S, . s -
i S A R S s st - SRR S . S




1

COLUMN SCHEDVLE

CoLumw uases Gargeon | mveaon
w0, COLuNNS e . .
st T s §| waw
cong .

[T b . .

ARTITAL STEEL sl %o le-1}oerrd

(LT TS )

riEs ‘Foeree t oo eoc
A

"0rs [mcwz

it rOR (NCATON e ITAY i

(2114 OF TACLY o ’ ;

VERTICAL STREL $ L, jo-3e0 jeajorese

ey B AR TR £ RO

gy ‘e e |3 .

ores evsrucon ! |TTee e | Fogvac

e ) T * wew | 105
coat R ,
vERTICAL ¥TLEL L SRV | w-if'e
s

L 159 i ’ »
s [ {seroc|'fawyac
»o1es AT Sy

o fm vioom

Tros 56 1007w

T watiwum TIE $6A0S 700 18T W 47 T0P & BOTTOW
o CoLvumt v 8E 804

MOTE colvem vERTICAL STECL

13 0 SPLICLD AT TWIS LLEVATION
B YuLl PERETAATION GACOVE WELDmS

vERTicay STEEL TO 8E l
MACRORLD WITO FO0T 16 .

+ .
—jores

SECHON X -X

Koor

tl‘l-)d

v+

¥ ,.A—ch—‘—
i o b
o tE <=}

o eap TYP
4

OXT gARS Line A 80

o
*®
If&u N
| wan-
— Y

T\ ANCmo® VEATICM,
1H sreee oo o
; n1o diangd

I

| e

+

-

°
KA TLIK.T BN

l "] it aso-/

-0

NOTE.
LA ARD GADER
STLEL WOT Sn0ww

kR { FOOT
s VU‘_OO l.:

h ¢

* 1-8°
uou\‘ +
5&
K [lascwon &

]
Baky 43 hA

NED BN

l’ VERTICAL
STEEL

40 o2
b —

Fig. 2.4 —Transverse section through frame of Butlding 3.

48

SECRET - RESTRICTED DATA

f' - = T IR NITAT LW N I I PR TR AT P S e iy
. 0t pred &

i : i
: . -f
' _ .
‘, - ™

N

.
E - NP O . -

PO RTITI




Iv-z
e EE T 3% T T ges
[T =y
_r*;% o Sled o
i ;.lx-;‘.(,;.-“:, ................ 4 2
L S | R CRFRU g
N .n.h L4 - E 3348 WOL109 M . 1« -4
<4 —d—5 r“-l. 130 o~wh|—|.|l| m T 3 s < ]
3 __muoﬁ a0V Bags ‘..m\_ To nw «.Il» o 0 o 4
5 e 3 14
R ot —.doﬁhn* ,MPWYA_I £ k| < \ S m
FHO - NG 11101 8 s SRR a4 e .
T.ﬁﬂ,‘m...;u.,,}<:4.-'H-® LN ;8 o) :
* v o B i -t YT eTm TS es s i k
U /lEl'..S:.w R nan < M (YU * §
- E| oo . 3
g v , %
nog .
et 4;.3....5::5 nm o o " §
) - L ", F
c3r 2 b 3 ;
ﬁ T 3 vl i =
»..f......m‘--...nn.ﬂ‘l.x t*._ - [+ &y
4 R :o:o¢ z ,‘m ! ’ y
+ . a - - \
! uo 0.\\¢V|.! - . 5 M H &3.7 .
RECKT YR e e B ,m o
- e -
3 v '
o
=
[

ey o

1

g

'

s

. .
s t
o *:
\

.4 e
3 1 ‘f
| OV VP BT



. s ——

*
-
-

OVE RERESSLNE, A

| 2

suvitivg _Pnass

[T

Yig. 2435 Proe-stteam overpressure va time curve.

AVIPALL FRINIAL OVIRPNCISURE, Py

Fig. 2.48 ~ Average {roni-{ace nverprescure vs .o Cuive. Noto Lhal 1N averige
froat-{ace orerpressure curve fared betweoa 't s 24t

50
SECRET —~ RESTRICTED DATA




Q

-

2a%.0 OF Ra(RALEL (8T8 N B gl.FaCT
DA OPAL ST M T IRLE. STRC AW Qv (o] SIURE

Tieg, ¢

¥ig. 217 Ra'to of overage exterior 1ear-1aLe 0OV itivanurs W v -slivatt
QYCTPreIaire va (.,
Py Plodoid -yt s tgridg- tiff
M-l -y

P'
505"
w
'.'-E.—'
2 '

JRRY - — —— '
gg‘:\ i t /T j
ex3 | x i
¥ , | |
iex i ; ;
gug i
27 OL—-— — :

s > i i %
3 [N, ' - [ ” e
e toe SN te

1w, ¢

Yig. 2.43—Ratio of loca} pouf overpressure L Iree-stream Grerpuessuie ve Uix,.

tm "-'—
L,
v-{0.42 + 0108 T

cpov L
o diGIT tletee

531

SECRET — RESTRICTED DATA




LI

30 T T l r M |'
' !
|
: o et
s il
P
. |
« o
a ]
v i
“ 4
& {
w0 : b 4o
3 S S e
1 B it
{ 1 '
v Y? 1 %"”
. y . 4
¢F -*——*-**—-'-'—I ———— t--—-* - ~--¥' {"‘4
| ! Lo i

) is «0 <=0
OrsTance (50} FT)

fig 2 49=="Prab oveciremers o dnunce from Grovad Lero, Mise vact. @, vude-oa balfle
o htor HALC tuse,

15¢CH

POSITIVE PHASL DURATION

DISTANCE (3 F1)

Fig. 2.50~ Pouttve -prase dwraiiom vs Jutance from Goonsd Zero, Muss sBat. ©. bicr-oa s!fle.
+. Pitoe - matic tude.

3
SECRET - RESTRICTED DATA




FRONT-F A€ OVERPRESTLRE, Pryoyy

DiIPCLION OF PROPAGATION
Of BLAST wAVE

Fig .31 Angle of WciMsace on Structwe 3.1.1, Mibe shot,

Pagre| 1\
Ey
!
|
|
]
|
} AN ‘/0.”1-!'.00
| |
AEREE .
"c e ; {
‘?z“"?"’ 32‘,«'! ! ;

;F
2y %J“ J‘.

TME,

Fig. 2.52=~Front-{ace overprersare va tne, raccdpoeating ume of 1 |, ty.

3

SECRET ~ RESTRICTED DATA




GRECT.ON OF
[V 2 LT A I
BLASl wave

Fig. .53 !4 tlized dynamic system for three-story
{rame butldirg.

RECOROED KELPOHSE

DEFLECTION, v, (FT
o
8

o T T )
COMPLTER MESPONIT - ——
0.2 t- /ﬁ\
§
020

< I oo =47 e
TME tiSent

Fig. 2.54 —Comparizua of computed and recorded recas e of £ mury of
Building 2, Operution Greenhouse, by » 9.29 ft.

S4
SECRET ~ RESTRICTED DATA




CLUPYUTED RESFONSE ~.
t st RECORTED RE HCRIL

AVLATIVE DEFLECTION g3 - v (FT)

- .
1 % ud -
-
—
! | N S | i
E A Q2 314 0.25
Tivg, 3iSEC

I3

rig. 3.38 - Comparisse of computed and recorded resprase of second story ¢
Buiiding 3, Opsration Gresnbouse. by » 1035 {i.

5%
SECRET - RESTRICTED DATA

;

4 sl

P e e




S COMPUTED RESPL 4F o
R .
b RECORDED RESEONSE
U ove - -
2
s
T ocale —
- H
5
«
Ll |
Z
Ld N
o1 N S|
o] RE2] Q 0 Ote Q20
g, ¢ tsec

Fi1. 2.56 —-Comparison of computed and recorded response of third stury of
Building ¢, Operation Greenhouse. by ~ 9.12 ft.

o3~ —

CNQ FLCO®, g IFT)

LIL Y AUV
oz})- —

148 OF K SEc O

J/ EXTLRIZE 44, TIFSEY

RECORCED PENRANENT CEFLECTH ©  OF
£1RST STORY REZNT NG FROV Sty MKE

To.wn OFTELT
.
A Tl mawGE oF PSS BLE AvERRRESCURLS
A \ Lo i |
”° 12 1§, o
SOPPLECLBE B IDE
L

Fig. 2.57-—Final deflection va overpressure for {irst stocy ~f Building 2, Mike
shot, Operaiiva lvy .

58

SECRET —~ RESTRICIED DATA

T
L D B A T A B e o, TR T L e U AT Wi T R R S 3 WA T
FiNAL DEFLECTION OF uE
o
© z
e v T
af-
H-
s !




]
:
J

o
i
I}

TIME M RSE 50

op g Gt el 400 UL -

FINAL JEPLECTICN OF ToRD SLG2® RELATIVE 10 STCOND, 9p - g TF 1Y

O LWy Dt
—
O b T N AR R LT AN TN S A NT B
TR U D TN s RELR B
g LITERON macy [ 2144
o _ e RANGE O ROSSRL Cala S thaeg .
e
[+
t [} f 1 i . '
o i b i i N ! N {
4 [ ] te 14 Y "0 0

Oyt RPRE SLLAE 'wl’ﬁl'

Fig. 2.38-=Final Julleciion va overpressuire for second story of Bullding 2, Miks
ahot, Ojaos wlesa Lvy.

(-]
~
~1

i " T Is
/('m( OF MSf TG 8NC

b TME OF Rid «O = / ) SR AL LR O I 8]
T v ALCIROED PEOVARE .7 TYLIC NN

—~ T TenRT TR Bt aG
M LeGt wrd

H

BN

S
AN
i
-

AV o Bl R A
L

FinAL DEF _ECTION OF ROOF RELATIVE T( THIRD FLOOR, gy~ yp (FTI

}-- 9
- -
FANGE OF
S .-
- POSSIBLE C/EYPRESSUALS
} . ! 1 ; : : ! ' : ' :
° 5 i3 - B
L 9 o] 2 L] 16 1" 2

OVERPRESSURE, Py (#311

Fig. ? 59—~ Fina! Jefiection vs overpressuts {or third story of Building 2, MHike
ahot, Cperation Ivy.

57

SECRET - RESTRICTED DATA

4
3
¢
; K . i AC ATt
§,,z A ) i - i
BT 2 b i ™ o f,'& e .. o ’ﬁ,,“, - . -
i B it Sl L B B ST, iz S e

i




CHAPTER }

DAMAGE SURVEY OF MISCELLANEOUS STRUCTURES

3.1 GENERAL

The damage caused by shols hiike and King of Operation vy 10 the various structures,
other than 3.1.1, located vo the isiands of the P aawetox Aloll (Fig. 3.1) was observed and re-
corded. The structures consisted of heavily reinforced concrete shellers, buth turied and
above ground, air-blast and thermal meas+~ing and recording stations, iightly constructed wood
and metal timing snacks, and othwer niaCellaneous {tems.

The domage coservations wwre ¢f & visuil nature. Detailed measurem nts were made {or
only two structures, where it appeared that it might te possible to aa. lyze thelr dynamic be-
havior. One of these was an overturned blast wall used ia previous tesis to house blast-mess- .
uring instruments. A simpie overiurning analysis of this structure ts costained {n Appendix F.
Pholographs were obtslned of all significant damage,

Eecause there were two atomic bursts At di!ferent points in Operation lvy, there was an
overizp of the air-blast effects at gome iocations. In son ¢ cases the blast-wave overpressures
{rom one shot were lusignilicant compared to the overpressures {rom the wther shot, In these
cRye3 it was apparent Lhas the larger overpreesure canead the obeserved cunage. Al other lo-
cations the overpregsures from bolh 82018 were of the hame order of e jnttude; in these Cascs
the ctserved damage wuuld probably not have been caused by uie cbeerved uverpressurs from
only cne of the ghats The Labulation of he observed gtructural damage, Table Y 1, lists the
distances of eazh structure {rom the Ground Zeros for both the Mike an2 1irg shots with the
correcponding Atr-blast overprensures for each. A brief descripticn of tn2 sirurture and the
datnayge caured to {t te 2leo piven, along with relerences {o the phti.graphe and plarc,

Tue tocalica of he structures with respect to e urwiral Zoros {or the two atomic bursts
were obtatned from maps in refcrence 1?2. In macv cases the locatyay U the atrycture on the
map was not given and had to be estimated The overpressures correeronding (o the disian (¢
thus datermined were cblained {rom overpressure curves in reference 3,

. A summary of general damzage ooservatior made as 2 result . the damags survey is con-
tained in Sec. 3.1.

3.2 BUMMARY OF CROSS-DAMAGE OBSERVATIONS

The gross damage cbserved at various points caused by shuts Mike and King of Operation
lvy may be summarized as follows:
1. All reinforced-concrete semiburied instrumentatinn shelters 2ppeared to have per-
formed their function salisfactorily without exhibiung any primary structural fatiures.
2. Of the many one-story reinforced-concrete surface and semiburied structures ohserved,
none were badiy damaged. The only gerious structural fajlures observed were confined to wing -
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walls designed to retain portions of the {ill on the semiburied structures. These structures
were exposed to uverpressures of 11 psi and greater,

3. Smail buiidings covered with thin sheet metal over diagonal wood sheatning generally
withstood overpressures up to 5 and 6 psi. However, one structure of this type was cbierved
badiy damaged by an overpressure of 4% ;si.

