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{27 N ABSTRALT

In an apparatus for copstructing high-fising, poured
concreie walls, pairs of spaced-apart, upright SUpPOTS
are preliminarily mounted on 2 foundation and then
desarhably sttached to both sides of ge least 8 panially
hardened level of concrete wall and at intervals along
the length of the wall for repeated. upward, step-wise
uge ps the wall ik being formed; » plurality of carriages
are mounted on adjscent supporrs along both sides of
the wall for continuous upward movement 45 the wall i
being cast, and adjustable concreie shaping 2tsemblies
are mounied on the caerapes. Bach asembly opposing
B mimilar assembly to define & continuous mold into
which new concrete is poured on top of previously
poured concrete to form the wall,

3 Claims, 10 Drawing Figures
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1
APPARATUS FOR COMETRUCTING COMCRETE
WALLS

CROSS-REFERENCE TO RELATED SUBRIECT
MATIRR :

Rolared subject matter is disclosed and claimed in my
1.5, Pat. Nog. 3,770,678 granted Dec. 18, 1971,

BACEGROUND OF THE INVENTION

Mgdern sontrats wall casting techniques frequently
utilize pairs of spaced-apart, shaping forms held in posi.

% tion by various types of movable supports. the concrete

" being poured batween te forms and oz top of the seqtion:

. of wall poured carlisr and partially set, After the lasr

poured concrete hag ar Jeast pardzily set, the forms are
removed and ralocsted ghove the former position and

* then the procoturs is repexted untdl the wall i com-

pleted.

SUMMARY OF THE INVENTION

This invention provides 2 new and iImproved 2ppara-
tus for =fficient casting of shaped toncrete walls and, in
the sysmplary smbodiment, incYudes a plurality of pairs
of spaced-apart, upright supports extending frore the
foundation mitally and then atinehed to opposing sides
of the wal] being formed along the sntire length of the
wall, sections of sech support being detechable at the
bottiom of the sepport and from the wall at intervals snd
re-attached ai the upper snd of the support to form &
continuously sdvencing support 8s the wall 22 formed.

ERIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is & perspective, stylized visw of the base
portion of & cioliog towee vell being formed by the
casting #pparatns of this invention;

FIG. 2 is a vertical section of the epparatus showing
the preferred form of suppores and carmiage;

FIG. 2 is o top view of the apparatus showr in FIG.

FIt3. 4 & an enlarged, fragmentary sids elevation of a
form or shaping essembly; ‘

FIG. % it an sniaspad, vertics] section showing the
carriage slevating and retaining meehumism;

FIG. & is an enlarged, vertical section showing the
intermediate form in relation to the carriage;

Fif5. 7 & rear clevasion of the sheet porvion of the
form assembly;

FICk B {5 & frapmentary hapizontal sectiomal view of
the form assembly and releted apparatus;

FIG. ? is a perspective view of the hoisting 2pparats;
and -

F1G. 10 is a gide clevation of the howting apparatus.

DESCRIFTION OF THE PREFERRED
- EMBORIMENT

The prefersad embodiment of the apparatus i3 set
forth herein, for diustrative purposss, in soanection
with the construstion of a concrete veil or ouiside walli
of 2 patire draft cooling sower, which frequently riszs
450 feet above the grovnd and has a diamster of 350 fast
at ground jevel. In aeh construction, the rommd con-
crete well decresses in diameter a5 it riges uatil narrow
section of theoat is reacied, ang then increases in dizm-
gter toward the top o form the hyperbolic shape. As
illstrated in FICE. 1, the tower vaif or wall 10 has an
anster supface 12 and an inner saeface 34, and 3 series of
cartinges 18 located entirsly around the top of the wall.

\
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Ivuring the initial coastruction of 4 cooling towsr and
after the gronad foundetion his been laid, paits of op-
pated, spaced-apart, geverally verticad sapports ot H-
beams, desigoated 20 fpor the inside 34 and 267 for the
outside 17, are anchored on the foundation. Each sup-
port 20 and 20, pot shown in FIG. 1 bunt jocated &l
each carriage 18, is 20-30 fest long and is composed of
saveral sections 22 of extruded aluminum, generally
H-shaped beams, jointed at thelr ends by belted plies
24 28 shown in FIGS. 7 and 5 The betms of each pair

! are separested from each other by a distance while will

n

A

i}

50

33

60

&5

Eenerily be the thickness of the wall 1} buing formed,
witich at the base of 2 tower is gbout 30 inches. The
beams are spaced apart, as desived, 28 best thews in
FIG &, by a plurality of horizontal spacers or internally
threaded inserts 2§ #trached to the beam flangzs 20A by
olis 26a befors conareiz is poured betwioen the beams,
Each prit of beams arc scpapated by shout 10 feet from
similar pairs around the wall so that the Beams are jo-
cated At spaessl intervals completsly slong bath the
inmer and outer wall surfecss 13, B As ths concrate &
potred between fhe bewms and the wall increasss in
height, a Jower section of cach beam i detached {rom
the sids of the wall 10 by Temoving bolts 262 fram the
spreaiy 26, leaving the spacers in the wall. Then the
section is attached o the top of the same beam, As the
congrote cures, the lower sections of sach support held
tightly againat the wall surfbces sasily support the car-
piages 18 and other stenctures mownted on them, The
beam sectiops 22 may oe lifted tnto new position by a
simple block and tackle or other Efting mexns mounted
on the carriages 18, The beams 20=20' are also provided
with speces apart mgs 30 (F1G. 2) permanently sffited
to the cuter fange 208 of ench beam for a parpase later
descrited.

