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ABSTRACT _
‘,S.

NN ww su |

3 The purpose af this study,“Damage-Gervey-and-Anatveig-of Structures2-48, to determine

the damage and blast loading on Operation Greenhouse Acmy Test Structure 3.1.1 and to survey

the damage done to Creenhouse 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 fall of 1962, A damage survey was conducted by

theOffireoftheChieluf Souineers-andthe-Messachusetts inetrtute of Technology tn Auerst-

4943 to obtain data cyon which to base a correlation of the damage incurred with the measured

air-blast ovorpressures caused by the two shots,
The damage caused ': Structure 3.1.1 by shot Mike was comparabte to that caused by shot

Easy of Operation Greenlouse. It is probable that no damage occurred to Structure 2,1.1 from

shot King. Owy the fiz! permanent deflections were recorded of Str. cture 3.1.1 for shot Mike.

The jack of transient response records for this shot Increased the dituculty of correlating the

loading with the deformations sustained.

Analyses were periormed on Buildings 2 and 3 of Structure 3.1.1. The effect of va.“ying

overpressure gnd the snare of the load-time curve were investigatedPee-structaral param-

aers of Buildings 2 and 3 were obtained-by correlation of the measured overpressure with the |

{
}
}
|
‘

+ recordetrrespones ier ehot Kasy of Operation Greenhouse. The results'of the various analyses

for Operation Ivy :ndscate thal the free-air overpressure in the vicinity of Structure 3.1.1 was

between 12 and i4 ps: for shot shke. which compares reasonably weil + “th pressures pre-

dicted at Structure 3.1.1 based on actual measurements made ut uther Ications rear the
tructure. ee,8 .

ews The oldervatirrs «ade in the gross-damage survey may ve cummarized as follows:

1, The di mk? sustained by tha var‘ous buildings of Structure 3.1.1 oce to shot Mike was

as follows: The test paacis of hwilaregs t and 7 sustained oniy slight c2ditional damage due to

air biast, The steei rrames of Building 2 «fe +3 moderate plastic defo: mation, and the steel

sheeting af the rear foce was disturted inward between pitts. The site, frame and acding of
Builaing 6 received no apparent addsticnal camage. The .oncrese frames of Puridings 3 and >

suffered moderate riastic deformation, The rear wall of Building 5 was blow; ou oy the air

blast. The scar wells of Building 4 were undamaged. However, large cracks were cpened in

the roof slabs udiccent to the shear walla and roof girdera. The overpressure was approxi-

mately 14 psi.

2. Structure 3.1.3 suffered no major structural damage. The biast dr ors were removed
pricr to the test. The wood-frame air lock, which was left in place, wa:. destroyed by the air

blast. The painted surface of the vent pipe was charred on the side facing Ground Zeru ‘+.

gage overpressure was approximately 18 psi.

3. Ali re:nforced-concrete semiburiea instrumentation suelters appeared to have per-

formed their function satisfactarily without exhibiting any primary structural failures,

4. Of the many cone stary reinforced-concrete surface and semiburied structures ob-

served, none were badly damaged. The only serious structural failures observed were confined

to wing walis designed to retain portions of the f:ll on the semiburied structures. Exposed

.

3
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steel beams and pipes attached to these structures were damaged and destroyed by overpres-

sures of 11 psi and greater.

5. Smali buildings covered with thin sheet metal over diagonal wood sheathing generally

withstood overpressures up to 5 and 6 psi. However, one structure of this type was observed

badly damaged by an overpressure of 4.5 pai.

6. Lightly constructed wood-frame shacks apparently sheathed with corrugated metal and

located in regions with overpressures yreater than 4 pst were completely destroyed. No struc-

tures of this type were observed in rogions subjected to less than 4 psi overpressure,

7. Palm trees were destroyed by air~blast overpressures of 4 to § psi and greater, but

none were destroyed by overpresaurea less than 4 psi.

4
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CHAPTER1

INTRODUCTION

1.1 PURPOSE

The purpose ©! thia report is to (1) record and interpret the results of the damage result~

ing from shots King anu Mike of Operation Ivy at Entwetok on a number of miscellancous

structures includ!:w, tne Greenhouse Army Test Structure 3.1.1 and (2) to prezeat a dynamic

analysia of Str. c1u:e 3.1.1 to determine the probable loading and establish correiation with

meagured blast prrsaures in the region near Structure 3.1.1.

1.2 SCOPE

é. general damage survey of all structures of interest at Eniwetok was made ia August 1953

by T. O. Stark of the Office of the Chief of Engineers and John S. Archer of the Massachusetts

inatituie uf Technoiogy. Excespts from a letter report on this field trip written py olark are

included as Apper<ux A of ‘his report.

The pertinent cata snd pncnographs obtained in the field survey are includes in Thap. 2 and

Appendix B for Structvre 3.1.1 and in Chap. 3 for all other structures.

A general darmsse survey of all structures other than 3.1.1 at the site was mare with the

intention of correiact-.4 overpreasures with observed structural damage. Photogi*rhic evi-

dence of the dama.c c3 Cbtained whenever possible, and detailed measuremeats were m4aue ci

the damage where an cis:ysis of the structural behavior appeared practisel.

1.3 HISTORY

With the excertion of Structures 3 1.1 and 3.1.3, practically all buildings ocgerved at the

site were constructed for the suppost of Operation Ivy. Structures 3.1.1 and 3.1.3 .cre cum-

pleted in 1951 os test etructures uncer the sponsorship of the Office of the Chief of F-aincers,

Department of the Army, for Creratic . Greenhouse. During the Greenhouse operation Struc-

ture $.1.1 was subjected to 2 peak refiected air-blaat overpreasure of about 30 pai as a result

of shot Easy, the structures test shot. Following an extensive damage surve> the structure

was again subjected to an air biast from snot Item but froin a different dir ction, A leas ex-

tensive damage survey was made after this si.ct since the ortentation of the tiast wave was

such that the air blaet caused leas damage than shot Easy to the frames cf the test structure

A program of electronic inetrumentation of Structure 3.1.1 waa propused by the Office of

the Chief cf Engineers tor Operation Ivy but waa not approved on the basig that this operation

SECRET
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was primarily a weapons developmenttest. Asa result only two electronic pressure gages

were mounted on Structure 3.1.1. A program of transient displacement inatrumentaticn would

have materially assisted in correlating the analysis with the measured results.

Prior to Operation Ivy in the fail of 1952, a epresentati: = of the Office of the Chief of

Engineers, Departmentof the Army, visited the site and supervised extensive photography of

Structure 3.1.1 a8 well aa other structures of interest. Following the completion of Ogeration

Ivy the damage survey by Stark and Archer was undertaken,

14
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CHAPTER 2

DAMAGE SURVEY AND ANALYSIS OF STRUCTURE 3.1.)

2.1 GENERAL

Structure 3.1.1, the Greenouse Army Test Building, was the only structure examined at

the site of Operation Ivy which had Leen constructed for the exclusive purpose of measuring

the effect cf air blast from nuclear weapons on surface structures. This structure hapr aed to

be located at a rangs from Ground Zero of shot Mike® of Operation Ivy such that the damege

caused by the air blast wag witsis iimits suitable for a dynamic analysis. In addition, complete

plang were availaole for ‘'e structure, and damage survey notes were availabie for the previous

nuctear shots which had damaged the structure.

The magnitude of tne air-blast wave for shot Mike of Operation Ivy at the location of

Structure 3.1.1 was not known rellably, although a number of measurements cf air-blast over-

pressures were made at various disiances {rom Ground Zero.’ Therefore an estimateof the

actual air-blast pressure at Structure $.1.1 can best be <btained by aynamic analyses of

Buildings 2 and 3 of this at.ucture. Various levels of air-biast overpressure are assumed,

and the response is computed using methods of analysis which have been developed.'3-' A

comparison of the computed response for the various asau.ned leve._ of :.iz-Llast overpressure

with the actual values of permanent deflection measured in the fiela survey !24ds to an esti-

mate of the proucble atr-blast overpressure at the locaticn of Siructure 3.1.1.

The field survey measurements and photographa of Structure 3.1.1 are presented in Sec.

2.2. The ¢ynamic analyses of Srildings 2 and 3 are presented in Sec 2.2.

2.2 SURVEY MEASUREMENTS AND RESULTS

The image survey measurements made afie, Operation Ivy consisted in exterior-wall-

offset measurements, colums-<ffsct nwasurementa, and icof-elevation measurement. In ad-

dition, general cbservatious ani photographs were made of the utructure which :. shown dia-

grammatically in Fig. 2.1, Since no bench marks or fixed soints were available upon which to

base the measurements, only relat! 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 phtugrachs

obtained foiiowing shota Easy and Item of Operation Greenhouse’ard com the pretest visit
made by a representative of the Office of t1.o Chief of Engineera in the fall of 1952.

A description of the post-lvy damage survey and resulta is presented in the following

sections.

*Shot King ofOverction Ivy produced air blast overpressurea at Structure 3.1.1 of sucha

low magnitude thet no measurable damage occurred from this shot.

15
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2.2.1 Exterior-wall-offset Measurements

The exterior-wall-cffset measurements were made by establishing lines of sight app. 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 | ft from the face of a wall. Offsat measurements were

made perpendicular from each vertical plane to the survey points located in the wails (Fig.

2.2), The location of the survey points ta shown in Fig, 2.3, The position of each point relative
to a vertical plane through the base point wi 4 then determined uy the dif-erence in the offset

Table 2.1-—SUMMARYOF EXTERIOR-WALL-OFFSET AND COLUMN-OFFSET MEASUKEMENIS

 

Average horizontal dieplacement Colurar-offset

Bldg. Floor relative to base,ft Measurements, ft

No, level wy Greenhouset Total Per story Total

1 Second 6.00 6.00 0.00

Third 0.00 0.08 0.01

Roof - 0.015 0.02 0.02

2 Second 0.u8 0.08 0.14 0.10 O10

Third 0.14 0.18 0.32 0.24 0.34

Roof 0.32 0.32 0.64 0.24 0,58

3 Secona 0.07 0.04 0.81 6.13 0.13

Third 6.20 0.13 0.33 0.18 0.31

Roof 6,34 0.26 9.00 0.21 0.52

4 Sc. cond 0.6u 0.01 0.01

Thad 0.00 0.01 0.01

Roof ~ 0.018 0.01 0.00

5 Second O14 0.03 0.23 0.22 G.2z

Third 0.20 | 0.146 0.34 0.11 0.33
Roof 0.38 0.24 0.€° 0.21 0.54

6 Serond 0.02 0.03 0.03

Third 0.06 0.07 0.1¢

Rom 0.12 6.06 0.16

+ Second 0.93 0.01 0.04

Third ~0.058 0.02 ~ 0.048

Roof -0 665 0.01 — 0.058

 

© Average ct mea.urements in Sec. 4.1.

Average of mesourements in refcrence 10.

tAverage of measurements in Sec. B.2.

tNegabve sign indicates motion toward Crome’ru,

distances to the two points, C!.anges in the relative positions of the survey pointes were occained

by comparison with earlier surveys, This information is summarited m Tabie 2.1, and the

complete data are contained in Sec. B.1.

2.2.2 Column-offset Measurements

The column-offset measurements for Buildings 2, 3, 5, and 6 were inade by hanging a

plumb tcb from the ceiling in each story adjacent to the tront or rear of the coluinns on that

floor. Horizontal-offget measurements were made from the \..umb line to the top and bottum

of the adjacent face of each column (Fig. 2.4). The relative permanent distortion of each 21-

umn in 2 horizontal direction was determined from the difference of the offsets at the top and

bottom of the column. The column deformation thug obtained is 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-olfset measurements served as a check cn the

total lateral structural deformation ubtained 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 determine the elevation of all

the roof survey points relative ty 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
PO howing | { uDidg. point measure- Number of pointss! ng indicated change tn elevation

0.12 ft —0,09 ft, -0.06 ft -0,03 f& 0.02 ft -0.01 ft Oft

 

 

No, ments®

1 47 0 0 Q eo © 0 19

2 35 0 0 0 i § 6 is
3 35 0 0 0 0 0 1 0

4 49 1 t 1 2 2 7 33
& 31 0 0 0 0 0 @ 0
4 35 0 0 0 1 5 st i7
q 438 6 9 o 9 2 10 uw

Total no, cf

usable survey

Bldg. point measure-
Nuriber of points shoving tndicated chacge in elevation

+O.0b ft £0.02 +O.03 ft *0.0€% +O.05 ft + 0.06 ft

 

 

No, ments*®

L 47 26 2 u 0 c 0
2 35 6 1 0 a c 0
3 35 4 8 13 6 2 1
4 49 1 Q t 9 6 6
8 31 0 8 13 3 0 1
8 35 2 0 0 o . c
1 48 1 l 6 0 0 0

* See Sec. B.3,

corner points of Building 4 did not change. [hese joints were selected as the points upon

which to base the elevations Levouse o2 the massiveness 241 extreme rigidity of Building 2.

The resulting elevations of otnet- points on the roof of Structure 3.1.1 seem 10 ve. .iy the rea-

sonableness of this aasumption. On this basis the change in -< ation cf each roof survey point

a8 a result of Operation Ivy was cor wited, A summary of the resulling clevation changes is

given in Table 2.2. A sketch of the Gamage to the roof of Builcing 4 is given in Fig. 2.5. The

complete data are contained in Sec. B.3.

2.4 General Observations and Photesrapia

The damare to Structure $.i.1 caused by shot Mike of Operztion Ivy waa of the same order

of magnitude as that caused by shot Easy of Operation Greenhouse. Figures 2.9 and 2.10 are

posttest views of the front and back of the structure.

(a) Building 1, The paneis of Building 1 sustained only slight damage due to air blast. A

few additional haircrachs were discovered in the back of sore panels, but no additiona) major

17
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atructural damage was discerned. See Figs, 2.6 to 2.8 for pretest views and Figg. 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 girtflanges

to become distorted and twisted. This building was obviously deflected away from the blast,

but the main supporting steel columns remained undamaged except for plastic rotation of their

ends, The roof was undamaged. See Figs. 2..1 and 2.12 ior pretest views and Figs. 2.13 and

2.14 for posttest views.

(c) Building 3, Building 2 was deflected away {rom the blast in 2 manner similar 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 photographs are shown in

Figs. 2.15 and 2.16; the only posttest views available are in Figs. 2.9, 2,10, and 2,13.

id) Building 4. Building 4 was undamaged with the exceptior of the roof. Large cracks

were opened in the roof slaba adjacent to the shear walls and roof girders, On the underside

of the roof these cracks appear to be located along the ends of reinforcing Lara placed in the

bottom of the roof slab aud terminating about 3.3 in. from waits and girders. These bars are

oriented normal to the shear walls. The roof cracks originated in Operation Greenhouse {ul-

lowing the Item shot and were widened by Operation Ivy. Several interior views uf Budding 4

are given in Figs. 2.18 to 2.26. Exterior views of Butiding 4 are shown in Figs, 2.9, 2.10, 2.17,

2.29, and 2.34,

(e) Buslding 5. The rear wall of Building 5, which had been badly damages by the Easy

shot of Operation Greenhouse, was destroyed by Operation Ivy. The wall slab was detached at

the roof and floor levels and rotated about th~ top of the footing until it lay tiat on the ground

at the rear of the structure. Except ‘or the lateral deflection of the structt+, no additional

damage waa noted. Pretest views c. Building § are given in Figs. 2.27 ana <.28, and posttest

views are given in Figs. 2.26 io 2.21,

(f} Buildings 6 and 7, Sulidirgs 6 and 7 received no apparent damage beyonra [hit observed

in previous operations, Pretest ard ;osttest views of these buildings are containcd in Figs.

2.32 to 2.38.

2.3 DYNAMIC ANALYSI3 Uf STRUCTURE 3.1.1

2.3.1 Introduction

Section 2.3 deala whi. ike general features cf the analysis of Bullaings 2 aud 2 of Struc-

ture 3.1.1. Attention 15 given to the over-all struciural configuration, the fancanertal load vs

time variations, and the bagic concepts used tc turmulate and solve the equiticng of motion.

Methods for evaiuating reSouad and aetcrmintng frt-ce -< tistances are adopted on the basis of

an investigation of data from Cpe. ation Greenhouse. The cesuita Uf the varjoiz analyses are

presented in graphical fors:.

2.3.2 Structural Properties

Building 2 ts a three-atory steel-frame structure, one bay wide and three bays long. The

structural frame consists of two rigid {frames constructed of standard rotied sections throvgh-

out. Welded connections ace used to ensure continuity at all the Joinia of the frar . The coof

and foors are one-way reinforced-concrete slabs sr*nning betweea frames. Steel V-beam

sheeting is used as the covering material fur the front ard rear faces, The V-vcau ts sup-

ported on girts of standard roiled sections which span between floors, Detailed sketches of

Building 2 are shown in Figs. 2.39 to 2.41. .

