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REINFORCED CONCRETE HANGARS FOR
AIR FORCE STATIONS IN NEW ZEALAND

By Cmas. WM. TurNER, M.Eng., B.Sc. (Eng.).
(Member)

Introduction

Even in 1936, construction of Aerodromes in Great Britain
was being pushed ahead at great speed in preparation for war,
which even then seemed almost inevitable. In 1937 instructions
were received to build aerodromes in New Zealand each capable
of accommodating a squadron of Wellington bombers. Two sites
were chosen, at Ohakea and Whenuapai, by the Air Staff, under
Group Captain Cochrane (mow Air-Marshal Sir Ralph
Cochrane), in consultation with the Engineer-in-Chief, Public
Works Department, represented by the Aerodromes Engineer
(Mr. E. A. Gibson, now Director of Civil Aviation).

The writer at that time held the office of Chief Designing
Engineer, and received instructions to prepare plans, speci-
fications and contract documents for two hangars at Ohakea.
Definite instructions regarding Whenuapai were not received
until the Ohakea hangars were half completed as there was some
difficulty in final choice of site between Kumeu and Whenuapai.
It was known, however, that two similar hangars would be
required at the Northern station (incidentally, this was a consi-
deration of some moment, as it was possible to spread the cost
of the rather costly steel centering over the four hangars).

As will be explained later, several preliminary designs were
made both in structural steel and in reinforced concrete, and
combinations thereof, but the choice finally lay with mono-
lithic construction in reinforced concrete.

The large concrete hangars at the R.N.Z.A.F. Stations at
Ohakea and Whenuapai, represent a type of some considerable
interest No information of similar hangars was available but
after they were designed, information came to hand of very
similar (but triple span) hangars at French Air Force Stations
at Berre, France, and 'in Tunisia; there is also reference in
German literature to this type being in use by the German Air
YForie. Again. the U.S.A.I. has used this type in San Diego,
California, and Charles S. Whitney proposéd the type in
1044 (1).

It is interesting, that in both German and French examples.
and in Mr. Whitney’s proposal also, the spans were approxi-
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mately the same as those adopted here. The Royal Air Force
has also made use of concrete hangars, particularly for storage
purposes, presumably on account of the very low fire risk
attendant on this construction ; they were, however, much smaller
Structures than those which are now about to be described.
The reinforced concrete ‘“‘shel]” type of construction for

inches in thickness, Many of the applications - are to small
buildings, but one of the most interesting examples, a description
of which was published when the design of the concret S
for the RN.ZAF. was nearly complete, is that of the Hershey
Sports Arena at Hershey, Pennsylvania, U.S.A. (2). The roof
of this building covers an area 232 feet wide by 340 feet long,
and incorporates arches of 220 feet span.

the arch hinges. Certain of the methods of design for shell
Structures are patented, the most well known being the Zeiss-

Dywidag system, which is employed in the design of the Hershey
roof. . .

Shape and Size -

The layout and orientation of the hangars was ca‘refully
considered and designed at the same time as the whole aerodrome
development, in proper relation to their functional service.

Discuss_ion of this aspect of the work is beyond the scope of this

Station -is a military matter, and is governed very largely by
the type of aircraft which it is proposed to use. For instance,
the layout for a Station from which fighting aircraft are to
operate, would not be on quite the same lines as for a Station
where bombing aircraft are to be used. Suffice to say that the
problem was solved in close consultation with the Air
Department. :

The span and depth of the main hangar floor area was
decided by arranging cardboard models of aeroplanes for the most
economic use of the space. Both end-opening and front-opening

to the design in order that the floor space might be proportioned
SO as to give the best possible efficiency for all types. The
front-opening type of hangar suited the operating conditions,
and was adopted in preference to the end-opening type. The
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final proportions were 220 feet clear CJpeni;lg,t byT}11i750 nf;e;
et.
iving a floor area of 37,400 square fe :
gzgﬂ:r %lgaltrclg is surrounded by extensive annex accommodg&(r)lr:
a gfegating approximately 20,000 square feet per gantg'z;g §c1res§
aggroés hangar floor area of 57,400 square feet (abou
per I}I%II:E agfearance of the main doors was kept to %_ mmu;lurr(r)l_,
consistent with the anticipated dex;elotprg?ntpgifntmble 11:1?}(’1 ecieded
these hangars is 25 feet, this pc €
e f9r iti In contrast with this clearance,
Air Force Authorities. In ¢
E}\?; t}?sf‘ve 'gle interesting comparison 1n thg case of hangfars ufs:i
for civil aircraft and for seaplanes where clearances of 35
an-d 40 feet are not uncommon.
ope i i eventually turned the
Vhile certain special circumstances
balar}xhilile favour ofpthe reinforced concrete type of hangar, the
basic requirements o0f any construction were:—
(1) High Fire Resistance.
/2) Lew Maintenance.
(3) Long Life. . ]
Proof against Bomb Splinters. ) .
E\Arzrery intcregsting review of ﬁmgatr typesavg;spgrwbe:f:r); lt)hre
: R L
hmel, of the German Air Ministry, in a ©
Ifggti\t/ftelo? of Civil Engineers and thl(2 I)nst%[ttutlog fo , dS;crrl;u_f :‘,lé‘;}
i in London in April, 1937 (3)- was
glr;%lnggresr 1trlllat the German Air Ministry had deﬁmtﬁl); dég:rﬁzg
frompthe conventional truss type of roof, , and t afs g
ineers had even passed the stage of designing roo ;
;ngm: estructures and that they almost exclusively made cillseecg
t}rlzn;tressed-skin’principle of construction such al's1 is uts}fe r;’los};
extensively for aeroplanes. 1Ind gfftect t}.ler;ia:v:yp :x;g A
i ign i into a simila i g
advanced design in steel evolved LS
i i terial known as
in concrete; and in that material Jas the “sael type
. In both stressed-skin type o ,
Ec)f Str:fc tg;(rzlcrete the roof covering itself acts as pa;lt fof t:n)l:z
Tre s-carrying structure. Comparative analyses of la agruc-
Streilecessrayry before oné can choose as to whether s.teeblconfsov .
zrffn or concrete construction is the most suitable 5
arti cample. ) - )
partlizzl?l"lec}\casg under discussion, the condition wh1<1:h ]in\?vl;};
decided the issue was the availability of reinforcing stee e was
et ssible to obtain structural steel except after very c e
ab p(cjll and, moreover, it would not have been possible 0
o ela};’d an order for structural steel until the design :Vat.
}flai\;?ypc?);plete On the other hand, with the use of concrete
a .
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by the fact that one can order materials early in the design.
In a great steel-manufacturing country, such as England, one
weuld expect structural stee] to be used for the roof system,