A piarslity of capriages 18, shows in FIGE. 1, 2,3, 4,
% and §, are teparately mounted for vertical moveent
on beams 20-20' snd adjscsnt carriages support there
betwesn copcrete form asemblies 16 which shepe the
surfaces of the wall being formed. Additionally, s
shown on FICE. 2, the carfiages provide a working pisi-
form for men and equipment which catends sntircly
around the wall being formed.

Each carrisge 18, reference bring made to FIGE. 2, 4,
5 and 6, inehides a pair of similar frames 18 composed of
several commeon structural besmg welded and bolted
tagethar to form & trong, unitary structure. Io Aetail
md a5 shows in FIG, 2, each frame includes a vertiea]
channel 32, which iy welded to a horizontal tabing &3,
which in tern i bolted with bolt 132, to channel M,
which # welded to channe] 4. Two adjacent frames 19,
ape bring constructed ite hend, are joimted 1o=
gether 1o form esch carriage 18 mousted on o beam 20
by bolted somnector pistes 33 (FIG. 8, angie 38, roller
frame 148, and machine bolts 108, 124, 228, 130 and 132,
which alea serve a xxles to other somponents. A pipe
42 and = thresd rod assembly 40 ara bolted betwere
adjacant, fremes 19, and serve as an sdjustable support
to chinpe] M. Wheels 130 are attached 1w channe! 22
and tube 46 of each frame by axles 102, 104, 106 end 108,
&nd ride sgrinst opposing sides of the two outer flanges
208 of the beam holding the carriage ageins the beam.

4 hydraulic jack 118 (FIG. 5} is sttached to plate 33
snd roller frame 148 in cach ceriage by bolts and
mounts and exetts upwsrd thrust againat the sarriages
whan hydreulic pressure iz supplied through Oexible
hose 120, A reciprocating bar 140 s auzsched to the ram
of the hydraulic jack 118, which is wrs has 2 pivoted
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paw| 142 which is spring loaded {spting not shown) to
insure positive engagoment batwesn pawl 342 and lug
30 on beam 20-20.

Further, wheels 184 ate mounted on raller frame 148
which extends betwsen sdjecest bems 2, and are in
rolling tentact with reciprocating bat 140 1o resist lat-
eral forces on ber 140 and prevent dissogagement be

tween pawl 142 and lugs 3. Tn addition, a follower

pawl 124 welded to » shert pipe 128, which i turn is
mouned for rotation on a shaft 326 extending beewesn
IBeams 32, engages lugs 30 and is held in engagement by
spring 44, ‘

\ Normally, the carrlages progeest in an wpward direc:
ltion by cxtension of paw! 142 until tooth 124 enguges 2
higher lug, 30 followsd by withdrawal of paw} 12 for
relocation against & higher Jug 30, and repeating, How-
aver, if nocesary, B carrisge can be lowered by extend-
i hydrandic jack 118 o thet the.joad carried by fol-
Jower pawl 124 i now transferred Lo extendable pawl
A2 and engrged cleat 30, When the load ig thus trara-
ferred; pawl 124 can be pivoled s that by slowly re-
tracting the jack will allow the earriage 1o settle and
follower pawl L4 to engage in the next lower cleat 4,

A working scaffold is formed by planks 36 resting ov

beams. 34 of adjacent carriages eped an cuter rail 44
between which ropes or planks may be placed.
_ Concrete shaping form assemblics 2, generatly
shown in FIGS. 4, & and 7 span the ditance berwee
adjacent carriages 18 on both sides of the wall being
formed and form and sides of the mold into which fresh
voncretr is poured. Each form assembly 36 includes 2
forming shest &4, two end stiffbeck channels 56, 1o
which lateral, telsteoping stesi trussss 70 are bolted,
witk incorporated wedges T4, that strengthen the
trugses T0 whet in the proper position. Forming sheet
64 may be 3743 plywood for exsmple, or any ridgid
muterial that can be sssity cut, or added to, 1o provide
1 gmooth casting surface, telescoping trusses 70 provide
lateral suppom for sheet 64, throughour their affective
\englh, enee ihe incorporated wedges 74 are wedged
firmly. .

