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2007-07-09

L'an deux mille sept (2007), ce neuvieme (9e) jour du

mois de juillet,

Me MONIQUE MICHAUD:

Vous pouvez vous asSeoir.

Me PIERRE MARC JOHNSON:
Alors, maitre Michaud, faitesl'appeldesprocureurs.

Merci.

Me MONIQUE MICHAUD:
J'invite les procureurs a bien vouloir s'identifier,

en commencant avec le procureur-chef de la Commission.

Me MICHEL DECARY:
Messieurs les commissaires, Michel Décary et maitre

Marie Cossette.

Me PIERRE ARGUIN:

Alors, bonjour, Messieurs les commissaires, Pierre
Arguin pour le ministre des Tran sports. Je suis
accompagné de monsieur Jacques Gagnon, de l'ingénieur

Bruno Massicotte et de maitre Daniel Morin.
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2007-07-09 ,
REMARQUES PREALABLES

Me PATRICK HENRY:

Messieurs les commissaires, bonjour. Patrick Henry
pour les ingénieurs concepteurs du viaduc et autres
employés de Desjardins & Sauriol. Je suis accompagné de
mon expert, le docteur Frédéric Légeron et de monsieur

Gilles Dupaul.

Me ANDRE GUERIN:
Alors, bonjour, And ré Guérin. JereprésentelaVille

de Laval.

Me LUC CHOUINARD:

Luc Chouinard pour I'Ordre des ingénieurs du Québec.

M. GASTON PLANTE:
Gaston Plante en I'absence de maitre Jean Morin pour
I'Associatio n professionnelle  des ingénieurs  du

gouvernement du Québec. Je ne suis pas procureur.

Me PIERRE MARC JOHNSON:

Merci. Alors, Maitre Décary.
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2007-07-09

REMARQUES PREALABLES

Me MICHEL DECARY:

Alors, nous allons poursuivre av
docteur Mitchell. Auparavant, nous
diff érentes parties etaleur procureur, une piéce, no
piece COM-52-C, a la quel le il sera fait référence durant
letém oignage du docteur Mitchell et ce document contie
une copie de Info Structure, qu i e st une publication du
ministére des Transports du Qué bec, et c'est celle du
mois d'avril deux mille sept (20 07). Donc, piece COM-52-
C. ( Piéce COM-52-C) Et nous y reviendrons plus tard

dans le témoignage du docteur Mitchell.

Me PIERRE MARC JOHNSON:

Est-ce que madame Desp rez en a été avisée? Oui?
Parce que je sais qu'elle a passé une par tie delafinde
semaine a planifier nos travaux en ter mes de projection.

Trés bien.
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2007-07-09

Int hey ear two thousand and seven (2007), on this ninth

(9th) day of July:

TESTIMONY OF Mr. DENIS MITCHELL

WH®™ after having made a solemn declaration, depose and

say as follows:

EXAMINED BY Me MICHEL DECARY:

Dr. Mitchell , wh en we left on Friday, we had concluded a
section which addressed in particular the issue of the
conception, t he design of the structure, of de la

Concorde structure.

Just as a starting point, could you remind us what
the consensus was concerning th e desig nofthe structure?
Yes, certainly. On page 71, for those t hat have the

books, there was consensus item 1.2.1 and this read:
" And agreed upon by all parties
that in the design none of the
major requirements were exceeded
in satisfying the Code S6 1966.

In addition, the... no stirrups were required in the
thick slab of the cantilever, that' sl. 2.2, and the third
one along those lines is that the norm, the Co de i n

nineteen sixty-six (1966), did not contain any
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY
regulations for the design of disturbed regions.
And if we come back a moment to 1.2.2, we will be coming
back to this asp ect, the fact that the norms in nineteen
sixty-six (1966), nineteen seventy (1970), did not
require that the re be stirrups, gu'il y ait des étriers
dans le porte-a-faux , in the cantilever.
So, we're now turning to page 74, which is... you're
starting now a 3-D analysis with finite elements. Could
you describe exactly what we'll be dealing with during
the next remarks?
Yes, certainly. Thiswasam or e in-depth analysis of the
bridge using more sophisticated tool S. In this case,
using finite elements, which | mentioned on Friday, is
br eaki ngthe structure down into small little components,
leaking them together and, by this w ay, one can predict

what the distribution of forces are in the structure.