£

Type 1.—R.C. Structure ; Arches tied at ground

level L e 67,000
Type 2—R.C. Structure ; Arches tied at “Ceil-

ing” level .. ... L. T~ 65,500
Type 3—R.C. Walls, steel roof and asbestos

cement covering ... .. 63,300
Type 4—End opening, R.C. Construction ... 74,000

It will be noted that the steel design was not far below the
reinforced concrete shell type. Type 1 was chosen.
General Design : '

The tied arch (Type 2) was not used for several reasons,
one of the most important of which was that it would be difficult
which would make translation of the centering difficult, if not
impossible. With such large construction the cost and time that

for each consecutive pour to its new position, and, indeed, wag
transferred from the first hangar to the second hangar without

This centering, which is shown in the illustrations, included
138 tons of structural steel. The foot of each leg carried a
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i ble and concreting
i —Si tion showing falsework for rear ga
i 2 s?:ff?ole(i.e va'I‘lhis remained in one position throughout.
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stecl shoe, which moved quite readily along greased rails under
the pull of a winch. The formwork, which was supported by
the centering, will be more particularly described later. The
centering and formwork was first used for hangars at Ohakea,
and later transferred for similar construction work at Whenuapai.
Another curious, but important disadvantage of the tied arch
type was that it would have been necessary to have cnclosed the
whole horizontal plane of the ties with close mesh wire netting
to prevent access of birds, whose droppings cause considerable
damage to the finish of aeroplanes. On the other hand, an
economic use of the arch vaalt is possible with this type of
construction, making use of the otherwise waste space above the
door clearance level, for storage purposes. This entails the con-
struction of a suspended floor and a hoist, but this offers no
great difficulty. Such a suggestion was made to the Aifr
Department for the R.N.Z.A.I~ hangars, but it was not called'\
for by them.
Considerations of construction led to adoption of two-hinged
arch ribs. This design enabled buttresses (skew-backs) to be
built up from the ground each side, and left only the cléar span
between the walls to be carried by the arch centering. The
buttress was initially lined through on the arch pressure line
but in the final design it is deflected outside the line of thrust
so that there is no possible danger of overturning of the buttress
and a small but definite load is transmitted through the inner
column. The design incorporates a tie below the floor level,
pre-stressed so as to take a major proportion of the arch thrust,
This tie, at Whenuapai, was a considerable problem, because the
foundation there was so poor that any attempt to pre-stress the
tie would have resulted in the arch footings being pulled through
the ground. A solution was found which incorporated a concrete
strut between the skew-backs. When the steel tie was pre-
stressed by expanding it by heating and inserting a pin, the
contraction resultant on cooling, was taken through the concrete
strut in compression. The thrust of the arch ribs finally relieved
this concrete strut of its compressive stress, and all the thrust
from the arch was taken through the steel tie, without displace-
ment of the buttresses (or skew-backs). The pre-stressed ties
were a feature of the French and German design also, but round
rods were used, whereas the New Zealand design used a R.S.J.
for each tie. The rods were pre-stressed during the decentering
process, so reducing the amount of movement necessary for the
centering, and minimising the bending moments in ‘the ribs
resultant from that process.