Building 3 (g a three-story reinforced-concrete frame structure, one bay wide and three

bays long. The roof and floors are one-way reinforced-concrete slabs spanning between

frames. The front and rear faces are one-way reinforced-concrete slabs spanning vertically

18
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and are continuous over the entire height of the structure. Detatied 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. These properties with some modification are an average of those used by Ammann and

Whitney in their study of the behavior of these structures during Operation Greenhouse."' The

actual values of the pertinent quantities are presented in Table D.6,

2.3.3 Loading

Structure 3.1.1 was located in the region of Mach reflection fur shut Mike of Gperaiicn Ivy.

The following overpressure vs time variations for windowless structures !ocated in the region

of irregular reflection obtained from reference 1 were used to compute the loadings for the

analysis of the stricture. A more compicts discussion of the theoretical and empirical basis

for these methods of load actermination is contained in reference I.

The air-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 in Figs. 2.46

to 2.48, respectively.

The nomenciature and reiations used in figures are:

Cy = velocity of cound in undisturbed air

Cref velocity of sound in thereflected region

422 (168 + 38% — 5)/1.6, where £ = 1 + (Py9/14.7)

h’ = clearing height, taken ag the full height of the front face or half its width, whichever

is smaller

L = length of the structure in direction of propagation of blast wave

L‘ = distance along tue roof in direction of pi opagation of blast wave to point at which

local rouf uverpressure is being calculated

Pg = maxiraum incident free-air overpressure

P, = free-air overpressure at any time t (Fig. 2.45)

Pren = reflected overpressure produced by the impingement of a plane shock on a plane

surface
= 2Pagy ((102.9 + 4P5q)/(102.9 + Pso)]

q = dynamic pressure at any time t
=q{1- (t/to)je7 35t/ty

G, = pezk dynam‘c pressure generated by blast wave

to = Guraiion cf posilive phase of blast wave

t = time, measured from inatant blast wave impinges upos surface tcing -casidered

t. = time required to clear a surface of diffraction eifects

= (3h’/creq)
U, = velocity of propagarion of shock front

The basse data {er the loadings on Structure 71.1 are taken from reference 2. The curves

of maximum free-cir overpressure vs distance ard duration of postive phase vs dictance for

shot Mike of Operation Ivy are reprudscca in Figs. 2.49 an 2.50, respectiveay. The fact tnat

Structure 3.1.1 was oblique io the shock from shot Mike of Operatsen Ivy was noi considered

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 waz made to modify the rear-

face and roof loads to include the rise time because sta effect om the ivadiny: would¢ sot signifi-

cantly change the structural response. The magnitude of the time of rise '.as basza on the

phenomena recorded at the site during Operauon Grecnhouse.

2.3.4 Analysis

The idcalized system used to approximate the behavior of Buildings 2 and 3 15 uhown in

Fig. 2.53. The multi-aegree-of-freedom actual system is replaced by 2 system having nine

independent coordinates. One coordinate is used to describe the motion of each floor mass,

9

SECRET — RESTRICTED DATA

 RenePeee IePT SET IE SOPOT v2

 

4 f M

4 ze
a
3

7 j

ee
P
E

Te

Jn
ri

na
ii

nc
t
a
h

Se
k”
S
i
c
”
ia
dn
c

ahd
a
a

c
h
e
t
t
a
h

chan
eh

in
5

n
a

s
s
b
b

ta
ed

a

T
Y

O
d
e
B
e
t
e  

b
h
i

bi
ts

in
od

ec
at
ed

mi
se
s

fel
las

db
l

Ph

e
S

E
R

o
e

Te
ne

oe
H
e

o
e

w
e

e
n
e
r
e
p
e
e

e
n

re
re

C
a
f
e
t
h
a
A

2M
o

Ld
Sa
li
H
S

das

ae
nt
he
eh
en
em
mn
ee
tn
ta
gn
t
a
t
e
s
t
e
e

‘
2

vad
dea

d

 



 

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 tus approachis presented in Appendix E, The analysis

of Building 3 1s complicated by the continuous construction of the front and rear faces. This

detail makes it necessary to include the fro.it- and rear-wall motion because these elements

significantly aid the frame in resisting the horizontal motion of the floors,

The approach e:nployed in 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-

tential energy of the external loads, (2) the strain energy stored in the various reslating ele-

ments, and (3) the kinetic energy associated with the motion of the various masses.

The evaluation of the three basic energy terma 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 Ym 18 given in Eq. 2.1,

a a(KE) _ a{KE) . a(PE) ae au, (2.1)

at ay, Im avn, 29m .

where KE = total kinetic energy of the system

PE = total potential energy of the system

U, = potential energy of all external loads

Ym first derivative of y,, with respect tot

Equation 2.1 is written for each coordinate of the system so that an equation of motion ia ub-

tained for each independent coordinz .e. This relation ia known ag the Lagranyian form of the

differential equation of motion.'?
The detailed comoutationa of deflection: for narticular loads are accomplished by a nu-

merical method of analysis called the “Accelera‘ton Impulse Extrapolation Method.” This

method is rigorously presented in reference 4. ‘he basic recurrence formuta relating three

successive displacemeats separated by a time interval At is

a 3

Yarn = “Yn Yann * Yn At

The degree of accuracy obtained with thia procedure is a function of the leagt: of the time

interval.

For time intervals short fn relation to the natural frequency of the element, the error ia

small.

A detailed derivation of the equationa governing tne behavior of Ruildings 2 and 3 is

presented in Appendix C. The cor.putations of response of thege a! sucturcs to the various

loading conditions are presented in Appendix E,

2.3.5 Evaluation of Rebound

The maximum displacement of any eleme* {s obtained from ‘he numerical analysis of the

dynamic response. The only deflection records available for Cuildings 4 iad 3 for shot Mike

of Operation Ivy are the permanent displacements. In order to obtain the permanent displace-

ment of an element {rom the dynamic analysis, it is necessary to reduce the m2xi- um deflec-

tion by the amount of recovery to be expected, The computed recovery (or rebcund) {s obtained

by dividing the resistance at the time of maximum deflection vy the elastic spcing constant, k.

The Greenhouse data and the numerical analysis {ur Greenheuse presertca in Appendix 2 are

examined to determine the validity of this rebound coinputation.

The maximum relative deflection and final relative defiection of exch of the three stories

of Building 2 as recorded for Operation Greenhouse are prezcrted in Table 2.3. The computed
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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 also presented in Table

2.8. A comparison of the recorded end 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 revound at Greenhouse, an empiri-

cal approach ts used to evaluate the amount of recovery. The final perm2nent deflections for

shot Mike of Operation Ivy are ob tine¢ by subtracting the actual rebound observed during

Table 2.3—COMPARISON OF RECORDED AND COMPUTED DEFLECTIONS FOR
BUILDING 2 AT OPERATION GREENHOUSE

 

Maximum story Final story Rebound, ft

deflection, ft deflection, ft First Second Third

Xs eT ¥ Yaw ys Ys Ya Xs Yaw: story sory story
 

 

Recorded 0.135 9,403 0,262 0.080 0.120 90,140 0,075 0.283 9.122

Conputed 0.133 0.417 0.256 0.059 0.289 0.152 0,074 0.128 0.104

Table 2.4—-COMPUTED MAXIMUM RELATIVE DEFLECTIONS, SHOT MIKE,
OPERATION IVY, BIILDING 2

Maximum relative deflection for 0-sec Maximum relative deflection for 0.018-cee

 

me of rtsé, ft Ume of rise. ft

Overpressure First story Second story Third story First story Second sicry Third story

(Pye), pat ¥ u-%t yn-y ‘1 ¥o~7 Ve rN

8 0.041 0.087 0.106

16 0,0b4 0.199 0,252 0.065 OAS 0.246

+3 0,065 0.318 0.297 0.087 9,523 9,282

13 0.158 0.387 0.316 0.115 (397 , 0,291
4 0.165 0.488 0.324 0,178 0,447 6.305

18 0.256 0.526 0,361 0.260 0.533 9.323

37 O.518 0.723 0.358 0.533 0.718 0,327

19 1,170 0.723 0.428

 

Operation Greenhouse (Table 2.3) from the computed maximum cieplacemenis of the various

analyees, The resulting permeneit deflectiona obiained are considcte7 to de the most rea-

gonabls ihat can be estimated at the present time.

2.3.6 Resulta of Auwysia

A series of piict analyses was performed on Building 2 using the recorsis obtained from

Operation Greenhouse. These analyses were used .o determine the resistance vaiues for the

columns of the building which wruld give the best approximation to the defection recersis of

Operation Greeisouse. The approach adopted was to vary the height of columa o-tween plastic

hinges. The recorded and computed dispiacement va time curves for the relative deflectinn of

each of the three stories of Building 2 are presented in rigs. 2.54 to 2.58 The computed

curves represent the best agreement obtained from the several analyses performed, The re-

sigtances were ontained using the column heights aé listed on the figures. The co:nputations

for these 2nalyees are included in Appendix E.

Fourteen loading cases were investiga.cd for Building 2, a8 indicated in Tables 2.4 and

2.5, under the conditions of shot Mixe of Operation Ivy. The effective coivran heights inter-

preted from the Greenhouse data were used in the determination of the resistance values for

theae analyses. Eight values of overpressure with an instantancous time of rise were con- =

sidered. These analyses define the variation of maximum response with overpressure for the ;

complete range of yielding to failure. Six additicnal analyses were performed Incurporating a ,

time of rise of 18 msec in the front-face loading. These six analyses were used to show the

 
i
h
”
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effect of rise time in the range of overpreasures which bracket the pressure experienced by

Building 2 during shot Mize of Operation Ivy.

The results of the various analyses for Building 2 are presented in Tables 2.4 and 2.5.

The curvesof final deflection va peak incident free-air overpressure and the recorded

values of {inal 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 {s determined by a compari-
son of the computed and recorded final def, *ctions,

Table 2.5 —COMPUTED FINAL RELATIVE DEFLECTIONS, SHOT MIKE,
UPERATION IVY, BUILDING 2
 

 

Final relative deflection for 0-sec Final reiative deflec:ion for 0.018- ser
time of rise, % tome ot rise, ft

Overpresesure First story Second story Third story First sory Second story Third story

(Pros. pas Bz yo wo Nt v nov Ya— 2

6 0 0 0

10 o o 0.130 0 a 0.124

12 0.010 0,038 OTS 0.012 0.046 6.160

3 0.938 0.104 0.194 0.040 O.114 0.169

4 9.090 0.205 0.202 103 0,184 0.183

is 0.181 0.243 0.239 0.185 0,260 0.201

Ww 0.441 0,446 0,236 0,457 0.433 0.205

Ww 1,085 9.438 0,306
 

Table 2.6-—St4l.. .JM AND PINAL DEFLECTIONS FOR AUVILDING 3

 

Po 13 “4 Po 13 4 Pre 3 4

ve Yn 7 YF Yam Yi
Maximum 0.321 0.430 Maumum 0.403 0.411 Maximum O27S 0.148
Rebound @.163 0.163 Rebound 0.218 0.258 Rebound 0.216 0.210

Computed fina! 0.156 0.267 Computed fined 0,185 0.195 Computed final 0 s

Measured final 0.070 0.070 Measured final 0,150 0,196 Messred 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 overpresaures with instantaneous rise time were investigated for this

Stracttse. The difficult nacre of the analyses made a greater number of investigations im-

practical. The resistance v+inee were obtained using column heights based on the resuta cf

the correlation of the Greenhouse analyses of Building 2. The results of the two analvnes oi

Building 3 are presented in Table 2.6.

A study of the computes usyimum relative defierfions (Table 2.4), the final deflecrtor va

overpressure curves (Figs. 2.57 to 2.59), and the final relative deflections (Table 2.5) det-r-

mined for Building 2 lead to the conciusiva tna .ne maximum alr -blast overpreseure in the

vicinity of Structure 3.1.1 was between 12 and 14 psi. Very little difference 1s obtaince in ine

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. as the effective mass of the superimpcsed dead

load and other approximations used in the Joad computations, it ia estimated that a time of rise f

of the magnitude used in this analysia may be neglected without greatly affecting th: atructural ¥

response. It may therefore be concluded that one cannot determine as a result of che analysis .

of thia structure whether a significant time of rise was present in the air blast or not.

The comparison of the maximum and final computed deflectfons va the measw: ed final de~

Nections for Buliding 3 (Table 2.6) indicateg that a maxtmuum alr-blast overpressure of i2 or

13 psi would have caused the observed structural deformation. The analyses cf Building 3 in-

volve a higher degree of uncertainty than those for Building 2 because of the structural rebcund

assumption and the strength properties of reinforced concrete columns,
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Fig. 3.1-—Multistory Suucture 3.1.1.
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Fig. 2.8-— Pretest, rear of Building 1.
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Fig. 2 36—Pretest, resr of Building 3.

se
em

er
mn

re
ge
mm
a
no

e
pe
er
na
es

TS
AN
Y
I
R
I
N

TA
F
BR
E
T
R
E
U
B
Y
O
R
T
R
O
T
A
S
e
w
a
U
M
N

r
o
r
e
r
n
m
e

s
a
y
m
r
e
s
o
m
e
s

L
o
p
e

as
d
p
l
a
i
t
a

"
4
3

 

 

  

it
il

d
sn
in
ai
db
an
in
de
i
s
t
ba
t
c
a
i

Fig. 2.18Pretest, front of Building 3.

E
T
R
I
T
E
T

P
e
n
n
e
r
A
T
T
N

|R
O
A
E
M
E
R
a
r
e
m
e
e
r

s
o
r
e
e
p
e
r
r
n
e

3

d
d
i
e
e
eS
a
d
al
es

 

  
  

 



 

n
e

~

‘

sh
ed

a0
ds
aa

ar
pa

!

 

»

 

SO
TO
E
R
T
T
E
N
O
R
S

o
y

:

  
Fig. 2.18-—Pretest, Bullting 4, invetice view of rool crack adjecent 10 shear walt on Building 2

side (looking toward fcont wall).

33

SECRET — RESTRICTED DATA

 

fomentSySPoe,AEI
RETILTPIT .

bella

e
m
i
a

tna

c
a
m

a
T

ie “a - Oe

 
et
ia
m
Fe
a
e
s

r
w
o
e
e

 

 

 
 



 

  
Fig, 2.20—-Postest, Building 4, interlor view of roof crack, Same location as Fig. 2.18 ooking
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Fig, 2.30—~Posttest, reas of Building 5.

39

SECRET — RESTPICTEG DATA

 



          o
m

 

i
cr
om
ae
y
S
p

ae
9

'

 
Fig. 2.31-—~-Posrtest, close <p of columa base in Building § showing typical paciem of erscks

  BRreNeEE
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CHAPTER 3

DAMAGE SURVEY OF MISCELLANEOUS STRUCTURES

3.1 GENERAL

The damage caused by shots Mike and King of Operation Ivy to the various structures,

other than 3.1.1, located uo the Isianda of the b auwetow Atoll (Fig. 3.1) was observed and re-

corded. The structures consisted of heavily reinforced concrete shellers, both buried and

above ground, air-blast and thermal meac:>ing and recording stations, lightly constructed wood

and metal timing enacks, and other nuscellaneoue tiems.

The dc.mage observations tere cf & visual nature. Detailed measuremnis were made for

only two structures, where it appeared that it might be possible to an. lyze thelr dynamic be-

havior. One of trese was an overturned blast wall used to previous tesis to house blast-meas-

uring instruments. A simp.e overiurning analysis of thie structure ts coolained in Appendix F.

Photographs were obtsined of all significant damage.
Because there were two atomic burets al different points in Queration tvy, there was an

overizp of the air-blast effects at some locations. In sor @ cases the Diaet-wave overpressures

{rom one shot were lnsignuiicant compared lo the overpreseures from the other shot, In these

Cases it wae apparent (at the larger overpreesure criesd the observed eumage. Al other lo-

cations the overpressures from bow shots were of the same order of mejoitude; in Unese Cases

the chserved damage would probably not have been caused by uie cheerved overpressure from

only cne of the shots The labulaticn of the observed etructural damage, Table 81, Mista the

distances of each structure from the Ground Zeros fur both the Mike and turg shote with the

correcpending alr-blast overpreneures for each. A brief deacriptica of tro rrructure and the

dainaye caused to it te 2120 piven, along with relerences to the phoi.raphe and plans.

Tie Socalica of the structures with respect to the urwutel Zoros for the two atomic burats

were odtained from maps in refcrence 17. In macy cases the locattun us the ateucture on the

map was not given and had to be estimated The overpressures correrponaing to the disian.s

thus determined were cbtained from overpressure curves in reference 3,

. Aummary of general damage onoservatior made as 2 result oi the damage survey ts con-

tained tn Sec. 3.2.

$3.2 SUMMARY OF CROSS-DAMAGE OBSERVATIONS

The gross damage observed at various points caused by shuts Mike and King of Operation

Ivy may be summarized as follows:

1. Al reinforced-coacrete semiburied instrumentatina shelters appeared to have per-

formed their function satisfactorily without exhibiung any primary structural fatiures.

