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PREFACE

Pres t ressed bearns  used in  1953 as  the  rna in  roo f  suppor t  fo r
200-by  500-warehouses  in  Cobourg ,  Ontar io ,  represented  an  ear ly  use
of prestressed concrete in Canada. I t  was because of this that the
contract included the requirernent th.at a ful l -scale load test to destruct ion
of one of the 100 f t  long prestressed bearns, cont inuous over three supports,
be rnade. The test was carr ied out by the Divis ion of Bui lding Research

at the request of Central Mortgage and Housing Corporation and Defence
Construct ion(1951)Lirni ted, act ing for the owners, the Departrnent of
Nat ional Defence.

Although the load test of  the prestressed bearn described in this
report  was carr ied out in 1953, the report  of  the results has not been
avai lable for publ ic distr ibut ion. The test results rnay have lost sorne of
their  news value because of the increased use and rnore widespread
knowledge in the art  of  prestressing today, but the tests have histor icaL
and engineering value. Because of this the results should be rnade
available for general distribution. Furtherrnore, it is thought that
cont inuous prestressed beams over three supports of 100-f t  length have
seldorn t ieen tested anywhere. The one tested showed that i t  could carry
rnore than 5] t i rnes the design load before fai lure. The study included
measurements of load-carrying capacity,  def lect ion and strains in
concrete and steel under a wide range of load condit ions.

The Division of Building Research is grateful to the rnany who
assisted in the execut ion of this project.  As the work progressed, the
co-operat ion of the Research Divis ion of the Hydro-Electr ic Power
Cornrnission of Ontario developed to such an extent that the project was
regarded as a joint venture. Throughout the work the staff of Central
Mortgage and Housing Corporat ion, the consult ing and designing engineers,
the general  contractors and the Departrnent of Nat ional Defence assisted
greatly and was rnuch appreciated.

Ottawa

M a r c h  1 9 6 5
Rober t  F .  Legget ,

D i rec to r
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\
MISE A L'ESSAI D'UNE POUTRE CONTINUE

t /
EN BETON PRE@NTRAINT

DE IOO PIEDS

Par

L. J. Marcon et W. G. Plewes

SOMrv[AIRE

On dGcri t  dane ce raPport  Ia mise i  l teeeai drune poutre

cont inue de I00 pieds (deux trav6es de 50 pieds) en forme d' I  et  en

b€ton pr€contraint au moyen de 56 f i ls dtacier t rbs eouplee ancr€s

gelon le eyetbme Magnel-Blaton. Plus de cent Poutree prEcontraintes

de ce type ont constitu6 les poutres principales pour la toiture de

quatre grands d6p6ts de I'intendance militaire b Cobourg dans I'Ontario.

La charge dressai a 6t€ appliqu6e aux pointe de panne au

moyen de onze v6rins hydrauliques de 50 tonnes fonctionnant contfe un

cadre de r6action de pont Bailey. On donrre le d6tail des plane et de

la construct ion de Ia poutre, Ia rn6thode dressai,  tes instrurnente

employ€s, Iee observat ions enregietr6es et on interprbte les

r6sultats obtenus. Les charges appl iqu6es b la poutre 6taient:  dee

chargernents syrn6tr iques et asyrn6tr iques sur les deux trav€es;

lressai du Code nat ional du bdt irnent ( I94I) ,  un essai de charge b

long terrne (28 jours) et une charge f inale de chargement stat ique

plus une surcharge de 5, '5.

On a 6tabti que la poutre aurait faill i aous etlviron eix fois

Ia charge calcul6e .  La capacitG de support  de charge des crochete de

panne de la poutre a 6galernent €t6 d6terrnin6e au lnoyen d'essais.



TESTS OF. A IOO.FT CONTINUOUS PRESTRE SSED

CONCRETE BEAM

by

+

L. J.  Marcon and W. G. Plewes

SUMIIIARY

This report  descr ibes the test ing of a I00-f t ,  cont inuous
( two 50- f t  spans) ,  r -shaped concre te  beam,  pres t ressed w i th  56  h igh-
tensi le steel wires anchored by the Magnel-Blaton systern. One hundred
and f i f ty- two such prestressed beams const i tuted the main roof beams
for four large Army ordnance warehouses at cobourg, ontar io.

The test load was appl ied at the purl in points by eleven 50-ton
hydraul ic jacks operat ing against a Bai ley br idge react ion frarne. The
detai ls of  the design and construct ion of the bearn, the method of test,
the instrurnents used, the observat ions recorded and an interpretat ion
of the results are given. The loads appl ied to the beam were syrnrnetr ical
and asymmetrical loadings of both spans, the National Building Gode
(f941) test,  a 28-day long-terrn load test and the f inal  load of dead load
plus 5. 5 l ive load.

The bearn was taken to have failed under about six times
the design load. The load-carrying capacity of the bearn's purl in
brackets was also deterrnined by test ing.

Forrnerly Research Off icer,  Divis ion of Bui lding Research,
Nat ional Research Counci l ,  Canada



TESTS OF A IOO-FT CONTINUOUS PRESTRESSED

CONCRETE BEAM

b y  L . J .  M a r c o n  a n d  W .  G .  P l e w e s

.H is to ry  o f  the  Pro jec t

In  1953 a  500- f t - long ,  200- f . t -w ide  warehouse was bu i l t  fo r
Defence Const ruc t ion  (195I )  L i rn i ted  a t  Cobourg ,  Ontar io .  The roo f  sys tem
involved 100 two-span cont inuous bearns which had or iginal ly been designed
to be of ordinary reinforced concrete construct ion. At the suggest ion of
the  cont rac tor  the  des ign  was changed to  p res t ressed concre te  and s ince ,
up  to  tha t  t i rne ,  p res t ressed concre te  had been l i t t le  used in  Canada,  th is
was sornething of an innovat ion. Also this conversion to so11e extent
dictated the size and shape of the bearns. For these reasons the owners
and their  inspect ion representat ives, Central  Mortgage and Housing
Corporat ion, asked the Divis ion to conduct a ful l -scale loading test on a
typical  girder" This the Divis ion undertook as a co-operat ive project with
the Ontar io Hydro. (The Research Divis ion of Ontar io Hydro had previous
exper ience in  tes t ing  pres t ressed g i rders  and were  fa rn i l ia r  w i th  the  prob-
Ierns involved in r igging, load appl icat ion instrurnentat ion, and test pro-
cedure .  Th is  exper ience was o f  cons iderab le  va lue .  )

Descript ion of the lMarehouse

The warehouse roo f  cons t ruc t ion  cons is ted  o f  p recas t ,  p res t ressed,
concrete girders at Zi- f t  centres spanning the width of the bui lding, and
precast,  reinforced concrete purl ins running in the longitudinal direct ion.
The g i rders  were  suppor ted  on  cas t - in -p lace ,  re in fo rced concre te  co lu rnns
at 50-f t  centres, thus forrning four 50-f t  bays across the bui ldi .ng width.
Across the f i rst  and second, and across the third and fourth bays two 50-f t
un i ts  were  pres t ressed together  to  fo r rn  two-span cont inuous  bearns  100- f t
long .