The arch ribs were first designed to follow the pressure
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line resulting from their own weig}ﬁc), the weigl;te ?(f)othcff 1:1221;—
inediate a wi d of 20 Ibs per square .
mediate slab and a wind load e
3 ib was reinforced arbitrarily wi X
fe?ri];orrcing ;teel near the intrados and the extrngs. TheS I:Clzld
forced concrete roof slab between the ribs (whm wererpline
at 20 ft. centres) was also designed to follow its IIrf:ssuczssar);
and it was reinforced in the ordinary way with the y;]es e
steel to support it between the ribs. The slab i: 4 10f. e
ilaunching down near the ribs, to an increased thic 'nrftsss i B
i is tested at various points al
The design of this slab was T B R
fficient shear resistance was pre
S, O O ek o  all thrust developed in the slab
n it and the arch rib so that a i, 2
mg]ef would be progressively and sa}:felyl trarlldsli?;filv al;ltrcl)e ctes-
adjoining ri All be seen from the plans \
adjoining ribs. It will L
i inclined rods over the lower portia t
R e 1 d tl inclined rods
stance, and these )
slab to augment this shear resi , s
; 1 i the inchined rods
signed in much the same way as the ] ‘
are i(:::l::l%)?ﬂy used as shear reinforcement in reinforced c?lllcrf;g
dr?ﬁder: Tt was necessary to stiffen the lower edgehpf ;c Eciion
i(‘t\\i(’(\‘l.l ribs, and the beam necessary to perform this 1;1 ctior
vas cast into such shape that it also forms a ramwatsr cha 'dea;
}t ma\: be of interest here to remark that an apprommatlc i @
as to the necessary size and shape of thvls chzmnet s\lxerh
obtained by means of a model on whxchh\;vas plaf-y 3{1 WIat:ird:ntally
1 i ainfall. In ,
to represent the heaviest possible ra :
;'lt rzxl'\tgsasfo:)undpthat this concrete construction was by far Lth;:
Lheapeﬁt method of making adequate provision for rainwate
1 e from this large roof. ' ' )
dlSCh'?‘;xge provision of expansion Jomts1 at \&z‘ilrllous p}?mtli1 1r:n ‘(c)l:té
: i efully. ese shoul
structure were studied very car should more
1 i ts, and two such joints
strictly be called shrinkage joints, X
;)trrcl)viged which completely sepa,rite thte_ hagﬁ?.lzl ii;d a&ncfr):; ear
ss the entire 1 5 T,
two planes transversely acr.o.d the ] d: : Sy
’ is si vertical joints at app
the rear wall is similarly divided by Joints at approxi,
ints. The amount of shrinkage exp
malely the quarter points. ; of shrinkage expected
1 concrete was only one factor in arriving
'lc?lethsumrl;er of joints, but a very 1m‘p0rtczlmt o(i'led 113;21;}?:; gf.
f this point depende .
course, on a careful study o ' Yhether or
e buildi from shrinkage cracks.
not the building would be free ) s, Furthe
Isework for erecting the s ,
factors were, cost of the false g the structure,
i hat is to say the quantity o ‘
and the size of the pour, the B
i i hin a reasonable working time ha
which could be poured witt , ving
the weather. It was ev
ard for the vagaries of ras :
g?et il;e\gzvould be necessary to incorporate at least one joint tlians
vez::e]y across the hangar from considerations of shrinkage alone,
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1g. 3—View looking down on roof showin
in place.

but it was obvious that the ex

g reinforcement of slabs

tla cost Of falSCWOIk or Celltellllg
as C()lllpale(l Wlth 111211 le(llllle(l Whel[ twi) l()lllts Were [)I()Vlded

would be consi —1 5 T v
siderable—in fact <o per cent. extra, and, moreover
] £ L

lndeed, a-ppI 0;(1nlately 620 CubIC yal dS. ShIlllkage IOIHtS at [-Ile
ns

. p N ed p n and 1 ns N

thlId OlIltS were ﬁIlaH deCld upo Wltl that CcO ldela

tion the wei i
o ‘&?hi‘feelﬁqllt of steel in the falsework or centering wa 8

yangy, Wil ! C_O:ixcr;z;mt of concrete to be poured wags 413S égb:s

A € was poured continuously, and ; 0

‘ ken was at;out 24-30 hours. The rezt,nlt r}llcislréegﬁnsral,

o the present no cracks whatever hzi\rr)e’

. . . S : L i
shru}lilzgteﬂj)01ntshthz}t these have provc(g)dicrivatl}:;{atblfezmsts a the
o des(cr(i)g'tif)nc t}fme that the design was approac}iin compl
oty of the Hershey Sports Arena Sublishod

ore remarkable resemblance at ints to. the B

design. The method of dividing that buik;in

adopte_d' for the hangars. For the

was d '
1vided mld-wa}{ between ribs, and a special turned-up ed
s = ge
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- The three divisions of the building arz ecach slightly
different, the rear section comprising one “rear wall rib” two
“standard ribs”, and one “half rib”; the middle span comprises
+wo “standard ribs” and two “half ribs”; and th= front portion
comprises one “half rib”, two ““standard ribs”, and one
heavy rib at the front of the building for supporting the gable.
As a result of this there was some construction difficulty in
getting exactly identical shapes for the three sections because
it was necessary to judge the amount of deflection that would
occur during construction; but it is considered that the results
obtained were quite good, the respective difference in rise of
the ribs being very slightly in excess of 1/16 in. It was, of
course, necessary to provide flush joints between the “half ribs”
of adjoining séctions because of the slight differential movement
which took place when decentering. These shrinkage joints are
flashed on the top surface, throughout their length, with copper
flashings set in lead.