2. Of the many one-story reinforced-concrete surface and semiburied structures observed,

none were badly damaged. The only serious structural failures observed were confined to wing
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walls designed ta retain portions of the (sll on (he semiburied structures. These structures

were exposed to uverpressures ot 1} psi and greater,

3, Small buildings covered with thin sheet metal over diagonal wood sheaining generally

withstood overpressures up to 5 and 6 psi. However, one structure of this type was observed

badly damaged by an overpressure of 44 gst.

4. Lightly conatructed wood-fe>me shacks apparently aheathed only with torruvated metas

and located in regions with overpressures greater than 4 pai were completely destrosed. No

siractureb uf Wiis type were observed in regions subjected to less thin 4 pol overpressure.

5. Palm trees were destroyed by air-blast overpreseures of 4 tu 9 psi and greater, but

none were Gesrroyed by overpressures seus than ¢ pat.
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Table 3.1 —GROSE-DAMACE OBSERVATIONS
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Air-dloet intensity

Mike King

Distance Over~ Distance Gver-
from peeasure, from pressure,

Site Description Figure Damage a.2.8 pai Qa.2.8

Alice Station 300: masalve reinforces -concrete above- 3.2 ta 3:12 Wing wal) adjecent to rear of structure moved 17,300 “r 17.300 0.38
ground structere; walle and ~sof $f Uick fo Ste; retasorcemant expwed sad conc rete

with 4B retafurcem ont in tw> directions; epalioed af top of wall, ao major strinerel
clear apan of roof 12M, 12-b) thick retalaing Gamage
wall relsforoed erith g-in -di meter dare af
12 in, cealer to center in each face ta iwe
directions

Belle No etricture 3.83, 3.26 All treee blown away 13,400 3s 75,206 @.238

C.ere = Station £20: maayive reinforced-concrm: seml- 3.13 303.94 Top of reialsiag wall of rear of structure col- F200 740 TE,800 0.3

buried etructura; walle end cool 4 ft Goch wid laperd, @© Mator damage

(,% vetnf roemont im gark Ince in two dinee~
tinns, cleer epee of rouf 6M; earth-flil cover

am cuep

irene —~ Station 200: massive ret dfcried-concrete ecal- $2603.38 Beary coecrete wall with pipe inserts at front of 8,600 sz* €3,600 0.33
durled structure; © dls ¢ M1 thick; root 3 ft sirecture wee badly dented, in rear of strec-
thick, wall r-taforemont ‘4b vertical ant Y4& tare a heavy siee! beam on rool was bent
boricontal in etch [ace, roof Kiar retaicroes through 186°, @ retaining wall was sezaraied

with ate) i-teacme over is, 12, and 8M clear from structure but s0t severely Camaged; 00
spens, earth Gil cover 2 ft tnep mayer structural damage

Jant wwe RH ucture 3.1.3: Army eemib cled abettes 3.38 to 3.39) Mructrally undamaged, ourtace on vent pipe 17,080 16 34,600 6.42
charred on aide facing G 2, doors removed

prior to tee’; wuod-frame air tock destroyed

Structure 3.3.11 Army Test fi -wsture See Chap. 3 See Chrp. 2 18,600 1s $3,308 0.48
Qir-diast wal) 3.40 to 3.438 Overturecd on pile expoatcg footing 36,450 8.8 $2,400 0.48

Mate Wood-frame shack shaathed with corrugeted 3.43 to 3.48 Completely demolished aren to founmtation; atmo 12 40,200 os

metal generator Glows 10 % and overturned
Lury Time saack: ey fiby iaby ey % bigh, 2 by 3.48 Cossgletely demoished 34,608 $4 44,300 0.85

4 wood framing coverqa! with corned

Sinralsum roofiag and sid.ag

Bard dar Alintoom shesthed ther cass sastioe om oeliae 3.86, 3.51 Troef poaioons (attexed by bla. front ale- 17,490 vu 42,400 oe

between drica! poutcoaa minum covering ecorched By thermal radis-

Lucy aad Mary tion; exposed acod ecorched
Masry Maelo, CO3: veinforced-co: cree etructi-e, 2.52to3.54 ho damage

walie aod roof 1 f thick with 4% sein reine
for, went for fit clear span

Brora smell woot dul.ct ge cove ced with thin 3-54 30 3.56 One building destroyet, others damaged 33,008 oe 39,300 a

eboot mice over d.tgr nal wood ef eattins

Pix tag apaic tower 3M Dvetroyed

Trees 3.64 te 3.56 Demccyrd

Mency Tre a5? T owes comeming, sume: one tress of ecurig 398 at W200 as
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Table 3.3 -—{Continued)

Air-dlest inteantty

Mike Kung

TMietence Over- Dimaae Over-
trom pressure, fron pteeoure,

Bite Deecription Figure Damage Gz. pes Gta pal

Vera Trees 3.38 Nusa rons trees undamaged $3,200 a0 17,900 2.6
Wilma Trees 3.98 te 2.62 Me treed remaining

Steet meta) and diagonal wood shrethed buidwg 3.64 Bo damage
at north end of island

Corrvgsced-matal shack at enst comter of 3.68, 3.60 Collapoed esto foundation 87,206 1 13,400 as

winnd
Hhort metal and dingonal wood sheethra tuliding =—-_-92.60, 3.61 Roof sad ene 9 de destroyed

8. west end of is\and

Bret metal acd Magemel wood eheathed tailding 3.88 60. 3.62 Modsrute damage 87,300 1 12,400 458
at south end of island

Yvoane wom Ralior 7°%: petafoned concrete semiburied 3.04 $03.68 Wood sarepet sad sandwage blows over on-

@troctarey welis ard roof 12 ie. ih with treceee, BO damage io Coecrete structure
1% mela re'storcemer¢ for 13 0 clear span;
Ro carth cot over cut

Heavy concrete structure at center of islaad 303 Pipe an3 orechete bees; a0 damage to Concrete 73,300 1.98 8,300 te
antares

* Batlos 605° re'rlerced-cuu ote structure; 3.0709 3.68) Ho cama

walla and rood 3M 9 in. th.with 4% mae
reinforcement for 11 {t cle-+ span

Wood-pile pier 3.760 3.73) De-k of pier ds atroyed
Telephone atavion 200 ft nor.h of sire.cip, beavy 2.73 Mo cumege

concrete airucture .
wom Station 307: re nforced concrete eomileried 37420 3.76 12: e. pipe omiet bem; wo damages to concrete

structure: welle and cen fit Jum tafe’ with elractury

Tye main reinforcement for > A clote spam,
earth cover 2 fi thick ove r roof

Srece Burton 896: weodes craare twee at ac. th ead 3.7Tto 701 Mo damage 103,000 0.76 27,300 0.73

of fs and, wouk ea ceb onli ry 22 Rl OR

high supported eelth top 535 4 above grade on

four 19 by 14 wotsion DRE, Ch ald FESS Dod
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Valm geovewa. No damage

David Miacelane us wood a riuctures 3.63 to 386) Ne Sama 112,200 6. 86,500 0.47

Palm groves Me ergs

leer Miecsieregas meow, < ei- metal trecteres 3.03, 2.98 Mizer damage ant, 2.38 38,200 ie)

Mack Ration €8: expoied ecm rete pier wth woed 3.67 te 9.08 «Me nage 43,506 as 3,409 ce
decd, wisd U9.40g ahead wth £ us. by @ ta.

fra ning tacen'w re abealied wits '4-la.
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   Fig. 3.84—-Posttest, Mary Mike Ground Zero to right of cameta. Note destroyed photographic

rower and numerous msi] wooden structures. Pressure levels: Mike, 5.6 pat: King,

0.7 pai.
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Fig. 3.56——Poutest, Mary. Facing towatd Mike Ground Zero, Note remains of only trees left on
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Fig. 3.57Posttest, Nancy. Mike Ground Zerg to left o1 camera. Note trees and vegetaucea 02

islana. Pressure levels: Mike, 4.6 pst: King, 0.8 7si.
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j King, 2.6 pal.

 

3
d

?

q

L 3

’
=

3
E

E

z

ed Fig, 3 59—Posmest, Wilma. Timing shack on east center of island collapsed on four-stion.

r Locking in south western direction. King wrouad Zero to left. Pressure levels: Mike,

3 1.9 pai; King, 4.5 psi.
—

4
q

r
| $8

3 SECRET — RESTRICTED DATA

4

Cs   

T
A

ey
s
e
m
e
n

“
4

p
r
n
e
e

F

 



 

 

 

{
W
a
r

e
r
e

F
e 

i
h

5
th

Si
a
a
a
h
a
t
e
s
t
:

di
aa
si
ng
d
a
a
o
e

fq
T
e

r
e
I
e

se
ns
i

oti
s

ni
a t

ha
n

bd
tea

ts
fnc

t s
ar
is

Za
tnat

tha
the

ist
ab
t  

       
ave

-1 eh
oe Se

My YeGS
ne OY ae

ANS
~ roe

Pig, 3.60——Posttest, Wilma. Same Iccation 8 Fit. 3.59 but looking northwest, King Ground

Zero to left. Pressure levels: Mike, 1.9 psi: King, 4.5 pr.

 

  

  

 

  

=}
e
t

1
R
i
a
d

S
N
l
s

a
a
h B
e
m
e

Fig. 3.61 ——Posttest, Wilma, Recording station oa west Center of island Note Leavy coasueds *

King Groun¢ Zero to left. Pressure Jevels: Mike, 3.9 pair King, 3.0 psi.

SECRET — RESTRICTED DATA

  

 



 

is
k
ed
Ba

tab
a

iat
ti

nt
s

th
em

wT
P
r
e

‘c
ad

da
bi
al

Yc
hi

at
cb

as
le

v
%

at
t
E
n
c
l

adgives
b
e
t

w
e
e
n
y

he
.

a

:
MC

I
r
e
t
e

ha
ti

n
L
a
s
hS
e

Ai
Bh

ss
h
t

s
t

i

Te
qr
oO

Tt  
 

   

 

cect t
p24 if ,

~ the g<t
eae

i . LF

Fig. 3.62—~ Postrest, Wiima. Timing shack at south ead of Island. King Ground Zero to left of

camera, Door damaged and jammed in 5 In. at base. Pressure levels: Mike, 1.9

psi; King. 4.5 pel.
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100

SECRET - RESTRICTED DATA

  SOT ey: eR PTee ae TR Oe RRSR
. me : ’ . .

  



 

‘
mi
ay

m
e
r
e

rtep
.

Q
o
r

de
te

t
a

S
e

al
lt

at

o
a

b
k
h
e
e

a
an
ne

w
r

mg
er
ir

¥
roe

a
th
us

stub
ta
h

rr
jt
ed
ia
tb
ne
lg
la
d,
Ai
ea

S
r
e
e

nT
f
a

T
r
y
s
t

sine
il

a
k

cs
t
a
d

el
on

Bi
he
is   

F
p
O
e
n
n

Pa
e
m
n
e
y
e
e
s

ee

 

 

 

 

 

19
'+
4°

t
y
-
9
"

        Le #  
FLOOR PLAN

 

Fig. 3.64——Genersl cetalis, Station 252 0a Ywunne. estuer tevets: Mike. 1.3$ nel; Kieg. 10 pal.

101

SECRET — RESTRICTED DATA

 



  
= > Re ee _—es ee il tied ae wer Pe ee FRTE : ~ _ >

Dhacorth Hate vb bith Sidat ah, orien yocirab nasa sta

retard

bebuub deg WD Nelpnatintin

s

weiiiini ReeaiBSdst akecki hip Serie Siod fnlsnPis Loki Salo

¢

dhol ish Seth td nls adealiichibebiaeefnmuderdtndtc?

gaan

tbeeeeg aS og

 

 

 
 

Wee Wee me ™ oT SPD

a
-
0
°

So as , . : b-**— N\

 
 

 

—

V
e
e
S
S

 

6
@
V
-
e

C
a

F
a
c
e

 
r
T

E
F

*.
a

r
w

o
~ . > 4 PN
Y

s @

3
Ps
y

.!
| 4

r
-
¢
*

fo

y™ @ re

 
   

l
y
I

p
e
e

De ae a ara «ea

| | Ly @ ce ne eas|
é

Vo?" pew ~ ho on qua? betwen

ay. 4”
ra

te
na

teeeevn —

SECTION C-&

W
L
Y
G

G
Z
1
9
1
N
1
S
9
y
—
1
3
8
D
3
S

z
a
l

“
@

v
6

EA
FA
C

w
a
d
s

i

| ro :
i

 
 

   

B
e
e
e

Fig, 3.66-—-General detatle, Station 252 on Yworne Pressure ewels: Mike, 2.38 pl; Kiog, 18 pal. 



 

S
e

ce
a
8

ee
c
a
v
e
F
r
a
m
e

mi
e

 

Li
sn
ei
l
th

ee
be

kd
ls

lA
D8

ig
ue

dy
h

Jcw
be.

ib
id

pa
ies

ninds
Sa
t?

an
ki

Z
piu

Gl
eb

e
cbs

*

be
d
ib

at
a
.

Ju
ba
,

za
t.

S
e
t
e
n
h
e
s
s

 

Pig. 9 66-~ Pose, Ftation 242 og Tvoras. Wood parapei acd tiptiegs Clowes Gent cerastes.

No camsge 10 concrers. Camere facing toward Cieg Ground Zed, Tesibevels;

Mike, 1.35 pet: Ku.g, 13 pal.

103

SECRET - RESTRICTED DATA 
   

  



 

 

  

 
 

    

“$23Lins,
\

.

F
T

m
e

o
o
|

roth
—

4
t

°
$

‘
'

|
:

bs
1
d

P
o
e
m
T
e

‘
z

€
P
o
p
o
c
t

po
e
r
e
e
s

.
2

4
|

|
t
o

a
|

?
;

PE
d
g

bi
fy

§
PY

P
o
y

:
‘

|
|

i
&

Pi
ft

||
r
d
,

4
1

{
i

i
‘

4
-

i
|

|
p
d

x
|

|
|

1
$

3
|

i
{

:
a

i
o3

j
|

&

oy!
f
i
l
s

5
~

FF
,

'
‘

w
i
e

bya,
pif!

2
“
o
a
t

|
p
i
t
t

og
4

"
s
h

ey
:

|
r
y

‘
z

:

gi
2

I
t
,

{
t

i
3

|
|

ti
pid

|
3

;
|

|
h
e
p

|
:

|
|

be}
p
o

s
.

1
!

“
.
d

:
|

t
|

|
|

:
3

3
f
i

38
p
a
t
a

g
“J

‘
c
r
p
n
B
n

w
a
r
e
n
g
.

3

3
|

P44
y
d
g
e

.
|

to
i

4
i
o
:

t
e

*.
rc]

=
|

i
P
p
s

‘
1

3
|
w
a
r
tw
e
L
N

o
o

5

3
|
r
a
e

a
l
e
a

el
3

4}
Ly
V
o

=|
2

L
a
t
=

a
T
a
d

_
_

 
 

”
batt

 

 
4

°
a
T

I
y
o
o

-
_

Q
I

e
r
r
n
n
i
t
n
e
i

4
~6~.58

4
.

Fa[
104

q

:
8

S
E
C
R
E
T
—
R
E
S
T
R
I
C
T
E
D
D
A
T
A

   
  

   



R
E
S
P

  
 

 
cay 4

wha, .
_ Fog

‘4

gy 4 

 

W
A
V
G

G
3
L
3
1
8
1
S
3
e
8
-
1
9
8
9
9
5

so
l

SOP LI ee ae so gg! we
 

MET Pr Op rere ~havea Toeey perv mrei criteMot ibaLi aslng ncihsibs ng, dca jabtieiLachisthichaeanda sls Qube.5th tb doedhieiicink

@-3em Me at emanate: se

seve 4S
a
e
e

a

eee ee ia. TN vr eTeT CUERPOTT THT he

hum anh Sud athe tesorden nosh eam eG mal
' 1Soo settle Sseiiciok nd.

°C BTSGCCA® ad SHOWn

/-Poeerroc

 

 

 

Pra rice i

'
 

 

 

         
 

  
 

Leas’oc. RRSSENN ae 4. a3 { {_ + _ r
2 £ 2 aemreen Lire |

° soc mre
°te as snomn <I i | ‘ |: ; ~~

} vt |
Pee OC VERT |

“i

°

|Psawoe vee ! ° { «
TJ * .

. i. *

1 . .
fiSE. .teamed, aed pattem he

Fe girocoowns— | ype“4 al

»| Hh cetfp @ tt oc. coms—~ |, i bo @ st oc Cacn war . ° !
| { Sm COMTCE OF 6.88 ae i} bea7 -

GRACE ~~ eG {ttwe Te P4i a a a x. A. nt, A ke yp

mmMnSe 3 NS ot
3 Qe :

lose).| * Ie
bytian V} a Becca! 'a & pe pee: wom ver = BP OK iM .. ZeatHCS :

 

SECTION AA

Fig. 3 6-~ Cesersh hiatie Stator COS on Troane. Prtsste levels: biiae. | 35 pas, King. 38 pal.