4. Lightly conetructed wood-fo~me shacks apparently sheathed oniy with corrugated metal
and located in regions with overpressures greater than 4 psi were completely destroyed. No
structures of Ly Ly were observed tn Togions subjected to less than 4 psl oierpressure.

5. Palm trees weve destroyed by air-blast overpressures of 4 to 5 psi and greater, but

none were destroyed by overpressures Jess than ¢ pat.
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Table 3.1 —GROSS-DAMAGE OBSIRVATIONS

Alr-blast istensity

Mike King
Distance Over~ Distaace Cver~
from pressurs, from  pressurs,
Site Description Figure Damage a.T.h pst a.z.m pel
Allce Station 300: Mmasaive reiforces—concreds above- 3.340 312  Wing wal) adjacent o rear of structure movred 3 17,500 17 11.300 0.38
ground structere; walls and ~vof 3 ft Wick ® 3 ta ; retnforcemont expreed sod conc rete
with 4% retaforcemont (n tw) directioas; spaliod ol top of wall, m0 major strusterel
clear apan of roof 12 f1; 12-1y Akick retalaing famagy
wall relnforoed with -1 ~dl moter dare 8
12 1n, cenler to ceuter 1n sach (oo 1o we
directiona
Deolle No etructure 3.13,3.14 All treee blown awny 13,400 b £ 75,2006 .23
C.orn - Station £20; masuive relsforced-concra semi~  3.1510 334 Top of reiairiag wall st rear of structure ool 7,100 T4 71,800 0.3
buried structura; walle snd roof 4 f§ tusch wid lsperd, 80 tha'lor SARMAgR
4% reinf .roamant In aerk {508 10 two dlrwas
Hnne, olaer spse of rouf § ) earth-fLl cover
4 Nt Caep
frens - Stution 100: masoive rof dorced -concrete aeoni- 325 (0 3.38  Heavy coscrete aal} with pipe Inserts s froot of 8,600 81 83,800 0.33
buried structure; w dis € N huck: roof 3 01 Mracture was badly dented, 18 rear of strece
thick, wall rotnforuymunt & vertteal aud 13 ture & huavy sieel beam ou roof was bent
darizonial in cach Iace, roof niay retaiaress through 1067, & retaining wall was segaraied
with stoel i-tenres over 13, 12, axd 9 ft cloar from structure bwt 80t seversly damaged; 0o
uprns, cath fili ¢rver 2 ft docp majr struciursl damaye
Janat o B ucture 3.1.3: Army ornib ched abelter 3.36 %0 339 Bructurally ssianaged. surface o vent pipe 17,080 18 34,800 0.43
charred oo pide facing G T.; doors removed
prior to tee’; wuod-{rame eir lock destroyed
Structurs 3.1.1t Army Test ' w2ture Soe Chap. 2 See Chzp. 2 18,500 135 $3.308 [ X 1)
Sir-Disst vall 3.40 1o 3.43  Overturzcd on side axpoalk:g footing 318,450 158 12,400 0.43
Kate Wood-{rame shack shaathed with corrugated 3.43 10 3.48  Completaly drmolished dren o foundation; 21,300 12 41,200 [X)
rmetal gonerstar Slowa 10 i and cverturned
Lury Time saacx: B4 fiby 10 Abr ey A high 2ty 349 Complately demo'iabed 34,008 [ X 4,300 0.53
4 woud {ramicg covers’ with corrvgs.ed
siuraisum roofiag and eid.ag
Bazs bar Alintoem stesthes Wrras: siatioe on mline 3.80, 3.51 ¥ roed gnsioans (latteved by blaxt. fromt ale- 17,400 i B 43,400 (X 3
between drical poatcons mizum covering ecarched by thermal radis-
Lucy aod Mary tion; exposed nood ecorched
Macy Pation 603 seinforved-co: crete Flrecty e, 3.5 10 3.54 bo daage
walis aad roof 1 & thick with AT wen reln-
foi. went for £ 1t clear epan
Srvoral smell wood bul.t- gs covered with ibin 2.56 30 3.5 One building destroyed; ochers damaged 31,008 [ X 39,300 7
et BLris] over d.agrasl wood sheatting
Pl ag1 oplic tover 3.54 Destroyed
Trees 3.5 to 3.54 Deostrcyrd
Naney Troes LB %4 T teeee COMARING BERST one trusks ol S umR SN 34,398 (3] B0 .8
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Tudle 3.1 —(Continard)

Alr-blaat intesatly
Mike Xizg

Distapce Cver- Dimaxxe Over-
froan pressure, from preesurs,

bl

i b site Descriptios Figure Damage G.z.0 pas Gz . h pal
3 j Vers Trees 338 Nuzns rows troes wadamaged $3.200 2.0 17900 2.6
¢ Wilma Trees 3.93 e 2.62 Mo treed remaining
1 Sheet mctal and diagonal wrod abewthed butldiag 3.8¢ %o damage
2 4 a2 2orth end of 1aland
K . Corrvgewed-maatal shack st esst cester of 389, 3.80  Collapecd sstc foundation 87,300 1K) 13,400 K]
- winnd
¥ m Hbot t metal and dingoral wood shesthra tutlding  3.00, 3.61  Roof sad ene » de destroyed
P 8. west end of island
- et metal and diagmal wood sheathed tuilding 3.40 80 3.2 Mods roie darmage 87,300 1.9 12,400 4.5
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Plg. 8 50~—Posnest, Wilms. Timing shack on east ceater of laland collapsed on fow .stion.
Looking in south western direction. King urouad Zero to left. Presuxe levels: Mtke,

1.9 psi; King, 4.5 psi.
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Notz undamaged trees in background. Pressure levels: Mibe, 0.76 pst: King. 0.73
psi.
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B Fig. 3.81 = Pottiest, camerd Lowes oa north end of Bruce. Close -up sowing consuction deratls.
o Note 10 by 10 . timber columns a0d 19,-18. steed tie 00 fon ercxa-bracing. fres
i wie levels: Mike, 0.78 psi; King, 6.73 paib.
3
r 3
b
4 L,
1
i
4
.
1
= PR
- 3 . ;S v
3 t;' .
. i
B
F Fig. 3.82~=Posttest, David. Misce;lsncous structures. No spparen: biast damage. Presure tevels:
b Mike, 0.64 psi; King, 0.47 pst.
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Fig. 3.83Pottest, David. Geners! view of Gees arar pler. Newwrs lovels: Hike, 0.84 pols
King, 3.47 pud.
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CHAPTER 4

CONCLUSIONS

The follawing conclusions can be drawn {rom the damage survey performed for Operation
vy,
1. The damage suntained by the various buildings of Structure 3.1.1 Jdue to shut Mike was
as follows: The test panelz of Buildings 1 and 7 sustained only slight additional damage due to
air hlast. The steel frames of Dullding 2 suffered moderate plastic d2{ormation, and the stee}
sheeting of the rear face wae 4ictorted 1nward between girts. The steei (rarue and siding of
Building & received so apparent additional damage. The concrete {rames of Bulldings 3 and 5
suffered moderaia ;lastie defurmation. The rear wall of Building § wae blown off Ly the air
blast. The shear wails of Building 4 were undamaged. However, 'zrge cracks were opened in
the rocf slabs adjacent to the shear walls and roof girders. The nverpressure sas approxi-
mately 14 pui,

2. Structure 3.1.3 suflersd no major structursl damage, 'fi.e Hiust Joors were removed
prior to the tesi. The wood (rame air lock, which was lelt ia plice, was destroyed by the air
blast. The painted surface of the vent pipe was charred on the side facing Grourd Zero. The
Kayge overpressure was approximately 18 psi.

3. All reiaforced-enncrete seniiburied inatrumentation shelters appearad to Lave perlurmed
their functivn sauafaciorily without exhibitang any p.oimary struciueal {ajlures,

4. Of the many cae-story rainforced-concrete eurface tnd semiburizg wtructures ohaerved,
none were badly darmiagel. The only ser:ous structural fadurec onperved were conlined to wing
walls designed to retain portions of the fili on the seanburicC structures ©xposed stoel beama
and pipes attached te these structures were damaead and aesiroyed by overpressures of 11 pis,
and greatel,

§. Small buildings covered with thir sheet motst over 2’ . soaal wuud rheathing wener-lly
withstood overpressures up to 5 anx § pnt. However, one nigultuie of thiy type waa nhacrved
badly damaged by an overpressure of 4.5 paj,

8. Lightly constructed wood frame shacks apparently sneathad with cocrugiind melal and
located i1n reglons with overprez. .res greater than 4 ps: wer» compietely destreyed. No ctruc-
tures of this type were observed 1. regions subjected tn tozg than 4 pe) overpressure.

7. Palm trees were destroyed by air-blast overpressurcs of 4 1o 5 psi .~ J greater, but
ncne were destroyed by overpressures less than 4 psi.

From the resui{s of the dynamic anal¥sis of Strucrtuia 3.1.1 prescnied tn Sec. 2.6, the to
lowing conclusions car be drawn:

1. The frec-air overpressure existing in the vicimty of Structure 3.1.1 {or shot Mike ol
Operation lvy was between 12 and 14 psi,

2, Pressures measured by the side-on Laffle gaze at Station 611-01 on Engebd: were more
reliable than those measured by the Pitot-static tube gage at the same stztion.

3. The cifect on structural response of rise times of the order uf magmtude investigated

i3 gmall,

121-122

SECRET — RESTRICTED DATA




¥

YT

T

b Lt b e B bt i A

7

Progn

APPENDIX A

REPORT OF CIELD TRIP

A.l GENERAL

T. O. Stark of the Office of the Chiei of Engineers and Johr: T, Archer of Massachusetts
Institute of Technology arrived at Eniwetok Atoll on Aug. 16, 1953, and left Aug. 28, 1853.
Section A.2 congists of excerpts {rom a latter report on the ‘ield trip wriilen by Stark to the
Chief, Engineering Division, Office of the Chief of Engineers.

A.2 EXCEHPTS FROM REPORT OF FIELD TRIP

A, Purpose of Trip

To accompilsh a physical damsge survey of the multi-otory Army test structure, to examine
other strictures and items for damage which would provide data of military c¢ technicas intorest, and
to evaluale or suggesi structural modifications neiessary 1o conduct & fiure progran: of blast and
displacement measurements.,

R R R e O R N R I N N e R R R R

L. Obiervaiton and Activitics

Cm "uesday, it August, we proceedzd o Engebi (JANET) a2 nn of auwout 2 nours, The suriey was
begun ..nmediately and consisted of estabiishing & base line aad measuring olfsets [rom exr!sting
“ramset’’ pins on vertical panels and,'vr walis to the vertical plane estrhlished. This provides «
selatve mroasurement of deflection from basd w0 ton of will, 1w level %8s set up on the ruot and sduta
were tiken on 41 rows of 7 ‘‘raw.get’ pins each,

R R R N R I S I R I I IR YR I A A S PO AP SRR TR

The survey of the bullding was completed, except tor photography, on Friday, 21 August. “atur-
day was spent in compieting notes, exa- ining the photograpt= which had already bezcn taken. wnd
arranging for an M-boat and *‘Duck?’ fur Monday and Tuesday with which to ruske examination and
photos o! miscellanecus structures on all the islands. This survey was completed on Tuesday a.d e

undersigned departed on Wednesday, 28 Augist,

t, Genersl Deseription of Multl-story Buadiag

The building did not show extensive dzrmage frcm the front but it was deteruiined that Buildings 2
and 3 had deflectea about 7 inches, This contrasts wun zpproximaeiy 3' Inches of permanent deflec-
tion from GREENHOUSE test, The rear pasel of Buiiding 5 was completely out and lying on the ¢r mna.
Large blocks of concrete were suspended from unsevercd reinforeing bars in the rool. The roof ».ab
of Building 4 showed marked depressicn in two places, One of these depressions wes {nltiaicd from ine
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second GREENHOUSE shot. The underside of the rouf siab showed considerable spalling and aporoxi-
mate failur? {rom shear cracks at the end of bottom re.nforcing bars about 33 inches from each end
wall and the same distance from girders, These cracks werc thoroughly photographed.

Retnforced concrete columns exhibited additfonal spalling on the compression side and cracking
on the opposite side. Offscts of permanent deltection were measured on all reinforced concrete and
sMeel columns,

Wall pancls and roots were examined for additional cracking. Very few additions! vracks were
noted and these were {ine hair cracks.