The rear wall of the hangar was designed against wind
pressure and suction, and allowance was made ot the junction
with the arch barrel for the elastic movement of the arch under
temperature conditions. Tt has already been stated that the rear
wall was divided into four parts by vertical shrinkage joints.
The junction of this wall with the arch rib was made with a
grooved joint and pouring holes were left in the arch rib, use
being made of 4 in. diameter galvanised downpipes as forms
for this purpose. When the concrete wall was finally poured
and vibrated so that the grooves were properly filled, a reinforce-
ment cage was inserted through cach of these dowels, and they
were poured flush with concrete so that they now act as keys
between the top of the rear wall and the arch rib, while allowing
relative movement.

The front gable of the hangar is sheathed with steel sheets
having a proprictary covering of bitumen and asbestos fibre,
with aluminium paint on both surfaces. The sheathing is fixed
to light steel channels, which run horizontally, and which are
themselves attached to the vertical concrete-covered ties, which
depend from the arch rib. These ties or hangers support at
their lower end the outer flange of the wind truss, and the steel
tracks on which the upper cdge of the main doors are guided.
The wind truss does not call for particular comment; it 1s of
conventional design of structural steel and lies in a horizontal
plane, its inner chord being supported by steel hanger rods
depending from the second arch rib. The ends of the truss are
supported against concrete bearings in the walls, so transmitting
the thrust along these walls to the ground. The lower surface
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of the truss and the vertical face of the second row of steel
hangar rods is completely covered in with fine mesh wire netting
as bird-proofing.

Deors:

The weight of each main door is supported on two wheels,
one at each lower corner, and the doors are kept in a vertical
position by means of guide rollers at the upper corners. All
wheels and rollers are mounted on ball or roller bearings. One
of the lower wheels is driven, being fitted with a roller chain
geared down to a sprocket shaft arranged for manual operation.
Fach door leaf is 23 ft. high x 23 ft. 6in. long. Their design was
largely influenced by the requirements for splinter proofing
against bombs. For hangar doors this is usually provided by
steel construction, but owing to the difficulties attending the
supply of steel, in this case reinforced concrete doors -were
adopted. The doors are 10 in. in thickness, and doubly rein-
forced with a heavy mesh of steel to a height of 15 ft. above
ground level, above which level a window, glazed with wired
glass, is provided. This construction may be compared with
what is usually supplied in structural steel, viz; outside plate
$in. thick, inside plate 4in. thick, spaced 10 ins. apart and filled
with ballast. The wheel assemblies were properly set up, and
cach door was cast in place, the total weight of each leaf being
about 27 tons. In one hangar the doors proved difficult to
traverse, but this was traced to inaccurate rail setting; when
these were ground true, no further trouble was reported.

The floor was cast in 4 in. thick concrete in 10 ft. squares,
alternate sections being, cast so that excessive shrinkage at
joints would be avoided. The floor was finished to grade to
drains at each side of the hangar and along the front inside the
doors. The hangar apron is similarly constructed, and it has a
drain also along its outer edge. All openings into the .main
hangar space from the annexes can be closed by means of auto-
matic fire doors constructed in accordance with the N.Z. Fire
Underwriters’ specification.

The annexes which surround the hangar on three sides are
subdivided into a series of units for services connected with
the operation of the Air Squadron. These services are inter-
related in a very complex manner, and a considerable amount of
planning was required before a satisfactory arrangement was
reached. There was nothing of particular interest in the
structural design of the annexes save that the rear annex is 40
f(. wide, and carries R.C. roof beams having a clear span of
that amount.
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divisilénIZfb‘[?;OI;gnzhz sl;:opq of thli)s paper to discuss the sub-
5 3 Xes but it may be mentioned- that t} :
services of air conditioning, heati Ty, Sewerne
Lghting of variors o g, neating, water supply, seweragec,
I s kinds, etc., which wer g id
e e e o e necessary, provided
; , plex problens. The heati
annexes 1s carried out electricall o lighting of fhe ma
) y. The lighting o i
hangar is by means of mercury vapaiur lamgps. § of the E

Construction :