The g i rders  had an  I -shaped.  c ross-sec t ion  w i th  end b locks  a t
the  f ree ly  suppor ted  ends  (F igure  l ) .  The i r  depth  was 3  f t ,  except  fo r  a
l0-f t  length over the centre support  where haunching increased the depth to
5 f t .  The top and bottorn f langes were both 18 in.  wide, the web I  in.  thick.
Except on colurnn l ines, pur l in brackets at 8-f t  4- in.  centres were provided
to support  25-f t  reinforced concrete purl ins, which in turn carr ied the l ight-
we igh t  concre te  roo f  s labs .

On the colurnn l ines, rectanguLar purl ins 9 in.  by 32 in.  f rarned into
the cont inuous prestressed concrete bearns at the column heads. They were
seated in concrete pockets forrned. by block-outs at the ends of the prestressed.
girders, and to provide longitudinal r ig idi ty negat ive reinforcernent project ing
frorn the ends of the purl ins on ei ther side of the girder was welded together
and the pocket f i l led with cast- in-place rnortar.  e1l  other purl ins are sirnply



suPported on the

a depth of 23 in,,

3 in. The main

z-

bearn  brackets  and were  o f  a  T :shaped c ross-sec t ion  w i th

a width at the top flange of 9 in., and a web thickness of

sect ion propert ies are l isted in Table I .

Construct ion and Prestressing of the Main Bearns

The 50-f t  uni ts were cast at  a central  cast ing bed acjacent to the

warehouses. Cable ducts were forrned by rneans of rubber cores (Figure l ) '

The placing of concrete and rnoving of bearns at the casting bed was done by

travel l in g gantry cranes. After the concrete had reached a strength of.  41 000 psi

the 50-f t  uni ts were part ial ly stressed whi le st i l l  on the cast ing bed by rneans

of eight straight wires ( lowest dotted l ine in the longitudinal sect ion, Figure 1),

each being 0.276 in.  in diarneter.  This part ial  prestressing was suff ic ient

to overcorne the dead weight,  handl ing and erect ion stresses.

Before  erec t ion ,  two 24-w i re  cab les  100f t  long  were  inser ted  in

the longitudinal ducts in one of the 50-ft bearns. The 50-ft lengths of cable

protruding frorn the ducts at the haunched end were looped back and placed

on top of the bearn. After a pair of 50-ft units had been lifted to the top of

the colurnns, with their haunched ends rneeting over one column, the 4-in.

gap between the haunched ends was partially grouted in with a high-strength,

quick-sett ing expanding grout,  leaving a U-shaped gap to forrn a duct for the

prestressing wires. This duct was cont inuous with sirni lar U-shaped slots

in the ends of the 50-f t  bearn sect ions.

AJter sett ing of the grout,  the cables on top of the one bearn were

doubled back and inserted in the vertical slot in the haunch of the other bearn

and pulled through the appropriate duct. The bearn was then ready to be

tensioned. When the concrete had reached i ts specif ied 5000-psi  strength,

the cables were tensioned in pairs frorn one end and anchored by the Magnel-

Blaton systern. The required tension in the wires was checked by a

pressure gauge on the jack and by rneasuring the elongat ion of the wires.

To obtain in each cross-sect ion the desired l ine of act ion of the

prestressing force the lower 100-f t  cable was raised at the centre suppbrt .

Four l -in. diarneter pins were placed through the web of the beam to hold

the cable in this def lected posit ion (Figure 1).

The cable ducts, which extend to the top of the bearn near the

centre, were then fil led by gravity flow with a liquid grout to protect the

wires frorn corrosion and to obtain bond between the wires and the bearn.

Initially a sand cernent grout containing about l cuft of cernent, l cuft of

sand and 5 gal of water was used; but it was unsatisfactory because it did

not always fil l the full length of the ducts by gravity, probably as a result

of sand particles in the ducts. The rernaining spaces were later fil led by

pressure grouting with a liquid grout without sand.

In subsequent bearns a water-cernent grout proved sat isfactory.
The mix tu re  was 5  bags  o f  cement  to  Z7  ga l  o f  water .  For  the  cornp le te
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g rou t ing  o f  the  100- f t .beam about  30  bags  o f  cement  were  requ i red .
Inspec t ion  ho les  were  prov ided arong the  cab le  duc ts  bo th  to  check
grout ing and to act as air  vents.

Des ign  and Load Requ i rements

The beams were  des igned to  car ry  a  roo f  l i fe  load  o f .  4O lb /sq  t t .
The l i ve  load per  pur l in  amounts  to  8 ,  320 lb ,  and the  dead load o f  the  roo f
s t r u c t u r e  p e r  p u r l i n  i s  ? , 2 8 0  l b .  T h e  1 0 0 - f t  m a i n  g i r d e r s  w e i g h  a p p r o x _
imate ly  26  tons  each (Tab le  I I ) .

TESTING PROCEDURE

Genera l

In view of the fact that the test beam was rnade under normal
f ield condit ions and not under condit ions that could be cal led ncontrol ledr l
f rom a  research  po in t  o f  v iew,  i t  was  no t  cons idered tha t  the  pro jec t
warranted the extensive instrurnentat ion required for a co*pl l t .  strain
inves t iga t ion .  A  l im i ted  number  o f  s t ra in  n leasurements  were ,  however ,  rnade

the beam consiste.d of hydraul ic jacks
br idge un i t6  (F igure  Z) .  The met i rod
)eam and the react ion beam is shown
rpport  was f ixed, whereas both end

s u p p o r t s  w e r e  o n  s t e e l  r o l l e r s .

Loads

Test  loads  were  app l ied  by  means o f  e leven 50- ton  hydrau l i c  jacks
wi th  capac i t ies  approx imate ly  75  per  cent  g rea ter  than the  es t imated  requ i red
capac i ty  a t  fa i lu re .  The chosen type o f  jack  has  a  lock-nu t  a r rangement  tha t
was he lp fu l  fo r  app ly ing  sus ta ined loads  (F igure  3) .  A l l  pump un i ts  were
equ ipped w i th  p ressure  gauges ca l ib ra ted  ag l ins t  jack  toaa in  a  tes t ing
mach ine  (F igure  5) .  Load ce l l s  us ing  e lec t r i ca l  res is tance s t ra in  gauges wef  ep laced under  the  ends  and cent re  o f  the  beam to  measure  the  reac t ions  andto  serve  as  a  check  o f  the  over  -a l l  app l ied  load.  The load ce l l s  a lso  were
ca l ib ra ted  be fore  the  tes t  (F igure  4) .

Fu l l -sca le  read ing  on  the  o i l  p ressure  gauges on  the  pumps was
10,000 ps i ,  and d i f f i cu l ty  wa1 exper ienced in  app ly ing  smal l  loads  as  low
as 4 ,000 lb  per  jack  t *  o l l  because o f  the  . . .u ry  low pressures  to  be  used onthe  la rge  jacks .  very  good agreement  be tween the  jack  loads  and the  re -
act ions was, however '  obtained at loads equal to and greater than DL + LL.

Def lect ions

Deflect ions were reco_rded at-  each purl in point and at both ends,thus  g iv ing  a  to ta l  o f  I3  po in ts  (F igure  6) ;  th iee  methods  o f  measur ing
def lec t ion .  were  used.



. 4 -

The smal ler def lect ions of the beam under relat ively l ight loads

were  measured by  d ia l  ind ica tors  read ing  to  0 .001 in .  and w i th  a  range o f
I  in .  Gauge b locks  were  used to  ex tend the  range o f  ind ica tors .