2, General Description of Buried Shelter

The burfed shoelter, Structure 3.1.3 was examined for damage, The blast-proof doors had been
removed and faid fnside the shelters prior to the test. No damage occurr~d to thc ramp-type concrete
entrance. The air locks, of timber, in the recviangular shelter, were shattered and debris was lying (n~
side. No damage was noted {n the circular-type shelter, The air Intake pipe protruding through the
backfil} over the reciangular shelter approximately 3% feet was bent away from the bizst source.
Photograpiia wern tma'e of the pipe as well as thy doorways s.d (nteriors of the sheiters,

3. Genzral Deicription of Miscellsneous Structures

inspection of miscellaneous structures, primary instrun.eatation shellers and timing fhacxs was
begun at ALICE, the most remote island on the northwest extremity of the Atoll, Enroute s shelter on
& coral reef, MACK, was inspected and photographed. Examination of very heavy concrete shelters was
made on ALICE, CLARA, IRENE, JANET, ete, Little camage occurred on basic structures; however,
wing walls which were keyed rather than doweled to the basic structures were damaged, Steel doors of
the Navy type held up well. One door had an opening out with acetylene torch; a heavy steel [-beam
above the door used for holsting, was (oided 180 degrees in a horizoatal plane, A wasi for measur'ng
blast pressures <« JANET was overturned, It appeared to be vriented abouy 45 degrees {rom norinat
{n direciton cf blast. A shack cn L..TE, about 4‘/, miles, was completely demotished. The tming
purtable generster was overturned approximately 100 fect away and severely domaged, Thres concrete
pyions, out of 8, used for Instrumeniing of A¥ hangar in CREENHOUSE tests rer sins2 standing. Fiming
shacks ‘urther cown the Atoll sustained lesser degrees of damage, Photographs were made of all dam-
age dit=+ls and tree~-stands were photogrzphed for comparifon with pre-shot conditions—all trees were
of the coccnut-patm variety, The dock on JANET was examined but it appeared to have boen damaged
severely frem wave action and general westhering, Other csuseways and tresties (v the vicinity of the
URSULA group were being used for current construction. [t appears impossibls to specificaliy attribute
damage to any of these docks and causeways to blast effects.

4, Estimate of Modification of Multj-story Building for Future Instrumeutation Program

At the reqewst of Capt, Kingsley, AFSWP, the undersigned examired the Aviny (28t structure with
a view to 1. king recommendations on rtructural modifications necessary frr a {uture blast mersire-
snent program. The {asiruments are to be mounted on Buiidings 1, 2 ard 3. Mr, Teve Self  J-5, ar "ne
request of Curamander Mcvtennn, AEC Liatson Officer at Sandia Corporation, discussed the roquires
ments with the undersigned. The following suggestions were made:

a. The »nncls (2) blown out oa 2ad tioor rear of Building | would b~ replaces Ly Lmber bulkh wds
of 2 st ength sotuparable to 12% brick walls which have «o+ *~'licd a)] previcus plest Lads, Thes wuuld
be braced by waies and shoring.

b. The separation cracks between D.!idings I ihrough 4 would b tlusad by 2 -lach timber where
alignment of rurfzce {8 consistent (rool and undeflected walls). This timber cwuls be anchored ¢, metel
straps spainig Letween existing bolts with wedges driven between the t!mber und the strap. ¥hers the
butiding lines are ¢ffset, continwous wedges we 1d be driven against umbers,

€. The accers hatches in Bulaing 4 {at Building 5) would be rlosed with bulknsd imbers ;u
existing stop-icg channels.

d. Exlsting instiument mounts on Buildings 1, 2 and 3 ere in usable conditian., All - . requ.ve
retapping and redieing to clean up rust on threads.

e. Displaccmcnt gage pipes, approximately 3%, 2° and 14" were examined. Th» farge pipe ace un
fair condition and usable; the 2° pipe are about 75% ussble, some having been bent; snd ¢ e 1Y,
pipe are mostly bent and probably canaot be re-used,

1. A later examination of the roof of Building 4 Indicated that the two ouiside spans of the 3-cpan
continuous ruuf should be shored along the crack line for future tests,
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E. Conclusions

1. The survey developed all necessary information on which t¢ accomplish 8 dynamic analysis of
the multi-story structure,

2. The observation of other structures should provide general izformation on damage to structures
and particularly to design of elements of heavy concreie instrumentauion shelters, Very few of the
test-type structurces remained on istands in the vicinily of tests.

R R R I R R I R R R I N I R T

RO AT NPT

L

oy

i

Y

L bk

i1
=

3

Nl B

YOI VMY AT W] T ORI e
DI ITRY, TR Ty, Wy

L

Lawiy

4

. (,,
i et Mo

ook

\

s
TR PN

125

SECRET - RESTRICIED DATA

b e g

¥ -
&bt bk




et b e b s

[N

00 Nl guidi &

o ah bbbt

Dbt il

i

TRV

)

Chue

APPENDIX B

DAMAGE-SURVEY DATA FOR STRUCTURE 3.1

B.1 EXTERIOR-WALL-DISPLACEMENT MEASUREMENTS

The locations of the survey points are shown in Fig. 2.3. Olfgste were measured froma
vertical plane to thesce aurvey points after Operaticn Ivy, Similar pretest measurements are
available as posttest measurements of Operation Greenhouse.' ! For each vertical row of
survey points, the distance to the base point was subtracteu irom i measurements, the re-
mainder being the horizontal distance between the base point and the survey point, shown in
Table B.1 as “offset {from vertical at base point.” The difierence between the are-lvy and post-
Ivy rmeasuremaents 18 then shown as “nat lateral displacement.” The displacement for front and
back ia positive if away {rom Ground Zero, and {or the ends it 5 pasitive if it {8 towdrd the in-

side of the building,

B.2 COLUMN-OFFSET MEASUREMENTS

The locations of the columns 1n Buildings 2, 3, 5, and 6 arc shown In Fig. B.1. Horizontal-
offset measurements were made from a vertical line to the {roat or rear face at the top and
bottomr of sach column of each stery of there huildings. The differsnce of the o{fset measure-
mcnts indicates tha total permarent dispiace nent of the top of «ay couluiin relative to the botiom
of the column, Ihe relative Jduoplacewnents thus determinea are wt:alcted in Table B.2, 2
positive sign ird cating moticn of the column op away {rom Grouna Zero.

B.3 ROOF-ELEVATION MEASUREMENTS

The iocations of the roof survey pointe are shown in Fig. 2.3. Iu the {evel survey the sieva-
tions of the points were determined relative to an arbitrary datum plane since no bench ma:ia
were available with which t6 Getermine the - “»golute elevations. 'n reduting the field data, ti.3
posttes! elevations were ted to the pretest elevations by agsuming that the average elevation
of the four corner points of Building 4 remained unchanged. The post-lvy elevations thvs 05-
tained and the pre-lvy elevations obiained from references 9 and iU are abulate’ .n Tatle B.3,
The differencs hetween these elevations for each print gives the vertical displa.ement of the

roof, upward displacements being indicated by a positive gy
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‘Table B.1 —EXTERIOR-WALL-DISPLACEMENT MEASUREMENTS
Offset {rom vertical Otsset irom vertical
Net [steral Net tateral
Burvey at base point, {t dispiace~ Survey »t base poust, fi displace~
point Pre-lvy Post-lvy ment, i point Pre-lvy Post-lvy ment, K
Front of Building )
3 A-1 0.000 0.000 0.09 D4 -0.080 -0.054 +0,01
3 A-2 0.000 0.000 0.00 D-§ ~0.095 -~ 0,089 +0,01
-~ A-3 0.000 0.000 0.00 D-§ ~0.850  -0.081 -6.01
e A4 0.000 0.000 0.00 D-1 -0.015 - 0.028 -0.0
4 A-$ 0.000 0.000 0.00 E-1 €0.015  +0.033 -0.00
A-8 0.000 0,000 0.00 £-2 ©0.005  +0.009 +0.00
i 1 A-1 0.000 0.000 0.00 E£-3 «0.040  -0.037 -0.08
k B-1 0.000  -0.005 ~0.00 E-dllower;  ~C.020  ~0.012 +0.01
k B-2 «0.035  +0.009 ~0,03 E-t{upper)  -0,025  -C.02t +0.00
1 ) B-3 «0.010  +0.008 ~0.00 H E-8 ~0,030  -0.018 +0.00
3 ;
4 B-4 +0.008  +0.000 -0.00 £ 5,340 -0 048 -0.01
4 B-5 40.030  +0.011 -0.02 E-1 «.018 -0o012 ~0.00
| B-§ «0.030  +0.018 -0.0 y-: 0008 =0.030 +0.01
2 3 B-? +0.020  +0.000 ~0.02 r-2 -0.03  -0.05% 0.00
.3 c-1 ~0.020  -0.026 -0.01 F-3 ~0.055  -0.057 ~0.00
g c-z ~0.020 0.023 -0.00 74 -0.015  -0.02) ~0.01
. . ~0.0(0  -0.038 +0.00 F-% ~0.025  -0.033 -6.00
o C-4Hlower) 0.000  ~0.00% ~0.00 y-s ~0.045  ~0.454 - .01
C-4luper)  -0.078  ~0,072 +0.00 P-7 -0.018  ~6.023 ~6.04
i Q-8 -0.030 -0.031 -0.00 G-1 0,040 +0.029 -0.01
c-¢ ~0.005  -0,009 ~0.00 G-2 0.060  +0.008 0,30
c-? +0.020  ~3.020 0.00 G-3 -0.020  ~0.016 «0.00
! A D-1 +0.020  +0.023 +0.00 G4 <0015  -0.510 ~0.02
D-2 ~0.015 ~-0.012 +0.00 G-3 +0.01C +0.009 ~0.09
3 D-3 ~3.658 -0.05 +0.01 G-6 -0.030  ~0.053 -0,u2
L b G- ~0.015  -0.028 ~0.01
A
L Front of Bullding 2
i A= 0.000 0.000 a.20 £-8 A e 0.3 ‘014
4 B-S 0,032 0.058 .02 F-8 0.277 6.476 -0.20
} c-8 0.044 ¢.172 +0 08 G-8 0.352 0.644 6 32
- D8 0.139 0.2:2 RT)
P
E
l ’ Fronmt of Bulldu 4
b A-13 0.000  0.000 000 p C-i3 9000 b, -0 06
; A-14 0.000 0.000 0.00 C-14 0.05% 0.109 +6.08
) A-13 0.003 0.000 .00 c-1% 207y 0.i44 +0.07
E A-18 0.000 0.600 0.00 c-18 0.045 0124 .0.08
) A-17 0.000 0.000 0.00 c-11 0.035 s +6.08
F B-13 0.020 0.060 -0.04 D-15 0.350 ¢ 28 $3.14
g B-i4¢ 0.035 0.084 o.M D-14 V.1:8 ¢ 24 +G 14
- B-15 0.025 0.081 «0.08 T D-15 0.155 0.270 e
.4 B-18 0.025 0.058 +0.03 ¥ D-18 6,130 0.262 +0.13
1 B-17 0.019 0.045 004§ D-11 0.085 2.219 +0.13
F A
3
»
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Table B.! —(Cont‘nued)
, i
3 m::e;:rom "l"::‘l Net tateral ) O(:e;:;om :’:tn;:“ Net lateral
S Survey 8¢ points £ dispiace- | Survey points displace~
. point Pre-lvy Post-lvy ment, ft ! point Pre-jvy Post-lvy ment, ft
o -
[ j Front of Bui hing X (Continued)
E-13 0.180 9.37¢ +0.19 F-16 0.22 0.496 «0.27
3 E-14 0,185 0.3R8 <0.20 F-17 0.185 0.454 1021
3 E-15% 6,156 .332 0.25 G-13 0.295 5.815 .33
3 E-18 0.145 0.353 .0.21 G-14 0.30% 0.856 +0.35
3 E-\7 0.115 0.337 0,20 G-15 0.285 0.634 0.35

5 F-13 0.230 0.507 +0.28 G-16 0.275 0.602 +0.33

i F-14 V.25 v 539 +0.284 G-11 0,239 0.625 10.4

4 P-1s 0.230 0.501 0,27

4

: *ront of Bullding 4

L.