The stiffoack channels 56 are structurel channcls that
are verticplly supporied ai the bottom by amie 104
which extend beyond beam 32, thre glotted . holes 63
(FIGIS. 6 and 8) to p retajner pinie 62 Further, 2xle 108
alio extends bevond beam 32 1o the retamer plate 62,
The form. pauel 64 i beld firmly ageinst the extruded
fiange 204 of beams 2020, This 8 accomplished by
wedging the opposite side of the stiffback channci 56
{Ei. 6! with a steel wedge 58 against the extended axle
10K,

Similarly the top of channel 56 forces form panel [}
tightly against the extruded flange 204 of beams 020",
with a hardwood wedge 66, driven between 1t oppos-
ing side and angle ¥8. With reference the FIGS. 6and 7,
the forming sheet 64 iz held verticelly by a braciket [
which merely serves 10 keep the sheet &4 from falling
aut when the sqtite form assembly 8 pnwedged a5 re:
quired while “jacking™.

As in the case of cooling tower construgtion, s the
tawet moves upward in height the dismeter decreases
io the throat or neck of the tower, requiring the car-
riages 19 to become elpser together. With Teference

made i FIG. 8 it ean be seen that as the carriages 18-

move upward and widges M of the stee] trusses T
teing loosened, they are foreed toether, or cin open
freely o4 required. F16. 8 alse flusteates that while the
form assembly 16 has its wedges loosen=d. the form

161
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pane! 64 i omty supported from falling by bracker &6
and can easlly be pulled out be shiding it upward from
between the support beams 20-20" and the sreel trysies
70 for cuuting, '

The naruze of the extruded shuminum beams 22 that
make up the suppar: beams 20-20° permits that they can
be repeatedly bent or flexed appigximatcly 3 inches

.over cach lergth withour permanent damage.

Using this characieristic, (FICH. 3) a frame 76, com-
prising two opposite hand weldmetts are attached 10
cither helf 12 of the catrizge 36 on one side of the wail
10. The frame 76 encascs the outer flange 208 of a
portion of beams 20-20° which Is adjacent 1o firm eon-
crete. Similarly a frame B2 i mounted on the top of
cither half 19 of the carcizgs 18 which encases the outer
flange 208 of beams 20-20° above the form enclosure,
An arm T8 is bolted 1o the lower frame 76, and in wrn
& stream-bolt ratchet 80 confects to the tap frame 81,
Hy extending or contracting the steam-bolt ratcher B2,
laterni pressure is ppplied sufficient to bend the support
beam 20 and properly align the wall 10 being cast,

The vertical strength afforded by swch & forming
systemn i Also wsed 10 best advaniage by eliminating
exceisively high mobile cranet of tower cranes reguired
in high risc construetion, a4 used in prévious forming
systiins, Gantrick ate erected at selected points around
the e of the 1ower a5 illustrated in FIGS. 9 and Hi
Each gantry is comprised of & beam B8, which is bojted
¥ four pipe legs 86, which in trn are anached to four
separate carriges 18, On the upper side of beam B, two
sheaves ) gre atached. A commertial hoisting engine
3 on the grownd is used with thess gantries 50 that the
\oad ling 94, originating from the hoistng enginé oh one
side of wall 10, is supported over the wall on sheaves 30
a0 thet materials cap be hoisted oo the opposite side of
wall 10 a& the arcews indicated in FIG. 30, Alo, 2
stationary static line 4, which extends from beam BA to
2 strategic point or conerets hopper on the ground, i
wsed a5 8 guide for the Wead line 92, which is attached 10
2 small block 6 50 that its sheave wheel rolls o stauc
line 04, The static line @4 serves to make the ground
loading poini (not shown) eemtial, which expedites
concrete hendling from B coperete treck or hopper, &8
well as keeping the workmen from working beneath the
seaffolding slong the perimeter of the tower.

The two variations in the form surface, or flanges 204
of jack beams 20 and 20, are shown as in cooking tower
construction, the cuter well surface 13 is generaily
fdged and the inner wall surface 14 is generally
smoath, Thie pluraiity of verticai ribs thus fowmed on
the outside surfecs 12 of the compleled towet serve @
induce wir turbulance, (hus grhancing heai transfer,

In casting the initial courses of ths wall, an ordinary
general crane js used to ralse the plastic concrete from
the groung to the working scaffuld where it 15, distrib-
uted by wheeled carts to the forms around the periph-
ery of the etrocture. It will be apprecinted thet several
crenes may be wied gimultaneously so that such z large
stractire can be cast ot & reasonable rate, When the
structure beight exceeds reach of the cranss, a puimber
of gantries are aitached to sclerted carriages. spaced
around the wall, These geniriss now provide the means
to tremsport plastic concrete and other materials to the

_work srea. The conerets 35 taised in buckets (approxi-

mately ¢ ou. yd. capacity) by cables running over the
gatries end returning o hoisting engines on “the
ground. Thus, the necessity for using 4 lavge tower

-
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crane is avoided and the work con pragress muck more
quickly and safely than with such a erase.