Very f ine wires attached to the under side of the beam and passed
over a system of pul leys to a system of weights and a marking board at a
central  locat ion provided a means for measuring the larger def lect ions under
higher loads. This method has important advantages in that any progressive
def lect ion under load can be detected immediately and remote measurernent
i s  p o s s i b l e .

Further def lect ion readings to measure ar.y sett lement were made

with a precise opt ical  level l ing instrument at the ends and centre support  of
the  beam.  To check  any  poss ib le  la te ra l  ro ta t ion ,  d ia l  gauges were  p laced a t
the outer edges of the f langes at the ends and centre of the girder.  In addit ion,
two spir i t  levels were placed at the mid-span locat ions to indicate t ipping.

Stee l  S t ra ins

St ra ins  in  the  pres t ress ing  w i res  were  measured by  e lec t r i ca l
resistance strain gauges. In order to minimize the danger of damaging the
gauges as the cable was drawn through the ducts, i t  was decided to place
them a shgrt  distance from one end. The wires on which gauges were
Ioca ted  are  shown in  F igure  7 .

Concre te  S t ra ins

Dur ing  cas t ing ,  more  concre te  tes t  cy l inders  were  taken f rom
span B than frorn span A, so that i t  was decided to take the major i ty of
the strain readings on this half  of  the beam. Strains in the concrete were
measured by  e lec t r i ca l  res is tance s t ra in  gauges,  and,  as  a  check  on  the
s t ra in  read ings ,  by  an  8- in .  mechan ica l  ex tensometer  s t radd l ing  the  gauge
points (Metzger gauge).  The posit ions of the gauges are shown in Figure 6"

PROPERTIES OF THE TEST SPECIMEN

Genera l

The two 50-f t  uni ts that made up the 100-f t  cont inuous test beam
were  cas t  and tens ioned on  the  fo l low ing  da tes :

r6
z

r6
zr
l l

z5
30

6

February 1953
March  1953
March  1953
March  1953
May  1953
May  1953
June 1953
August  1953

Span B cast

Span B ini t ia l ly tensioned

Span A cast

Span A ini t ia l ly tensioned

First  at ternpt at f inal  prestressing

Final tensioning of beam completed

Beginning of test per iod

End o f  tes t  per iod
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Concre te  Data

The concrete rnix contained four bags of high early-strength
c e r n e n t ,  5 9 Z L b  o f  s a n d  a n d  9 Z B l b  o f  g r a v e l ,  o r  a  w e i g h t  r a t i o  o f  l : 1 . 6 7 2 ? . 6 5 .
The average slump was 1.8 in.  specif icat ions reguired a rninirnum
cornpress ive  s t rength  o f  5 ,000ps i  a t  seven days .  A t  the  t i rne  o f  tes t  the
cyl inder strengths were:

Span A

Span B

The concrete

than that in span A, but

Age of Cyl inders at

S tar t  o f  Bearn  Tes ts

106

r34

in span B had a slightly

the average strength for

Cornpre s sive

Strength

6 , 7 0 0  p s i

7 , 2 0 0  p s i

higher cornpressive strength

b o t h  s p a n s  w a s  7 , 0 0 0 p s i .

Modulus of Elast ic i ty of Bearn Concrete

The conversion of the concrete strain data to equivalent stresses
requires a knowledge of the value of the rnodulus of elast ic i ty of the concrete.
This value is not constant,  but var ies depending on several  factors, chief ly
the rnagnitude and sign of the stress ,  a1e of concrete, and previous loading
history of the concrete. A ser ies of colnpression cyl inders and concrete
core sarnples taken frorn the bearn were tested under di f ferent loads. Three
concrete cyl inders tested at the conclusion of the bearn test gave an average
E "  o f  5 . 4 x  1 0 6 p s i .  C o n c r e t e  c o r e  s a r n p l e s  ( 2 . 8  i n .  i n  d i a r n e t e r ,  5 . 6  i n .
high, ^gg Ll  rnonths) taken frorn a sect ion of span B gave an average E. of
5 .0  x  l0bps i .  F rorn  th is  ev idence 5 .  ?  x  7O6p" i  was  taken as  a  representa t ive
value.

Steel Data

The specif icat ions for the prestressing wire were as fol lows:

( i )  m in i rnurn  y ie ld  s t rength  (0 .  Z  per  cent  o f fse t )  160,000 ps i ,

( i i )  rninirnurn ul t i rnate tensi le strength ZI5,0O0 psi ,  and,

( i i i )  work ing  s t resses  no t  to  exceed 128,  000 ps i ,

The wire actual ly used for construct ion exceeded these minirnum
reqrirernents. The actual 0. ,2 per cent yield strength was in the neighbourhood
of 203,500 psi  and the ul t i rnate strength approxirnately z?9,40o psi .  The
rnodulus of elast ic i ty was obtained by test ing eight specirnens of wire. Both
electr ical  resistance strain gauges and the autornat ic strain recorder on the
test ing rnachine were used to obtain the strains. Both systerns gave an
a v e r a g e  E "  o f  2 7 . 8  x  I 0 6  p s i .
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PRESTRESSING OF' TFIE BEAM

General

No strain and deflection rneasurernents could be rnade during the

ini t ia l  part ial  prestressing of the 50-f t  uni ts because the bearns were received

for testing after this operation had been cornpleted. It was reported that the

tensioning of the lower eight 50-ft wires required an elongation of 3 in. and

that the average slip occurring during the wedging operation was I e in.

The bearn was ready for cornplete tensioning of the 100-f t  wires on

ll May. Upon tensioning the wires, however, it was found that abnorrnally

high pressures were necessary to obtain the required 6- in.  elongat ion. The

condition becarne so serious that it was decided to replace cornpletely the

100-f t  cables. The cause of the i rregular i ty was probably the twist ing of

the cable in the ducts. The test bearn, apparently, was the only one of the

152 bearns tensioned that showed such an irregular i ty.  A new pair  of  cables

was insgrted and new electr ical  resistance gauges had to be instal led.

On 25 May the new wires were tensioned without difficulty;

I ' igure 7 shows the sequence in whichthis was done. The sarne daythe

lower cable was raised by a jack and sling arrarlgerrlent and the location pins

were  inser ted .

Defle ctigns During Pre strej sigg

The .upward def lect ions of the bearn during tensioning are shown in

Figure 8; the rnaxirnurn recorded is 0. 15 in.

During the tensioning operation span A always showed a greater

upward deflection than span B. As the stressing was done frorn the free end

of span A, this condit ion was probably caused by the loss of prestress due to

fr ict ion along the cable duct that resulted in a srnal ler prestressing force

in span B. The di f ferdnce in def lect ion could also be attr ibuted to di f ference

in age, because span B was the older span. During prestressing there was

very little movernent at the ends and centre support, which lifted about

0.004 in.  The carnber behaviour iv i th t i rne could only be fol lowed for one

day, because erect ion of Bai ley test structure rnade the rernoval of  the dial

gauges irnperative. Figure 9 shows the tirne deflection curve for two sirnilar

points on the beams.

SteeL Strains During Tensioning of lQ0-f t  Tendons

During tensioning of the 100-ft wire tendons the difference in their

elongat ions before and after wedging was rneasured with a steel rule.  The

results are shown in Table I I I .  The sl ip var ied frorn t / t6 to t /Z in. ,  with

an average of l /8 in.  Sirni lar ly,  strains in the wires carrying electr ic

resistance gauges were recorded before and after wedging and the results

are tabulated,.n Table IV.
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In addition, readings were taken on all gauged wires after each
sandwich plate or eight wires had been cornpletely tensioned. The adjustrnent
of steel tension among the wires can be seen in Table V.