 

   

   

. eeeee a

LeePENS. +
*

¥

          
i

Fig. 8 69—Postreer, Station RNS c4 east side of Yvonne. opposite dock, No stzuctural damage.

King Ground Zero in left rear. Pressure levels: Mike, ‘35 pal; King, 18 psi.

 

Fig. 3.70-— Pretest, pier on Yvonne. King Ground Zero te levt of camera. Pressure levels: Mike,

1.35 psis King, 11 poi.

     
108

SECRET — RESTRICTED DATA



  

 

vey! eer aaa ° ere - " =eT ° we = . RETaEI vr PO ENE TO TE TT t nmr - “et 7 OTNEO Bes
aed atali 2 ahs WieiShutaladnateLibs ste i hin he i, Saline hhc l iinet tik aa Career ty err ian Mihhdaladitadetabizi Bt a Prat sy 1 Last, . a

 

 

 

          
 

      
 

    
      

 

 

 
  

  

wd

p———-£=3 : 2 $@ 12 0c STAGCER #8 SHOMN .

tee jibeecLr | TO.

F9@ 8" 0.6.——~ ~ z z r
J a ° — 2 be

Y € @ 12" 0.6. HORS
wn STAGGER AS SHOWN .
ere = “ :a =z 8 G12 OC VERT —| o
=

. ove4 =} . .
A \ PJarzoc. vent * ;
| . . |a x | '
3 in see 1-0" wee

BS . ang o . ue — ‘i le po 3

p 7 a 29 @ 12" 0.6. DOWEL| :z i. sx |
mm £ 9 @ 12" oc. powcLs ™y fi 9 @ (2 0c. EACH way __ 5 ’

} IN CENTER OF SLAB ‘od ] oo ”
Oo GRACE " “as \ \ e © 2 él 2. e 2 2. 2. 2 ® + ® ° t

ye * \ To Tym4 \ ; i of .ye Gea? | . “{ G.t- +.ti

i at i ‘ a-2 gcont-/ t
BCom be ete ay bem ttc . / 3

Fearzoc ya
SECTION AA

Fig. 2 .c6---Genzral detstls, station 668 on Yvonne. Pressure levels: Mike. 1.35 psi; King. 18 psi.  



 

       

   

 

ab
t

sad
n
s
i
k
h

s/Js4
8

Sa
lt
at
i
n
e

        bi
ah
ti
da
s

+ ETEPP
Y

   
  

  
a FE shety
BSEES

toa

r
T

   

Fig. 3.71~—~Fosttest, pier oa Yvonne. King Ground Zeroto left rear of camece. Pressure levels:

Mike, 3.35 psi: Ving. 11 pst. RNarte
|T
r
e
e
w
r

T

  
Fig. 3.12Postrest, pies on Yvonne. Close-up of damege. Pressure Izvels: Mike, 1.35 pal;

King, 11 psi.

; 107

3 SECRET - RESTRICTED DATA

ic  
 

 



 
itest, teleshone station on Yvonne. Located 209 ft net of atrurte and east of

7 Fig. 3.75-—~ Pos

3
Station 297. Only superficial damage to structural appurtenances, Camera facing to

left of King Ground Zero. Pressure levels: Mike, 1.35 pst: 15g, ad psi.

eS
q

108

SECRET — RESTRICTED DATA  
 



o
e

a
b
s

B
e
s
e

7
s
a
t
e

T
r

-
e
p
e
e

ei
tp

lt
s
h
o
v
e
.

by
he

in
ii

ni
h

th
ti
bi
id
e

st: 

WB
E

Rh
ci
ed
i

stede
ch

abs
t
o
i
l

r
a
b
.

a

E
A
T

N

T
I

R
I
M
I
N
I
M
R
T

P
o

awe

mi
ke

aa
h

A
E
M

AE
S

oe

o
n
.

ghe
y

A
a
d

l
t

Ab
ie

s

7
e
e
n

ty

s
h
a
n
e

ebe
tin

sba
ho
ot
,  

 

 

 

1?'~ 6° |=

bh - 3! a= 10" 2 si76° co

1 44 i |

‘oh .
- _— ys

‘ " tour.|
€ (27,438.53 '

: ¢
eo
4

»

 
 

 

   2 EXPLOSION
OOORS

  

   

   }
{77 WOODEN
if 000"

 

 

|
PLAN VIEW

 

 

 

Fig. 4.24~-—General details, Station 307 on Yvonne. Pressure fevels: Mike, 3. 2 psis King, V1 ps

109

SECRET - RESTRICTED CATA

 

 



 

  
 

 

   

 

 

 

 

   
 

   

 

 

 

            
 

    

- f EE TE TT Te cern me3 site dvocinadade di heetiadoarllg. hACerabtaabessietha, dos acothbaS 25 ast of obab nomen ea tahurs akan shinies (cnt ni obs alll ua tie Basal ae ny . fh oe ie ; ¢ * eas ey

” | 10'-9°

8 |
, j S913, t'=0"

Loma a et pieew |
, Pos: " (NG: 7 \ ¢ ° =

% a es > modfe ANdt
; "$i <TH
at we + $Q@is—

. ot m . ] :%@ . L .
on

wd 4 a rete 8 12"

Og = ‘ “gece r
2 i Leto § Gato

. le
« j a - 2 | - e|

: . Sar"
wo. ‘o| oo ;* a °
a «Cl ‘ a
0 °o 2° o - 4 . -

som a .oO ry 7 Q@ts

w .
o r 4 r
> % fo CONST JOINT .

ul ; Hh ort At

> 4— I. .
LL TT> Pt ° * ¥ v ¥ a ¥ | py

: <e % 2 2 : 2. 2%. £ 2 2
<S  
    

 

 

NW FL SLA® STEEL SAWE AS ROOF EXCEPT REVERSEDtf

SECTION 8-8
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Fig. 3.79——Prevest, cameza tower on north end of Bruce. General view, Noce outline of concrets
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Fig. 3.80—~ Posttest, camera tower on north end of Bruce. View facing away from Ground Zero.

. Note undamaged trees in background. Pressure levels: Mire, 0,76 pst; King, 0.73

pal.
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CHAPTER 4

CONCLUSIONS

The follow:mg conclusions can be drawn from the damage survey performed for Operation

Ivy,

1. The damage auntatned by the various buildings of Structure 3.1.1 due to shot Mike was

as follows: The test panel= of Buildings i and 7 sustained only slight additional damage due to

air hlast. The steel frames of Building 2 suffered moderate plastic daformation, and the steel

sheeting of the rear face wae distorted inward between girts. The steei C(rame and aiding of

Building 6 received io apparent additional damage. The concrete frames of Buildings 3 and §

suffered moderaiz clastic defurmation. The rear wail cf Building 5 was blown off by the sir

blast. The shear walls of Building 4 were undamaged. However, 'arge cracks were opened in

the rocf slabs adjacent to the shear walls and roof girders. The overpressure wa3 approxi-

mately 14 pa,

2. Structure 3.1.3 suffered no major structural damage, ‘fle biast Joors were removed

prior tu the test, The wood frame air lock, which was left in places, was destroyed by the air

blast. The painted surface of the vent pipe was charred on the side facing Grourd Zero. The

Kaye overpressure was approximately 18 pyi.

3. All reiaforced-concrete seniburied instrumentation shelters apogearad to Lave parlurmed

their function satiafaciorily without exhibiting any peimary structural failures,

4, Of the many cre- story reinforced-concrete eurface ind seribuvini ytructures chaerved,

none were badly danage2. The only ser:ous structural fadures onwervec were confined to wing

walls designed to retain portions of the {ili on the semiburiec structures exposed sicel beams
tneand pipes attached tc these structures were damaged and aes!trayed by overprossuren of Tl ns,

and greater,

5. Small buildings covered with thie sheet mota: over 2) .coaa] wuud eheathing penerclly

withstood overpressures up to 5 ana 6 pst. However, one vicuctui's of this type wae observed

badly damaged by an overpressure of 4.5 pai.

6, Lightly constructed wood frame shacks apparently sneathed with covcugaiee metal and

located in regions with overprac. .res yreater than 4 ps: wer? completely desizeyed. No ctruc-

tures of this type were observeo 1. regions subjected tn less than 4 pg) overpressure.

%. Palm trees were destroyed by air-biast overpressures uf 4 to S psi. J grecter, but

none were destroyed by overpressures less than 4 psi.

From the resuiis of the dynamic analysis of Struct; 4 3.1.0 presentcd in Sec. 2.6, the fn

lowing conclusions car be drawn:

1. The frec-air overpressure existing in the vicimity of Structure 3.1.1 for shot Mike ot

Operation Ivy was between 12 ard 14 psi.

2. Pressures measured by the side-on Laifle gaze at Station 611-01 on Engebi were more

reliable than those measured by the Pitot-static tube page at the same stztion.

3. The vifect on structural response of rise times of the order uf magnitude investigated

ig small,
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APPENDIX A

REPORT OF SIELD TRIP

A.l GENERAL

T. O. Stark of the Office of the Chiet of Engineers and John ©, Archer of Massachusetts

Institute of Technology arrived at Entwetok Atoll on Aug. 16, 1953, and left Aug. 26, 1953.

Secticn A.2 congists of excerpts {rom a letter report on the ‘ield trip wriiien by Stark to the

Chief, Engineering Division, Office of the Chief of Engineers.

A.2) EXCERPTS FROM REPORT OF FIELD TRIP

A. Purpose of Trip

To accompilsh a physical damage survey of the multi-otory Army teat structure, to examine

other structures and items for damage which would provide data of military oe technical intorest, and

to evaluate or suggesi structural modifications nvcessary to conduct a {ure program of blast and

displacement measurements.

Oe eeee

3 &. Observation and Activities

i
e

ee

a Cm “uesday, ib Augast, we proceedcd to Engebt JANET) a min of avout 2 nours. The survey was

begun -.nmediately and consisted of establishing a bese line aad measuring offsets [rom ex! sting

“ramcet” pins on vertical panels and,wan to the vertical plane extrSiished. This provides «

seluuve measurement of deflection from basco ten of wall, doe level was set up on the root and souls

were Lacen on 41 rows of 7 ‘‘ra:r.set”® pins each,

PREC EHR eRe e OH EHO RATE HEE HEHE SHEER EE AEE OREO HELE RE ERS erate ee

The survey of the building was completed, except tor photogsaphy, on Friday, 21 August. Satur-

day was spent In compieting notes, exa-cining the photograpt? which had already bees taken. and

arranging for an M-boat and ‘‘Duck’’ fur Monday and Tuesday with which to ruake examination and

photos of miscellaneous structures on all the islands. This survey was completed on Tuesday a..¢ ine

undersigned departed on Wednesday, 26 August.

t, General Deseription of Multl-story Buuding

The building did not show extensive damage frcm the front but it was deterui:ned that Buildings 2

and 3 had deflectea about 7 Inches, This contrasts un approximatsiy 3'4 Inches of permanent defiec-

tien from GREENHOUSEtest. The rear panel of Busiding 5 was completely out and lying on the er xa.

Large blocks of concrete were suspended from unsevercd reinforcing bars in the roof. ‘che roof ».ab

of Building 4 showed marked depression in two places, One of these depressions wes Initiaicd from ine
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second GREENHUUSEshot. The underside of the rouf siab showed considerable snalling and aporoud-
mate failuc> from shear cracks at the end of bottom reinforcing bars about 33 inches from each end

wall and the same distance from girders, These cracks were thoroughly photographed,

Reinforced concrete columns exhibited additional spalling on the compression Side and cracking

on the opposite side. Offsets of permanent defiection were measured on ail reinforced concrete and

steel columns, .

Wall pancis end roots were examined for additional cracking. Very few additions’ cracks were

noted and these were fine halr cracks.

2, General Description of Buried Shelter

The buried shelter, Structure 3.1.3 was examined for damage, The blast-proof doors had been

removed und laid inside the shelters prior to the test. No damage occurred to the ramp-type concrete

entrance. The air locks, of timber, in the reciangular shelter, were shattered and debris was lying {n~

side. No damage was noted {n the circular-type shelter. The als intake pipe protruding through the

backfill over the rectangular shelter approximately 3'4 feet was bent away fromthe bigst source.

Photograplia wert tna‘e of the pipe es well as th. doorways s.id interiors of the sheiters,

3. General Deicription of Miscellaneous Structures

inspection of miscellaneous structures, primary instrumentation shelters and timing shacks was

begun at ALICE, the most remote island on the northwest extremity of the Atoll. Enroute # shelter on

@ corai reef, MACK, was inspected and photographed. Examination of very heavy concrete shelters was

made on ALICE, CLAMA, IRENE, JANET, ete. Little camage occurred on basic structures; huwever,

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 fuided 180 degrees in a horizcntal plane. A wait for measur'ng

dDlast pressures ¢n JANET was overturned. [It appeared to be urlented abou, 45 degrees from normal

{n direction cf blast. A shack on h..TE, about ay miles, was completely demolished. ‘The Uming

portable generator was overturned approximately 100 fect away and severely damaged, ‘Thre? concrete

pyiona, out of 6, used for Instrumeniing of A¥ hangar in CREENHOUSEtests cer sinss ptanding. Timing

shacks further cown the Atoll sustained lesser degrees of Jamage. Photographs were made of all dam-

age dct*-is and tree~stands were photogrephed for comparison with pre-shot cunditions——aill trees were
of the coccnut-paim variety. The dock on JANET was examined but it appeared to have been damaged

severely from wave action and general weathering. Other causeways and treaties in the vicinity of the

URSULA group were being used for current construction. It appears impusoibis to specifically attribute

damage to any of these docks and causeways to blast effects,

4, Estimate of Modification of Multi-story Building for Future Instrumeuiation Program

At the reacect f Capt. Kingsley, AFSWP, the undersigned examined the aviny test structure with

@ view to tu. king recommendations on ctructural modifications necessary fcr # iuture blast mersire-

snent program. The insiruments are to be mounted on Bulidings 1, 2 ard 3. Mr. Merve Self 4-4, a: tHe

request of Curamander Mevieuan, AEC Liatson Officer at Sandia Corporation, discussed the requires

ments with the undersigned. The following suggestions were made;

a. The onnels (2) blown out on 2nd floor rear of Building ] would be replacea Ly bmber bulk. ada

ofa strength cofuparable to 12° brick walls which have ¢) *>ied all previcus olast lads, They would

be braced by waies and shoring.
b. The separation cracks between Dulidings 2 inrough 4 would b. clused by 2-fach timber where

alignment of rurfsce is consistent (roof sad undeflected walls), This timber cuuld be anchored ty m+tel
straps spainicg Uetween existing bolts with wedges driven between the timber and the strap. Where the

buliding lines are offset, continwuus wedges we Id be driven against .mbers,

¢. The accers hatches in Building 4 (at Building 5) would be closed with bulkiced Umbers 14

existing stop-icg channels.

ad, Existing instrument mounts on Buildings 1, 2 and 3 ere in usable condition. Ai] - ui vequ.re

retapping and redieing to clean up rust on threads.

e. Displacement gage pipes, approximately 3”, 2° and 1'¢° sere examined. The large pipe ace un

faic condition and usable; the 2° pipe are about 75% usable, some having been bent; end te 31),
pipe are mostly bent and probably canaot be re-used,

f. A later examination of the roof of Building 4 Indicated that the two outside spans of the J-rcpan

continuous rucf should be shored along the crack line for future tests.
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E. Conclusions

1, The survey developed a!) necessary information on which tc accomplish a dynamic analysis of

the multi-story structure.

2. The observation of other structures should provide general isformation un damage to structures

and particularly to design of elements of heavy concrete instrumentauon shelters, Very few of the

test-type structures remained on tstands In the vicinily of tests.

Ceeecea

 

y
r
e
e
r

b
i
d
e
B
h 

ol
=

}
Di
d

tin
Bi

st

F
T
E
N
O
E
R
R

GO
ET
H)

MO
TE
ME
IE
ET
O
O
K

eR
He
p

S
o
M
K
a
n
t
A
h

Wi
da
ta
ai
nd
li
ll
ia
l
id
ea
ls

t 

A
t 7

chu
l
t
t
e
e
r

de
cdi

‘
ac
e

t
i
d

l
l
e
d
e

|

125

SECRET - RESTRICTED DATA

ot
ts
he
at
h,

ry
gr

e
ois

suc
k

esto
a.

5
Ai

d 
  
 



 

 
 

e
e
e  

Pe
re
v
e
r
e
y
e
e

a
h
v
e
s

 

Ri
bb

it
hi

ta
st

ik
ib

si
ad

a
be
i

pi
ns

b
h

ce
t

kit
e)
Na
ci
an
sl
i

ui
d.