I claim:

L. Apparatus for forming & concrete wall comprising

a a plurplity of generally vertical supports spaces

apart along both sides of the well being formed,
cach support being located oppogite to apather
tupport on the other side of the wall and detachably
connmsted to exid apposing support by o plurality of
spacers some of which are contained in the wall
previowsty formed, ewoh support consisting of scpe-
rate sepments detachably jomed together at their
=nds, and the lower portion of sach support being
hedd sontignons the surfare of the wall previousiy
formed by seid specers while the upper porton
extendy wbove the portion of the wall previously
formed.

b. 5 carriage mountsd on eack smppott with medns for
advancing the carmage upwardly along the sup-
porta a8 the wall i formed, }

. & plurality of concrete casting assemblies located
alang and oo both sides of the wall being formed
adjscant il tap, sich scembly sapported i i eods
by two carriages on- adjazent supports and each
asiermisly Having 2 generally vertizal casting surface
extanding hatwesn the adjscent supports s that the
assemblies and the supports topethey defins » cons
timueet mold extending or top of the wall into
which eonerete is ponired, wherehy as the conerets

el

5

4]

25

§
well and, at ingervels, sipport segmenty are de.
taehed from the bottom of sash support md at
tnched 1 the top to provide  somtinueus track for
the carriages,

& each casting surface comprisss the inner surfuess of
generally horizental, plywood shests which com-
biné o form a continuons casting surfaca,

. mich casting assembly comprising a plumity of
generslly horizontel braces positioned contiguous
the outer surface of the plywood shests to suppen
the shests while the concrets is setting against the
immer surface of sxid shests, and

f. zach resting essembly comprising &t least & pair of
slotted benms movably carried by adisgeni |ear-
ringes, said plumality of horizontal braczs movnnied
betwesy sajd tlotted beams which ere sdapted to be
wedged agpinst said edjecent carrieges, so that by
wedging the glontsd benms against the carriagss he
e surface of the sheets ars drawn into contact
ageinet the adiacent supports thereby providing
aaid sontipuous mold-

1, The apparatis defined v claim 1 further ncluding
hoisting mexss attached 1 said cainges, ® pround
anprported hontting enggine, and & hoisting cable connect-
ity anid hénsting epgine and snid hoisting means.

3, The apparatus defined in 2laim 2 further inciuding
& stationary odhle sopnesting the hoisting means to a
central londing point below on which the hoisting cabis

hardens the carrisges and asemblics sre moved 30 13 guided.

wpwardly oo the suppors to form a pew level of
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Appendixz B
Computer Programs for Shell Analysis
B.1 Introduction

Failure of the cooling tower shell under the imposed construction
loads at the location of cathead gantry no; 4 wag balieved o be a
pl;usible cause for the initiation of the total collapse of 1ift 28,
Tﬁus, an analysis of the shell structure as it existed at the time of
the collapse was made uging the construction loads, The complexity of
the loading conditions as well as the variation in shell thickness and
material properties required that the finite element method be employed
as the means of analysis. A survey of .finite element PToETams availaﬁle
for the analysis of this type of shell structure with the constraintgf
mentioned previously indicated that SHORE~-III[6.,2] satisficd these
requirements and has been used previously [B.l, B.2] to apalyze this
type of Btructﬁre.

As a means of verifying the results obtained in the SHORE-TII
analysis, a second finite element program, SAP IV [6.3], was selected,
SAE IV is a general finite element program which provides an alternats
method for load inpur and an alternate shell model from those used in
the SHORE“IiI analysis;

This appendix will present a discussion of the pertinent features
of rhe two finite element programs used in the analysis of the shell
aﬁd a comparison of the results chtzined from each analysis, for

selected loading condirdoens,

164
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B.2 nDiscussion of SHORE-III and SAP IV

SHORE-ITI (SHORE) is a finite element program for the linear
elastic static and dynamic analysis of arbitrarily loaded axisymmetric
plates and shells, SAP IV (SAP) om the other hand is a general finire
clement structural analysis program for the linear elastic amélysis of
three dimenéional structural systems, Although both programs are capable
of parforming either a static or dynamic analysis, this discuésion will
be limited to the static apalysls since all construction load; used In
the analysis were treated as being static. Furthermore, since SAF has
a rather large element library (truse, beam, plane stress or strain,
three—dimensional solid, pipe, ate.) only the plate/shell element which
was used in the‘SAP analyéis will be discussed.

The capacity of SAP is primarily dependent upon the total nu%ber
of nodal points needed to model the shell while BHORE is restrictéd to
a model comprised of no more than fifty (50) elements. This element
restriction for SHORE is not serious for this analysis since the stress
diétributions at the lower elevations of the shell do not have a szig-
nificrant effect on the results obtaiﬁed for 1lift 28, Thus, the number
of elements used to model the lower portion of the shell can be reduced.

The shell model is developed for SHORE by discretizing the meridian
curve of the shell ﬁith a sariés of curved rotational ring elements.