Strains in the wires during the first 4f days are also shown in
Figure 10, which indicates the effects of l i f t ing of cables, as wel l .  Eight
of the eleven gauged wires were tensioned higher than the 128,000 psi
st ipulated in the specif icat ions. The rnaximunr stress recorded was 156,000 psi ,
o r  7? I .5  per  cent  g rea ter  than 128,000 ps i .  Th is  rnax imurn  s t ress  is  77  per
cent of the average lneasured yield strength of.  ?03,000 psi ,  and 68 per cent
of the average ul t i rnate tensi le strength ot 229,400 psi .  The average steel
s t ra in  a f te r  f ina l  p res t ress ing  was 5 ,000 rn ic ro - in .  per  in . ,  o r  139r  000 ps i .
Th is  average measured s t ress  o f  139,000 ps i  i s  68 .5  per  cent  o f  the  y ie ld
point stress and 60.7 per cent of the ul t i rnate tensi le stress.

Unfortunately, the grouting of the cable ducts made the gauges
unstable for a period of two weeks and i t  was not possible to fol low direct ly
the loss of stress in the steel fol lowing prestressing. After a two-week
period the gauges again stabilized and new zeros were taken before the load
test prograrr! .

Concrete Strains During Tensioning of the 100-f t  Wires

Concrete strain readings were taken before, dur ing, and after the
tensioning of the 100-f t  wires. The concrete strain history of the beam is
shown in graphical forrn in Figure 11. Because of temporary rnalfunction
of the electric resistance gauge instrurnentation at this stage only the
rnechanical  extensometer readings were used.

The strain patterns for the sarne sections of spans A and B
(28-f t  rnark) are very sirni lar and serve as a good check on the readings.

The bottorn row of strain diagrarns in Figure I I also shows
theoret ical  strains obtained using an E. of 5.  z x 106 psi .  The rargest
var iat ion occurred at the l0-f t  10- in.  sect ion.

The dotted Line, C, in Figure l t  is the total  of  the theoret ical
design f igures for the dead weight of the bearn and 100 per cent prestress
of the eight 50-f t  wires, plus the rneasured strains due to prestressing of
the forty-eight 100-f t  wires. This last total  wi l l  be used for the discussion
of the final strain conditions in this report.

L o s s  o f  P r e s t r e s s

Frorn the day of prestressing to the day of the first load application
(37 days) the average concrete cornpression strain increase in the top and
bottom f lange was l1? rnicro- in.  per in.  This increase in strain from creep
and shrinkage represents a loss of.  2.3 per cent of the average steel wire
strain of 5,000 micro- in.  per in.  at  the t i rne of f i r la l  prestressing.
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The total average increase in concrete strains up to the final

day  o f  tes t ing  was 166 rn ic ro - in .  per  in . ,  wh ich  represents  a  loss  o f  3 '  3

per cent of the initial steel wire strain. This increase in strain is due to

continuing shrinkage and creep plus the residual plastic flow of the bearn

produced by the ?8-day test.

TEST PROGRAM AND LOADING SCHEDULE

In order to study the behaviour of the bearn under various loading

conditions the loading progranr in Table VI was carried out. In this report

dead load (DL) always represents the weight,of the roof structure, exclardinE

at is,  the weight of lhe Pu{l ins, igof-slabs

""d 
t""fi"g t-at"rtal* Lnstrurnent readings were taken before and after

the application of all load incrernents.

Natiogel Building Code

As there were no provisions in the Nat ional Bui lding Code (1941

edit ion) for tests on prestressed concrete structures, the cr i ter ia for loading

tests on reinforced concrete bearns were used. The Code specif ied that a

load equal to dead load plus t| tive load be left on the bearn for 24 hours a"nd

that the bearn have at least a'15 per cent deflection recovery in the ?4-}:oru.r

period following rernoval of the load. Deflection, and steel and concrete

strain readings were taken at regular intervals during and after load was

applied.

Asyrnrnetric Loadings

It was the purpose of this test to check the behaviour of the bearn

under various cornbinations of asyrnrnetrical loading, and it served also as

an additional rneans of cornparing the behaviour of each individual span under

load. The f i rst  ser ies of asyrnrnetr ical  loadings were increased to an

unbalanced load of DL + l LL only so as not to cause any permanent darnage

to the bearn. In the second series of asyrnrnetric loadings the load was

increased to DL + ZLL which resulted in cracking of concrete.

Twenty-eight Dav Sustained Load Test

The purpose of this test was to check the creep of the bearn under

long-terrn loading. A load of DL + l+LL was used. Strains and def lect ions

were read at regular intervals during the 28-day test and for several days

after the rernoval of load.

Ultirnate Load Test

In the ultirnate load test the bearn was subjected to a load of

DL + SLI-[ without cornplete failure. At this point one of the jacks becarne
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displaced because of a broken shackle bolt .  This displaced the ent ire test
get-up. The bearn sprang back and regained i ts or iginal  posi t ion, again
without corrplete failure. The slipping of the jack actually subjected the
bearn to a severe i rnpact test,  for i t  resulted in the alrnost instantaneous
unloading frorn DL + St t- t - .  There was no ser ious structural  fai lure apparent,
al though cracks appeared in the top f lange at mid-span. These cracks were
probably the result  of  the upward spr inging of the bearn.

After considerat ion of al l  factors i t  was decided not to rearrange
the ent ire test set-up for the purpose of breaking the darnaged bearn. Tests
were conducted on the strength of the purlin seats before the bearn was finally
broken up and rernoved.

Although the rnaximurn test load applied was DL + 5. 5 LL, the slope
of the load def lect ion curve (Figure 7Zl at  DL + 5.25 LL indicates t lnat the
bearn was very close to its ultirnate failure load. The final incrernent of
load frorn DL + 5.25 LL to DL + 5.5 LL was quite di f f icul t  to apply because
constant purnping produced a large increase in def lect ion but very l i t t le
increase in load. Cracking was also very far advanced at DL + 5.5 LL. At
DL + 5.5 LL a crack at the 3l- t t  6- in.  sect ion of span B had advanced into the
top f lange of the bearn. Based on the above observat ions i t  can be assurned
that the bearn could not have supported another 0.5 LL incrernent of load, the
probable ul t i rnate fai lure load frorn DL + 5. 5 LL to DL + 6.0 LL.

DEF'LECTION BEHAVIOUR DURING TESTING

Svmrnetrical Loadings

The cornplete deflection data obtained frorn the wire and pulley
systern are plotted in Figure 13. This f igure gives the def lect ion pattern
up to the last rneasured readings. Readings were not avai lable for
DL +  5 .5  LL  because the  jacks  becarne d isp laced jus t  as  th is  load was
reached. For a rnore accurate picture of def lect ion see Figure 14, which
is a plot of  def lect ions up to DL + 3.0 LL obtained frorn dial  gauges.
Corrections have been rnade for rnovernent at the ends and centre supports.

up to DL + l .  5 LL span A showed the larger def lect ion. For
DL + Z LL def lect ions for the two spans were almost equal and for loads
larger than DL + Z LL span B showed the larger def lect ion. This behaviour
was a lso  ev ident  f ro rn the  c rack ing  pa t te rn .  Upto  DL +  ? .0  LL  there  was
no indicat ion of which span was l ikelyto fai l  f i rst ,  but at  DL + 2.5 LL and,
DL + 3.0 LL the cracking pattern indicated that i t  wourd be span B.