&

d
i
e
l

ab
ii
cn
it
e.

ani
t

vn
y
e
r

a
al

u
h

by
in.

oie
Wit

hen
nii

s 

S
t
a
a
t
s

APPENDIX B

DAMAGE-SURVEY DATA FOR STRUCTURE 3.1.3

B.1 EXTERIOR-WALL-DISPLACEMENT MEASUREMENTS

The locations of the survey points are shown in Fig, 2.3. Offeste were measured froma

vertical plane to these aurvey pointa after Operation 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 subtractes (rom aul measurements, the re-

mainder being the horizonta} distance between the base point and the survey point, shown in

Table B.1 as “offset from vertical at base point.” The difference between the ore-Ivy and post-

Ivy measurements 1s then shown as “net lateral displacement.” The displacement for front and

back ia positive if away {rom Ground Zero, and for the ends it 's positive if it {a toward the in-

aide of the building.

B.2 COLUMN-OFFSET MEASUREMENTS

The locations of the columns in Buildings 2, 3, 5, and 6 are shown in Fig, B.1. Horizontal-

offset measurements were made from a vertical line to the front or rear face at the (op and

bottom of sach column of each story of there huiidings. The differsnce of the offset measure-

ments indicates the total permanent dispiace neni of the top of ca, culumn relative to the botiom

of the column, [Ihe relaiiv. c.cplacements thus determinsa are iabulsted in Table B.2, 2
positive sign ird cating motion of the column top away from Ground Zerg.

B.3) ROOF-ELEVATION MEASUREMENTS

The iocations of the roof survey points are shown in Fig. 2.3. li the level survey the eleva-

tions of the points were devermined relative to an arbitrary datum plane since no bench masks

were available with which to determine the Seolute elevations. tn reducing the field data, tua

posttest elevationa were vied to the pretest elevations by assuming that the average elevation

of the four corner points of Building 4 remained unchanged. The post-lvy elevations (hvs 05-

tained and the pre-Ivy elevations obiained from references 9 and i0 are tabulate’ in Tatie B.3,

The difference hetween these elevations for each print gives the vertical displacement of the

roof, upward displacements being indicated by a positive sign.
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‘Table B.1 —EXTERIOR-WALL-DISPLACEMENT MEASUREMENTS

Offset from vertical Ouset irom vertices!
Net fateral Net lateral

Burvey at base point,ft dsplace- Survey at base point, ft displece-

point Pre-lvy Post-lvy ment, ft point Pre-lvy Post-lvy ment,

Front of Building 1

3 A-i 0,000 0.060 0.09 D-«4 - 0.060 -6.0% +0.01

4 A-2 0.000 0.000 0.00 D-$ ~ 0.095 0,089 0,08

_ A-3 0.090 0.000 0.00 D-6 ~0.050 0.081 - 6,03
Bone A-4 6.000 0.000 0.00 D-7 -0.015  - 0.026 -0.01

} A-h 0.000 0.000 0.00 E-1 40.935 0.633 -0.00

A-6 0.000 0.000 0.00 E-2 0.903 +0009 +0.60
C 4 A-t 0.000 0.000 0.00 E-S +0020 - 0.637 - 6.66

“ B-} 0.000 -0.008 - 0.00 E-dilower} ~C.020 ~0.012 +0.01
4 B-2 0.035 —-#0.009 -0,03 E-(upper) 0,025 =~ 0,028 +0.00
d / B-3 +0.010 + 0,008 ~0.00 # £5 +0030 -G.016 +0.003 '
é B-4 40.008 +0.000 -0.00 E46 -0.940 0.068 0.08
e B-S 40.030 -#0,012 = 0.02 E-? +6.018  -0012 ~ 0.00
j B-6 +0.030 40,019 0.08 Fed 0,004 = 0.030 +0.01

Ej B-1 +0.020 —-#0.000 ~0.02 ¥-2 ~0.035  - 0.059 0.06
3 C=} ~0.620  +0.026 -0.01 F-3 0.053  -6.057 ~ 0.00

= C-z 0.026 0,023 -9.00 r+ -0.615  ~0.023 -0.08
= oe3 0.040 -0,038 +0.00 F-$ 0,028  =0.033 -6.0)

C-4Ulowe r) 0.000 =~6.008 ~6.00 ¥-6 “9.045 ~0.454 -¥.01
oe C-Alupper) 0,078 ~0,072 10.00 r-7 ~v.018 6,023 -G.08
= 5 - 0.030 - 0.031 -0.00 G-3 +0.040 +0.029 -0,01

c-s 0.005  -0,008 -0.00 G-2 0.0600 —-+0.005 +030
od 40.020 59.020 0.00 G-3 -6.029 0,016 «0,00

q j D-! 40.020 «0.023 +0.00 G4 *6.0i5 - 0.510 ~ 0.02
D-2 0.015 0.012 +0.00 G-3 0.010 +0,009 ~0.99

3 D-s ~8.0c3 0.053 +0.01 G-6 -6.030 =~ 6.083 ~0,u2
E | G-T -~0.015  -0.028 -0.0%

4

3 Front of Building 2

-_ A-8* ¢.000 0.006 0,20 £-8 auoa 0.%6 +O 14
> B-8 0,032 0.058 0.02 F-8 0.277 6.476 +0.29
_ c-8 0.044 0.172 +0 08 G-8 0.392 0.454 +6 42
= D-s 0.139 0.222 i)
-

3
L ‘ Front of Buildin 4

5 A-13 0.000 9.008 0.00 9 C-I3 9.019 ute +0 06
‘ A-34 0.000 0.000 0.00 CHi4 0.058 0.126 26.08

A-15 0.009 0.000 6.00 C-1% a oTy 0.144 +0.97
i: A-18 0.000 0.000 0.00 C-16 0.045 0.125 0.08

. A-17 0.000 0.000 0.00 c-11 9.039 v.116 0.08

_ B-13 ¢.020 0.060 0.06 D-13 0.359 ¢ 26% O14
_ B-14 0.035 0.084 OK D-14 V.15% 0 2% 4G 14

ry B-15 0.025 0.081 +0.06 of  DH15 9.155 0.270 ued
4 B-16 0.025 0.058 +0.03 # D-16 0,130 0.262 0.13

j B-17 0.010 0.045 20.04 4 D-17 9.085 9.219 10.43

FA
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Table B.! —tCent‘nued)

, i
onfeetfrom vertical Net tatecal Ortetfrom vertical Net lateral

Survey ee pointes disptace- | Survey point, displace
point Pre-lvy  Post-Ivy ment, ft i point Pre-lvy Post-ivy ment, ft -

Front of Bui ting 3 (Continued)

E-13 0,180 0.371 0.19 F-16 0.22 0.496 +0.27
_ E-14 0,185 0.588 “9.20 F-17 0.185 0.454 40.27
4 E-15 0.190 0,392 $0.20 G-13 0.295 0.615 40.32
E E-16 0.245 0.353 0.21 G-14 0.308 0.956 +0.35
, E-17 0.135 0.337 0.20 G-15 0.285 0.634 40.38

4 F-13 0.230 0.507 +0.26 G-16 0.275 0.602 40.39
4 F-14 0.295 v 539 0.28 G-11 0.239 0.625 50.6
4 P-15 6.230 0.501 0.27
4

7 Front of Building 4
I
4 A-18 0.000 0.000 0.00 D-22 ~0055 ~0.065 ~0.01

; 4 A-19 0.000 0,099 0.00 D-23 -0.010  =0.002 +0.03
~ 4% A 20 6.000 0.000 0.00 D-24 ~0.070  ~0.068 +0.09
4 4 A-21 6.000 0.000 0,00 E-16 0.625  ~0.032 ~6.01
_ A-22 0.000 0.000 0.00 E-19 0.015 «0,008 +0.0%

i A-23 0.000 6.900 0.00 £-20 0,000 ~- 0.004 - 0,00
PoE A-24 © 000 ¢.060 0.06 E-21 *0.008 «0.004 ~0.90
_ B-18 “0.615 +6.020 ~ 0.00 £-22 0.003 ~0.012 ~9,03

4 B-19 0.000 0.008 +0.00 £-23 0.020 6.028 ~0.00
a B-20 40.018 0,041 ~0.00 E-24 0.049 ~ 0.643 - 0,00

= B-21 “0610 0,006 «0.09 F-18 90.605  -4.010 ~0.0%
: B-22 <0.515  -0.015 0.00 F-19 +640 09.027 -O.01
4 B-23 0.010 0.U0e -0.01 F-20 40.002 «dere 5,05

; B-24 0.000 - 0.067 -9.08 F-23 0.025 «0,024 ~C.00
. C-16 ~0.045  - 0.049 +0.00 F~22 +O.09$ +0,025 ~0.01

= C19 =0.025 - 0.030 ~0.00 P23 *0.010 0.008 ~9.00
3 C-20 ~0.020 -0.025 -0.00 F-24 0.000 0.514 -9.0t
3 C-21 ~0.022 0.016 +0.01 G-18 0.005 == 9 004 -0.01

» 3 C-22 ~0.018  ~ 0.020 - 0.60 c-l9 +3620 9.013 ott
-_ C-23 ~0.020 0.039 0.01 20 10.036 $4,025 -0 06

4 C-24 -0.650  -0.065 ~0.02 G-2h 20.054 60.038 -$.01
e D-18 ~0.038  -0.030 0.0% G-22 1O.03U +9920 0.03
fF 3 D-19 ~0989 ¢.012 -o.0¢ tf G-a2 Onn +0020 -8.0)

3 b-2 -u.026 -0.017 +0.00 fo Gee OU 0,028 -0.02
4 D-21 60.008 —-+9.082 +001 "
FE.

a Front of Building 5PS
3 A-25 0.000 0.000 0.00 of C-25 40.010 9u.249 018

, 4 A-26 0.000 0.009 0.00 C-28 +0075 0.216 +O.38
; A-28 0.090 6.000 6.00 C +27 +0.080 -+0.228 +O,ED
_ A-29 0.000 0.000 0.00 c-28 40.010 -+0.2u8 +0.14
. 4 A‘-2T? 40.010 +0.028 0.02} C-29 40.100 +0.231 +013

1 4 B-238 40.035 «0.179 +016 ff Cf-20r *0.135 40.403 +947
B-28 40.0868 —-+0.156 0.09 D-25 26.130 +6320 20.19

, 3 B-28 40.035 -*0,142 0.10 D-26 40.160 5.546 0,18
4 B-29 40060 0.157 10.3 D-28 40.125 49.2146 “9.19
_ B‘-27t 40.065 +0.204 0.14 i D-29 +0165 0.343 +0.18

q
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Teble B.t — (Continued),
 

Ofizet from vertical i
|

Offeet from vertical

 

Net tuteral Net lateral
at base point, ft . .

Survey U base po displace- f Survey at bese point, ft dispiace-

point Pre-lvy Post-ivy ment, ft \ potat Pre-ivy Post-lvy ment, ft
Le

Front of Building 5 (Continued;

D‘-2Tt 40.200 +0.397 0.20 4 F-26 40.178 90.488 60.28
E-25 66.180 + 0.396 *0.21 ‘| F-28 70.210 -+0.487 0,28
5-26 60.155 0,378 O22 of F-29 $0,220 0.4768 +0,26
E-27 40.140 -0,385 *0.20 G-2$ 10.245 0.643 +40
E-28 40.170 ¢0,373 0.20 G-26 90.225 +0,615 +0.39

£-26 *0.198 60.394 0.20 G-27 ‘2.266 60.657 0.38
E‘-27t +0189 60.394 *0.21 G-28 ‘8250 0621 0,37
F-25 °0.190 60.456 0.27 G-29 6.275 90.656 0,38

Frost of Building 7

A-30 0,000 0,000 0.00 D-41 0.680 0.023 +908
A-40 0.000 0.000 0.99 E-39 60.286 60.053 - 0.33
A-at 0.000 0.000 9.00 E-40 ~C.100 0.046 6.65
B-39 0.010  ~0.035 -0.02 Est 0.085 «0.05% 0.14
B-40 -0.040  -0.018 +0.02 F-» *0.%36 - 0.080 -0.31

B-4) ~0.020  -+*.016 40.08 F-60 +0.000 0.005 +0 4
C-39 -0.040 - 0.028 $6.08 F-43 -0,060 60.023 9,06
c-~40 ~0,080 =~" .061 $0.02 [ G-39 0.285 - 0.043 -931
C~4 0.060 —-+0.004 +6,08 G~40 “0.110 ~0.632 0.04
D-3 °0.270 0.042 -oar fF Gat ~G.040 —-*0.003 +08
D-46 ~0.100 0.634 soot

Back of Building 7

A-39 0.000 9.000 0.00 ff} peat 0.060 = 0.083 = 0.00
At 0.000 0.000 C09 # £-39 40.280 ~0.087 -0.37
A~41 0.000 0.000 0.00 E-40 0,100 =0.09% *0.00
B-33 0.010 -0.019 ~0.01 E-41 -0.085  -0,c87 - 0.00
B40 0.040 ~0.033 0.01 of P-39 02500-0098 0.35

B-4t ~0,020 --6.923 -9 oH a ¥-40 ~2,0  -0.0%6 ~0.0%
C-39 -0.059 0.060 -002 § Feat -0.049  -9,042 ~ 0.00
CHa 0.80 0.078 40.90 4 G39 *0.265 -0.083 - 0.35
c+ ~-0.080  - 0.664 “090 FG as ~9.110 -0.059 3.06
b-3y 19.276 ~0 082 Or GA -¥.04@  -0.039 +0.00
D-40 0.208  - 6.106 -o.0r 4

End of Building t

A-H 2,000 0.¢a¢ 0.60 Bet 0.035 +8.046 90.08
AS BoM 4,090 ~ 0.003 0.02
A-K 0.v00 0.000 0.00 B-N 40.025 —-+0.055 0.08
A-L 0.000 0.u00 .00 B-P -9.050 9.018 +0.03
A-Mj 6.000 0.000 9.00 C-# +0.030 vous ~ 0.02

A-NE ca 0.060 +9.051 =e,
AP 0.000 6.009 3.00 ok 1.620 +0009 ~ 3.01
B-H +0.020 +u.007 -0,01 CL 49.635 60.033 ~0.00
BI 40.080 +0064 +0,00 cM “0.018 «0.010 ~0.0¢
B-K +0.010  +0.004 G01 C-N 0.015  +0.016 +0.00
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Tabi BubSuisditmed)

Olfaet from vertical wae OMset from vertical .

E Survey at base poiat, ft vitulanee, j survey at base point, ft "haptaces

E 3 point Pre-ivy Post-Ivy ment, f polis, Pre-lvy  Poat-lvy ment, ft

, End of Bull.ing 1 (Contineed)

3 C-Pt PH 6.000 -0.021 -6 62 .
3 D-H 40.050 0.033 ~0.08 Fv 9.030 -+U.018 ~0.01
3 D-J -0.095 -0 027 0.02 r-K ~0.010 -~0.030 0.93
4 D-K ~0.078  ~0 051 0.01 FeL ~0.005 0.606 6.01

tg D-L 0.925 -0.028 ~ 0.09 F-M 20.018 0.015 0.6

3 D-M 0015 9.026 -0.01 PeN *0,005 46.013 *0.03
4 D-Nt Pp 00.020 90.048 #0.93

be D-Pt G-H +0018 = 0,008 - 0.01
3 E-H *0.033 0.018 ~0.02 ov *0.005 0,001 ~ 0.00
: K-J 40.010 *0.001 0.01 a-K +0.020 *0,019 0.00
a

f E-K -0.0148 G-L +0.008 0.018 0.91
Bek 0.03% - 6.0354 0.00 G-u 00.010 0.013 0.00

. 3 -M ~v.620 -0.024 0.00 G-N +0.025 «0.035 2691
-_ E-N 40.019 +0.016 0.0! G-P *0.016 +9,036 *0.03
- E-Pt

4 B.-L uf Batidiog 2

“¥ As} 6.058 6.000 0.00 D-s -0.088 ~0.074 6.01
4 A-2 0,000 6.000 0.00 D+ 0.050 =0.058 ~0.61
3 A-} 0.659 0.000 6.00 D-1 0 040 +O 69% *0.01
a A-4 0.008 0.000 0.00 £-1
. A-S 4.000 0.600 0.00 £-3 0.050 -9.057 0.04

y 3 A-6 0.648 0.99¢ 0.00 £-3 +0.030 2 a3z +4.98
4 A-? 0 609 0.000 0.00 E-<llower) -0.045 - 4 044 28.50 :
. B-1 0.005 +0079 0.08 E-tlupper) = 0.085 = 0 088 70.00
§ B-2 =0.515  -0.026 +0.01 E-5 0.060 =. 0.058 +1.99

L 3 B-3 0.010 =0.030 0.00 E-slower) —-~0.045 ~ 0.054 ~0.01

F 4 B-4 -0.005  -0.006 +0.00 E-Giupper) 0.033 ~ 0.044 ~Oot
f 3 B-5 “6536 ~0.092 ~9.09 E-1 0.020 ~G.018 +,08
a B-6 ~H.9t9 0.008 ~ 0.08 ¥-1 ~0.060 dats 5.08
bf B-T $9.030 10.033 *0,00 F-2 “6.010 ~ 0.072 ~4.8
t c+! 0.045 F-% ~0.055 +~0,650 +0.08

[ ; C-F “eit 008% ~00t r-4 -Olve  ~6.698 6.09
, 4 C-3 49,025 —-e0.028 0,00 ¥-5 ee 9.03
bo c+ 0.018  ~0.014 5.02 7-4 <9yt 0.679 «Quan
3 c-s ~G.015 + 0,033 oer 1 pee 0.000 -- 0.018 “Be

I a C-6llower) 6.035 =~ 0.034 +0.00 { G-) 0.040 —-+0.054 3.09

r C-Cuppers 5.065 ~~ 0.076 0.01 G-2 0.050 -0.069 $9,600
é c-7 90.035 +0.048 0.01 G-3 ~0.030 0.024 4,01
b . D-1 0.055 G4 ~9.070 - 0.4483 26.09
t i D-2 0.095 G-3 ~0.099 9.095 ~9.05
t 4 D3 +0.015 «0.018 #0.00 G-t ~6.099 0.025 +0.00

4 D-4 ~9.038  =0.048 ~0.08 G-1 #0.015 «0.035 0.02

£ i © Mone of the suevew points sould be found in the corrugated metal etding. Therefure iho posttest
| offeeta wore mersured to (iat Mange of edge angle at locations adjacent to Line 7 on Builteng t. .