SAFP requires a diszrétization along thé me?idian and around the circum—
ference of the shell in order to develop its model. Thus, the SHORE
model is composed of a series of continuous ring elements along the meri-
dian of the shell while the SAP model is & three-dimensional assemblage

of flat plates.
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Cnly a brief description of the elements used in the SHORE and SAP
analysis will be presented, References which pregent the detailz on the
formulation of the individual elements are given in the desceription, The
curved rotational ring element [B,3] used in SHORE has an element stiff-
ness matrix which is derived from displacement fields that mey wvary from
linear to sixth grder andiinmludes the exact geometry of the shell as
well as the effect of transverse shear deformation, The extra coeffi-
clents in the higher order displacement fields are eliminated by
kinematic condensation at the element level, Sixth order displacement
fields were used throughout in this apalysis, The alement used in the
SAF analysis is a quadrilatera]l of arbitrary geometry formed from fgar
compatible triangles, A comstant strain trisngle [8.4] and = line%%
curvature compatible triangle with nine (%) degraes of freedom [B,5]
are uged to represeﬁt the membrane and bending behavior, respectively,
of the SAP element. A central node iz located at the average of the
coordinates of the four corner nodes and has six degrees of freedom
which are also eliminated by condemsation at the element level,

Each element in both SHORE and SBAP have constant material prop—
erties (moduli of elasticity) although the properties may vary as
required fromw element to element in the respeéiiv& models,l The thick-
ness of a particular element in SAP must be constant, bui may change as
required throughout the SAP shell model, Thé thickness of the SHORE
élement can vary limearly élﬂng the meridian as dictatéd by the shell
geometry, ‘ ;

Various loads including thermal effects may be u;ed as' input for
both the SHORE and SAP analysis with distributed loads (gravity,
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pressure, etc.) and thermal loads being treated as consistent equivalent
nodal loads in both analyses, However, a major difference exists in
the manner in whieh other loads are input for analysis. BSAP requires
that all external loads including momentsz applied to the shell structure
be input as concentrated loads at nodal points while for the SHORE
analysis all leads are expanded in Fouriér harmonics with respect to
an element nodal point and the final result is obtained by superimposing
tge results of each harmonic,

Finally, both finire element programs solve the resulting set of

linear simultaneous equatioms for the structural model by a modification

of the Gausslan elimination scheme which takes advantage of the symmetrie

‘narrow banded nature of the global matrices used.

B.3 Comparison of Results

Several of the most significant differences between the two finlte
¢lement models are considered and comparisons of results are made, The
differences include the effect of element discretization, boundary condi-
tions, the method of applying the loads, the precision of caleulations
and the type of elements used,

Onme of the blggest differences between the two analyses lies 1in the
initial scheme for discretizing the shell., While SHORE uses continuous
ring elements as shown in figure B.l, SAP requires that the rings be
broken into numerous elements, The radial grid adopted iz shown in
figure B.2. The éhanges in radial increment were chosen to reduce the
number of nodes required for the model in hopes of making the progfé@
manageable on the computer while preserving resolution at cathead gaﬁfry

no. 4 and providing loading points at the other catheads, As it was,
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¥

the SAP anal&sis required more than eight hﬁurs of computer time, The
sffect of.having varying radial increments was to introduce some varia-
tions in tﬁe solution which could be attributed directly tm‘the variations
in the size of the elements., This é;n be best illustrated by considering
the gravity loads which should be identiecal at any angle. Figures B.3
and B,4 illustzate the radial variation of hoop stress, Ny, and the
meridional stress, Ny, respectively, 1.5 fr (L4537 m) bélow the top of
1ift 28, The radial variations in rhe stresses as pred&cted by SAP are
due te.the changes in size of adjacent elements and to the poor aspect
ratio of the larger eléments. The smallest elements at cathead no, &
(elements 126 apd 127) are 2.18 £t (0.66 n) long by approximately 0.6 ft
” (0.18 n) high for an aspect ratio of 3.63 while the largest elements‘néaf
the top (elements 112 and 120) have an agpect ratio of approximately fé.
As can be seen in figure B.3 and B,.4 element size change has more of an
effect on N¢ (fig. B.3) than Ehe aspect ratio, while the aspect ratio has
more of an influénca on N, (fig, B.4). However, figure B.3 and B.4 do
1llustrate that the stress distribution becomes more uniform near cathead
no, 4 where the mesh is finer and the aspect ratio of the elements is more
favorable to obtaining a good. solution. In the SHORT analysis, the
radial sLress distribution is dependent only upon the equations used to
develop the ring elements. The SHORE and SAP analyses for the gravity
load éhowe& good agreement berween N¢ and Ne along the meridian at
cathead no, 4. The largest difference was less than 5 percent.
Different boundary conditions are used in the twe models. The
SHORE model uses an oPen‘type_elememt devaloped specifically to rapre-f.

sent the columns at the base of the shell. The effect on the model is
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to smear the stiffness of the columns inteo a ring, In the SAP model

the shell ar the top of the ring beam tying the columns together was
fixed by prescribing zero displacements, Thisz was done to reduce the
number of nodes in the SAP model. Conseguently, the stress distributions
within the bottom ring of the shell are quite different for the two
models. However, in element 17 of the SHORE modal (seea fig. R.,1) and
the corresponding elements{in the SAP model, the stress distributions
are similar, The same resulrs are presented in reference B.l where the
effect of different boundary conditions on a hyperboloidal shell were
studied, Counsequently, the effects of the boundarv conditions at the
base seem to be far enough away from the area of interest, the tDp‘?WO
lifts, so that none of the differences in results are due to the differ*
ences between boundary conditions used in the two models, ”