Figure 12 is the load def lect ion curve for the bearn at posi t ions
9 and 10. I t  is a typical  curve for a prestressed. concrete bearn consist ing
of two portions, the straight line followed by a curved line, which becornes
progressively steeper.  Cracking occurs at or about the junct ion of the two
port ions of the curve. During th.e 28-day test the bearn cracked at the top
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of the centre support  under a load of DL + t+LL. This crack opened up

on reapplying DL + 1LL. The straight l ine port ion of the curve starts to

curve  in  the  DL +  1 .0  to  1 .5LL range.  The s teep s lope o f  the  curve  a t

DL + 5.25LL indicates that the bearn was near i ts ul t i rnate load. The

rnax i rnum def lec t ion  recorded fo r  DL +  5 .Z5LL was 3 .29  in .  a t  gauge l0

o n  s p a n  B .  ( i .  e .  a b o u t  1 / 1 8 0 )

The arnount of rnovernent at the ends and centre support was

rneasured by dial  gauges. The centre support  always sett led during

app l ica t ion  o f  load  by ,about  0 .20  in fo r  loads  up  to  DL +  3LL,  inc reas ing

t o  0 . 3 4  i n .  a t  D L  +  4 i L L .

The end of span A had a downward rnovernent of about 0.06 i4. .tp

to DL + 3.0 LL and then started to l i f t  wi th increasing load. At DL + 3+LL

the l i f t ing had increased to 0.76 irr .  and had to be corrected by adjust ing the nuts

on the tie rods. With increased loading the upward deflection rernained at

about 0.30 in.  The end of span B had a constant upward def lect ion of about

0 . 0 3  i n .  u p  t o  D L  +  ? , L L ,  i n c r e a s e d  t o  0 . 0 9  i n .  f o r  l o a d s  u p  t o  D L  +  4 L L ,

and at a load of DL + 4+LL increased to 0.30 in.  and remained there unt i l

the end of test.

The deflection readings obtained frorn the wire and pulley system

and the dial gauge systern agreed quite closely, the rnaxifirurrr variation being

5 per cent,  with rnost readings closer to 2 per cent.

The def lect ions of the bearn for the sarne load increased after

the bearn had cracked. This is clear ly shown in Figure 15. For loads less

than DL the curves are actual ly reversed, but this is probably due to

inaccuracies in applying the low loads resulting frorn ternperature and

hurnidity effects. The increase in deflection with the nurnber of load

appl icat ions becornes obvious for loads greater than DL + 1LL. For the

two gauge posit ions shown on the graph, the increase in def lect ion is

approx i rna te ly  0 .03  in .  fo r  loads  up  to  DL +  ZLyLL and increases  to  0 .10  in .

at DL + 3+ LL.

Cornparison of Actual and Theoret ical  Def lect ions

, 
In Figure 16 the calculated and rneasured def lect ions for a load

of DL + l  LL have been plotted" The values were obtained frorn the design

ca lcu la t ions  fo r  100 per  cent  and B5 per  cent  p res t ress .

The rnaxirnurn calculated def lect ion at t ]ne 3Z-f t  mark (0. 155 in.)

at 100 per cent prestress was 75 per cent of the actual rneasured def lect ion

(0. 206 in.  )  (average of spans A and B) and 84 per cent for the calculated

def lec t ion  a t  B5 per  cent  p res t ress  (0 .173 in .  ) .  Seven f t  f rom the  cent re

suppor t  the  ca lcu la ted  de f lec t ion  a t  100 per  cent  p res t ress  (0 .005 in .  )  was

20 per  cent  o f the  ac tua l  rneasured de f lec t ion  (0 .025 in . )  and 32  per  cent  o f

the  ca lcu la ted  de f lec t ions  a t  85  per  cent  p res t ress  (0 .008 in .  ) .  These
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'd i f ferences 
appear to be due to an overest i rnate of the st i f fness of the

haunched section.

Deflections During National Building Gode Test

The deflections of two identical points on spans A and B are

plct ted in Figure 1? for the Nat ional Bui lding Code test.  I rreguLari t ies in

the def lect ion curve are due to stress redistr ibut ions in the steel cables and

the effect of changing ternperature and hurnidity. The increase in deflection

during ttre } -hour load period was l? per cent for span A and 9 per cent for

span B. The irnmediate deflection recovery for span A on removing load

was 88 .8  per  cent  and increased to  93  per  cent  in  1 .5  hours ;  the  respec t ive

percentages for span B are 93.5 and 98. 5 per cent.  The bearn, therefore,

passed the required rninirnum def lect ion recovery of 75 pet cent.

Def lect ions During the 28-dav Test

The deflection history of gauges 9 and 10 on sPan B during the

28-day test is shown in Figures 18 and 19.

The irregularities in the deflection curve are the result of

ternperature and hurnidity changes at the test site, strain redistributions

in the bearn, and the adjusting of the hydraulic jack pressures due to creep

in the beam. The instantaneous deflection upon applying DL + 1| t L was

0.258 in.  and increased to 0.384 in.  or 49 per cent in 28 days. The irnmediatd

def lect ion on rernoving load was 0. 128 in.  or a recovery of.66.6 per cent.

During the 5-day recovery period the def lect ion decreased to 0. 095 in.  giv ing

a total recovery of. 75.2 pet cent. Sirnilar deflection patterns were obtained

for all other deflection gauges. The tirne and sequence of rise and fall in the

curve are the sarne as those of the concrete strains during t}:.e 28-day test

(Figures Z0 - 231.

Deflection of Bearn During Asvrnrnetrical Loadings

The deflections of the bearn under asyrnrnetrical loadings are

pJ-otted in Figure 24. The graph shows that the deflection behaviour of the

two spans was very sirnilar. Deflections of the bearn under asyrnrnetrical

Loadings,of DL and DL + I LL are alrnost exactly the sarne. The rnaxirnurn

difference occurred in the span loaded with DL during the asyrnrnetrical

loadings of DL and DL + f . 5 LL. This difference rnay be due to difficulty

in stabilizingtll.e hydraulic jacks as a result of uplift of the span.

During the asymrnetrical loading of DL and DL + 2,.O LL the

rnaxirnurn downward and upward def lect ions were 0.511 and 0. I76 in. ,

respectively. The rnaxirnurn deflection under a syrnrnetrical load of
D L  +  2 . O  L L  w a s  0 .  3 3 0  i n .
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CONCRETE AND STEEL STRAIN BEHAVIOUR DURING TESTING

Syrnrnetrical Loading s

The concrete strains recorded during t}re syrnrnetrical loadings

are plotted in Figure 25. These values represent averages of al l  readings

obtained frorn the particular points.

Strain diagrarns at the 10-f t  l0- in.  sect ion and 39-f t  eect ion are

plotted up to DL + Zt t ' l -  and DL + 4LL, respect ively.  Readings were

discontinued at this point because strains had exceeded the range of the

rnechanical  extensorneter.  The incrernents in concrete strain at the 10-f t

l0- in.  sect ion are quite srnal l  because of smal l  bending rnornent atthat

section near the point of inflection.