3 A-18 0.000 0.000 0.00 D-22 ~0 055 -0.01
P4 A-19 0.000 0.000 0.00 p-23 -0.010 +0.01
- 3 A 20 0.000 0.000 0.00 D-24 ~0.070 0.00
. 4 A-21 0.000  0.000 0.00 E-18 -0.0628 -0.01
3 A-22 0.000 0.000 0.00 E-19 0,015 +0.01
3 A-23 0.000 0.300 0.00 E-20 0.000 -0,00
it A-24 0 000 .00 0.00 E-21 «0.008 -0.00
= B-18 ~0.615  +0,020 ~0.00 E-22 ~0.008 -0.01

4 B-19 0.000 «0.001 «0.00 E-2) -0.020 -0.00
E B-20 «0.015  <0.011 ~0.00 E-24 ~0.043 -0.00
- B-21 ~0610  -0.008 «0.00 Fo18 +0.608 -0.02

- B-22 -0.215  -0.015 0.00 F-19 o 040 -0.01

i B-23 +0.010 0.008 -0.08 F-20 +0.00> .
b B-24 2.000  -0.007 -6.01 F-2i +5.025 -c.08
v C-18 ~0.045  -0.040 «0.00 r-22 +0.03% -0.01
= c-19 -0.025 -0.030 ~0.00 P23 «0.010 ~9.00

3 c-20 ~0.020 -0.023 ~0.00 F-2¢ 0.000 -0.01

i c-21 ~0.022 ~0.018 +0.01 G-18 +0.005 -0.01
b Cc-22 ~0.61%  -0.020 - 0.60 c-.19 .3 620 -u8l
P g Cc-23 ~0.020  -0.019 +0.01 G20 «0.036 -0 06

. C-24 -0.650  —0.065 -0.02 G-21 NX -5.01
a0 D-18 ~0.038 ~-0.030 +0.0% G-22 +0.03u -0.0%
o D-19 <0010 ©.012 006 f G-23 0.Arn ~0.01

3 D-2v -u.020  -0.0t7 wos |l G- 0.LX -0.u2
- p-21 «0.005  +0.012 Wwor b
b

A Front of Bullding §

3 A-28 0.000 0.000 0.00 | C-25 40010 +0.249 “0.34
[ 3 A~26 0.000 0.0C3 0.00 C-28 +0.075 +0.216 R
L A28 0.000 0.000 6.00 c.21 +0.080  +0.228 015
S A-29 0.000 0.000 0.00 c-28 +0.010  +0.208 v0.14
3 Arezre «0.010  +0.028 «0.02 c-29 4100 +0.231 +0.13
- B-28 00,005 +0.179 +0.14 cr-2mr 0138 +0.403 041

i B-28 +0.065  +0.156 «0.09 D-25 +0.13¢ 46,320 +0.1y
2 B-28 +0.035  +0.141 +0.18 D-26 +0.180  +5.548 +0.18
3 B-29 +0 060  +0.157 +0,% D-28 +0.125  «0.214 <019
b 3 p’-27¢ +0.065  +0.204 +0.14 D-29 +0.185  +0.343 «0.18
3 -
-3
4
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Teble B.1 —(Contirued),

Ofizet from vertical

v
e
]

Offeer {rom vertical

Net luteral Net luteral
at base point, it : .

Burvey 1 base po displace- ;;' Survey 2t base point, ft dispince=
point Pre-lvy Post-lvy ment, it "' potat Pre-!ivy DPost-lvy ment, ft

N

Front of Building 5 (Coatinued)
D’'~27¢ +0.200 +0.397 *0.20 R F-28 +0.178 «0.458 +0.28
E-25 +0.180  +0.3%8 «0.28 1 F-28 10.210  +0.487 +0.29
E-28 00185 +0.371 «0.28 i F.29 +0.220  -0.476 0,26
E-27 +0.180  +0,385 +0.20 G-25% +0.245  +0.643 .0 .40
E-28 «0.170  +0.373 +0.20 G-28 00,22, +0.615 +0.39
E-28 40,195 +0.394 +0.20 G-21 D266 +0.837 +0.38
E'-27¢ +0.183  «0.3%4 +0.21 G-28 8238 <0621 0,37
F-25 *0.190  G.4S8 *0.37 G-19 €627 +0.856 +0.38
Frost nf Bullding 7
A-39 0.000 0,000 0.00 D-4t ~0.060  +0.023 +0,08
A-40 0.000 0.000 0.9¢ E-39 «0.28¢  +0.053 -0.33
A-41 0.000 0.000 0.00 E-40 0100 -0.048 .05
B-39 -0.010 -0.035 -0.02 £t ~0.085  +0.051 10,14
B-40 -0.040  -0.018 +0.02 F-29 «0.256  -0.080 -0.31
B-4) ~0.020  +~.016 +0.04 P40 ~0.000  -0.055 <0 o4
C-39 -0.040  -0.028 +0.01 Fa -0.040  #0.023 X
C-40 ~0.080 ‘081 +0.02 g G-49 +0.285 - 0.043 -931
C-41 ~0.060  +0.004 *0.08 G0 ~0.110  -0.032 +0.04
D-¥» «0.270  -0.042 03t 1 G ~0.040  +0.003 .08
D-40 ~0.100  -0.63 wor b
Back of Building
A9 0.000  0.000 000 | con -0.060  -0.043 -0.00
A0 0.000 0.000 00y n £-39 +0.280  -0.087 -0.31
A4l 0.000 0.000 0.00 E-40 ~0.100  -0.098 +0.00
B-3% ~0.010  -0.019 ~0.01 E-41 ~0.085  -0.087 -0.00
B-49 -0.040  -0n.037 091 & P-39 +0250  -0.098 -0.35
B-41 ~0.020  --6.023 o0 1 pesw -89  -0.098 -0.68
c-39 -0.040  -0.060 o0z T S0.640 -0.042 -0.00
C-4C -0.C80 -0.078 +0.00 h G-3% «0.26% -0.083 ~-0.35
C-41 ~0.080  -0.064 -0 B Gas -2.110  -0.0%) “G.08
D-3» 19,276 -0 082 2, G -u.04¢  -0.0%9 +0.00
D-40 =0.10¢  -0.108 0.6t &
End of Building t

A-H 9.000 0.000 0.60 Bt 0.035  +8.048 +0.01
A-JE B-M “@0p1 -0.003 ~0.01
A-K 0.000 0.000 0.00 B-N 40335 +0.058 0.02
A-L 0.000 0.vo0 .00 B-P -0.050 5.018 +0.03
A-M3 0.000 0.000 8,00 c-H +0.030  +v.oun ~0.02
A-Ng c 0.0%0 49051 aw o,
AP 0.000 0.000 3.00 oK 0.620  +0.009 -2.61
B-H +0.020  u.u07 -9.01 C-L 9.635  +0033 ~0.00
B +0.080  +0.064 «0.00 H c-M -0.013  0.010 ~0.0¢
B-K ~0.010  +0.004 6,01 c-N 0.015  +0.018 «0.00
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$ No survey points &¢ iius locativn,
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Tab.: B.§ ~ 1 Juilumed)
3 Olfaet from vertical et tateead | Oftset from ron;ul Kl Iateral
. Survey 8t base point, ft displace- Survey at base point, ft dispiace-
E E point Pre-ivy Post-lvy ment, it g polut Pre-lvy  Post-lvy ment, {t .
E ) , End of Bull.ing 1 (Contnued)
3 c-py F-H 0006 0021 -0 62 .
3 D-H €0.050  +0.013 ~0.02 F~ «0.030  .v.018 -0.01
3 D-J -0.635 -0 o021 -0.02 F-X ~0.010 -T.030 ~0.93
A D-K -0.45  -0081 ~0.0 F-L ~0.005  +0.008 *0.01
- D-L ~0.028 -0.026 -0.00 F-M +0.018  ~0.015 0.0¢
k D-M -0 018 0026 -0.01 r-N +0.005  +0.013 +0.01
i D-N{ r-p 00,020 +0.048 +0.03
b D-»¢ G-M 0018 +0,005 -0.01
E £-H 40,033 0,01} -0.02 G- +0.005  +0.001 -0.00
) E-3 0,010 +0.001 -0.81 G-K *0.620 <0019 -0.00
F
1 E-K -0.014 G-L «0.008  +0.0i8 +0.01
¥ £-L 0.0%% -0.0M4 +0.00 G-® 0.010  «0.013 «0.00
i i r-M ~0.020  -0.034 -0.00 G-N W28+ 035 .6 0
- E-N 40,010 0,016 «0.0? G-p «0.010  +0.038 .93
3 E-PL
jg Bo.b uf Batldieg )
"y A-l 6.0 0.000 0.00 D-$ -0.080  -0.074 «0.01
3 A-2 0.000 0.000 0.00 D-¢ -0.050  ~0.05¢ ~0.01
3 A-3 [ X 0.000 0.00 D-7 *9 040 «0 B3 +0.01
o A-4 9.008 0.000 0.00 £
3 A-S $.000 0.600 0.00 £-3 -9.050  -5.087 ~0.61
& A-8 0.058 0.00¢ 0.00 £-3 +0.030 > a3z +11.00
3 A-? 0000 0.009 0.00 E-tllower)  ~0.045 -4 né4 Ry .
. B-t -0.005 0,079 +0.08 E-tlupper) -0.083 -0 069 *0.00
4 B-2 ~0.015  -0.026 +0.01 E-5 -0.080  -.0.0%% .90
= B- -0.010  -0.010 0.00 E-blower)  ~0.045  ~0.054 ~0.01
Fod 8-4 -0.005  -0.008 +0.00 E-Slogpec)  -0.038 - 0.04a -0 ol
E g B-S 636 -0.092 -0.00 E-7 -0.028 0008 .20
. B-6 ~4.019 ~0.008 ~0.01 ¥-l -2.060  .eav “.us
19 4 BT 09030 +0.033 +0,00 F-2 -6.0i0  ~0.0T. -2 R
Lo C-} ~0.033 F- -0.055  ~0.630 0,00
f 4 C-t “liv =00 -0 0t ¥4 ~0l -0.636 .00
Lo c-3 €5.028  +0.028 <0.00 r-s —0.1%5 00 «0.03
b c- -0.015  ~0.014 .62 7.8 —n vy 0T 0,
; c-3 -0.03%  ~0.,013 00 §opa 0.000  -0.0t¢ 1.
E A C-$(lowery  -£,035 ~0.0M +0.00 K G-) ~0.040  +0.05% .09
{ ? C-$iuppers  =5.065  ~0.076 -0.01 G-2 ~0.050 -0.04% 0,80
[ c-1 +0.035  +0.048 +0.01 G-3 ~0.030  -0.02¢ .01
;. . D-1 -0.05% G4 ~0.070  -0.288 *6.00
' % D-2 -0.098 G-3 ~0.09%  -5.09) ~3.00
t | D3 +0.018 +0.018 +0.00 G-¢ ~6.030  -0.03% 49,90
§ 1 D-4 ~0.635  -0.048 ~0.01 G-? +0.815  e6.033 -0.02
¢ ? © Mong of the survey poiats could be found 18 the corrugated meual piding. Thervfure tho pasttast
i offeats wure mersured 1o (Iag flange of cdpe angle at locations ndjacem to line T on Buildag {. .
F s 1 Base point suevmed a3 average of points A-26 aod A-28.
B,
. 4
p
Y
E
..j
4
2
3
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Tahle B.2 —COLUMN-OFFSET MEASUREMENTS
Av, dis~ i Av, dise
k Story Relsiive piscement | Rory Reistive placement
3 Columa  level  disnlacement®  jor story § Celema  level  dispscoment® per sory
b . — &
1 E fuilding 3 E uiiciog §
3 , sA First 01279 .10 5 134 First 10.248 +0.23
p 8 .0.092 ¥ 1 Q.01
; 8¢ «0.091 § 1% 0209
] 80 -0.081 130 10,240
&A +0.09% 14 “.308
- eR 0107 148 2,208
o «< +0,080 1« 0,217
D 10,101 XV +0.232
3 8A Second 0,2 .24 134 Secuod 0,084 3T
2 3. 10.233 138 oG008
- 3 tc -0.247 13¢ LNTTH
1 0 0,244 130 0418
k (73 0,244 14A 00,103
4 5] 0,238 s v0.0%8
: f o« 0,341 t14C Q0,110
- ~1 L] +0.128 14D o0, 048
3 SA Taird «0.1: *0.24 134 THnd 0192 034
T 8 -0.337 138 0.1
3 C 0. . [T 3L
. ) 80 «0.330 139 *0, 193
b " +0.28% A 0224
_‘% . 20,288 s 8,203
3 « *0.250 1eC 00,22¢
3 ] «0.248 1 "0.242
4 b
h Datiding X Buildig ¢
3 M Fum .11 013 1A Fue o oy
) 8 *0,133 158 +2,0%3
E " +0.11) 15C +0.637
3 10 ~0.148 1LD 00,029
Poof [V *0,143 16A ), 04l
. (1.3 00,129 i3 0,091
3 aC +u 110 s G
3 ) «0.548 160 16,038
3 ™ Loeoed 0 151 wis § 138 fued 000 "y
3 n -0.190 . sy °6,012
i 1c -0.210 Y o Co.cud
2 ™ «0.210 15D 10,613
1 A *0.193 18A N
< (1] +0.180 113:) *0.( 89
F 3 oC «0.174 18C 8,471
[ ] 0 +0.197 160 «0.088
: m Tmd *0.208 . 14 Tre Y G.0%
3 78 U218 15B oy, 142
c +0.224 18C +2. 066
;A k4] v0.215% 130 +4.041
; 78 *0.413 (A 0,054
- 3 B *0.708 13 20,080
3 oC *0.218 16C +0,087
.’i ™™ «0.213 160 +0.034
1 *Relative diopiect ment 15 total permainnl dispiscement of top of colurma relalive L0 Waives of cluma,
E Positive sizn tadicgtes mavemens ol lop 0f column snay {rom Lrowsd Zero,
13
L
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Tabie 1.3 —HUUL -LLEVATION MEASLREMENTS
- Y 4
Pre-hy  Post-lvy hetwert § Pre-lvy  Pustelvyy  Net vert,
evey tios,, clev,, displ., § Survey cley,, elev,, displ.,
priet 1 13 f i poim ! n h
Raot o tmiloing §
; H-3 Lt e 0.0t * L-3 snom 108 0.01
H-2 43,124 48,127 ~9.00 {.-6 8,07 48,107 «0.0t
: H-3 iy Ry w001, Let 45974 eAuT? +0.00
H-4 48,0l 48,98 .00 %41 [* 3L} 446,127 Q.01
3 H-$ 8,084 181198 .01 5 M-3 48,104 iy 0,02
3 H-e wine ety 000 G M3 wost a7 +6.01
n-7 (L8 $49 48,123 Ny mice
FH Wi PR 0ol 3 M-8 [Ty 38,058 0,01
3 32 [ERELY 45,139 0.0 ; M6 48,09 o .00
L 43 48,124 ity 0.0 5 Mot 8,079 o8 ns +0.0%
g
b 2 PR 48,104 amim *0.00 f X-i [URTTY 48 173 +0.0t
4 PR 108 48,108 «0.00 »-3 aB.0%4 Wi +0,0¢
L -6 44.219 4R.0°¢ - 6,00 N-3 ) 48y ~0.02
3 31 48,014 014 0.00 ey oy LR “o.u1
% Kot aLlle i +0.01 n-3 WOty 4,203 *0.01
k- X-2 48,089 4,058 «0.01 X 48,074 43,00 0,00
i X3 18.nge 4. 10 *0.00 ] aoTe Tt +0,00
. K4 P “win 48,253 0,01
K-8 a1ue 18,109 +0.00 Py TTRTY 4,107 +0.00
Ko A 104 Wil 0,08 p-3 .07 FLRE 10,03
K1 s 48,008 +0.00 Pt 48,084 IRLTE +0.01
Lt 48,48 48110 XA p-s Uy A 007 0.6
L2 48084 T RSEY 2000 peg 8,034 48,033 -9.00
L-s <5084 45,097 +0,0° E 1 A104 TURYS €6,9)
L-¢ 48,008 48.07% * a0l
? Rouf of Beilting 3
3 H-s 48,099 48038 -0.00 § L-1) 40,09 a8 -0.01
F u-9 WM 81 €002 A 413 4806 em -0.02
3 H-10 a [T *9,01 § M-E a8 e -0,03
3 Beiy 3,159 8,043 *9.01 g MY (=% TS -u.01
3 "n-iz A YT -0, K-te 48,014 &3 oy ~-3.01
E Y 19,094 o3 s G0 Boara 19 1L 15.048 -0.00
§ -9 48,104 W@iie «wohp B oM-12 T ] PEY P ~0.92
£ 1 4-10 (LX) 43,097 AT 1 48,533 Ry ~9.81
S é-13 48114 48,120 «0 0 § ¥-9 48,094 42,903 -0.01
o 313 80N 44.070 -000 § N-10 48,044 LEL) -6.00
. "
- K-8 €8,054 48,041 ~3.01 4 Ml 48.089 4408 «0.00
3 K- 45,104 aite 0.0 & N1z 48,054 48,029 ~0,02
F K- 48,069 48,078 .00 § P8 48,079 .7 0.
] K-11 48.069 099 LY S O 48119 n.s - .
3 12 $K.078 €8.078 -0 | raa 48,084 42,050 «-v.08
3 L-8 Qe a0 002 b P11l esl6 Al -0
= L-¢ 48074 480D -ow § Pz iz o -0.0
1 L-10 2.0 48,024 0.00 B
. v - -
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Tadle 8.3 —tCaontlmged)