Wher’{fjse' h'anga'rs have been comstructed at both Ohakea and
W whif}iu’v\;;l_l‘d pl;)es\:e:vdof tth;:l v?ry interesting foundation prob-
vhic S nted at the latter Station. it is pro
;lr:afsgrr;li;ti OtI}))e cor}Cstru}cltlon at Ohakea, and then toprgigzszgngg
as to t iati i
Wheniaoor € varations which were necessary at
overl’i‘i}ée v};fmt?lgalrs at Ohakea are founded on a very tight shingle
P olff o gy. The bear'mg power of the shingle ‘was excel
ont e IIere no difficulties; in fact, it is possible that the
are assigtl; :1 c;ea;];l);hhave been supported by the country without
e pre-stressed ties which i
These were actuall i ing i { e Boasinle ot ea:
y supplied having in mind tl i
of an earthquake. The ex 1 T S
of an . cavation for the underground ste
;mcs(t) tle;csl between the rows of footings was a very girtynjobs':tfeI
Stid{;s;ngzael()ile Oa?;lo?n.t of rain fell, and the clay became \;try
S ) S0 that it was not at all easy to kec :
in which the joists were laid iy
2iie , to a reasonable shape. As ¢
tf)(e)?;m%;tw;re cast the rolled steel joist ties were laidpiﬁ pos?ti::}e
hble§ driﬁ- 1at the middle of the span with a dummy plate with
hopt constec‘ so spaced that the gap for pre-stressing would be
e pl:tr;g r;iloev ?Otm%ﬁ'we}fe then concreted up and the
5 ed so that the joist Id S
for by the dictates nf P The prestressing of fhe
_ temperature. The pre-stressi
v . . N n 0
{til'frsn e“;i?-ofvf;-rsleig t%Ut qléltef rﬁadlly, the Contractor e;grrlplf)y;cg;
: 75 e web of the joist. Thi )
pa the j 1s proved to be a
tizrlrslte ir;etjl‘{or()im:gdafél,j SZ?Utt ;.1ght or ten minutes being suﬂic‘;anyt
to exy 15ts the necessary 1§ ins. for inserti
:}(;E Spm,I :qch l:hat on c’ontrs}ct_ion they would be pre-stressedltoonrgi
o 1s the writer’s opinion that this pre-stressing could have
been < “?e tquute as readily, and more cheaply, by placing some
gty ?ste saturated in fuel oil along the trough of the joisz
e m(eta(l) eFd. lWhen one considers that a temperature rise
e meta of only about 106° was necessary, it seems hardly
peccssa )c’>f (zhregort to such special devices.” This particular
L e (: job, however, caused some uncertainty in the
contractors; it was something quite new, and they
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found it rather difficult to believe it was quite so simple. The
junction of the tie beams was made by means of a steel pin
which was dropped into place as the pin plates came together
with the expansion of the joists.

Vibrated concrete was used throughout the hangar con-
struction, except in the actual roof slab where the slopes were
so steep that vibration would have caused the concrete to slump
away out of place. The vibrators employed by the Contractor
were of two types, the electrically driven surface vibrator, and
the spud type immersion vibrator. The surface vibrator was
found of particular use in the early stages of the work. It was
used during the casting of the concrete cover round the steel tie
beams. Small holes were drilled in the tie beam webs and the
concrete was conveyed to the underside of the beam. The action
of the vibrator was such that the concrete flowed smoothly, and
fully against the underside of the web as was indicated by the
grout oozing through the small holes. This vibrator, however,
was found in general to be too severe on the boxing for use in
walls, and the Contractor made use almost entirely of the
immersion vibrators, which were portable units, each driven by
a small petrol engine. The mix was designed on the basis of
Walsh’s grading curves, and the result was a very high class,
dense, concrete, throughout the work. The specification, called
for 43 bags (560 lbs.) of cement per cubic yard of finished
concrete, with a minimum field test of 3,000 lbs. per sq. in. on
a standard 12 in. x 6 in. cylinder at 28 days; works tests
averaged 3,800 lbs. per sq. in.

A considerable amount of thought was given to the type of
formwork which should be called for, and the specification set
out alternatives for steel forms, timber forms. cmber forms
lined with prepared form paper, timber forms of plywood. The
Contractor first chose to use timber forms lined with prepared
form paper, but this gave results that were not very satisfactory.
Due to the wrinkling of the paper on becoming dampened by
the concrete, the surface was often disfigured, and although
many attempts were made, it was found almost impossible to
avoid these worm-like wrinkles on the surface. The use of form
paper was therefore discontinued, and the Contractor used
timber forms machined to even widths and put together with
great care. As a result the concrete surface 1s of a very high
class, but not so perfect as would have been attainable with the
use of plywood forms. On the Whenuapai hangars the timber
forms were used, machined to even widths, and it was specified
that the horizontal lines of the forms should join up between
shutters and, moreover, the horizontal construction joints were
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concealed by forming at this point an inset or groove about 2 in.
high x 1 in. deep.

During the construction of the annexes the steel falsework
was being erected between the walls. ‘Tt had been specified that
each pour of concrete, between- hinges, should be carried on in
one ‘continuous operation, ‘and it was therefore most desirable
that good weather should be experienced. The Contractor there-
fore kept in close touch -with the Meteorological Office, and

bending and placing. The photograph shows fairly clearly the
steel tray which contained sheet lead against which the concrete
was poured. This detail wag largely developed from that shown
for the Sports Arena at Hershey, and acknowledgments are
made to the Engineers of that structure. The number of rods,.