The method of applying the loads seems to have a great impact upon
the regults. SHORE reguires that the loads be applisd as line loads
acting over some finite length. The length is chosen to allow a reason—
ably rapid converpence of the fourier series used to generate the load.
AP requitres that the loads be point loads applied at nodes. ¥or this
problem where the loads are esgsentially applied to the shell by bolts,
the point load approach is more realistic., The effeet of using the
distributed line loads is to cause the stress distribution to be more
uniform near tﬁe point of ﬁpplication and the maximum stress predicted
should be lower than the real stress experienced by the shell,

The loading fuoction used in the SHORE analysis is developed b;.
first distributing the concentrated loads about the centerline of the
junpform beam, .The loads are distributed over 0,358 degrees (10 in
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or 254 mw at 1ift 28) for the acaffold loads (load cases 2 and ) and
0.859 degrees (24 in or 610 wm at life 28} for the cathead gantry and
hoist loads (lé:a.d cages 4 and 5). The 10 in (254 ﬁ:m) distribution width
iz the surface contact length between the shell and jumpform beam. This
distributed load is then expanded in z Fourier Series which appllies the
load at the required points around the cirqumference of the tower fer
that particulsr comstrucrion load. The larger diatribution anple used
in lcad cases 4 and 5 was chosen because it reduces the number of Fouriay
Series harmonics required to adequately defime the loads. Ideally, a 0.358
;degree distribution angle should have been used for all cases. However,
Mwhen the distribytion angle was reduced from 0.85% to 0,358 degrees, the
nvurber of harmouics required to produce a lcad functicon with an acceptable
shape increased from 56 to 150 and computes ;ime and costs almost triéied,
A sample analysis was conducted u2ing both the 0.358 and 0.859 degreeﬁdis-
tribution ansies and rhe maximum strasses differed by only 2 few percent,
The stress distributions were also eagentialiy the same, Consgequently,
it would appear that the compromise between discribution angle and computer
analysis time is justified, Figure B.5 illustrates this distributed lige
loading for the normal, teridion and tangential forces Fx’ Fy, and Fz,
respectively and for the meridion moment M&, applied to the shell by tha
Jumpform beama, The bo%d_vectars represent the points loads used im the
E‘;AP analysis,

The development of g convergent Fourier series with only a faw har-
monics was found to be a diff£cult task for load cases 4 and 5 which are.

appiied only at cathead 4. This is because as the number of applicatiﬂﬁ
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pqints'decreases'(twd-points or ribs for cases 4 and 3), the numbher of
harmonics required for a cnﬁvergent éeries increazes rapidly, In addition,
the required computer time to analyze a loadlcase weing SHORE is related
to the nomber of harmonies. An investigation of the stress disrributiona
that occurred around the circumfereﬁce of the shell in load case 4 where
the six cathead gantry lcads are appliéd, faf both the SHORE and SAP
anﬁlysis,.indicated that the intermal shell forces %ecayed rapidly to a
lsmall value at aspproximately 20° from the cathead as shown in figurss B.6
and B.7. Thu#, it wag concluded that since the eztheads are 60° apart, the
lpads applied at a cathead have little inflﬁéﬁce on the internal forces at
the catheads on either side. Consequently, in order to reduce the number
of harmonics necessary to obtain convergence, the lo&dé for load‘césas &
and 5 were applied, in the SHORE analysis, at all six cathead lo;étiona
instead of just at cathead no. 4. ¥Fipure B,.8 {llustrates the lcading ;
function for a normal force applied to the shell by the Jumpform beams

at a cafﬁead. This load would then be repeated at all six catﬁead loca-
tions in load csse 4 to produce a symmetric loading condition.

The loading funectrions ware developed for each copstruction load
(cases 2 through 5) and a separate apalysis was made for each case,
including the gravity load which was inteynally generated by both pro-
grams. Since both SHORE and SAP are linear elastic finite slement
programs, the pfinciple of superposition applies and the results for
each load case may be combined algebraically to find the resultant |

stresses for any combination of rhe construction loads.
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Comparizcn betWeeﬁ values of mewbrane stress, Na s #nd bDending moment,
MB ., obtained for solutions to load cage 4 using SHORE and 3SAP are fllus-
tratad in.figures B.6 and B.7. The comparisous are illustrated for seiscted
elevations in lift 28 and are typleal of results from other load cases.
it is interesting to note that although the loads are distributed over an
are iength in the SHORE analysis, the stress magnitudes predicted compare
weil with those obtained using SAP, How&?er, because loads are applied at
points In the SAP anmalysis, the stresses would be expected to be larger
than those obtained using the SHORE analysis. Several featuraes of the éAP
model and soluti&n process may contributa to the apparent inconsistency.
A major feature islthat SAP calculates stresses at ;ha center of the element
which essentially represent tha average stress in the whole element, ‘Since
even the smallest elements are over two feet wide and the stress disrribu-
tion is sharp the peak stress may be missed by a significant amﬂunt.ﬂ A
second feature involves the precision of the calculations. SHORE carries
out 21l calculations in double precision om a 32-bit word wachine while
the version of SAP used carries ocut single precisiom caleulations om 2
36=bit word machine. Consequently, romndoff errors may have occurred in
the SAP solutien process, gspeaially gince there were over 6400 equarions
to be solved and the band width of the atiffngss matrix was 612, Another
reason rhe SAP program calculates smaller stresses may be the poor aspect