Prestvy  Post vy Nt nn.g- Pro-iry  Post-lvy Wt ven,
Sutvey  elev., clev., &Gl 2 Syrvey  elev., eles,. Gaspl.,
poist fn ft n g puint f ft f
——— o A, i o —— s - [ - . -
Roo! of buitdng 3
H-13 43,104 48133 caql ¢ L-te 45,104 L RYS] cu,ud
Mol LY NEY: 48128 *0.G2 Le:? . sa, v »9,u3
H-1s [T R [YRE T4 0.2 M- YR YRy (ORI
H-18 [Y 7 ) [T WX} ) 0.0, M-le i 4% ;.3 ' 4
WY 48,19 (TR ) 001 . M- [UWETS [ENENY G, A
EAT S 4, g 48,120 ‘03 q -6 LT [Y N5 .1 03
e te LLR% ] 48133 Qa3 Meld 48,4 éa, s 0,113
it 104 [T RS 3] 0.8 L fetd T 10 s L3
418 844 se.0n? 0,03 | Neld A Gae [EHES] rd,-0
It T YA a, o 03 heid TN FTY RN o
K13 [t 81T} LYY X O U LR T 115 TN
%-18 ARV LR a4 Nyt wuie 18,9 .03
K1 8,084 48,124 6,04 E P13 n.G78 [T XF-M 0,31
K-i8 (YR 1Y Wiue 0.8 ¢ Peid 45108 ity G or
-1t o804 ausy 0.3 { -1 @0ty a9y 0.1
L-13 iy Wy cuul § pes e N [P 0,02
-1 @i “oie LY SN (LR LR *0.u1
L~ “wi YRy 0,08 &
Raud of Dusidiag ¢
H-18 44,084 40.003 -~0.08 L-12 4,028 TR D)
H-19 Ao ‘8.0 *0,00 § L- 45 YA - 0.0y
%-30 “. oy 4801 000 | -3¢ 18,074 sy -,a)
H-3t 48,009 48,038 000 § M-8 [¥ Re¥e 8. 17% o
#-11 a.oep €.048 0.00 § -1y 47 954 41857 -
”-23 .o 48,000 0.0 -2 44004 1a 00t EIVRUY]
N-3e 42.09%¢ [T RY 1} *0.04 § M-zt .99 aT.933 -t i
EAN | 5.0 AB.047 ~a 4 M-t LY RAYY [VRGS Y ~ 0.9t
LS oY yre 41,963 ~0.01 § M-%3 47445 10l BV |
J-%0 ATIM 41,900 -u,00 g -2 PrRRS " TY s
-1 48,034 (Y1} ) -0 § M [ 9Y RG] ~0 s
- at o nel 46,043 Ot Xl TR §7.085 B
4-13 Wos 440633 [T R R LR [$%731 0
34 [V WY 4. e LR 0 T S 3 §1 1,94 LT W
K-8 4.0 “en 0.00 E »-12 PPRITY FeRAYA e
L €3 [} KW 41.585 ~6.08 ¢ N-123 41978 41,983 R
K-20 47,958 41987 03§ N-32 X~ 44,050 .. JG
| 2231 .0 e T -0.00 7 P18 48074 <SBLSY 6.0
%22 4804 @00 - 0.00 P19 .04 48,633 oo
- 44.019 48.007 -0.01 i P20 44044 [ o0
n-2¢ 6 Gnd 48,965 {1 E p-n ANy 2048 - o0
L-is [Y KLt [L.X52% -0.00 ! pe22 48,08 33, 04t -0
L-1» 47904 41788 ~ti2 1 e (LR LPY v
L-%0 41,969 41.970 (0§ P28 .0y o ue? S¢ o
-2} PLNC AR -0t |
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Tatlc B T —(Cantinusa.

Post-lvy  Net vert,

Pre-lvy  Poot-lvy  Net vert, vre-lvy
Survey eley,, elev,, displ., Survey elev,, elev., displ,,
point ft ft ft paint ft ft ft
Roof of tuilding §
H-25 48.124 48,147 0,02y L-28 48.074 48,110 +0.04
H-26 48.124 48 150 4003 B L2y 48.069 48,097 +0,03
K-27 48,049 48,141 +0.04 i M-25 48.074 48,083 +0.02
H-28 48,114 48,149 «0.04 | M-26 48,084 48.114 +0,03
H-~29 148,089 48,121 +0.03 M-27 48,039 48.071 +0.03
J-25 4H.DYY 48.133 +0,03 M-z8 18.074 48,101 40,03
J-26 48.084 48.123 +0,04 M-29 48,084 18.107 +0,02
2-27 48.094 48,108 +0.04 N-25 48,063 48.0% +0,02
J-28 48,084 46,120 +0.04 N-28 48,044 48,065 Ry
J-29 48.094 48,127 10,03 N-27 43,085
K-25 48.074 48,104 +0.05 1 1328 48.074 48.103 +0.03
K-26 48,049 48,113 +0.L6 N-29 48,074 48,095 +0.02
K-27 48,079 48.121 +0.04 F-25 48,089 £7.878 ~0.19
K-28 48,084 48,124 +0,04 p-26 48,079 48.099 +0,02
K-29 48,084 48,115 +0.03 p-27 48,084 48,112 «0.03
L-2§ 48.044 48.073 +0,03 P-28 48.114 48,137 10.02
L-28 48.044 48,079 +0.04 p-29
L-27
Roof of Butiding 6
H-30 48,123 48,128 -0.00 L-33 48,114 AR5 +0.00
H-31 48,164 48.155 +0.00 L-34 40,084 48.077 --0.01
H-32 48,158 48,161 +0.00 M-30 48,079 18,074 -0,00
H-33 49,164 46,182 ~0.00 M-31 48,114 48,109 -0,00
H-34 48,169 48.166 ~0.00 M-32 | 48.134 43,136 +0,00
J-30 48,114 48,105 ~0.01 M-33  48.134 48,137 +0,00
3-31 48,124 48,12+ 0,06 M-34 1A.114 18,697 -0.02
J-32 48.124 45,1720 +0,01 N-30 4503 48,128 -0.01
333 uBa24 421 w000 | N3t 4a120 asaz8 ~0.00
-3¢ 46,124 4814 ~0.01 r-32 48.134 i.ted 0.00
X-30 45,089 48.082 -0,01 N-A5 48,144 18,141 -0.01
K-t 16,324 48,105 —C.02 N-34 48.132 4819 -0.02
-2 48.119 18,122 ~0,00 Boos in 134 119 -0.02
K-33 48.124 18,126 2000 | p-31 48.154 18,143 -0.51
K-34 48,119 48,109 -0.01 y P52 45.124 ig,004 -0.0
L-30  4B.084 48075 -0.01 i P-33 18154  4@a34  -0,02
L-31 48.114 48,111 -0,00 " P-34 48144 48,112 -0.02
L-32 48.124 48.130 <001 I
Roof of Butlding 7
H-35 48.064 48,065 0,00 ) B-40 48 059 48,060 +4.00
H-36 48.044 48,047 +0.00 {; H-41 4£.294 48,077 -0.02
H-37 48.054 48.059 «0.00 L J-35 48.044 48.037 -0,
H-38 48.064 48,050 -0.0t I J-36 48,074 45901 -0,03
H-39 48.049 48,038 -0.01 Jl J-37 48.055 48.062 +0.00
134
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Table B,3—(Continued}

Pre-lvy  Post-lvy  Net vert, Pre-ivy  Post-lvy  Net vert.
Survey elev,, elev,, displ,, Survey elev., elev., displ.,
point ft ) 1t point ft ft ft
{ 5! Butlding 7 (Continued)
J-38 48.048 48,039 -0.01 M-37 48.064 48.071 +0,01
J-39 48.064 48,054 -0.01 M-38 48.064 48.065 +0,00
449 48,044 48.045 «0,00 M-39 48.079 48.075 -0.00
241 48.044 48,039 -0,00 M-40 48,074 48.077 «4,00
K-35 48.054 48,057 +0,00 M-41 448,639 48.043 +0,00
K-38 48.084 44,085 +0.00 N-38 48.054 48.056 +0.90
X-37 48,039 48,038 ~0.00 N-38 48,084 48,067 +0.0v
X-28 48.044 48,038 -9.01 N-37 48.054 18.067 +0.00
K-39 48,054 48,037 -0.01 N-38 48,044 48.051 *0.01
K-40 48,054 48,057 +0.01 N-39 48,049 43,056 +0.01
K-41 48,054 48,049 -0,00 N-40 48,064 48,069 | +0.00
L-35 48.024 48.029 +0.00 N-41 48.034 L4044 +0.01
L-38 48,049 48,048 -0,00 P-3§ 48.089 48.100 0,01
L-87 P-38 43.05¢ 48,100 0,01
L-38 48,054 48,035 ~0,02 P-37 48,059 48.064 +0.00
L-3% 48,679 43,0488 ~0.01 P-38 48,004 <3.075 +0,02
L-40 48.07¢4 48.077 +0,01 P~39 48,079 43.086 +0,01
L-41 48.054 48,045 -0,01 P-40 48.074 48,087 +0,01
M-35 48,074 48,080 +0,01 P-4l 48.084 48.088 +0,00
M-36 48.074 44,075 +0,%0
BaArK
*— '*‘”‘? P——o— —5- B+F ¥
! ! i L
[ oy
Foofre S e i B3
i R
BLOG ¢ BLDG 2 8LDG. 3 BLDG. 4 BLOG 2 BLDG ¢ BLOG T

® q}_. _{: -

Rl g

- — - — B Ay F
o N

[

FAONT

¥ig. B.1 ~—Location of columna in Buildings 2, 3, 5, and 6.
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APPENDIX C

EQUATIONS OF MOTION

C.1 GENERAL

Beveral general assumptions are made in the derivation of the equations of motion for
Buildings 2 and 3. 1t is assumed that the foundation remained stationary during the response of
the structure., Furthermore it {s assumed that all the columns of any *ory act as & vnit having
& stiffness k. The masses concentrated at any tioor level include the mase of the {loo-, girder,
and one-half the maas of the columns above and Sclow the floor in question. For the sscond
floor only one-third the raass of the first-story columns {8 included.