a formidable one, nevertheless everything went much: better than

is quite a small movement,

The steel falsework was of conventional design, and com-
prised two sets of inclined trusses bearing at their inner ends
against a steel tower. The outer end of each truss, and also
the legs of the tower were equipped with steel shoes which

portions of the verticals of the trusses supported 25 ton jacks
which were provided for the purpose of adjusting to proper
profile the wooden formwork which was supported from the
steel centering. These jacks were used for de-centering over
the arch ribs and intermediate jacks of 5 ton capacity were
used for de-centering the glah formwork. The information
given in regard to {he construction of the Sports Arena at
Hershey was again drawn upon in regard to the proposed method
of keeping control of the arcl shape and a number of measuring

e ————
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Fig. 6.—Side elevation showing damage to roof.
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pocllpts were installed along the span of each steel truss. An
O(tﬁnay steel tape was suspended from each point and loaded
;\lflld a w%lght at its lower end, a post being set in the: ground
a lptrow ed with a scale against which a pointer, fixed to the
diie tla.-pe with a thumb screw, enabled deflections »to be read
forec Y. Two tapes of Invar steel were used as master iapes
K C(zlr.rectlon of temperature extensions of the other tapes
tccor. ing to the description of the Hershey Sports Arena con-
1s1 r;—zllectml)n,das the arch centering deflected from its true ashape
o r ﬁa » Men were sent up to adjust the jacks so as to brino
t carc curve back.to normal. This was found very difficult
: Starll'y out in practice and it was finally discontinued. In the
ﬁ.r ) ptﬁce it was obJectloI?able to call half-a-dozen men down
f m the work of concreting, and in the second place, as the
doncretmg proceeded overnight, it was considered to be quite a
i ant(}gerocils task for men to be clambering over the steel members
3.1:] i he arkl?ess. A careful watch was kept on the deflections
@ %'enera y_speaking, the deformation of the centering was
; I;ary. argely that which one would expect from deformation o%
thgtmtr}rllgly supp;)rt%ddstgel trusses. It was considered after study
amount of deflection was not such as would o i
- 3 » lv N
;cg any_cslenous condition in the arch ribs, the depth ogf \?vh?(:q}?
ribc0n51 erable compared with the movements noted (The arch
spr?nzrii 2 fg& 0 in. dleep at the crown, and 2 ft. 6 in. deep at the
s at ea
one_inch%_ ves level. The movements were of the order of
"The remaining section '
ons were cast wery true to sh
;%I:‘fxegiédgan;afge ofbthehmltlal information };o set the ce;rilgc):rizg
nal form by the amount o i
noteq“flor tho fioet soiihe f deformation that had been
e first section of roof was cast wi
L 1 without top forms
lrclgpgl;f:ﬁy d;fff}:uét)é W?S qxpelilenced so long as the 1(?cmcrete v;irrzll(s1
about 1 in. slump) for the lower portions of
th
;rolc&f. Unfocftunately, however, a heavy thunderst%rm occurre:de
nd a good deal of the concrete was washed down into the
gifﬁgi{yagddsetl the Contractor back considerably. Due to this
nd also on account of the difficult i
y of screeding the
furflz;ce.of the steep slope of the roof, *future sections cag;ried
op Ig)hxmg ffor 1agout 30 ft. from the hinges.
) € root slab was not vibrated, but the actio i
. n of t
::réntl};e‘fée h’f‘ivy boots tof_the} workers was adequate to gi\fee agd;gg
: € concrete in the arch ribs was vibrated
surface was screeded b ke attacted
y means of a heavy plank attach
two ropes, which was raised and | eng the semeegins
7 , owered along the screed;
strips. A good surface was obtained by followinggr up witlieﬁéxl;ég
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trowelling. Concreting was carried on symmetrically from each
side of the arch until finally a junction was made at the crown.
The Contractor set up- his construction trestles on both sides of
the hangar, and had a walkway for the men with the concrete
skips right across the structure. This walkway was supported
directly on the arch centering. but when the centering was with-
drawn, it was then supported by the arch itself, and remained
in position so as to serve for the whole of one hangar. The
casting of one section was usually begun about 5 o’clock in the
morning, and carried on all day and throughout the night, and
finished the following morning, the men working in shifts. The
concrete was cured by water service; it was kept thoroughly
damp for seven days. Decentering was carried out first of all
for the slabs, the forms for which were released by lowering
the screw jacks gwhich held them. The forms did not come
away readily, but had to be stripped off progressively from the
springings upwards. There was, however, no real trouble be-
cause incorporated in the formwork was a device by which a
downward pull could be imposed on the form. When the slabs
were completely self-supporting, the operation of de-centering
the main ribs was proceeded with, and caused no difficulty.
Sufficient draw or taper had not been allowed in the design of
the ribs to enable the side formwork of the slabs to leave ihe
concrete readily. This was remedied for the other sections by
lining with several thicknesses of building paper, but the
clearance was still rather on the tight side. In this connection,
a rather interesting fact is worthy of record. In order to speed
up the work, rapid hardening Portland cement was used for the
second and third sections of the first hangar, the concrete for the
first section having been made with ordinary Portland cement.
When an attempt was made to de-center the slabs, and the side
boxing of the arch ribs, it was found that the swelling of the
timbers was such that this was not possible and it was necessary
to wait nearly as long as would have bcen necessary with
ordinary cement concrete before de-centering could be carried
out. This is a point which should therefore be carefully watched
in the design of the boxing by anyone who wishes to use rapid
hardening cement, and ample taper provided.