: 3 { Base poist avevined as average of points A-26 and A-28.
4 2No survey points at tius locatus.
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Table B.2 —COLUMN-OFBSET MEASUREMENTS

Av, dise i Av. dee

“ Sory Relative placement f Sary Reistive Placement

4 Columa tevel  dieslacement® «yer story Colvma level diepacement® per ator;
4 w — —¢

P| Russlding 3 Lulicing 5

7 SA Firat +0,129 1010 5 INA First +0.248 °0.22
3 5B 10.092 § 138 +2,233
3 8c +0.091 gf ows £0,209
3 so <9.084 13D 10.240

f 6A 0.091 14a 70,208
— én 0.107 1p °C, 208

4 « 20,000 Ww +u,2k?
ra) 20,108 140 0.222

j 8A Second 0,2 6.24 WA Secuad 0,084 esan
Fog sp 20.233 138 +C.0ee
a tc 0,287 hea ONE

j 6D +0.146 43D 20.18
3 ta “5,244 14a #0,103
4 68 +0,238 148 0.008

. J « 0,241 tec 20,140
7 4 @ +0.228 tab 00, b4%

4 SA Ture 0.256 0.24 Inn Third 20.19% 90,25
a $8 -0.337 1B 0, tind

3 8 “OL. cote ees
oS so +0.390 xD 0,593
r 3 6a $0.2 lta O28

4 os 00,238 1468 00,208
* “ 0.250 we £8,226
4 wo +0,248 aw 6.242

q x

4 Dutidiag 2 Pylldsag §

1A Fires sO.118 10,33 MA Fue “nos *wAKe
r 4 7B 0,532 158 2,023

j tC Oth 15c 0.037
3 70 70.148 18D 0.028

- % aA 0.163 LGA 0.0408
t 4 es #0,129 1eb 20.051

3 ac ra tO 16. cr oeCoN
i 8D 0.548 1@ 16.038

; TA ca ond oo 151 sore §sN ld OO er
3 Ie +0.180 . SB 6,018
‘ tC 70.288 A tse ace

ro 7D *0,210 isp 0,673
: tA 90.495 6a 8h
a eB *0.180 168 +0089
ro ec 0.174 18C “9,671

4 eo +0197 16D 0.068

3 1A Third +0,206 20.28 14 Ture 42.08" +604
3 7B 2.218 15B eu, $9

c 70.224 9 #0,0E6
; 4 70 vO.215 iso $5,080

QA *0.015 WA 0.054
3 68 +0,105 103, 90.60

3 ec 0.218 16C 0,067
7 a +0.215 14D +0.054

4 Relative ditplect eet (6 tole permemn Geplacemeret of top of columa relative to tenives of «lume,

4 Postuve sign facestes movemeed al top of column auay from Ground Zero.
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Bre-by  bostelvyy Ret wert. 5 Previvy

=

Pustefyy

=

Net vert.

Survey tics, eles,, Gspl., | Survey eles, etev., displ.,

pit it ft Ly potnt x n n

Root oa pallaing |

Hei Cyaee 3 ONLTRE 40.015 * LS 4A OM 6a,1 08 «0,61

Wz 4a.i24 43.127 +909 u-6 a8. 48.107 «2,08

it-3 4n.itd aB.izs “0.03 a &-? 45.9746 eauTT 0,00

te4 4b.0nt 48.006 *"G.00 on. a} aed 46.127 «8,08

H-s 48,004 ES 9,01 5 M-? 48.104 aaily +0,02

HO athe ato eed MS LORE OT «6.01
Me? aids 48.123 Ui oy nice

det date sail 20.08 5 heb 68bt 38.035 +0,Gt

323 te.ti0 45.129 0.0 5 eo 480-9 abit "8,0

3-3 48.428 east 70.00 gM? 44,079 48 OS 0,08

ot 40.104 aie 0.00 ' wet 48.164 4B 173 0.08

as 40.104 4s.t08 «0.00 § NZ cvWes8 46.192 «0,0

36 48.019 {n.07%6 -0.09 § N-d 4A rms 1.89 +0,02
3-7 48,014 05.016 0.00 f a4 shemy aner vUh

Ket entis 4s te eG.08 ned 48.Cty 46, 583 8,0)

K~2 48.089 44.098 +O.01 oa 48,076 $3,077 29,09

K3 18.998 4am *0.00 § KT +076 0.077 +9,00

K-4 Pt alee $8253 9,01

KS +8106 48.109 *0,00 v-3 48.306 6497 19.00

Keo +8104 aie 0,08 P-3 48.078 45.559 0.0%

K-? 4am 48,089 0,00 p-s 68.064 suit #0,01

ut 48 ee 10.05 P-6 care £4,087 09.01,

L-3 48.064 48.673 90.01 § p-6 68,034 48.935 ~ 0.00

L-s 45.004 48.097 #0,0° i PT 4,104 Aid 66,91

L-« 48,L0% 8.078 + ah

Rouf of Building 2

H-6 48.099 48095 “0,00 § L-13 48.099 sare -0.01

8-9 a1 48,149 10.02% AE 48.0466 GRAS - 0.08

H-16 41% dott *9,01 § Mee aay mw -0.0%

<3) 68,8 SD 48.148 9.01 i uO» <3. wT “9.01

t-i2 400 atuel “3.0 Mate 46.014 a3 OT 49.01

ce 44,056 63 OS oc.ug Far tt 49 3 15.048 ~ 0,00

a9 4a.bi4 48 eo fF Ment tout? <A C54 0.93

d-30 48,Gag 45.097 Te OY . S78 5.035 RI 0,04

ors 48.14 48.520 «008 ‘ #9 48,094 42.53 -9.01

3-12 48,074 44,070 -6.09 § N-10 48,044 45.018 -6,00
s

K-8 48,054 40,067 ~3.0b oq bebe 48.089 sa. 085 0,00

K-s 45.104 4ALt4 76.01 f N-1E 48.054 48,029 ~0,02

K-19 48.069 48078 +001 g PB 43.078 48,978 ~ 0.00

Keil 44.0

=

49 ao f tes 45,119 12535 “A
B-12 SK,078 48.075 -o00 § rua 48.04 42.059 +-¥.00

L-8 aoe shots 0.02 Aopen ts GMEIE 000
L-» 46.074 4&6) -evo f Peiz 47.058 42.639 - 0.03

L-10 42.0% 48.024 0.00 H
lle -~
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Table 6.3—(Contimsed)
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Fobic B 7—~t(Cantinuca.

Pre-ivy Poot-lvy Net vert. wre-Ivy Post-Ivy Net vert.

Survey elev, elev, displ., Survey elev., elev., displ.,

point ft ft ft paint ft ft ft

Roof of suiiding §

H-25 48.124 48,147 +0.02 4) L-28 48,074 48,110 10.04
H-26 48.124 48 150 +003 1 Le2y 48.068 48,097 +0,03
H-27 48.099 48.141 +0.04 f M-25 48.074 48,093 +0,02
H-28 48.114 48.149 +004 | M-26 48,084 43.414 0.03
H-29 48.089 48.121 0.03 M-27 48,039 48.071 + 0,03

3-25 48.049 48.133 +0,03 M-28 48,074 48.101 40.03
J-26 48.084 48,123 40,04 M-29 48.084 48.107 +0,02
€-27 48.094 48,198 20,04 N-25 48,069 48.036 +0,02
3-28 48.084 46.129 10.04 N-26 48,044 48.066 +002
J-29 48.094 48,127 40.03 N-27 44,065

K-25 48.074 48,104 40.05) 8-28 48,074 48.103 +0.03
K-26 48.049 48,113 10,06 N-29 48,U74 42.995 +0,02
K-27 48.079 48.121 40.06 B-25 48,089 47.878 ~O.19
K-28 48.084 48,124 +004 P-26 48,079 48,099 40,02
K-29 48.084 48,115 40.03 p-27 48,084 48,412 40,03

L-25 48.044 48,073 40,03 P-28 48.114 48,450 $0.02
L-26 48.044 48,079 +004 p-29
L-27

Roof of Butiding 6

H-30 48,123 48,128 -0.90 L-33 48,414 4Q115 +0.00
H-31 48,165 48.155 +0.00 bL-a4 40.084 48.077 0.01
H-32 48,158 48.161 40.00 M-30 48.079 48.974 -0,00
H-33 40,144 48,182 ~0.00 M-3L 48,144 4BL109 0,00
H-% 48,169 48.166 ~0.00 M-320 4) 48.134 43,136 +0,00

3-30 48.514 48.105 ~0,01 M-33 48.134 48,137 +0,00
3-31 48.124 48,128 0.06 M-34 tat14 18.097 0.02
5-32 48.124 45,120 29,01 N-30 4G.034 48,128 -0.01
3-33 4B424 40,127 +000 fl M-3i 4nuz9 a8.z8 = 0,00
I-34 4h124 4o.tis ~0,01 r- 32 48.144 aB.te4 6.90

K-30 46.089 48.082 0.04 N-AS 48.144 xB.15i -0,01
K-31 10.324 48.105 ~C.02 Ne 48.139 48°19 0.02
h-32 48.119 40,122 70,00 F-o? is 136 43.219 -0,02
K-33 48.124 AG126 70,00 } P-31 48.194 48.443 -0.51
K-34 48.419 48,109 7001 5 PSE 45,124 iG058 -0,91

L-30 48.084 4,075 -0.01 | P-33 38.154 48.154 =0,02
L-31 48.114 48.113 -0.00 " p-34 48.144 48,142 -0,02
L-32 48,124 48.130 +0.01 tl

Roof of Building 7

H-35 48.064 48,005 #0,00 } H-40 48 058 42.966 + 4.00
H-36 48.044 48.047 +0.00 f H~41 48.094 48.077 -0,02
H-37 48.054 48.059 +000 [3-35 48.044 48.037 —Oot
H-38 48.064 48.050 0.0: |} 43-36 $8,074 45.054 —0,03
H-39 48.049 48.038 -0.01 I 3-37 48.655 48.062 +000
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Table B.3-— (Continued)

 

 

 
 

 

 

Pre-lvy  Post-Ivy Net vert. Pre-ivy Post-Ivy Net vert.

Survey elev., elev., displ., Survey olev., elev., dispi.,

point ft fi tt point ft ft tt

{of Butlding 7 (Continued)

3-38 48.048 48.039 ~0.01 M~37 48.064 48.071 +G.01
3-39 48.064 48,054 9.01 M-38 48.064 48.065 70,00
J-49 48.044 48.045 0.00 M-39 48,079 28.075 -0,00
d-41 48.044 48.039 0.00 M-40 48.074 48.077 +4,00
K-35 48.054 48,057 40,00 M-41 49.639 48.045 +,00

K-36 48.064 46,065 70.00 N-35 48.054 48.056 +0.99
K-37 48,039 48,036 - 0.00 N-36 48, OF 48,067 +D.0u
K-38 48,044 48,538 -9.01 N-37 48.554 48.067 70.06

K-39 48,054 48,047 ~9.01 N-38 AB.U44 48.051 +0.08
K-40 48,054 48,057 +0.01 N-39 48,049 43,056 70,01

K-41 48.054 48.049 -0,00 N-40 48,064 48,069 #0,00
L°35 48.024 48.029 40,00 N-41 48.034 &4.044 +0.01

Los 48,040 48.046 ~0,00 P-35 48.089 48.100 +0,0%
L-37 P-36 43.059 48,100 +9.01
L-38 48.054 48,035 ~0,02 P-37 48,059 48.064 +0,00

L-38 48,679 48,066 0.01 P-38 48.056 «0.075 0,02
L-40 48.074 48.077 40,08 P-39 48,979 43.086 +0,01
L~4) 48.054 48,045 0.01 P~40 48.074 48.087 +0,01
M-35 48,074 48,080 40,01 P-4h 40.084 48.086 +000
M-36 48,074 40.075 40,90

ack .

+ ye Bt—-—e— —-a- BE =
‘ I ‘ ot |: : ‘ '

r tay ft bj i |
FEBe re t Fl

t ' t { |
BLOG ¢ BLDG 2 BLDG 3 BLOG. 4 BLOG & BLOG, BLOG 7

: |

     
 FRONT 3 WS

Fig. B.1—Locetion of columns in Buildings 2, 3, 5, and 6.
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APPENDIX C

EQUATIONS OF MOTION

C.l GENERAL

Several general assumptions are made in the derivation of the equations of motion for

Buildings 2 and 3. It 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 ag a nit having

& stiffness k. The masses concentrated at any tioor level include the mass of the floo., girder,

and one-half the mass of the columns above and Sclow the floor in question. For the second

floor only one-third the roase of the first-story columns is included,

The syaten: used to describe th. motion of the structure has nine independent coordinates

(Fig. C. . One coordinate describes the motion of each of the (hres-flocr masses, and one

coordinate ig used for the motion of each of the six front~ and rear-wall panela between floors.

This nine-degree-of-frecdom system is used until the motion of the wall panels becomes os-

cilatory, A thrce-degree-nf-freedom system is then used to describes the response of the

three-floor masses for the remainder of the motion.

C.2 BUILDING 2

The V-beam sheeting of Building 2 was aasumed tc have no efiect on the loading trans

miited to the girts, Ths girts were assumed to act ag 2 unit. The mass, flexucal rigidity, anc

resistance of the girts and V-beams were disiributed uniformly over ine wialk of (ne atructure.

Since the girts were connected at the floor levels with clip angies or bolts, their ehape during

response waa taken 39 that of a pin-enced beam. The detalles derivation of ine equations of

motion lor elastic action of the froni and rear iaces 1. ,.,¢n below.

C.2.1 Deflected Shape

The following set of equations defines the deflected shapes ior the {reat and reas ‘aces,

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

For the front face:

 

16ys0, (x 2x? xf\ x

tae EBi)En en
18y 90, (: ae x) x ln

Ye 5SNRT Dt) pwWt aaa
WYeo, fx 2x? x) z
IEe (F-45--% +, Gary) ty (C.3)
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Fig, C.1—Nine-degree-of-freedom system for Bpsidings 2 and 3.