And what it does is it takes a co unt o f the three
dimensional geometry of the bridge, w hich i s very
important, particularly in this c ase,an ditaccounts for

the stiffness of the different materials, in this case

they're all concrete, except there are two d iffe rent
types of con crete in this case for the main structural
components, and it takes account of the stiffness of all

of the structural elements.
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

And,ina ddi tiontothat, we can simulate with fairly
reasonable assuredness the live load com ing from the
trucks and we can position the trucks in different
locations on the bridge to find out the most significant
loading cases.

| sh oul d point out that this is a linear elastic
model. It doesn't account for any cracking . When we
look at more sophisticated modelling using non-linear
finite elements, which we will do la ter, we will be also
considering the cracking and the redistribution that
takes place with cracking.
Dr. Mitchell, what p reci sely are you trying to determine
through this 3-D analysis?
What we can determine here is the distribution of the
loading, particularly on to the cantilever. We can look
at the shears and the moments in the cantilever and the
variation of the shears and t he moments for different
loading cases. And so this is important to be able to
predict the strength of the bridge.
So, | guess we first turn to page 75.
Yes. T his is t he plan view, top view of the bridge
showing the ten beams that you see in this region here,
each of them b eing four feet (4') wide. They are
supported on the assise or seat of the cantilever. This

is the cantilever region here. I'm sho wing mainly things
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

ont her ightand in this quadrant where the failure took

place.

So, this is the cantilever. Thi s cantilever is
supported by an inclined wall that's running alo ng here.
In the centre of the b ridge is a gap, there is a median

here, th ere is n o such gap or expansion joint in the
cantilever, it's one solid thick slab acros s the full
width.

| shoul d point out that it's what we call a skued
bridge. There is a bias to the bridge. This angle here

where the expansion joint crosses over the bridge does

not run at ninety degrees (90 °) to the edge of the
bridge, there is a twent y and a half degree (20 1/2 )
angle difference between ninety degrees (90 °) and this
angle of the exp ansion joint. So we have an expansion

joint on this side and on t his side but movement is

restricted on the west side of the bridge.

What we also note a re the sidewalks along the edge.
The sidewalks are quite substanti al. They stick out some
sixf eet(6' )fromthe edge of the bridge and they are on
the cantilever as well as on the m ain span . The main
span is nine ty fee t (90') from centre to centre of the
neoprene bearing pads.

In addition to that, we see that the supporting

abutment has this inclined wall and that has these other
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

additional lateral walls, as you see here, and t hos e
lateral walls tend to concentrate th e lo ading effects in

the corner. So, if you put a load o n the structure
somewhere here, we would find that t his wall here makes
this inclined wall stiffer att hislocation and more load

is attracted to this r egion so this is the critical

region of the cantilever.

Andju stforthe purposes of comprehension, Dr. Mitchell ,
la culée , couldyouindicate wit hyour sensor where we'll

fin d laculée ,andI'mdeliberately usingthe Frenchterm

just to make sure of the comprehension?

Yes, well la cul ée is really the abutment that you see
here. Thisis the porte-a-fau X or cantilever and this is
the trottoir or sidewalk going along here.

Et le tablier ?

Tablier is ici.

Trés bien. Merci.

This shows another view of the finite element modelling
where you ca n see the inclined wall and the stiffening

walls th at frame into the inclined wall and these are the

foundat ions a t the base of the walls supporting the

cant ilev er which, in turn, is supporting the ninety foot

(90") span, abox girder bridges... box girders which are
pretensionned.

When looking...
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

I'm sorry. And they are cal led box girders, | should ask

why are they called box girders?

Well, they're hollow and t hey are boxed shape and

they're, what we call, prestressed so that we can get
longer spans.

In the design for nin eteen  sixty-six (1966) the
sta ndard truck was called H20-S16 and it has a total

weight of seventy-two thousand pounds (72,000 Ibs) or

three hundred and twenty kil 0-n ewtons (320 kN). Here you
see the wheel loads from the truck. The total truck
length is... it can be as small as twenty-eight feet

(28"). It varies from twenty-eight feet (28') to forty-
four feet (44') and this is the standard truck that one
uses for design.
This twenty-eight foot (28 Y I ength, if we use the

shorter length, is equivalent to eig

ht p oint five metres

(8.5 m). So, this was the design ed tru ck back in
nineteen sixty-six (1966).

If we take a look at the two thousand and six (2006)
Code, a much heavier truck is used for design. We cal |
it the CL625 because it weig hs six hundred and twenty-
five kilo-newtons (625 kN) which is almost double the
H20-S16. So, thisis the truck we u se ford esign today.
However, | should point out that although the total load
is almost double the H20-S16, the truck is much longer,
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

it's eighteen metres (18 m) lo ng and so it spreads the

load out more but nevertheless i t woul d give higher

design loads than the H20-S16 truck.

Now, from the finite element analysis, we're able to

take a look at t he distribution of moments, the bending
moments for which we must design and the shears for whi ch
we must design, cisaillement.

If we take a look at the moment, we can see that the
end of the cantilever, the s upporting wall is right here.
Le porte-a-faux , yes.
This is the porte-a-faux , yes, absolutely, and this is
the inclined supporting wall, this is the sidewalk. And
you can see that, from the ana lys is, the concentration of
moment in this particular region, it has a darker colour
indicating we have higher momen tva lues perunitwidthin
that particular region.
But it has greater concentration?
Grea tercon centration and we're going to be talking about
the conc entr ation effects a little bit later because
these are quite important.