The strain diagrarns at the Z8-ft section of span B (4 ft from

location of rnaxirnurn bending rnolnent in span) show the effect of cracking.

AtDL + 2LL the lower f lange had a compressive strain of l0 rnicro- in. / t r , .

At DL + Z+ LL the bearn had cracked at this location and gave an extrernely

large strain teading as shown. Sirnilar behaviour was recorded at the Z9-ft

sect ion of span A.

At the I  - f t  6- in sect ion the cracking occurred at DL + 3. 0 LL, a

loading condit ion at which (according to the strain diagrarn, Figure 1l)

there should st i1l  be conrpression in the extrerne top f ibre" The reason for

this discrepancy is probably the rnagnitude of calculated stress due to

prestressing of the eight 50-f t  wires. Theory assurned uniforrn stress

across the l - f t  6- in.  sect ion, which was only I  f t  4 in.  f rorn the end

anchorages of the 50-ft wires. To rnake the strain diagrarn agtee with the

tensile strain in the top fibre that rnust have been present to produce cracking,

the cornpressive strain in the top flange (dotted line) would have to be

reduced cons iderab ly  so  tha t  DL +  3 .0  LL  c rea tes  tens ion .

A11 strain diagrarns up to a load of DL + 2.0 LL were in cornpression,

DL + 2.5 LL being the f i rst  load to produce tension at the two 28-f t  sest ions.
A cornparison of strains rneasured by extensorneter and electr ical  resistance

strain gauges is rnade in Figure 26.

Theore t ica l  S t resses

The theore t ica l  s t resses  o f  the  bearn  fo r  var ious  load cond i t ions

are  p lo t ted  in  F igure  ?3 .  Due to  the  s rna l l  loss  in  p res t ress  (2 .3  per  cent )

the theoret ical  stress diagrarns with 100 per cent prestress should be used
for comparison with rneasured strains. As the ini t ia l  concrete strains in the
bearn were unknown, the best means of cornparison is the strain and stress
diagrarns due to DL + I LL (Figures 25 and 271. This cornparison again
leads to the difficult problern of the rnodulus of elasticity of concrete. The
E. necessary to rnake theoret ical  stresses agree with the experirnental
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s t ra ins  va r ies  f ro rn  9 .0  to  3 .8  x  106  ps i ,  w i th  an  ave rage  E"  o f  6 .3  x  106  ps i .

This degree of variat ion rnakes diff icult an accurate cornparison of stresses

and strains.

C on cr ete Str ain s Due t o jls vrnrnetric al _Lo ading s

In Figures 28 and 29 th.e concrete strains due to asyrnrnetrical

loadings are plotted. In Figure 28 t}re concrete strains of span B loaded with

constant DL are shown for DL plus various incrernents of LL on span A.

In Figure 29 the concrete strains frorn span B loaded with DL plus incrernents

of. LL (with DL only on sparl A) are plotted.

In the span loaded with DL plus incrernents of LL the first crack

due to asyrnrnetrical loading occurred at DL + Z LL at the 28-ft section of

span B, as is shown in the strain diagrarn. A syrnrnetr ical  load of DL + 2.5 LL

later reopened this crack. As expected, the asyrnrnetr ical  loading produced

larger concrete strains than the equivalent syrnrnetrical loadings at t}:.e 39-and

28-f t  sect ions. At the Z8-f t  sect ion the asyrnrnetr ical  loading up to DL + 2.0 LL

produced a change in cornpressive strain of.32O rnicro- in. / i r ,  .  in the top f ibre,

whereas the change due to the syrnrnetrical loading of DL + 2.0 LL was

?L5 rnicro- in. / in.  At the l - f t  6- in.  sect ion the change in concrete tensi le

s t ra in  due to  DL +  Z .O LLwas 235 and 190 rn ic ro - in . / in . ,  respec t ive ly ,

for syrnrnetrical and asyrnrnetrical loadings.

In the span with a constant load of DL no cracks were observed.

The larger changes in strain in this span occurred at the 10-f t  l0- in.  sect ion,

which under syrnrnetrical loading was the location of the Least concrete strain

changes.  The concre te  s t ra in  changes,  A ,  a t  the  1- f t  6 - in .  and l0 - f t  I0 - in .

sect ions increased with loading on the opposite span, whereas the concrete

strains at the 28- and 39-f t  sect ions decreased. The concrete strain changes

due to increasing load at t}re 39-ft section were too srnall and irregular to

pick up with the strain gauges. A11 strain diagrarns A and B in the dead load

span were coffrpressive at the rnaxirnurn recorded asyrnrnetrical loading of

DL and DL +  l .  5  LL .

Concrete Strains During National Building Code Test

The tirne-strain curves obtained for the National Building Code

test follow a pattern sirnilar to the tirne-deflection curve shown in Figure l?.

The avepage increase in concrete strain after application of the full load

was 12.5 per cent whereas the average increase in def lect ion was l3 per cent

The arnount of concrete strain recovery was sirnilar to the deflection behaviour.

Concrete Strains During the 28-dav Test

For the 28-day test, only the rnechanical extensorneter readings

were used in order to avoid possible zero dr i f t  with t i rne in electr ical

res is tance s t ra in  gauges.
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Typical  histor ies of the concrete strains during the 28-day

test are shown in Figures Z0 - ?3. The f igures present strains at the 28- and

1-f t  6- in.  sect ions of span B, the sect ions closest to the rnaxirnurn posit ive

and negat ive  bend ing  rnornents .  S t ra in  gauges CM 3 ,4 , I1  and lZ  a re  in

reg ions  o f  inc reas ing  cornpress ion  w i th  load,  whereas  CM 5 ,6r9  and l0  a re

in regions of decornpression with load. Table Vl[  shows the percentage

changee in concrete strains during and after the 28-day test.  The concrete

stresses calculated frorr :  the strain diagrarns in Figure ?5 are 'also tabulated.

The s t resses  a t  CM 9  and GM l0  a re  p robab ly  rnuch c loser  to  zero  s t ress ,

as explained previously.

The cornparison of strain and def lect ion percentage changes in

Tab le  V I I  shows tha t  s t ra in  gauges CM 3 ,4 ,11  and l2  represent  the  de f lec t ion

behav iour  more  c lose ly  than those a t  CM 5r6 ,9  and 10 .  The reason fo r  th is
behav iour  was probab ly  the  h igher  s t resses  a t  CM 314,  l l  and  12 ,  wh ich  in

tu rn  wou ld  show la rger  changes.  The s t ra in  recovery  a t  CM 5 ,6 ,9  and l0

was higher,  due probably to srnal l  stresses present at the gauges"

Steel Strains in Wi.res During Loading

The actual initial strain in the steel wires during the loading
schedule was not known due to the effect of the grouting operation on the
gauges. Zero readings were taken on each wire pr ior to each loading and
were repeated after appl icat ion of each load. The di f ferences between these
readings for s ix typical  wires are plotted in Figure 30 for the last three
l o a d  s e r i e s .

Wires 3, l5 and l9 showed a very i rregular strain pattern because
of their  posi t ion above or close to the centroid of the bearnts sect ion. Wires
31, 35 and 47 fol lowed a l inear strain pattern, as can be seen in Figure 30.