The system used to describe th. motion of the structure has nine independent coordinates
{Fig. C. . One coordinate describes the motion of each of tie three-flocr masscs, and one
coordinate 18 used for the motion of each of the aix front- and rear-wall paneia between floors.
This nine-degres-of -frecdom system s used until the motion of the wall panels becomes oa-

cillatory. A threo-dsgres-nf-freedom system i8 then used to describe the response of the
three-floor masses {or the remainder of the motion.

C.2 BUILDING 2

The V-beam sheeting of Building 2 waa 2asumed tc have no 2iject on the loadirg trans-
miited to the girta, The girts were assumed to act 28 2 unit. The mass, flexural rigidlty, anc
resistance of the girts and V-beams were disiributed undosinly over ihe wiali: of e Elyucture,
Since the girts were connected at the floor levels with clip angles or tolts, tacir ghape during
response waa taken 03 that of a pin-encad beam. The detailes derisation of tae equations of

motion jor elagtic action of the front and rear iace: Lo 4. ¢n below,

C.2.1 Deflected Bhape
The following set of equations defines the deflected shapes jor the frent and ress faces,

assuming that the girts remain elastic (Fig. <.1).

For the {ront face:

16950, fx 2x* ) =x

y'l = [ ! (ﬂ- 5hr + E‘i) + E b ) €.n
18)’30! (X Zl" _)_(‘) X 1o~ i

A A TR R RSN ER (tAR &4
18¥e0, /x 22 x4\ =

7=t (- B Fm v e .
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Fig. £.1 —Nine-degree-of-freedor system {or Briidings 2 and 3.

For the rear face:

\
F 3
Voo m"”xa [x 2" <A Xy
! 4 You "% " \h~ 1 TH/ TR (C.¢9
Fi % = lsl”m ('K 25 .t {
3 LA '1) th"‘: R (€.5)
3 18y, /x 23 o
. s 5 en) En-w 8
; “a
3
3 ¢.2.2 Strain Energy of Sysiem
B The equatiun by which the strain energy for the total system is evilusted i3
¥ . v foly
1 N
. o) e [ (G o2 [ (38
1 f dxv 7 J Vet /&
F aly, 5%, b goly
i Elw ( sm“ Elu ( su, EL. {‘ ( s,a)
3 § e dx + —5 —
] 2 Jo \od Y 2, &
"—kIY{ kl(Y:—Yx) +5 ks(Ys v .1
3 187
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Substituting Eqs. C.1 to C.6 into Eq. C.7 and Integrating yields

UL, 30726, J3OME , WMELR
.l 2 yl

'''' soy ¥ Tiasm Jsoy,

PE -
12500 %o T Ti2smd Yeer T 1Z5M)

30725!"{ b 30-.2!"‘ 1 1 3 1 2
TR Yoy * 12503 Y’ ihﬂ'fk:(h"h) +3kn-y) (€3

C.2.3 Kinetic Energy of System
The equation for the evaluation of the kinetic energy is a9 follows:

. . .
KE = '} mq j;h‘)'i|dxo‘,/,m,z ]:'Y’.—,d!“/lma, [,

+ ;/l mlll f:‘ y"u dx + ‘/l ml:. f:‘ .y:l, dx + ’/l ml’ ,’:' "333; dx
YRR RN TR R TR (€.

Substituting Eqa. C.1 to C.8 {nto Eq. C.9 and integrating yields

Lo (T B ) (e S
e R b 7T Tl TR VA e U W T T '3)
i (msm oy it 18950, 98 31 iy
v me M\ tTEs TS T3 e *o'/

(smm, Wyt Weoydt 4 iy , 3
*3MaM\TTes T T T B s e e

" e e e
1 (Smy.o, 850,71 16700, Va2 4 55, 5ﬂ)
3Ty N A TR R A

‘m (3968}.’;0” 109.03.Y.l xai’w“yl y§ 71¥s 5":)
Sw

- T 22y S22

7 775 4 35 S 6 '8

cpMit-g Mt e 3 3 M7} (€.10)
C.2.4 Potentin} Erergy vi £xiesnal Load
The equation for the potential energy of the external load, Uy, is

Uo =- wplt) {2 50 dxe [Mtye, dxo [y, ax)

o [ ® -
+ Wt (fo PYe dx ¢ .gb. Iamydx .’? Yan 'L‘} Vot

% Substituting Eqs. C.1 to C.5 imu [q. C.17 and integrating yleids
k 18y, ) (uy )
5 LY haa ISR 11
1 Up =~ wglt) h,( + 3] - wrlt) by {35 3
; Y) 6”‘ Yi_ N
; ~wem (T2 o) vaem (-7
3 - 1%s0,, 3y _y_.) ( o %% ,
. '[r(t)hl( TR ) wg(t) Iy \—5% 23 (C.12)
: 138
SECRET — RESTRICTED DATA
3
3
1
T R o T s, me I T T, P IR T ST wT eI




Likde dds bdiricn

rYve e

ol Rt

PLITTR Q0 L N T S : . .
x LT REE, NV VL T S VR IE R - T Ve TRTITY SN DI Ty e b Y A b | A sk 08 Ak sk

it dndtaniafadal

Ay

I ERE TIPS

YR s

C.2.5 Egquations of Motion
The Lagrangian {orm of the differemti~! equation of motiua which Jefines the relation be-
tween the pertinent energy quantities is
d [a(xs) _3KE) ePE) e
| Wm | m Om Y m
Performing the deaignated differentiations with respect to each coordinate yielrds the iol-
lowing set of equations.
For the {ront face:

48 3B4E "
B Yao, = Welt) by - — oy, - 2y, (1)
318 1 2
248m, hy q X
—_nr y = Jp(!) hy — .3_‘.3_132 y‘c‘ - ngﬁf Yy - .m_’.th 92 (C.14)
315 ]
248m, n, IEL
— g cwp(t) by - 2HEy ‘“'x"’ jy ~ T (.1%)
313 Pl by = =5 Yaoy = =0 2= =
For the resr face:
248m, b,
m"" V50,0 = YRO by = ~8—‘£l{'—" w’”‘—;{'—‘ % (C.18)
Utmazh MEL, mypiy |, Tagin
A" Yeo,. = WaIL b, - 3UEL + 22ty Ziat (c.17
s Joa T VRO D Y Va0 2 % 7 N
248mq by SB4EL, Mg, iy ..  Meuhy .
ol 1 = Piiuie. - { el el e i
315 . yla‘ 'ﬂ(t) by 5}\; Ysom ¢ 2 Yy * 2 s {C.18)
For floor levels, {irst floor:
mg i Snaghy Sm, ” o "
—1_. Pt B4 = = [wpity by ~ wR(2) By
) ( - 3 ) Liw, i
154 g}
e lep 0 by walt b} bty 30 - kg, + 5 (P ¢ )
By Tty ) (Smsfay  Bieghr o (C.19)
( 25 T s -\ £ T ”“"‘}
8econd floor:

" (m;,hg + megL’\a . Sm:,hl . ?_j"%a_hg + M,) = % {wyit) by = wp(t) by}

. ; W5 by = 7R Bal + Kylyy = y2) = By = )

me, by | Weh mahy m,,,.,) (Brmuty  Bmeghrg )
’9( ) th i\ ) T\ Ve T ey

&my by Bmg i o iC 20)
-f R - 2R {C 20)
(. 25 Taoy 5 )
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Ea o

21 &

;

AP R TY y’“‘.(‘.w [y

Cend At btz L

W U2 C AR IR T ST Y

bbb hince bbb g Lh

ki s

Third floor:
gy (2ol o Deal2 o gy} < w0 by - w0 o)~ latys = 3

3
!l mlsﬁ"t) (Sm, Om“.h .
*h ( 12 TR T T it “") (2

E!iminating ths dynamic coupling beiween the froat- and rear-face deflections and the
floor deflections and simplifying, the equations of motion {or the {loo: levels are as {ollows.

First siory:

i (‘_?,‘.E‘:u 120m; by 293my bty | 293nia iy M)
230 950 405 (55

9
[wp () By~ wg(t) ]+ uo[w;(t) hy ~ wgiti byl

. 22
310
128 (33‘51, _ M4EL, ) 126 (3345!,2 3B4El,
g \ g Yoo, "‘—r“‘sh‘ Yso,, ‘br —7{: ’no,)

nl
. (533m, by 533m,
+klys -yl - Ky + ¥y (—;—8-63—1- + _-m'u'-‘-'._.h) (C.22}

8econd story:

. (12mg b 12Im, by 203mge by 293m, by ) 29 ,
< e A LA PR St - e
’( T o e T W) = g [we e by - wRlt) )

128 (3ME 384EL
m[-,mn, w,,(:)b,].ﬂd( ﬂ‘f‘. ae, - Th{hy”-’)

m S34E] SBAE ,
( s‘rf -—4‘2 Va0, ) *+ hylyy ~ ¥g) - kaiys - W)
(S Smecty) g, (Wil Do) (c.a9
1860 1860 1560 1880

Third story.

12tm,, .\- 12 dptn 2v L.
u( vl ot '“‘)=§1"0["F(“"! - waled agd

930 930
Py 3Bme ) e

128 33421 SNEE.::!
'm( &y Y.;on) Ky — ya) + ¥2 ‘-— 860 ~1860 "/

18 order to make the numeri~al ansly sis more convenier?, the terms involving the iirst-
and ihipd-{ioor aczelerations are eliminated from the equation of motion of the second fioor.

18im, Ny ﬂlm.,'h, 293m.,h, 29\m,.,h,
5 Tige6T T 880

533mghe  S32m, Iy
—_— Dol RN . S -1 M
hi-5w 530 485 s My -1y ( * )

S‘m.h, 53%m h)'! 29 . P
- o Wi | I £, {wplty hy —wpit) iy
"( fe0 * igso /) MOMTEORCEROM

* §T5 (1 + 1) [wplt) by - w () by} e 51—0 {1+ £) {Wp(t) by - wpit) by]
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E ) 126 I84EIl, 3B4El,,
N ; ‘ 310 I (-—gh—%s yw‘ - ._5;‘_:..4 Yso“)
3 128 384Erlﬁ I34E!
) + 310 {1+1,) ( s y,o‘ - ——‘&sht y,d’)
] 128 J4EL, . 384El.oy
: TR ( 1 T T o J—y,o,)
3 v keld = ) (ys = yo) ~ kel = £} (yg ~ i) — Kifyy,y (C.25)
? where

4 83m, by 533m,,hy
. ——ct m e — e

" 1580 1885 (c.28)
iTim,hy 121mg By 203mg iy 30Img by '
Y Mk 17 anidr't + s diany 1 Susldta]

E - 4 833m, by  533m,, by
- fy - I L {c.11
‘ P [3Tmahy | 130, 30

el SN

930 830

0“'

Final equations for frame,

, First story:
. 12tmby  131myphy | 393mshy . 293myp by ) 29
et el —2d e = o fwpt) by~ wpity iy}
: h ( 330 930 P ws 570 [¥r (1) by = wpit)
8 29 128 126
[ ’m(wr‘uh.—"“) ’\']03{6 (R.‘—&u)tsxa (nh“&_‘!‘
533 533

f

AL
;3 Second stary:
£ 3

1
= % [mm,.,_, 1Rty 203mahy 203miphy (i!_!tg,!:.’, . 5"35_:._,_\5,_)
T 7936 30 485 485 1880 1630

: 533ty s_nmg) I PN 20,

] "‘( PR | AT R LA TE A
1 29 . 178 .
. 3 x[".(l)h,-va(t) by} * ﬁo(lf(,) [wp(t) by =~ wp it} by © 310 £y Ry, = #,.,}
E 3
9 128 28
g iq *m“‘f')(a.‘-&l *Sﬁ(l‘ﬁ}‘R,‘—Riu}

% + Kg{l ~ )7y — o) = lall = ti){ys - ¥4} - Kihyy €.39)

] Third story:
= 101myty | 12310npls - 29 _ 128 ~
. B ( ot T M) = sp0 (W b - vl el v gy (R ey

1 ey - 5 (20, B o g

; ky(y3 - y2) S:\ Teee ' e )
-4
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2otk

]

ey
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VR W Y7 N

§33mqhy  333rminhy

. 1860 1680 (c.28
' ETmy, | 12imghy |, 200myn, | Wimety <0
930 930 465 105 !
533ruty | 833y
1880 1663
P gy 18may cam
930 830

Firal equations {or {ror And rear walls.

Front {ace, {iret story:

248myh, S34EY, m,hy
et AL MU L R o N (.13
35 T, TN Ve T T
Second story:
Bmeky IBEY, mybhy My
15 954\, w pth hy - “sa) T -y $i- ~a fa (C.14)
Third story:
Mdomhy ., oL T
£3E ) y;c, "“' by s(g y”,‘ 3 - 3 ) (C.1%}

Rear face, {irst story:

Ubmnh $84ELg mph

35 ~ Yeo,y ¥ PRI N~ Tl T M % cam
Second story:

248unh; - Loy bE2 hd M My ealy .

TTas Yuog = Wai he~ w;:g Yoo * 37 ¥ “a % (.4m
Third story:

248may b, 384=hpn Mgy gy . 7% .