As the falsework was drawn through to its next position,
the -electricians worked on the installation of the main lights in
the hangar roof, and the Inspectors carefully looked over the
finish of the interior surface. In order to facilitate this inspec-
tion together with any cutting out or patching which was
necessary, a walkway was provided along the rear end of the
falsework at such a height as to be convenient for men working
P
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Fig. 7—Damaged roof slab and arch rih.
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to 9 ft. Below this layer, the material was a soft grey pug of
the consistency of soft putty, to a depth of 50 to 60 ft. below
ground level. Careful samples of all these materials were taken
by impressing them into a sharp-edged sampler which on with-
drawal was sealed at each end with a heavy coating of paraffin
wax. These sealed samples were then forwarded to the Engi-
neering School at Canterbury College, and were carefully ex-
amined and analysed as to their physical properties. It was
evident that it would be impracticable to found a building above
the Dblack vegetable material because of the variable thickness
of the stratum and the variable depth at which it occurred. In
any case the bearing properties of the overlying clay were very
poor indeed. The properties of the grey pug were examined and
the bearing capacity was estimated at about 300 Ibs. per sq. ft.;
moreover, the movement with variation of water content was very
considerable (a small sample scooped into the lid of a small iin
1% in. diameter and placed on the office desk shrunk on drying
over % in. on the diameter). It was evident therefore that founda-
tions for any permanent buildings would have to be taken to ihe
layer of dense sand which occurred below the grey pug at 50 to
60 ft. below ‘ground level. No other site was available, and this
procedure eventually had to be carried out at considerable extra
cost. Under the main footings, concrete cylinders were sunk,
the excavation being carried out by open grabbing. No particular
difficulties were found in sinking the cylinders, except after rain
when they would hold up quite considerably due to the consider-
able expansion of the country against the outer walls. Concrete
piles were driven underneath the more lightly loaded portions,
and it is significant to note that it was quite usual for a pile to
be driven to its full depth of 50 to 60 ft. in about 7 to 8 minutes.
The excavation at the base of the caissons was belled out to a
diameter of 7 ft. There was no difficulty with water, and the
base was sealed up with a concrete plug for the necessary depth.
The footings were then constructed over the tops of the
cylinders, in similar fashion to construction at Ohakea.

The only other point of special interest at Whenuapai was
the provision of a concrete trench around the rolled steel joist
ties. This has already been mentioned, together with the reason
for its adoption. Actually. however, quite apart from the struct-
ural necessity for this trench, the very great advantage of
cleanliness was such that the extra cost to the Contractor was
comparatively small, compared with the cost of timbering and
maintaining open trenches in that country.

The procedure followed at Whenuapai in regard to pre-
stressing was somewhat similar to that used at Ohakea, but the
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SLAB CUT AWAY BEFORE JACHING.

LIFTING JACKS. —a

\\//
" CONCRETE cuT AwAY.
)n/
g™
TWO GIRDERS 10 TON JACKS .

/

FORMWORK .

— REPAIRS TO ROOF.—

L |

amount of extension which was necessary was 2% inches, as
against 1§ inches at Ohakea, because, in this case no reliance what-
ever was placed on the carrying capacity of the concrete footings
and cylinders against Jateral thrust. After connecting the tie by
the insertion of the pin, the cooling and consequent contraction of
the steel gave rise to a compressive strain in the concrete strut
amounting t0 0.3 ins., over its whole length, indicating a value of

ou'ng’s.modulus for the concrete of about 24 million Ibs. per
$Q. . (ie. n=12),

Costs:

_The cost of the Ohakea hangars was abour £76,750 each,
whlle_the Whenuapai hangars, due to advances in costs of con-
struction, and to difficult foundations, cost approximately
£103,000.

These costs include very considerable sums to cover cost
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MAX. DEFORMATION APPROX, 2.-? ﬁ
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— DAMAGE TO RIB.—

of aprons, concrete floors, also workshop cranes and dope shop,
ventilating plant and other special equipment. N
The cost per square foot of nett area may not be of muc
value for estimating similar buildings, I?ecguse of the special
equipment and conditions, but for what it is worth it 1s given
below (Total area hangar and annexes—s57,400 sq. feet.).

Ohakea £1.33 per sq. ft.
Whenuapai £I.79 noonow

Damage to Roof Whenuapai Hangar: ) ‘

During the war an aeroplane under test crashed inio one oi
the hangar roofs. The engines fell through onto the floor, and the
1400 gallons of petrol exploded in the hangar. The force of
the explosion blew out the front gable sheathing, and some of
the windows, flames extending about 40 feet out of the building.

A rib was completely fractured about 30 to 35 it. above the
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hinge, the_damage extending over about 50 ft. of the rib The
slabs on either side were shattered to the extent of 1 ooo.sq ft
around two holes about 10 ft. in diameter. The,maxin&um'
defo’rrr?]anon fof the dl;ilmaged arch rib was about 2 ft. 6 ins. °
. € root generally, however, suffered no damage, the s'tru.c-
Ellélﬂee cat:_i(z)ifst‘mg itself to the new conditions of loading with small
The concrete was cut away com letel 1
and the sound sections remainizg wefe jacyk:(tl g;eckr l?nt?al(izrtllelreb‘;
?n arrangement as shown, the whole then being concreted against
ormwork suspended from R.S.Js. bearing against the adjacent
ribs. An internal steel scaffold was used to facilitate the work
Undoubtedly, an ordinary {iussed type of steel hangar
would have been completely demolished by this very severe hgt =
pening, and it is a most impressive object lesson of the»-vef d
great latent strength of this type of construction. o
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Discussion