Por the rear face:

1650.3 {x a x! ot

Yo =~NT (C-4)

18y,,af{x 2x8
“QF (z- at “) every |vs {€.5)

18YQo, fy ody )+% .
Venn samenlp Tet at) ty a vd ove (C.6)

G.2.2 Strain Energy of Sysiem

The equatiun by which the strain energy for the total syetens is evaluated fs

? Ny ay

JaneG2) ooBL)ae ax 2 J Vat] %
aty by /3°Y > saty

Elip p (88) aga (2<2) Els cr (: a8)ae
+

dx+— ~

2 J, Vex D Vat ZY, oe) &

+sskiyt + 2 bays -y)l +5* xsl- ys)" (C.2)
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Substituting Eqs. C.1 to C.6 into Eq. C.7 and Integrating yields

SOT2E, SOMMER 2, SOE |, MOTEL
25nh oo” E35nb Yao,

PE = 125nt Ye, * y2gn Yor * 425ng

 

+ OT2ELiR ? SOTZEIsn 1 1 3 1 2

+tMom? ape Moow TRIgHThin- yw (Ca)

C.2.3 Kinetic Energy of System

The equation for the evaluation of the kinetic energy is ag follows:

h . by
KE = ‘ame, f" yi, ox +44 me, Jy Yi, ax 4am, LY 5, ox

+'h May Se a ax « 4 Me i" is dx + 4 May J" Te, dx

+ Amit + 4Miyt + “Mhy} (Cw

Substituting Eqs. C.t to C.6 into Eq. C.9 and integrating yields

KE 1 (2202¥e0, 18fa0, Kt # i h 3968y),,,, Soe x}

= gahgig” * ag SF) Be —e-3/7875” 3

i (Sitio 16Y50, %1 , 18¥s0, Ms 8 _ va¥;

gms —jors tas Gs tet si

Haan (Mitts MoatiwaitA iu 9
3 Mem 1875 25 35 3 08! 6é
1 (Seis MYgo,Ya 16ye0,Ya A.ini si)

a Pes%\Ge7595 *as *

Ln (ieaptiat,|
3 ™s 1075 3 35 37 6° 8

+} M,yt +35 Mit +5i Msi (C10)

C.2.4 Potentia) Energy vi exvernal Load

The equation for the potential energy of the external load, U,, is

Us =~ wilt) (j.'5e, dx+ {ye dx Cys, dx)
+ weit) (i Yop xt {™ Yay IK + ft* agg x! oan)Veabe

Substituting Eqs. C.) to C.5 imo Iq. C.1! and integrating yields

  

iby ley,we non (Sp +g) wnt(Se 9)
wstn (8 B63) wate hyCe)

‘ 2

Tae
stn9.0 68 = walt) by (SEea4_n) (C.13)
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C.2.§ Equations of Motion

The Lagrangian form of the differenti-! equation of motiua which defines the relation be

tween the pertinent energy quantities is

5[=| -B+ PE) «Je
I¥m 8Ym Um "Ym

Performing the dentgnated differentiations with respect to each coordinate ylel¢s the iol-

lowing set of equations.

For the front face:

248i S8El, THe, hy.

sevue, * El- See Yaa, - ERY (c.13)

248m 5,he 334 .
Sp Yay = eM Ba - eh Yeo, ~ mi yy Dea5, (c.14)

eee eo, 38421 mg. himh gg,= Wh lt) by~Ed ¥gg,~ SEA? gy = UT (C.15)35 rit) by ~ sn}——— ¥45, 2 St 2 Ss

For the rear face:

248mgigh « walt) hy ~ eet: Baath (c.16

315 80m REee?toy Sg Ht -16)

24ims oh SEL Neng ig Tig oit :
——a Hya7” (t) hg - ———? +—aty . “sa (c.17)

us R 2 on Yao 2 4s 2 y3

248g. ty . Sa4El, Bang. Morty. >
8 Veoy = Wrlt) hy — “a Yoo ‘ae s+ al Xs {.18)

For floor levels, first floor:

i ("e«+ Maat, ath “Seats ma) = 51 pity hy = eR (9 By]

tg
+ ; [wry (td hy ~ wrt) by} + kelyy ~ ya) - Kays + 52 ("sate, Sex)

8maby rhy4 a) (Smg.h » Titshy - (C.49)

(7%;Fay SE" Frou) -( «ORs jun)

Second floor:

$e Ge + Teale + Stats + esate + un) = pw ett hy - wp (t) hy}

oH Lereich ta ort) Be] + Ralvy = a) — Babe = 9

med |+ Pex) Mahe |+ Semis) - (8m,

h

hy Gemsath \

+9 Svs SEE) My (TT RT) ag Ten 7 ag Fsony

Erttg te Math. | iC 20)
(= Fao, -3 Vax s) “ee
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Third floor.

gy (Behe « Be« ay) 2 3 felt) Me — walt Pol lve 90)

igh Meats) - (Ss bey _ Stents | :

and rear-face deflections and the
Eliminating the dynamic coupling between the froat-

levele are as follows.
floor deflections and simplifying, the equations of motion for the {loos

First sory:

t {Pima + raterssh + 293my,h * 293ggle e us)

930 830 465 445

9 29
iWe (ty hy + W(t) hy} ba 310 {wp (t hy - Wait) hy!= 2

316

126 /384E1, _ SHEL ) 126 /384E1s, S84EL, \

* 310 Far You,

~

“gar Yeon} * S10 (“ar You ~ gay Yoo)
aSU8smig hs ssonast| (C.22}

+ kalyg — yy) — Kays * Ys ae * =r

Second story:

(12ghe 1Bme hy 29Smehg

,

293m, ,hy ) 29 :
Hf ——_ seme

l
t

eekyt Sat = tt)

h
p

= :

ia so a as +My)

=

37g lwett) be

~

walt) ba]

a9 126 /SR4E S84EI

+ gyg teri - Walt) ih) + 574 (ae Yao, 7 ereos)

  

oF

126 /S84El,,  _ SB4ET, Vig
* 919 (Sy Yao, aay

a

Yom) + hyve ~ Ya) — baiva > Ya)

839m oh. S3$ma—b\ - (aie. hy 533m, %)
:

ceodhe Feeeee eee LR 28

3 ‘ a ( 1660 *

~

1660 ): 9

\

7860 1860 {¢.28)

4
3 Third stor j:
4
3 ADEM, Ne TBaggghy ) 22 _

4
ef SoS)Rt = Soe fw ltt me - Vale my?

3
if 330 933 Ny ai0 ( F ? 7% 3

ml 126 /234EL S04Elong _ fFSom: hy 533m2..4\ as
- ~ — wee eeee . 4

3 “3704 ay PER Ysong) Mea —¥0) + 92 “TgEB- * ee NY

3
in order to make the numerical analy sig more conveniert, une terme involving the itrst-

a and ihird-floor accelerations are eliminated from the equation of motion of the second floor,

4
.

3 HDi mg Ng UDEmMy pty BI3mMgyhy

|

29%m,.-hy (Samet 532m, hy
see mt

+

ttMe -G (oe

+

age

4 n [a3 ‘359° * ges” a8 ~ fy \—yg567 * a)
3

3 ENcieshy

|

STSMe gh’\}

_

29 nay:
5

~f, (Steet, Sten" =

e
e

fy [wyplt) by — Wp it) hay}

4 *\{t80 isso) SION RY

; 29 6444) [weltby

—

Wplt) Dy}

+

se (1+ fy) [wpBy - Halt
E

* 310 i) [wp(t) hy - Wp a} * 316 2) Wy

lt
)

hy - ) dy]

4

4
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126, /384EI, 384El,.
‘ 310 i (S Yeo, ~ hh Yao}

126 384E Se4EI
* Sto (b+ f) (Aes Vso, 7 “aYs)

128 SHEL, SEL 40- je

* si9 (tf) (“a Yu ShYom)

+ k(t - f,) (ys — ¥g) — kgll — 5) (ve - x) — Kifyys (C.25}

where

538m, hy 593me4he
Tees * Tees c.28

idim,,hy Tim,20Sie, iy 203s,by 26)
“9367 t patatae

533m,hy $33mng,, hy

_T1eao7 * Teo (c.37
{lime h,; 12im,wy- 27)
wee ee eee

30 * 30

fp 3

Final equations for frame.

First story:

UZimihy  PBlmyyhy |SHSmzphy  WImi_hy 29
y, (Pht. Eat +——_ + ) = 359 fet ~ with by}

330 930 485 “sf aig wr beni
29 126 126

+ 50 {w(t} hy w git) hy} + 3i0 (Ry, - Rex) e 310 (Ry, ~~ Re.,}

S33myhy  533meghy
+ kelye ~ ¥)) - kay, ¢ (Seem+a (C.38;kalys ~¥; nV 9, 1880 1860

Second stary:

hs [44pig, Lelah, | 203amuhy , 203mMAM , oy, 4, (Esser * ee)
. 9 930 465 465 18a heds

S33aehy  S33mygh\}_ 29

5

1. a 2,
vf Cieeo” peo Peano oe Be entRede gra# Bd

x [w p(t) By = w g(t) ba} © SP (2 © fy) [wep ltd by ~ mp itd Dai © U8 ty (Bay ~ Fe!

128 6
+ j9 (t+ f) (Ra, - Reg) 319 (1 * fe) (Rs, ~ Roy!

+ Kgl ~ falls — ya) — kell — f1)0¥2 - ys) - Beha {C.49)

Third story:

Simighy 12bnigp by : 29 . 126 _

gu (SES « EIR a)

=

solnMo

—

wuld 1+ 35 Oy Pa
 

(333m| ‘Serta (.39)— kal¥s— ¥2) > Saf Teee 1660
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S33mihy , 533ta2nbs
 

1 “4889 1860

V" Y2Tmyny | LalRhy , 22mn, , 3mynM | yy
930 930 485 405 !

SMristy , 833g hy
te =

o
q

2809 1669

Po URtmyhy LtAMy , ny
930 930

Final equations for from and rear walls.

Front (ace, (iret ory:

S34E1, mit,~ 3 fy248m, hy
ore! a thee aa

Sipe,

7

Me GE Yee, 3

Second story:

1Bye

citntg

- BMEM

y

- Bah

g,

=
35 Yeon w pf he sa} Yeo,

~

73 h~ y 9s

Third story:

24Banyhy ® SHEL . hats taighy
35 Y gag Wy. bo snd Yeo, "3 "rg AT)

Rear face, first story:

MEmahy SB4ELR Piyy bh,

SisOn * Walt Mm EE Yeoa 9

Second story:

248iranh; -. eo fe 42h Msn My yay

5eee ®yity hy ~ shh Yom’ 4gwr va

Third story:

246emy bh; SELR MWlgy . mh

eeYong ERE mn Yeo, 5 3A
sis ene RO Moo gg

Final equations craluated for the particular constants of Rullding 2,

Appendix D are:

by eye ty a 13h

migty = sty * Baty = ©.15892 kin®-sect/

Migds * Begta ~ TMesatts = 9-05904 kip-aect/it

My = 2.6164 bip-sec?/t By = 2.5416 Kip-aec’/t

*Kip representy 4000 ib.
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(C.14)

(C.43)
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Structure % 1.1, from
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a
s

mn
sla

b: 

ky = 13,820 kipe/ ft ky = 5090 kips/fr Ky * 2940 kips/it

w(t) hs 18.485P).og Kips Wplt) h = 16.485P,,., kips

B4ET,, S24Et,series 40,200 kipatt, SEua = 9319 tape

Front face:

0,125169%¢5, = 16.425Pirant — 40,200749, ~ 9.070489, (C.31)
0.125267, = 18-485Prrgge — 40,300y,,, ~ 0.079467, - 0.07946y, {C.32)

O.125267,, = 16.485P;94 ~ 40,3007, ~ 0.07846, ~ 0.07048) \C.33)

Rear face:

0.046189... = 10.485Paa2y ~ OMCyyo,, + 0.020823, (C 34)

0.048489... = 18.485Prack — VI07.0, + 0.02952y, + 0.020527, (C.35)

0.04848),, = 16.485P,..4~ P3107, + 0.029529+ 0.029529, (C.38)

Floor leveis including the effect of vertical load.

First story:

2.04219, « 2.8972(P,, ~ P,) + 0.406(40,300y44, ~ 9310yuq,_) + 0.406{40,300740, — 9310 ye9)

+ SOOAly, — 7,1 -- 13,8207, + 0.062467, « =e yx, (C.37)

Second story:

2.70377; = 2.2046(Pp ~ Py) + 0.009(40,300y,, ~ OS107,,7 + 0.415(40,300y,, ~ 83107,

#0,421(€0,S007,, - 6320y,,.} + 0.064(2049) (ys ~ 72)
xP

~ 0.978(8000) (yy ~ y,) - 0.021(23,820)y, + ; ig =) (C.38)

Thire @ery:

i.TSOSy, =P AGER(PL — Fy) + 0 406(40,300y,, 99107, /

=P,
~ UStOlys - 5:3 0.063427, & iy, ly,~ var (C39)

Equatioas of motion for three floor levels asing the sverszs applied luad for wali ¢eactions.

First story:

A.GAIF, = 16.6057, — P,) + 5090(7, - ¥1) - 13,8207, + 0.082409, « SF's, (C.40)
hy

Second story:

2.70979, = 17.128(P, — Py) + 0.964(340) (¥3 — 3) - 9.079(5630) (¥, - y;)

~ 0,031(23,820) y, + = i- yy) 1.44)
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Third story:

cP
%non (c.42)1,7583y, - 8.243iP, ~ Pi.) - 2540(y, ~ yes + 0.062469, + ¥

C.3 BUILDING 3

The reinforced-concrete walls of Building 3 were continuous cver the entire height of the

atructure. The assumed deflected.shape for the walls waa that of s [hree-apan continuous beam

{txed at both the fcundaticn and the rool slab. The detailed derivation of [he equations of mo-

tion for elastic motion of the front and rear faces is civen celow,

C.3.1 Deected Shape

The following get of equations defines the aseumed deflected shapes for the front and rear

walle of Building 3. These equations assume elastic behavior of the wall elements.

Por front face:

$ t t 2 3 2 5 !
eEifigpe ere) Ugh gh) fi ,® moe

Ye e( Pa apes ae Sat Sa we) PO%0n (at Fae at (C43)

Yalyh aga ) + B{- LN *)
Pes Bate sir tate eat fa

> 2 ‘ § 3

(sh -a8- Fs ten, (8-550 4) (C84)

3 3efi gh gh gt) Blois 8-2 )
Yu ( Wi Bat Sales eae aa

2 xt\» ry
Y2/_ 9% x x x 9%,-% in+2 oh Thre AE) + 169, (E 25H) scas

For reer face:

wie otk ia st veewefy high). ¥ an‘spon :) 1) augns thera) eat

2 xé x
Ys. werk x\_ Beate 3+ 2( on +t +45) 16y,,, (3 as ie} iC. 38)

C.3.2 Strain Energy of System

The equztion by which the strain energy of the total system is evaluated is given below:

EI, ¢* (2°55 ’ El, r*s (22e)' EY, he (2a)

PE = rT Ss (Ge ae 2 J “ext axe 2 J axt x
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ni
e!

sal
i

eas
th
y

ob
ie

:

rt "(Mey 7) itun (C7) tan(ef ton(Oe
’ 2 f ant ax ax Von

toolty,
aki 3 kiys - yy? ¢ i Kily¥y ~ yn)? (C.49}

where*heh sur" hastthasth.
Substituting £42. C.45 to C.48 into Eq. C.43 and integrating yleids

Ei,ry (Dis Stayis S12yh,, Stylo Sy S12Fhoe
PEs - : ee aee Gem @ Sewer remee Fae eee

5 3 $ $ $

. Mh, rh, ey] 2:Oy | tan)
s s 5 $ 5 5

{ -
zeun yn yyre : &,07) ~ y,)* 1C 50)

C.3.3 Kinetic Evergy uf System

The esaation for ths evaiuation of the Kinetic cnergy te 338 follows:

Keehn fodestin Ptdee tims, fh i, ae

‘ " m,, IY an , " te, JN Hy . , Mog i vias

of eteape, My] (C.5h)

Substituting Eqs. C.43 to C.48 into Ey. C.31 and integrat.ng yields (cotieg Ustm, *
a, * ay, s a” m,.” a,” my}:

we , [ee 128jh,, 12872, 128fL, BIL IL,
we wee * e Py *

2 Pet Sas 315 315 is 315 349

, (7: _ 32%, 4 {208}, 924, , AY,

 

v\
TMs, Vigge’ 85d * inh] 7 how 1 2577 S5u “1H)
 f88%, ers) yo {Rn Ete hh
“sa (ids 7 Tes we Los 0s G4)

/ 46S 202%, WEIL |g 14h, 2e8S, SeHd,\
tho (Gre Sa hasdee edt te tas)
MUsOH]  AROE | 29057 | IFSISUFHy | S82]

2c335 26s 2625 £030 565 buss

i Loe cts = uel+sMine 5 Bails 5 Muli {0.53}

C3.4 Potential Energy of External Load

The equation for the potential energy uf Ure acterns) fcad, U,, [5

Uy = — writ) (JP ys, Oe LY ys, xe Lfye, a
swat [Po vg, ts Lye dee fh ry, dx} (C59)
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Scostituting Fas. C 43 ta C.48 into Eq. C.53 and integrating (not.ng (hat bh, * hy = hy © b)

yields;

? Sy by, ’,
Up *-¥ my, iB Jay ey ey, 0? ')

° ma(ipe is
by by ay,

* wait) b (“on - =e - “ise ome a (C.34)

C3.3 Equations of Motion

The Lagrangian form of the differential equation of motion which defines the relation be-

tween the pertinent coargy quantities ts

$a_ PME) PE) aly
a me 8m

Portorming the deciqnated dilierentiations with reepect to each coordinate yields the fot-

lowtag pet od equations,

Vor tort (ace:

nf h 384Ele _ Climb tian jm

= Fro, ¢ writ) b ™~ te" I ag Tee jag Fs (C.55)

36m,h M4EI, itm,b Timeh tm h .