The rnaxirnuln recorded increase in steel strain ( in wire 4?) was
92 x  10-6  i r . . / in .  a t  a  load o f  DL +  4 .5  LL .  Th is  inc rease represented  on ly
1.9 Per cent of the initial steel strain irnrnediately after cornplete tensioning.
Larger increase, however,  would have been obtained i f  steel  strain gauges
had been located at the position of rnaxirnurn rnornent.

CONCRETE CRACKING DURING TESTING

Syrnrnetrical Loading s

The first visible crack was noticed on the 5th day of t1ne Zg-day
sustained load test.  A hair l ine crack appeared in the upper part  of  the
vert ical  jo int  at  the centre support .  This crack increased in length frorn
l3 in.  (when f i rst  not iced) t9 2l  in.  at  the end of the Z8-d.ay test.  I t  reopened on
applying qL + I  LL. The f i rst  crack in the zone of posi t ive mornent occurred
at DL + Z+ LL at the 3l-ft 6-in. rnark on span B, and had already appeared during
asyrnmetr ical  loading of DL + Z LL. Cracks also occurred on span B in the
lower flange at the 25- and 34-ft rnarks. No cracking was noticed in span A.
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At DL + Z 3/ 4 LL the lower f lange of span A started to crack
at 32 f t .  The load of DL + 3 LL increased the length of exist ing cracks

and produced an additional crack at the Z8-ft rnark in the lower flange of span A.
This load also produced further cracking in the top f lange near the centre
support .  Span A had a crack 15 in.  deep at the 3-t t  6- in.  rnark, whi le the
crack in span B occurred at the 3-f t  rnark and was 20 in.  deep. Further

loadings increased the extent of exist ing cracks and produced the crack
pattern shown in Figure 31. The largest crack observed before the jacks

were displaced was at the 31-f t  6- in.  rnark on span B and would probably have
been the locat ion of ul t i rnate fai lure. No visible cracks were not iced near
either end of the bearn. At the rnaxirnurn applied'load of DL + 5.5 LL the
beam had almost reached its carrying capacity; continuous purnping of the
jacks produced very l i t t le increase in load and cracking was very advanced.

The sudden unloading of DL + 5.5 LL caused the bearn to spr ing up
with such force that cracking occurred in the top f lange at t lne 24-,  Z8-,  3f  .5-
and 35-f t  posi t ions of span B. This sudden unloading also caused. cracks to
extend the full depth of the bearn at the centre support, as is shown in
F igures  32  and 33 .

These cracks occurred at the joints forrned between the precast
bearns and the grout used to f i l l  the 4- in.  gap at the centre. Their  presence
was one of the reasons for not continuing the test after the jacks kicked out.
Further d.etai ls of  cracks are shown in Figure 34.

Cracking During Asvrnrnetrical Loading

An asyrnrnetr ical  load of DL and DL + Z.O LL produced cracking
in the span loaded with DL + z.o LL (span B).  The concrete could be
heard cracking during the appl icat ion of this load. The f i rst  crack occurred
at 28 f t ,  fol lowed by two other s at 25 and 3l  f t  6 in.  The crack at zg f t
occurred between the two strain gauge points at t]nat location"

No cracking occurred in span A during the asyrnrnetrical loadings,
but the above cracks reopened on applying a syrrrrnettical load of DL + 2.5 Ll-.

END AND CENTRE REACTIONS

Syrnrnetrical Loading s

The total  appl ied load calculated frorn the hydraul ic jack pressures
and the load calculated frorn the eight load cells varied by about 3 per cent.
Greater variations were obtained for loads lower than and including DL
because of the di f f icul ty of reading low pressures on a high-pressure gauge.
Greater var iat ions also occurred at the f inal  load of DL + Sf,  Lt  ,  which rnay
be due to bending in the end load cells.

The centre support  carr ied an average of 70 per cent of the total
load, with the rernaining 30 per cent divided evenly between the two end
react ions. The percentage of total  load carr ied by the centre support  was
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constant throughout syrnrnetrical loadings, the rnaxirnurn variation being

about I  per cent.  Knowing the end react ion and centre support ,  i t  was

possible to calculate the accurate bending rnoment diagrarn for the bearn

(F igure  35) .

Asvmrnetrical Loading s

Larger di f ferences occurred between loads calculated frorn load

cells and hydraulic jack pressures during the aqyrnrnetrical loadings than

during the syrnrnetrical loadings. The reason was probably the effect of

the rotation of the bearn at the centre support upon the load cells where there

v/as no roller. Table lfrTT slr6q7s the average load and percentages of total

load at each react ion for the var ious load cornbinat ions.

During the various load cornbinations the percentage of total

load at the centre support rernains roughly constant, with the greatest changes

occurr ing at the end react ions. Percentage increase and decrease of the

end reactions are not uniforrn with increase in 1oad. At the asyrnrnetrical

loading of DL and DL + ZLL the reaction at the end of the dead load span

was only l .  6 per cent of total  load. Under this load al l  def lect ion points

in the dead load span showed an upward displacernent. It was this Load that

produced cracking in the span loaded with DL + Z LL.

PURLIN BRACKET TESTING

Initially it was planned that the bearn would be loaded through the

purl in brackets rather than on the top f lange, as this would represent the

actual loading conditions in service. It was later reasoned that if the brackets

had failed before the bearn itself, the darnage rnight have been sufficient to

prevent further loading of the bearn. This would ha.ve been undesirable, since

the rnain purpose of the test was to check the behaviour of the bearn under

load, not the behaviour of the purlins.

The purl in seats were loaded with the yoke arrangerr lent shown

in  F igure  36 .  Two pa i rs  o f  sea ts in  span A were  tes ted .  The f i rs t  pa i r ,

f  6 f t  8 in.  f rorn the centre support ,  carr ied a load equivalent to DL + 4.0 LL

before any cracking occurred. The concrete in this area had been cracked

due to pr:evious test loads.

The purl in brackets at the 3T-f . t  8- in.  sect ion were in a region of

uncracked concrete and showed no signs of weakness due to previou.s test

loads. The f i rst  crack occurred at DL + 9. B LL, which resulted in a drop
in the jack hydraul ic pressure" The purl in brackets were loaded to the
capacity of the jack, 58 tons or DL + 13 LL producing the cracking shown
in Figure 37. Further purl in bracket test ing was considered unnecessary.

GROUT INSPECTION

To be rernoved frorn the test area the bearn had to be broken into
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several short sections by a pneurnatic chipper and a cutting torch.

No visible sl ipping of the wires and no vis ible drop in the b arn
occurred when the anchor plates at the end of span A were burnt of f .  This
indicates that the bond was sufficient to transfer the cornplete tensioning
force. Exarnination of the ducts at the ends of the cut sections revealed that
al l  the wires were surrounded by grout.  There was, however,  a srnal l
narrow sPace between the grouted cable rnass and the concrete edges of the
ducts as a result of grout shrinkage. The rnaximurn width of this space was
about t /  t6 in.

CONCLUSIONS

l. Although the loading systern failed before the ultirnate failure
load of the bearn was reached, the indications were that it would have failed
cornpletely at a load approaching DL + 6.0 LL.

2. The load factor at the
Bearn wej lght *  DL * 5.5 LL. _
B e a m w e i g h t + D L +  l  L L

rnaxirnurn load reached

294 .5 ^7
rL4 .6  

-  u '  J

in the test was

3. The factor of safety at f i rst  crack over the centre support  was
l .  5  a n d  i n  t h e  s p a n ,  2 . 5 .
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TABLE II

MAGNITUDE OF TEST LOADS

Dead Load (Roof Structure)

Live Load (Snow Load)

37 .4  psf .