R g, mwglti g~ TRy e BRI 18

ss  m R i R 3

Pinal equations cvaluated for the pasticuiar constenis of Bullding 2, Stuetwe 5 1.1, frrmy
Appendix D are:

by=hyan ati2ft

My by % M, By = Wy by = 0.15802 kint-gect/Rt

mg by = e gty - Mgty = 0.05304 kip-sect/it

M, = 26784 kip-sec’/ft B, = 1.5416 kep-sec’/ it M, - 1.7268 kip~sec’/ft

- *Kip re;ue'sln 1000 ib.
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& hiveh L s vk i ol il i

o

s,

k¢ = 13,820 kips/ft kg = 5080 kips/f¢ kg * 2940 kips/ft
vl_.(l) h = 16.485P;, ., kips wglt) h = 18.485P,, ., kips

S84EL, ., S24F1,
.._?h;_!.:.! » 40,300 kips/ft .__Sh',u-a = 9319 kipa/f

Front {ace:
0.125169,,, = 16.4285P 1 00y = w,am,,,,l -~ 0.079487, (C.31)
0.325:69,‘,‘ = 16.485P;,. ., w,:my‘q - 0.07948y, — 0.07948y, {C.32)
0.225169.0’ - 16.485P; ., - «o,:ooym ~ 0.G7848¥, — 0.079487, (C.33)
Rear ace:
0.04818%,, = 10.485Py, - ~ 93107,,,, + 0.02052%, (€ 3)
0.046439,% = 18.485Puack - 9310740, + 0.02952y, « 0.02052y, (C.3%)
0.0«489% = 18.485P,. ~ uXwa’ + (.02952%; + 0.020819, (C.38)

Floor leveis including the effect of vertical load.
First story:

2.84219, = 2.8972(P, - Py) + 0.408(40,300y,, ~ 9310y, ) + 3.496(40,3007,, - §3107e,)

* 80000y, ~ 7, -- 13,8207, + 0.08246f, + Eh;i‘ y, (C.31

Sacond story:

270379, = 3.4048(Py. - Py) + 0.000140,300y,, - 8310y, i+ 0.415(40,300y, ~ 310y,
+ 0.421(40,500y,, - 9310y, ) + 0.964(2040) (3, - )
Lp
~ 0.979(3000) (yg - y,) — 0.031(13,820}y, + —,;5 iy~ ) (C.38)
Third story:
175025y = 1 MGH(B, — B, ) v 0 408(40,500y,, - 93107, .

TP
- 1040lys - 511 - 0.083427; ¢ -g’-' ty, ~ vo  (C 39}

Equaticas of motion for three flocr levels using the svers3z applied luad {or wall reactions.
Pirst story:
P,

L84215; = 18.485(Py ~ Py) + 5090(y; - yi) - 13,820y, + 0.08245%; « v, (C.40)
By

Becond story:
270359 = 17.128(P; — Pg) + 0.964(2940) (yy - 7o) - 9.979(5030) (g3 - ¥:)
~0.021{13,830} y, + ‘%’ {yp-y) IC.41)
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Third story:

P,

1.7583%; - 8.243iP; - P}~ 2040(y; - yy ¢+ 0.0624¢5, + N

lyy - y1) (C.e0)

C.3 BUILDING 3

The reinforced-concrete walls of Building 3 were continuous cvar the entire height of the
structure. The assumed dellected.shape for the walls was that of 5 three-apan cuntinuous besm
fixed at both the {iundaticn and the rool slab. The detalled dertvation of the equations of mo-
Uon for elastic motion of the front and rear faces is given velow,

C.3.1 Defllectes TNape

The {ollowing set of cquations defines the aseumed deflected slupes {or the frount and rear
walls of Building 2. Thesc equations assume elastic behavior of the wall eiements,

For {roat {ace:
] 3 4 1 3 3 ] H
BTV IS ORVE AT Y VR SR A U Y B X xls
Ye, 5*( e ) Blan ) P-he ) e (2R (€.43)
LR 0.k ).n/_ PR 5)
LR S UR BRI AR R S SN RN ERT
3 b} 3 3 3
o%l(:;‘,-z’;‘x,-g),xey,o'(;:—z:,':,) (€.¢4)
] 3
YR A Y IO8 YO MR A |
Ye, s( APNARICRATY Mg LIS Rt Ee R
o ey
Nf_s* X X X % _% .~
’s( ‘P"h"‘h)""».(w 15 R) s

For rewr face:

wf v 2l ox Sl .
LY PR i AN X an
MRS h) 1) auy | 6 *3"") & an

2 %
‘?("5”5‘"%)"”»»(5'“:f‘?’.-/‘ i

C.3.3 Btrain Energy of System
The equation by which the strain energy of the total eystem is evaluated is givan Lalow:

AN Lo AL - N PALIND (»'vs,‘
PE= ¢ ), (Ti!‘) &) (’a‘i“) ae ), axt) he
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. saly t
!.’mf - ".!) _zsf ( .‘ . J:.a '
.‘ 2 ., (\ 31’ dx ¢ dx \ Dl.

'
e Tatn- vt Do -yt (C.49)

E
; where L, L=l « b hneYp~ly.
. 3 fobstituting £33, €.45 to C.48 into Eq. C.49 and inicgrating yleids
1 £, <n:,',,l S129),3 siayl,, S12yi,, SIBL, SN,
- ' pg.v . 0 . # s e @ —————— W v maar § o t—
L) 5 3 s 3 3
T3 .
3 B UL B A SR LN @m)
3 s & H 3 3 5
F ) . )
! Y‘s ":‘J: yol e ghln - o iC 50}
T C.3.3 Kinetic Erergy «f System
K The rquatica (or the evaluation ol 1he kinstic cnergy (e 33 follows:
3
P KE='ymy, [ fi qae oy gl dxetym,, [0 55
[ . .
% j ¢ 'lmtuj:' 9‘0._.“' 'lmu_’f:“ y’,gﬁx",m,,f;“ Y’.'dx
,1 TRFE K KRN TN KPS Nt .3
- Substituting £qs. C.43 to C.48 into Eq. C.531 and integrat.ng yi4lds Licting Uat m, ~
E mh“mhﬂm.u'mm' m.‘- m.):
P [xza;:‘,, vasgh, 18P, el i2el, 1zadl
i3 KE= om0 " " 35 IS T T s T3
3
3 o (2087, 329y A%\ . (3883 3% 44,
3 T Yy, (”‘J' 50 * T18) " Prou \ S350~ 350 1«5)
4
3 L {85, €84 9 ) ; ‘cs RN
3 ~r\i83 T e RN ULINY L S T
1 185 2685, VAN T TIE S7 R VTSN
3 oy (- Ta8 T G e 12t IR T
?3 , 424077 4enit 22905] 83844, iSugy 926,y
o FE R U T FT AT T R 711 1085
. % M g 1l 5 M c.5%
. -
1 3 C 3.4 Potential Energy of External Lead
N 3
R, The equation {or the pitcntial cnergy of the (Lierns) fead, U, is
3 Up = -wp®) ([ 7, @x ¢ [Ny dxs &y, da
; Cwgl) o o [y dxe [y, dx) (€33
i .
1
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S.pgtitating Fas. C 4% 1 C.48 into Fq. C.5) and integrating (not.ng that b, =

yields:

8y 8 8y b
u - 'Y M, U, 10y, * o,!)
et (n' TR TR LR

‘7.0" ‘Yoo, .Yno‘
Ml Ll St el T i TR ]

C3.3 Esmiiens of Motion

hy = by = b)

. ?1)
cy:-il) (€34

The Lagraagiaa form of the ditferential cquilion of metion which del'nep the reitticn be-

teser 1o portisent ¢Arrgy Guaniities is

l(!!) "'l!) HPE) oty

& [ m e VYm

Pertorming the deeignated diflerentiaticas with respect o each coordinate yields the fol.

{owtng gt ~f smpaatinne,
Vor toved (ace:

1m0 3841, €1m,h u\!\ 3ms

T fia, * wrilid~ I Yoo, ~ yug” I $ fl R Vs (C.55}
!"l‘... Yooy * Wyt B~ - _:}3 Voo - 1’.“; (LA ?.!2’:!5 Toe im,h % (C.58
‘.‘gﬂ BT MU s.f;;_‘: Yoo, * Sm; 4, - o'i:::n Y- i)m!! % cs1
For rear face:
u;:.h ,” > wpllib- '—Iz—x: "'n '.m.h - Th 3:;h P 3:”' et 1 (C.58)
1_9;;-3 rog = e Y -31;;15 Y L'j"}._ §, ¢ ':‘:: 9_', 3.‘:;", ,V; (€.59)
sty e wpith h - ﬂ;"‘: Yoo~ ::5‘“ PR ‘Jf?; 7T “!;:A L) {C.60)

T e

For floor leveis, aacond floar:

38 68:» h 13emeh émed .
(g%g%k‘u')"‘— ia - 2590 T ey = Yeon)* Thos " Tam " Feod
! ¥y . ¢
O G - ea m b wpt a2 (TR L v o
Third loos:
3i9med $140m.h | ) Nimgh . Bmyd 1) p,h
"’i’a;" ?I ¢ ( 3328 ul ,l ‘0” ,l 175 000‘ “'i) ¢ l?.o‘ ?‘93’
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L R O T P

AL iy

a5 sl o . S ok e

0

o . i

st g

AL

134m,h ) .t Elyf 132y, 192y, 10y,
MY R T e O S )
*uln-nl-hn -y {C.92)

Roof :
e8m h 1?im,h (xm:n‘h ) lm . .:r,h .
< Taas 51 joes o\ paast M)t g 0..., Yorss! - S N

184m,h 1 L, [s6r, 13y, T2y , 1
RS WS SUr e L R U "( A s’)""‘"" Ty Ced

Eirmtmating the dynamic conpling between (he (romt- 2ad rear-fece xorilnsice st (s
flocr conrdinates and siimpiitying, (he eqedlions of motion (or e Door Levels sre as tiilows,

Becond flocy;

16.133mgh ek I8Tmgh 3 i
( 3104 ',"')9' 41000 10 21000 M7 oMY '“"]
81 {384r! 11{I%4xL, H 144E )
T gea| T * 0, - ""u)] i Ve - i' ‘Ji .ﬁk Yan ~ Taog
103E], S4LEL (2
P o [0 Mj"l‘ t’"»s URECAR RS RS B Y (.64

Thisd floor:

gpsxm.aho(u 133m,0 &),' m:-.u,. L,mu “m“

4,00 31,000 43,000 19
:am. , stz i
so ynq - ’““’ B’ (’h' - Y“’) m &5 J,«,. - Y’.,“)
uu. sery, :.
Teer VT o Ga~vdr — o J-r iy -8 By iC. 3%
Root ;
$8Tmyz ,  S-dmb, (  Tssdmany o 3 -
Troc T azo00 1T AN rou e Tr MR Tt
y [334k), 3 [3BeL., ] a9 \un. !
2081 o Usn Tt} T HITEE T Ve TRen T aig it T Van Tty
12%1, m:l. FTAR .
pirroat IERrw il SN (RS AR T Y .60

- -

1z crder '0 Hake 153 Svaeriorl 2nalysis more cosvesient, 1be terma (nw3lving (ha “scoad-
and third-floor acraierations are eliminated {rum the (quation of rectton »° L9 rol, T'eterm
txyolving the acceleralion of the second fioor 18 eliminsied L 2@ Uer oqul.we i Priiton o the
third flour. The resultiag set of (12al epalicas ts grea i0w.