“4i7 Yoo, swith bo -ap Vac, ~ “440° h- “age Fret 8 Sy (C.58)

1tm,h . 3B4El, , smd 67m,n ditgh

aTYeo, MeETows? gg Ph ese Ya~ ~aq" Io (¢.$7)

For rear face:

iSsneh s4zl, Sieh wet teh
“Fao, = alli d- tae ‘wo,’ Wong Rt TOs (C.58)

ite tong MHae Yew’— ye oS.sack ” (C.59) "

eeseeeee eeto” cates Me otne- thee " (C.60)

For Moor levels, azcond floor:

(Sa + u.)1neaEEee, - oul” Tae eq ~Froe!
et, .

aiyoo, ~ Soom! * UF it! he saneBS.eh + wn.bts hin (COON

Third Noor:

Merk“Tee Peo, ~ Jeo)3idmd,

,

/4240m4h n Bingh
onhu ‘ (%a”4) I: ¢ uaeBy Ws Yeo, - Fangl *
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istean El, { i32y,  182y, 108’ . wecityh wat ety SRY, njFor, “Fore SSB wAMA Pies $ $

© Rsles~ ra) ~ Bae - rd {C.$2)

Roof:

etm, 2tim,h (774ma8 . ) _ rmyb : “y .
Hass Fe oes FN gers Me) M8 yy Poe, Pease Fag ~ Fane!
16¢m,h 467, t5¥y, 12 : /
. Sta Cu, ~toei Lime Rm wy it) s} - mr ( ae - Ps . ors) ~heixg- yp (C69)

Pitestnating the dynamic coupling betweee the front. aad rear-fece < WTCIsto prot fhe

flor coordinates asd eimpiifying, the eqestions of motion for Ue [oor levels ore as (lows,

Second flocs;

16.433mgh Giayh,  I8Tayh 8 {
( aN © M) Hy - 42,000 38" gy ogo Fe" yg [Py U Rs HRT By

61 [seers 17{3H4Et, 1 os fxeer .
* 322 [7 * Tea, -Ye| at oy ~ Tene!if $2] Bt ey Feng!

1OsEl, 64Et 4eLt,
~ aye ve? af PEOma typ ~ Fp) * Melty ~ HL > By, (C.644

Ttusd floor:

A99imen (1813Sonyh | ) e59tme {
‘4s 090 n- (121,000 °° M4} 98-43 000° 29" irrewand

rl / 17 sent, ey[sete i
- 3, Yeo, 7 Yeu, )}* oly Yeo, ~ Seog! a Yon 7 Yoo

ith ent, mel
* See 787 one Y- ree“eye Yew Wa ey - re Batre > oy iC.38)

Aca;

SéTmys , 6253meb - ( | Teste) fs af
Rrdoa42,000 8 (MOT an ous | Fe [ao TRE Oe 4,

3 {[S34El, 3 jSHE, 1 as ISTARNg 4

300 nt amy Te] aE ee hereag Mag "Meret

1281, ‘rls 72E1 .
- pros a> Woya (yy ~ y2) ~ Byley - ¥y) (2.68)
adtnmtnel Ca

le order to make tho auwericri analysis more comveriont, ibs tering involving tha second.

aad third-floor acrelerations are eilminated from the equation cf rectiua 0" Ls9 rod, The term

Sevolving the acceleration uf the second floor is eliminsied (0m tis gute U ewinn of Ae

tturd four. The resulting set of (inal eyalions is gren bsiow.

Yor second floor:

16,133imyh | 2f, et (SE4EL,
(: 21,050 + 3} R,* otwv, h- w,itd n|- 23 37 Yes, “te!
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384El. | 3. [384Et, ( i] 108Ete BIT,
ierhe Vso, ~ ¥sox i - 5a ? Yeo, 7 Ysosn!} 5h! ¥i* 52 Sao y,)

48EI, 4061m,hy _ 367msh =P,
— eRe (¥y - ¥2) Kay: ~ y,) - kyyy * “Fz,000. 92 21000" Sy mY! (C.87)

For third floor:

16,133mgh  4091m<h 5 dain _
( 21,000 * azcoo0 {tt Me) de> fg (- f0 [wph~ wait) bl}

(3 87 ) [S24e%s lou 1 PN ba

a

 

 

- 0" a0 LE Yen, 7 Yao* a0 | Vso, -esid

{Seeet 48 108, Els
+ (st - $4) — Yo ~ Ysox)| (¥ + “BSR{an° yi~ (i+ ty Eds18 iy, -y)

EI
* (CF +=>t) oe (yy ¥2) * Rsv - Ot fy, Fa) + Ghiy,

S9imsh | 367myh EP, 1c ag:+ 8 —! - A8
(ha2,000 * 21,000 t) vy Ry Wey) ei

where

409im.h

42,us ._ (C.69)1” 18,133mgr ry
21,000"

Roof:

7883mgh 367m,h B591mgh | 367m<h 1) « 2f3 .
[s, * oe aib0o f° UayGs 7 abo. ff jp 16h -Gi- h

67 3, 61 3B4E1
x {welth- waltnj + |0 306 {2 * (5° 260 4) 4]r* Wo, -a

 

 

3.17, , [FS84Ets fy fabh.2 iat
“lo Be pew al|HET Yom ~ Yr) * fiog * 50't Eve Sala]

384EI, 1Z 108 48 1¢9 EI,
» [eee (¥s0, ~aE Ee Qe (4 = {, ts| *) vs

[38 G4, 4 1S, 12 48 fmm AR. TL
[eS T Otay FOr-[B-SafS gE Gy Way)

oP; .
+ (Gy — fy6y) Ky, — [lp — Che) fg) Kaya — yy Ob + 8) kegl¥g — 9) * yyyy Yad (C..3;

where

4091m<h
“15,000 .

{,= (C.63)
t~"HBAsiaasMy,

367msh
31,000
eee *

fs i¢1335m,h aM (€.7)
“31,0007 *
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G353mgh , 4092meh
42,000 42,009 (C.72)

16,133m

gh

, a, + 08lmsh | ,
21,000 2" 42,000

{y=

Final equations evaluated for the particular constats of Building 3 of Structure 3.1.1.

Mah = 0.53339 kip-sec?/ft

M, = 3.55387 kip-gec* {t M, = 2.28943 kip-sec?,ft My, = 2.59925 kip-sec®, ft

k,= 11,370 kips/ft ky = 3810 Kipas(t ky = «1760 kins ft

wy(t)h = 16.485P, Walt) h = 16.485P,

Ate= 198.4 kips, ft

Front fice:

0.406307... = 16.485Pp — 76,200y,, - 0.25527y, + 0.04572), - 0.011499, (C.73)

0,40639Ygo, = 16.485Pp - 76,200y50, - 0.32384, - O.32294Y, + 0.057159, (C.74)

0.406399... = 16.485Pp - 16,2009go, + 0049729, ~ 0.255279, -O.3124ty,  (C.75)

Rear face:

0.40839940, = 16.485Pg - 76,200745 ,, + 0.25527}, ~ 9.04572y2 + O.ULisy, (C.76)

0.40839)55.5 = 16.485P, - 76,20075,,..+ 0.323849, + 0.525849, ~ 0.057159, (C.77)

0.40639955, = 16.485P, ~ 761200Ysoy, — 0.045729, + 0 255277, + M9249, (7B)

For secund floor:

3.9036y, = 0 3(16.485) (Pp - Pg) + 0.335 [se so, Feo: | +0 455 [eerie fen 7 Yn |

oo [22474 (eo, ~ Yeo = 4280¥, + 3330(y; - y,) - 1900(y9 — ys)

+ 3810(y; — y,) ~ 11,370v, + 0.051959, - 0.009328, + = "1 1.79)

For third floor:

3.19007, = 0.296(16.485) (Pp — Py) = 0.064 |—,= (50, - so)

 
384 386Ei :

+0.49 (¥soy - reou)| +0.oc “FOeo, ~ Feary4 I8SEV,

~ 3380(y, — y) + 4310(yy — yy) + 1760(yy - yz) — 1.019138 59)tv, ~ ys)
DP.

+ 0,013(11,370)y, + 0.109229, +t (vs — ys) (C.80)
2
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For roof:

sa2.8018y, = 0,143(16.485) iP, ~ Pa) + 0.0156 a Yoo) |

384EI, —
~0.oas{384 Yso, 7 oa) + 0,403 &so ~ Yoox)

~ 510y; + 1490(y2 ~ yy) - 2940(yy ~ yg) + 0,00207(11,370)y,

+ 0.01924(3810)(y, ~ y,) ~ 1.02131(1760)(y, - y,) + Hes (¥s ~ ¥2) (C.81)

A simplified set of equations is presented below for the motion of the floors after the
response of the wall si2bs has become oscillatory.

Second floor:

16,33mh) oo 4091m.h(us, + mThie) Pa [e pte weit h} Bw, Ra Ym ayy “a0007 Ys

_ $6Tmgh
2,000 ¥s¢ ey (C.82}

Third floor:

16,133mgh_ 4091m.h ) .
t(x * “31,000 7 “4z,G00{1} 32 * CL ~ G) fwplt) b - wy) hy ~ Ry, + Ry + G3 - yy

(3501meh | 367msh, cP, ,(1+ fy) helyg - yy) fkyyy + (ai42,000

*

21,000 ‘) Yat & Weo7¥)  (€.89)

Roof:

7883mgh _ Sigh | 85¢imgh 307mpb ,
{uc « 31,000" 21,0001Oo * Bi000i) t Ya * po a- Slt

X [we (t) h— wait) hi - Rt (fh, + ty} Ry7 Gy,- (b+ 6) Bil ye)

— hte - (Lg) Gayd > (tg - yf) ky; + us ~Y23 (C.84)

where Ry. Ry, and Ry, are the resisting shears of tre f= 4-' «5d ress walls developed at the
6econd floor, third floor: and rool, respectively, due to the deflectio: of tae VariGus Uv? only.
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APPENDIX D

p STRUCTURAL PROPERTIES
,

fr 3
a D.1 BUILDING 2

—_— Refer to the detailed plans of Building 2 in Figs. 2.39 te 2.41.

D.1.2 Coiumns

The strength properties of the rolled column sections are bazea on the relations of refer-

. ence 3. Figure D.! shows a typical P vs M curve for WF shape, where

; 3 Pp = fay A (D.1)

} p, = faaeeteoe) (D.2)

; tty (4 - u)) + btg(Sa? = Baty + At| (D.3)
*\2 ‘

4 Mp = Mr*Mp (0.4)
4 P a

a My= 14,8 (D.3)
1 a

. car Mp = ig,Z (D.6)

° 3 and where {dy 16 the dynamic yiela strves,
4

q ty

r 4 %, 4 A

4 i

  fre 4 %
ft

; 3 Fig. D.1-—Typical P va M curve for WF shape.
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Interaction curves of P vs M for the appropriate column sections sr presented in Figen,

D.2 te 0.6, These curves are based tata blatic yield wtress, Tne increase cue to a rapid rate

of strain ts determined by the particular analysis and ts apolied to (he static values listed is

the table of axial load and moment for each toad.

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

D.1.2 Girders

Since the giidere were designed for elastic action, their capacity is not checked in this re-

port.

The actual variation in moment of inertia for the girders is a function of the type of load.

ing. This cenditton is due to the fact that the reinforced-concreie floor or roof slab will infu-

ence the girder section considerably when the top fiange 16 19 Compression tut unly silghtly

when the bottom flange is in compression. To avoid the complexity of evaluating tae true vari-

ation nl, the moment of inertia was assumed uniform uver the span. and ine value taken wes

that al the cunter of tne span assuming composite action, Figure D.7 gives the values of mo-
ment of inertia used for the various girders.

 

 

 

¢
# e 7 _
+E s 10,980 mm P0886 me

7 r
the 6,410 ee E36 G41 ctc®

]
, ‘ :
Sf 00720 reerzg &®

i   
‘ !

Vig. D.1—Girder moment-of-inertia values lor

Buiiding 2.

DUS Rilfaess

The calculation of stiffness factors for each story of Bulliing 2 t4 naged on the tivtinnta

formuated in reference 6. The relation for the stiffness of any storys tucwuaing “ne vilecs 13

girder Cexuiitinty ia otven below.

ke HMplepi

(EX Mp) + Eh? Yo Ie
 (Ob.

where DMp = the sum of the plastic hinge moments for oul ends 0; Every Coturen 8 A Elory

21 = the sum of moments of inertia for all columns in & story

Lie = the sum of all the 16 products for each end of ali columna ia a story

6 = joint rotation under ful: plastic moment from both the co.umn acova and b>

the joint

The stiffness values for the various stories were compulsd on the xa: cul an average ut

of Mp values. Although the values of Mp vary with ttme and loauing (os lions, 4 Beparsie
evaluation of stiffness for each analysis was considered unwarranted. “fre valusa af uriffowcsy

used io all analyses are as presented below, A mor. complece discussion of atiffcers is multt-

story frames is presented in reference 6. Figure 0.8 gives evaluated tuint rotations for gir

Gera of Building 2.
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Faa
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 shePoaaeea
trot story: k, ~ V4,R20 hips ft hy = 10.64 ft

Second story: k, - 5099 kips {t hy - 32.5 ft

Third story: ky > 0340 kips f{¢ hy = $1.33 ft

Note that the height of column (sy based on (he d.stance between center lines of girders,

pres 1 eore

ltrs aay
2048 6.

ao _|~~ ~

22 ® x,22 _

 

0b Bye OCCS2T b
oye

eee£“Ae
wl. 979 109

   
ree

te 0097068)

NSO baOGR GIRDER

Taeg“fgona

. 1me
wl 590 we 540

160 189

[oN l. ~~
8, + Q.00G854)ee +COCIBED

1360

Piz 0.8 Joint rotations «saluated fur girters of

Bu:lding 2.

D.3.4  V-beam Siding

The properues of Ve otem siding are labulated below. Those taines were olfarnce from

the manufacturer's pamphiet.

Wey - 3.4 tae? S = 0.368 tad tt
$= 6.348 tn."ft 270.943 in Vit

Aasuming fixed end conaitions,

k= ee 8980 kips/fl for 2 ft 8 in. spon

m = 0.900176 kip-sec’/ it

Kivu = 9,762

oo fy, Oboe |.
Ta et 2 ¥ seauozeay  °%

Owing to the short period of «nts sheathing, the effect of dhe V-beam response on the fram

is small and was neglected,

 

 

 



 
 

 

Dw. Cure

The tlast load i¢ assumed fo act directly on the girts, which are considered to act asa

unt. The cocuwieliuns as presented desl tun tre seantities tar 4 singie frame,

Frent face tone 14 WF 150, four 14 WE 61 per frame:

yyw. 4 ’
2 £89 taSy 4383 ant Ss > 800 tin?a

MeehzMp fy 5 S396 5, kinett

aMp ~ 39.8% 4, Rips, where L128ile ~

I64E NT 46
gL) 40,390 kina ft

Reag face (one 12 WF 72, two 12 WF 27 er frame’:

1 1006! 58 165.7? IZ ted tn?

useuzMy fy TASES 146 fy Rit

{MpuP 8.Re Tog, hips

52 “
« wegpel 9310 kins ft

 

3 D1. Blase
3

i 7 The values of mass used for the particular slements are listed in Table D1, These values

3 are assrciatcs with & single freme.

3

z Fabty D2 -- MASS OF PORTCULAK TLEMER TS

*
; 7 First suzy Seeisi crore Thied story

§ Cobos 2.33170 Bs. Olsau

5 Girders 0.42536 Dircesd O-J04T2

4 Pier oF rant 0 52137 6.62597 1.45506
3 Yebeun, bruat 9.03209 @.03258 6.08209

4 or rear

3 Girta, froat 0.14653 0.14683 @ 14683

7 Girts, rear 0.04695 POLES, 0.94695

d Band hive load Laeite b.4S174 t

3 Edge beams ° @ O.06a5t

4 “AU valuce in Bip- sectR.

3
f% .

4 DAT Dead loads

4 The average raluc of dowd load for each column is lated tn Table D.2. These values are

74 hased on the tributary area for cach columa as sijustrated in Pig. D8.

Z
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3 a . 2 ON .
é area 0 . tog .f 4 | cca arta To COLUMNS :

4 i | . | N yy . .
' 3 ys ‘ .
r a | Ly... Rew ee a Raee ee

q

s Vig. 0.9 — Loaded arces for columns of Building 7
t 4

y

f 3 Table 0.2-—COLUMN DEAD LOADS*

4 Esternel trteraal

d colema culums

3 Third story 0.2 113
3 Secund slurry 39.8 419

a Firet story K5 72.4

All valves A hips.

D.2 BUILDING y

Refer ‘= the detailed plans of Building 3 tn Figs. 2.42 to 2.44
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D.21 Columas 
 

: : Ths wlrengih croperties of the columns are based on Ue ultimate arengis theory aa pre
9 aerked in reference 3, The basic relations used are given by Fig. D.i0 and Eqs. D.8 to DI)
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