L

ratio of rhe elements and the relative gize of adjacent elements, Fip-
ally, there are differomces in the types of elements used in the two
models, SAP us;é a plate/shell.element whichprovides only for menbrane

stresses and bending moments. SHORE on the other hand uses a shell

alement which accounts for transverse shear and thus provides for a batter

estimate of hending moments since the elements zre relatively thick (0,687
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ft, 0.2 m) in lift 28. This appears to be corrpborated by the fact that
the couéafisnn between membrane stresses in figure B,6 is better than the
comparison between bending moments in figura‘3.7.
B.4 Conclusion |

Despite the differences in the values of the stresses there are
several encouraging points which arise from the comparison of the two
solutions. Both models gave stress distributions of similar shape for
corresponding stress components, Also, the fact that such different
models could lead to the prediction of stresses and moments for which
thg peak values agreed within a few percent for mEmbrane stresses ia
encouraging, especially since imsufficient rime was available to refine
the SAP model. Consequently, the 3AP model is considered to be a first
tut af verification of the SHORE results, while the SHORE programﬁis
designed specifically for the solution of problems invelving shgils of
revolution. .

Based primarily on the difference between the SHORE closed ring ele-
ment, which included transverse shear deformation, and the SAP plate/shell
approzimation which does not, it is believed that the stress resultant and
moments obtained in the SHORE analysis are a better approximation of the
stress levels experienced by the shell in 1ift 28 for the specified con-
struction loads. The actual stress levels may be higher since the distri-
huted loads used by SHORE to represent the loads applied to the shell at
the jumpform beam bolts tend to smear the loads over a lafger gurface areaz
of the ghell than actually occurs and tﬁe shell model is not sufficiently
able to model the stress distributions that oecur at the bolt locatioms,

Both the SAP and SHORE models give stress distribution that;agrea
reasonably well for the type of loads applied in each analysis. Thug, the
areas of high stresses in 1lift 28 could be predicted from the results of

either model,
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SHORE It LINE 10ADS
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A, Meridional and norms forces
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€. Mearidional moment

-

Figure B.5 Load Fupctions fox SHORE-III and SAP-IV Programs
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Figure B.8 Loading Function for Normal Force, Load Case 4
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APPENDIX ¢

_ Results of Chemieal Analysis of Cemet
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© LAW ENGINEERING TESTING COMPANY

A ey MATERIALS TESTING ENGHNEERS

A= : SOIL AND FOUNDA FION INVESTIGATHONS

g ira 4% Plesters Ave, H. E. @ P, O, Box 13815, S1a. K
-, ATLANTA. GEORGIA 30324

REPQRT QF CEMENT ANALYSIS.

Clomi: LETCO MC LEAN _ Offien: Atlanta, Geoprgia

m’ﬁﬂ: NBS SAMPLE #45 Duin: AUQUSt 8, 1978
h LETCO 0B ND. M- 110 , Lab, No. 215318
BRAND OF CEMENT ? PLANT ? : SAMPLE ' RECEIVED 7-15-78

FHYSICAL DATA !
|

SETTING TIME (Gilimore) HOURS  MINUTES
© Initial Set: 3 0
Final Set: 7 L)
SOUNDNESS (Expansion) . _b.00 %
FINENESS (Surface Arez,Blaine) 3720 5q. Cm, /Gm.
COMPRESSIVE STRENGTH, PSI
- 1 Day Break o
3 pays Break Tiest
7 Days Braak 1900

28 Days Break m—u
AIR CONTENT (Percent by VYolume) 7.2

CHEMICAL ANALYSIS

Silicon Dioxide (S'FGE} 20.9
Rluminim Dxide (Aly04) 5.7
Fervic Oxide (Fe,0%) 3.5
Calcium Oxide (CHOY 635
Magnesium Qxide (MgD) 2.1
Sulphur Trioxide (304) z.0
Aklies (Na,0 & 0,658 K,0) Y A
L.oss on Ignition 1.6
- Inspluble Residuye 0.25

Tricaleium SiVicate (3Ca0.510.) &0

ficalcium $ilicate (2Ca0.5i0 ?