Yor second {loos:

18,133m,h i, o1 [st4El, L
( 21,690 u!) | T iﬁl r"’ h- 'l‘" h] f;’ T s, ~iee !
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AR €L skt e i)
Lo ~

) 4 Skl

b g

R VRIS, D

o dadii sl iy

W

it e bdcniad

DR TR NN WA

PPN

s

\\
\,
.
\ -
17 [384El, 3 [384El, 108El, [RI91
40[ W ¥es, 'Y:o‘g)!'ga —"h;"“!’so, - ¥soghi- ) vt Sh: F:-7)

48E1, 4091m.h . 36Tmeh . IPy
- Wam v kel = v -k e §1 - gy St o

For third {loor:

(C.67)

16,133mgh _ 4081mih ) I
( 51000 * gz00 1T Me) =g (1= [WpW h- gt h]

8 J84EI
(3 67‘)3“:15 ] ‘1‘{)[ L

- 50’ 200 ¢ X Ven, ‘y“’xlj 40 (yw Ysog )

+

)HMEX, 108 ) Ely

S4EI,
(Vs0y = Ysona)|* — * b - S -y

+

08 48 El
(l R 0) 5 e -y - A W 50 Gk

859Im h . 36Tm,h Lp .
“\ 5000 * 71005 ") vt gy G-y (.22
where
4091msh
4z, ooo o
oA (.69
' T 18,133m,n oM
21, ooo
Roof:
7883meh _ 36Tmgb 8591m,h  367m,h ) I B
[‘ 3* 31,000 ~ 31,000 " (o0~ zr00s 1) ] ¥ TR
81 3. 67 384El,
xlwf(” h- Wn(t) hi 1200 200! ('5'6 he 2_00 fl) ‘S][ (530‘ YSO~I)
3. , |{384ETy i, a8
et o“"“v‘ ‘*J{ W Usoy ~¥om)} * {100 "0 Lioe ‘n‘\"j
38451. f12 108 10'* Hn
x iso, ~ Ysom!| =5 ~ g fav ':] 3
[6 84, %4 e 12 451 fea gy L Lk
15§ 55773 0+1; by oF ()'z-.":)"{'s‘ "y g ! ‘i‘g i el £
<P, .
+ (-0 ky, ~ - UG Gl kln -y -0+ B) Klys -y + N 708 21) (C.% 9,
where
4091m b
{2000 (C.59)
tT16,133msh
71 aan !
387msh
21,000 .
= Gisimg o cm
L8 oM
21,000 !
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U Slaunte odts oOCE 1]

La)

s okl b

e < bt S

T RTWOARN

e

6353m_,_ 4091mg4h

42,600 42,000 *
fy= 18,133mgh | . Myt 4091mgh i (€.12)
21,000 42,000

Final equations evaluated {or the particular constauts of Building 3 of Structure 3.1.1.

mgh = 0.53339 kip-gec/t

M, = 3,55387 kip-sec? {t M, = 2.38043 Kip-sec?, {t M, = 2.59925 kip-sec’. ft
Kk, = 11,370 kips/ft k= 3810 kips,ft  k, = 1780 kins ft

w(t)h = 16.485P,  wp(t) h=16.485P,

El
ﬂ; 198.4 kips, {t

Front {ice:
0.406397,, = 16.485PF — 76,200y,,, - 0.25527y, + 0.04572§, ~ 0.013433;  (C.73)
0.40639§50, = 18.485PF ~ 76,200y 50, - 0.323845, - 0.32384F, « 0.057155;  (C.74)
0.406399”’ = 18.485P - 76,200ym, + 0045729 — 0.25527y, - 0.31241y,  (C.7%)
Rear face:
0.40839§,, , = 16.485Pg — 78,200y, _+ 0.255275; ~ 0.04572y; « 0.ulisdy; (C.78)
0.40639?50’ = 16.485Pg - 76,200)'”’,* 0.323849, + 0.32384y, -~ 0.05715¥, (C.TD)

0.40839Y,, = 16.485Pp - 18,2007, - 0.045725, + 0 253375, + 031241y (£ 78)

For secund floor:

[38451,

3.9636y, = 0 3(16.485) (Py — Pg) + 0.335 Wso, = Seo.;

384EI1,
— 0,080 |3 Gaoy = Yaos,)| ~ $280v; + 3330(y; - yi) - 19000y, — y)

3 )
+3810(y; — y,) — 11,370v, + D.05185§, - 0.008323, + ="y, «€.79)
o

For third flcor:

[384!-:1.

3.7908; = 0.296(16.485) (Py ~ Py) = 0.064 Wso, ~ ywm)l

3B4El 3892 H
+0. 419[__-_3 {¥s0, - YS"'.:J] + 0. 336{ h (¥soy "'%,\‘5 41050y,

— 3380(y; — yg) + 4310(y3 — y3) + 1760(y; — ;) - 1013380 v ~ ¥

+0.013(11,370)y, + 0.109227, +-—h— (7 - o) {C.80)
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For roof:
334:-:1,
2.8018y, = 0.143(16.485) {P; - P) + 0.0156 (925, = Yaou!|
3B4EI, 384E1
-ooas{ Ysop = Yg0 )] +0.403 ——-—" g0y = yw“)]

~510y; + 1480(y; ~ y,) - 2040(y; ~ y;} + 0.00207(11,370)y,

+0.01324(3810){y; ~ y,) - 1.02131(1780){(y, - yy) + % (ys - v2) (C.81)

A simplified 5ot of equations is presented beiow for the motion of the {loors alter the
response of the wall slabs Fas become oscillatory,

Second floor:

16,133m,h\ . . L 4091m.h
(“x 41,03(7_) S {""y(-’ % Wit h) Rw’ LR TR NS NI ~§3.000~ Y2
_387m4h

kit g 8
21,000 3ty S (CED)

Third {loor:

18,133mgh _ 4081m. R
(H, 21, 000. MY 000__!') *U-f) vt h-w rY hj~ w + t-|R‘,I + k(53 - ¥

(3591mgh | 367mgh Iby,
~ (14 L) kylyy - ¥y * LKy + (72'005 21, 0.;01 -x) ¥s+ };‘ WYi-¥)  (C.8Y)

Roof:

1883meh _ 35Tmsh | (8551mgen | 367mah L o
["" 31,000 ~ 31,000 (noeo 21,600 )fa s=ls-ti-n1-1y

X {Wpt) B - woit) Ri= R+ (fy + ) Ry = LRy, = (1 + 1) B30 - y3)

={fa - (0 100 kylyy 50~ (12 - Ol kyyy = ‘%;\Y: el 2] {(C.B4)

wiere Ry, . ®,,, and Ry, 4rs the resisting shears of ra =1~ ~ 3 rezv walls daveioped at the
second tloor, third ﬂoor, 2nd rool, respectively, due to the deflaciioi oi iae varicus tiwsrs only,
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APPENDIX D

STRUCTURAL PROPERTIES

D.1 BUILDING 2
Refer to the detailed plans of Building 2 in Figs. 2.39 to 2.41,

D.1.1 Coiumns

The strength propeitiee of the rolled column sections are bazea on the relations of refer-
ence 3. Figure D.! shows & typical P va M curve for WF shape, where

Pp =y A (p.1)

P (s - 2t o2
fay 4o (8 Y isat 1 ]

My g {4y t() + Dre{3d} - Bty v 4:,)) (0.3)

Myx(y8 (D.5)

My =ig,Z (D.6)

and whete { dyls the dynamic yiela strees.

L

% —?;’-‘_}5

,. I

M ¥, M, W _» j

L]
-

Fig. D.1-—Typical P va M curve for WF shape.
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Fig. D A—Column-caparity interaction curve for 10 WF 112 fuxi- 464 second-sary aareri X
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Interaction curves of P vs M for the appropriate column sections are presented in Figa,
E D.2tu D.0. Thene cutves are based v a slatic yield wtress. The increase due to a rapid rate
of strain is determined by the particular analysis and is applied to the static values listed in
the table of axial load and moment {or each icad.

7 The basic properties of the column sections are taken from the AlSC Manual.

) D.1.2 Girders
Since the gliders were designed for elastic action, thelr capacity {8 not checked fn this re-

port.
The actual variation in moment of inertia for the girders is a tunciton of the type »f losde

ing. This cendition 18 due to the {act Lthat the reinferced-concrete {loor or roof slab will {nfiu-

A il M

k B ence the girder section considerably when the Lop fiange 18 in compreasion tut unly slightly
: when the bottom tlange is in compression. To avoid the compiexity of evalualing tae true vast-
b A ation 'a ], the moment of inertia was sssumed uniform ver the aptn. and the value taken was
E that at the cunter of the span zssuming composite action. Figure D.7 gives the values of mo-

E ment of thert:a used for the various girders.

i

.’1 ‘

f ¥ T —

3 +1v 10,980 ! 180 MY

b L4 ¥

4 s 4,410 10 k1s @ @10 ™

k

b J

7 .

3 : (4o 40720 & 1o 126 & &

4 !

1 f X
- ; rig. D.1-~Cirder moment -of-inertia valies lor
b Buiiding 3.

D.1.3 Siffaess

The calculation of stifiness factors for each story of Bufliing I {4 haged on the mplin,dls
formu-aied in reference 8. The relation for the stifiness 6 aa7y story Lceainy “e vilect o3
girder exiiinty in siven below,

£

- TMp12ED T
TN (T RN D18

hH.n

where ZMp = the sum of the plastic hinge moments [3r oulit enGs 0; €740y cotur 2 ~ 3 glory
21 = the sum of moments of inertia for all columns in w story
Z1¢ = the sum of all the 16 procucts for each end of ali columpa ia a sipry
6 = joiat rotation under fuls plastic moment from both the co.umn 2L0va and &-
the joint

L e e o
i, WAL s

0O%

The ztif{n2ss values for the various slories were compuled on the X g o’ an averigs ot
of Mp values. Although the values of Mp vars with ttme and Juawing (oo bitons, o separzie
avaluation of stiffaess for each analysis was considered unwzarranted “tre valysa of uriffesrcy
used ln all analyses are as presented below, A mIo. complexe discussiun of stitinens tn muitd-

. story frames is presented in reference 8. Figure D.8 gives evaluated ' ant rotations for gir-
ders of Building 2.

,
o 0 s st

Lans ol o

L Sk

VRN
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K, - 13,820 kips by < 10.64 1t
hy - 12,5
hy - 1133 1t

irot Btory:
Second story: k; - 5098 kips {1
Third stary: ky - 0340 kips {¢

Note that the height of column {3 based on the distance between center lires cf girders.

E o
] pres r R0 (Q ¢
3 MR ErE - 44C
v . Pone
B T~ -~
3 f: \ [l! \\\
220 \ t v
. 6,-0000225 ) \jo,-o::::ho
N
E 234
TTP22 snaocm o mpea  TTReec

wi. 970 sL"'JO

4 1] 120
L\‘\ )

~—

5 ~

i g ~
4 Lo e 000068} ~—_  |95c300232)
3
- NS0 psioom oeorn TTNMO0
3 wl. 530 ~— (540
- eo 380
- "~
i -;: L\ \— I(' .
3 B +000CHS ) \Ji, fQoC39¢)
. jr 1960
Fiz D.8—~Juind rulativus « salubted fur girdors of
E Building 2.
E
X
3 D.1.4  V-beam Biding
; The properties i V. 2zam siding are ladulated below. Thise Laiues were oltained {rom
[ the manuiacturer’s pamphiet,
Wy - 3.4 153000 50383t
§=0.3481nt [t AR IAATRA

Assuming {ixed end conditions,

¢

,
PPN R

-
k. = 3-8’:‘,51 - 5080 kips/ft jor 1 £t 8 {n. spen

3
4 m = 0.9%00176 kup-sec’/ i1
3 Kw = 0,762
[ AT XL A
3 ; Ty = 22 VI(T(‘L“ 25 \ 53—36(0.7623 = 00012
¢ k-
A
= Owing to the short period of «nis sheathing, the #{fect of the V-beam reaponse oa the {rame
E is small and was neglected,
3
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D.3.E L.
The biast 1024 i« assumed to act directly un the girts, which are considered to act as 2
unit. The coipnitations a8 prescnted 272l =itk tre guasfitics (or 2 oingic frame,
Frent face tone 14 WF 150, lour 14 WF 61 per {1amei:
};‘ 4388 .t : S - 819 4n? wTo-es2 in?
3 we.nz o,
o My 1y, p SY M, neft
F oM
3 ,, e - -‘x_i? »38.8 {, kirs, where L« 228
r
3 Js4E M1 ,
40— 40,34 ft
TG 90,300 s
Rear face {one 12 WF 72, twe 12 WF 27 ;er frame';
X1 1006t S 1857 X2 1meial’
2
] 5.7 2
1 Myt =202 s wen
{ R - ”;’_? 9.7 1y, kine
IME Y
v ME T as0upe 1
SL
; D.0.0  Mass
3
i "]* The values of mass used {or the particular slements wov jisted in Table D.1. These values
3 are assciated with o single {rame,
3
E: Tahty D2 --ASS OF PORTICULAR TLeMEXY 2
k-
L ‘} first sy See ot -rory Thied story
i Coulunns A0 0.10.. LAY
1 Girders v.edi Sk Qieead V.10472
& Flue or roet o s2337 0.6:037 L4806
p V-beul, 1L 0.61209 0.01225 0.01209
3 or rear
3 Girta, froot 0.146%3 0.14683 ¢ 1468y
3 Gins, rear 0.04635 G.OIEYS 0,489
Sand live load 145174 1.45174 t
3 Edge beams o ° 206011
4 AN valucs is BIp- zect, .
E
A
3 .
4 D.1.7 Dead lrads
é The average :aluc of 214 10ad for euch co’umn is i{ated in Table D.2. These values are
T3 tased on the tributary area for cach columa as siustrated tn Ng. D.8.
E 157
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7ig. D.9 ~ Loaded arces for columns of Building 7

Table D.2—COLUMN DEAD LOADS®

Estarnel tre rral

columa culuma
Third story (B 173
Secund story 0.9 439
Firel story H3 .4

SAll valves (8 kips.

D.2 BUILDING }
Refwr 12 134 detalled plans of Bullding 3 in Ngs. 2.42 o 2.44

D.2.1 Columns

The airengih ~roperties of the columns are based on the ultimate strenglh theory is pra-
serted 18 reference 3. The busic relations used sre given by Fig. D.10 and E¢s. D.8 to D. 11}

r\ "}'ff‘,?.“ B - :'"”"T'
3 i
j S = —:j-——-—.- {
q. l r ﬁé::}_;_‘ i.
’ | | o maeanding t
: 30 bl B T LI
el el o
~{= J. | I

TENSXN
Fan urg

Z
v

Piz DA Tyniral P M ourve for rinforead-cosc et colvmn
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