MR. A. D. MEAD said the design of military structures
presented novel problems possibly all the more difficult begause
;l/lmlla’i" works constructed abroad were usually kept fairly secret
exgéllenlirlslglrut?:i his staff were to be congratulated on . their

Mr. Turner had apparently treated the questi i
load in a somewhat casual fashion, menticninqg ezsct:O];I)]ouondeWH::(:
square foot. Was that the horizontal wind pressure ? Wasp it
applied only on the windward side or all over the roof ? Wind
lpqu on ordinary pitched roofs created a pressure on the wind-
ward side and a suction on the leeward side usually greater than
the pressure on the windward side. That introduced rather
curious stresses into the ordinary type of roof truss. The wind
pressure of 20 pounds per square foot was quite a substantial
proportion of the total load. For a4 inch slab the dead load was
50 pounds per square foot. If there were a suction on the lee-
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ward side there would be quite considerable bending moments in
the rib during high winds, and it would have been interesting
if "Mr. Turner had added a wind pressure diagram and the

‘tesulting bending moment curve. Probably with the large size

of the rib the 1 per cent of reinforcing steel that he had allowed
would cover this. If one were to attempt to build a hangar of
these dimensions out of light lattice steel work with a light roof
covering instead of a solid slab, one might find the wind pressure
bending moments form quite a considerable problem.

‘MR. I. R. ROBINSON asked was the wind loading of
economic importance or did the fact that it was necessary to
design for splinter proofing make the wind loading' unimportant?

The shape of the hanger viewed from the front and from
the sides was very unusual. Did Mr. Turner know if any
experiments had been carried out in wind tunnels on what the
wind pressure was on such shaped structures ? It appeared that
the use of wind tunnels for such purposes would become. of
increasing importance in the future.

"MR. ]. F. BRUCE commented that Mr. Turner had
passed over rather hurriedly the point that it was not possible
toobtain structural steel. That point was much in evidence in
regard to Rehabilitation construction. No matter how important
or urgent a work little could be done until the designers came
to light with the quantities and specifications.

In the case of structural steel work it was impossible to
make a very successful forecast of steel requirements, whereas
with reinforced concrete one could quickly make an estimate of
the steel required and gain a very close idea of the approximate
amount of steel required from 1 inch diameter down.

MR. C. R. DAVIS, saying that Mr. Turner had stated that
the roof slab was not vibrated on account of its tending to slump
out-of place when there were no top forms, but that later iop
forms were put in place, asked whether the later work was
vibrated.

" MR.R. A.CAMPBELL, congratulating Mr. Turner on his
very fine design, said the saving in industrial buildings by adopt-
ing the arch form of design whether in steel or concrete, was
not always apprecialed. The cost had been given as £76,000.
Did 'that include the cost of design, and did it include a propor-
tion of the cost of the form work or not ?

+ Mr. Campbell sought clarification of Mr. Mead’s point
about the 20 pounds per square foot wind pressure. Recent
investigations in wind tunnels had proved that a structure of
the form of this particular hangar would result in suction over
thé whole of the roof, not only on the lee side. When designing
cértain hangars the speaker had been in touch with an engineer
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from the Old Country who had the latest figures on wind tunnel
experiments of the Natjonal Physical Laboratory at Home. They
had proved quite definitely that in Structures of that kind there was

surface there was a beautiful smooth flow. With two flat sur-
faces at an angle like the conver*ynal pitched roof the flow was
fairly smooth about half way up the windward side then a 'nass
of eddies all the way across. He would like to know if Mr.
Turner took pressure at one side and suction on the other, and
if so how much.
/
MR. TURNER replying, said that the wind pressure was
assumed to be from one side only and to give a pressure on the
one side and a negative pressure on the lee side. He did not

results of those, modified to suit the curved shape, the wind
diagram was drawn. It was certainly approximate but the
magnitude of the wind stress was comparatively unimport

effective compared to a flat surface, A similar sort of reduc-
tion was made in this case.

With regard to Mr. Robinson’s qQuestion, splinter proofing
was carried only to a height of 25 feet and it did not affect the
roof design at all. As a matter of interest the splinter proofing
was designed to resist a 500 1b. bomb exploded at 50 ft. distance.

In reply to Mr. Davis: In the first place the roof was rast
without top forms.  But what put the contiactor right off ihis
procedure was a heavy thunderstorm wheu he had partly finish-
ed the first section. There Was a terrible mess. After that he
provided top forms for about 30 feet or so from the caves.
Concrete was vibrated for the whole job, except for the roof
slab which was very thin.

As to the cost of designing: The total cost was £76,750 for
the Ohakea hangers and for Whenuapai £103,000. The latter
were founded on caissons and that accounted for the extra cost
to some extent although at that time prices generally had risen
between 5 and 10 per cent. perhaps about 10%. The Depart-
mental services for design and construction in the case of De-
fence works were a 5% charge on the total cost. The costs as
given included this Departmental charge,