Tricalcium Aluminate (3CaO.A?Eﬂ3} 7.1

Tetracaleium Aluminoferrite
(4Ca0.A1ED3.Fe203) 12

NOTE: The Type of this cement is not known,

. . [ Rp;ﬁpfl!ll"y.lubmll"l‘dt
cc: H.5. Lew Washington, D.C. LAW ENGINEERING TESTING €O,

EMZZL@/&L“

DAN' WELCH
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'

LAW ENGINEERING TESTING COMPANY

MMATERIALY TESHING ENGIKEDNKS
SIL AND FOUMDA LION INVESTICA FI0ONS

412 Plasiers Ave, W, £ & $ O Box 13815 S1a K
| ATLANTA, SEORGIA 303724

REPORY OF._ _ CEMENT ANALYSIS

€apb: LETCO MC LEAN Office:  Atlanta, Georgis

PrajoctsNBS SAMPLE #28 Date; August 9, 1978
LETCO JOB NO. M= 110 Lab. Na. ETEBLIA
BRAND OF CEMENT ? PLANT ? : ] SAMPLE RECEIVED7-15-78

EHYSTCAL DATA

SETTING TIME {(Gillmore) HOURS  MINUTES _
Initial Set: 2 18
Final Set: 4 45

SQUNDNESS (Expg_ns‘inn) 0.00 %

FINENESS {Surface Area Blaine) e 5q. Cm./Gm,

COMPRESSIVE STRENGTH, PSI
1 Pay Break -
3 Days Break 2180 ‘
7 Days Break 2200 :
Z8 Days Break o K

AIR CONTENT (Percant by Volume) 7.4

CHEMICAL ANALYS1S

2iVicon Doxide (3102) 20.%
Aluminim Qxide (A%zea) 5.3
Farric Dwide (Fe Bi) 3.0 .
Calcium Oxide (€407 RN
Magnesium Oxide {Mg0) 2.4
sulphur Trioxide (S0,) ) 2.3
Rkaties (Na,0 & 0.638 K,0) s
Loss on Ignilton 1.2
Insotuble Residus ~ D.2?

Tricalcium Silicate (3Ca0.5i04}
Dicalcium Silicate (PCal.Sic 3
Tricaleciom Aluminate (3CaD‘A?gDB) 7.1
Tetracalcium Aluminaferrite
{4C50.A1253.FE203) [ 9

NOTE: The Type of this cement is not known.

Reapectfully submitied,

LAW ENGINEERENE?TiNG Co.
: !
. ﬂ/’u{ {/é\

£e: H. 5. Lew

DAN WELCH PR

13
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APPENDIX D

Results of Analysis of Concrete
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Technigal Samvie=e Remsrt .

Prejece: Elow Setting Comerets Wall Gestion

Project Mo.: Or=0477 Datve: HNowember 7, 1978

Costomer: Rational Burean of Standards {Weshingten, D.C.3
Sbjestive

Determing if Pozzolith 200-N, & water~raducing admixturs, was
presant in coansrete placed in a wall ss=ien &% & thin wall
structure =t 8 Sohéentration suffisijant £m aesount for an
unuseally Flov fetting bhehaviss,

Coneluaion
The eoncrete in guestion contained a water-reducing admisxtura,
similar in composition to Poziolith 200=8, at a level not ex=
weeding that nommally recommended by the sdmixture manufmcturer
{2 to § fl. 92./100 1lbs, of cement),

Ssmele Tdentifjcamtion and Backoround Information

I
A plece of herdened concrete, weighing about 11 ibs., and three
tmall bertles of varipus liquid sohstances, identified ma Pozzo-
lith 200-¥, &tarch Hydrozylate, and Amine Derivatives Mixtuors,
fuspectively, were received from Dr. H, &, Léw, Structores sng
Materisls Division, Center for Building Technolegy, oo 5/5/78,

The concrete sample was gtubjected to chemiszal spslyses to deter-
tine the presence and addition level of a water-reducing admix=
ture (ASTM C-454, Type A). The liguid sample identified as
Pozzolith 200-N wag characterised to obtain its =hemigal
compoziticon and certain physical properties, Ths twe remaining
liguid zamples, identified as Starch Eydrozylate and Amine
Derivatives Mixturs, were subijscted to infrared analysis to
determing the principal ingredients present,

Results and Discussion

The limeid sample identified as Pozrolith 200-F consisted prin=-
cipelly of & mixtore of corn syrup (Starch Hydrozylate) and

triethanclamine (Amipe Derivatives Mixture). The latter com-
prise¢ L1 of the admixture formnlation % received. Chloride
ian (C17) in the amount of 0.24% alge was detected. A comparigon
of thia sample with ohe mnalyzed previously by us in October
1875 gmuggested they were quite similar.

Chemical analyzis revealed the econerete sample most iikely con-
ttined Do more than s normal dose of a wetar=reducing admixture
timilar in composition to Poprolith 200-K (ASTH C=45%4, Type A).
in this =a2z&, a normal dose is an additiop rate of % to 5 fiuid
“unces per 100 lba, of cement, as recommenced by the admixtnre

manufactnrer (Master Builders).

A more precise determination of admixture concentration is neot
possibkle a2t thig tipe, unless g calibration curve was to he
prepared employing actual job marerisls &t the levals specified
in the mix dasign.,

:m_ AT

L. M, Mever, Manage

YTechrical servicms Section Chemiea) Analyzes by:

iy J. R. Polky

CT-0477 Rezsrrch Chefuist

Copy Lo - A. &R, Rleno A4

J. J, Shideler Atsociate Research Chemiszt

D. L. Glochowsky
Azzigtant Research Chemist
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