40 .0  ps f

Descript ion of Load Lu/sq Ft Load Per  Jack

( lb)

Total Load

( tons)

Dead load of roof Structure

Dead load * j  l ive load

DL+  1  LL

DL+ I .5LL

DL  +  Z .O  LL

DL  +  2 .5  LL

DL  +  2 .75  LL

DL  +  3 .0  LL

DL  +  3 .5  LL

DL+3 .?5LL

DL  +  4 .0  LL

DL  +  4 .25  LL

DI ,  +  4 .5  LL

DL  +  4 .75  LL

DL+5 .OLL

DL  +  5 .25  LL

DL  +  5 .50  LL

37 .4

57 .4

77  . 4

97  . 4

t t 7  . 4

137  . 4

r47  . 4

157  . 4

r77  . 4

187 .4

r97  . 4

zo7 .4

zr7  .4

?27  . 4

237  . 4

247  . 4

257  . 4

7 ,780

I  1 ,  940

16 ,  100

z0  , 260

24 ,4ZO

28 ,580

3 t , 660

32 ,740

36 ,900

38 ,980

41  , 060

43 ,140

45,220

47  , 300

49 ,380

5 l  , 460

53,  540

42 .7

65 .7

88 .6

111 .4

r34 .3

t57 .  I

174 .1

180 .  I

202 .9

214 .4

225 .8

237  . 3

248.7

260.  L

27 t . 6

283.  O

294 .5



\O \O \O \O \O
d

$ @ \ \ N @ \ \ ( \ l \ ( \ r @ \
\ \ . ( r ) c q \ \ H t o \ \( n C - r r )

l r t l t t t t l l t l
ro ro l.n to rn ro u) ro ro ro t.n Ln

\o
d

$ r @ \ t r \ S
\ | r ) \ .

(f) r- (f) (f)

t t t t l
\O \O \O \O tn rO \O LO \O \O tO tO

r d r c r  , o € d ' d d d € E r d , c '
H H d H E g d g g d g H
d d d d d d d d d d d d

r o F - o ( f t l . n D - o F { ( f ) r r ) F -
N N N (f) (f) (f) (fi (f) 

$ { <{ {t

o
('}
o

J

0)

Ir

o
0)
${

F
+)
lH

I

O

o

+t
.c
bo

a)
I

>.
+)
H

rH

(l)

€
(H

o
b0

rl= .
Y q )
U ) t s
d . 5
o t +
* c d

9*
td
h o 9
t 5

. d . $
h- { €
# ' q )

E O
g'd
- { g

6 c )
d + '
o o )
F t {
H 0 )

o F
c
.e3
t . t
PF
o o

(n
O - t

q ) d
. { O
+ r ( )

o p
k a
d ( )

H

b P .
; . - l
v =

O U
. o t
?d .d

x ' o
i'r C)

J r d
5 l +

. o o
d O

H O )- h

q)

h
(d

a
()
h

F

h0

o b o

5T
mF

u
z
t{

u
a
H
F
o
E{

f.l
D
a
q

z
o
H

F.t
H

Ftu
q6
H l

l_{

2 f"l\
F{ F'l

il
FI

F
,l
r4
f,l
F{
0

z
H

t )
t'l
a
a
o
,l

\ 0 6 O N < r \ O o o c ) N . f \ O @
N N c f ) c q c o ( f t ( f ) $ $ $ + +

d
z
c)
lr

F

(r)
o

"1

\O \O \O \O \O \O \O \O
.il F{ d| ,-{

\  \ \ . \  \ \ \ \ . \ - \
cfl (f) Ft I (n cq' f) co-

r t t t t l l t l r
\O \O \O \O \O \O \O \O \O \O \O

\O \O \O \O \O \O
+ $ o o < r $
\ \ . \> \  \ \ \ \ \ \

l l l l t t r l t t r
\O \O \O \O \O \O \O \O \O \O \O

bo
t { C

3 '60

N S \ O O c l N d t \ O @ O N $z
o
k

F
! r d q € € r d r d € € t r d dq q q q q E ( H H H d n
( d d ( d d d d d d d d d d

( f ) roF-o .= : :5g f tR



STEEL STRAINS

TABLE IV

BEFORE AND AFTER WEDGING OF WIRES

Wire No.

3

7

t l

15

r9

23

27

35

47

557L

50g l

5?ZA

5258

4964

475L

4950

455r

475L

5508

sQA2

5190

5258

4905

47?E

4998

4583

4836

Stee1 Strains

Prior to After
lffedeine l4tedqine

Difference

In Strains

-63

_89

-30

0

-59

-26

+48

+32

+85

A11 straine in micro-in. per in.
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Date

TABLE VI (Contrd)

LOADING SCHEDULE (Conttd)

Load Load

Series Nurnber Load

ASYMMETRIC LOADING

August 5 9

August 5

Span A

DL

DL + * t-t-
DL+1LL

DL + tt t-t-

DL
DL
DL

DL
DL

Span B

DL

DL
DL
DL

DL

DL+  * I . t -
DL+1LL
DL + t| r.r,
DL+  ZLL

10

9.  I

9 .2
9 .3
9 .4

t0 .  I
r0.  z
10 .  3
t0 .4
10 .  5

August 5

August 6 r2

August 6

SYMMETRICAL LOADING

t t .  r
L I .  Z
I1 .  3
LT .4

11 .5

11 .  6

LZ .3
t2 .4

LZ .5
rz .6
LZ .7

rz .8

13 .  3
13 .5

r3 .6
13 .  8
13 .  g

13 .  10

14 .  g

14 .  I 0
14 .  11

14 .  t ?
t4 .13
T4 .14

t4 .  L5
14 .  16
T4 .  T7

DL

DL+ i rL
DL+  I  LL
DL+r l LL
DL+  ZLL
DL + Z* t-l-

DL+  I  LL
DL+ t l r t
DL+  ZLL
DL+  Z* t t
DL + z 3/4 LL
DL+  3LL

DL+  I  LL
DL+  2LL
DL + zi l-t-
DL+3LL
DL + Ei l-l-
DL+  33 /4LL

DL+  Z i t L
DL + 3 3/4 LL
DL+  4LL
DL+ +!u
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PERCENTAGE

DURING

TABLE VII

CI{ANGE IN

AND AFTER

CONCRETE STRAINS

ZB -DAY TEST

Concre te  S t ress

At Gauge psi

Strain Increase

Ir1 28 Days (%)

cM3

cM4

cM5

cM6

cM9

cM 10

cM 11

CM I?

I  700

r  600

450

360

420

420

I  100

I  100

Total  Average

Average

3-4 -L I  - t z

Average

5 6 - 9 - l 0

Equivalent

Def lect ion Changes
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Figure 3 Typical  Hydraul ic Rarn Used for Applying Load.



Figure 4 End React ion of Bearn. Note Load Cel ls and

Deflect ion Apparatus.



Figure 5 Hydraul ic Purnps and Gauges Used for Loading.
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Figure 32 Cracking at Haunch End of Span B

Figure 33 Cracking at Haunch End of Span A



Cracks in Span
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Figure  36  Tes t  Set  Up Used fo r  Tes t ing  Pur l in  Seats .

Figure 37 Cracking At Purl in Seat at DL + 13 LL.