Similarly for shear, if yo u look at the shear, the
supporting w  all is right here and this is the sidewalk
region and these are the locations, the bright areas that
you see along the edge, where you see the ten beams on
the east... on the south half of the bridge. And they
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

are highly coloured in a bright colour be cau se they are
very high local shear st resses there. That's the
disturbed region where we have v ery h igh stress
conce ntrations but you'll notice that the purple areas in
between -- | k eep loosing my arrow here -- the purple

areas in bet ween these neoprene bearing pad supports

indicate thatit's a lower stress , very lightly stressed,

and similarly, over by the median you see that there is
a larger purple area because there | s a larger space
between the girders here. They are six feet (6') apart
rather than four feet (4') apart over the rest o f the
bridge.

And when we look at the fa ilure later, the failure

stopped in this region, starting over in this region and

progressing this way and stoppe dinthi s lightly stressed
region.
Can you come back once more tow here -- | will be dealing

with this later -- but where the failure started?
The failure started right over in this region here.
And on the bott om part, in French we used the terms
efforts tranchants
Oui.

and would that be the same as I'effet de
cisaillement ?

Exactement, oui.
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

Trés bien.
So,t hisis due to the dead load acting on the bridge and
the dead load is quite a lar ge p ortion of the total

loading for this type of bridge.

If we take all ookatt he analysisthat we carried out
for the H20-S16 loading, this is the truck loading fro m
the nineteen sixty-six (1966) C ode, the standard truck.

And if w e look a t it in the exterior lane, in other
words, in this lane right here, clos est to the south
edge, south-east edge of t he bridge, so the truck would
be just coming on to this cantil ever span creating the
stresses that you see. And again we see the
concentration of moment and again we see the fac t tha t
t he she ar gets concentrated in this region here because
only the outside lane, the exte rio rlane, isloaded right
her e, then we don't see as much stress going further away
from this region in either flexure or shear because th e
truck loading is very concentrated on that one lane.

Similarly, if we now take a look at the same truck
loadi ng b ut move it onto the span again but in the centre
lane of the bridge, there are three lanes... three lanes
acro sst his width here, so we're looking at the truck in
the centre lane. But even when it's in the centre lane,
we see fairl y h igh moment affects at the point of

concentration, as | mentioned before.
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

Andsimil ar lyforshear, withthe truck located here,
we see the high local shear stresses in the region close
to the disturbed region and stress is concentrated in
this particular region.
How important a role wit h this analysis served... looked
at from the inspection point of view or repair point of
view, would that have any importance the fact that
there's a concentration of effort at these given areas?
Yes, at so me point, if someone decided that the bridge
should be analyzed in some detail, then this is the way
one should do it, one should account for thi ngs like the
conc entration of loads in certain areas and trying to get
a better understanding o f the structure and certainly
with finite elements, it helps us to appreciate what the
magnitudes of the stresses are and what the behaviour
might be.
And might it serve as a guide al so in the inspection
procedure itself, would it concentrate one's efforts,
certainly at the start of an analysis?
Righ t. Well, the inspection procedure usually comes
first, and then if you see a probl emt henyoudelph (Ph.)
in a more detailed fashion into the analysis of the
bridge.
Andtha t's where thistype of analysis, the importance of

this type of analysis appears, is that correct?
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY
Absolutely.
Very well, Dr. Mitchell.
So, after having done the analysis to get the loads on
the different parts of the cantileve r, then what we did
is we carried ou t so me calculations to determine the
strength of different components in different regions of
the cantilever. And when you do this with the two
th ousand and six (2006) Code, now we're talking about th e
two thousa nd and six (2006) Code, and | should mention
that we also looked at live loads with the two thousand
and six (2006) truck, the CL625, in addition to the H20-
S16 truck, b ecause we wanted to check out the bridge
design in accordance with the current C ode, t he two
thousand and six (2006) Code.
M'hm.
And it uses limit states design where we look at the
loads and we factor the loads upwards and we look at the
resistances and we fac tor t hem downwards with material
resistance factors to... and then we comp are the factored
load with the so-called factored resistance to see if we
have adequate safety. That's the pr ocedure we use in the
current Code, the two thousand and six (2006) Code.
And just to point out that the calculations with the
ninetee nsi xty-six (1966) Code are made with what we call

working stress design, unfactored loads, we look at the
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

loads at the service load level.

And one thing that n eeds t o be pointed out very
strongly is that, in the two tho usand and six (2006)
Code, there are some significant changes from what we had
back in nineteen Si Xty-six (1966). And just the manner
in wh ich we determined if the strength is adequate b ut
certain other important cha ngesas wellwill beindicated
on the next slide.

And one of the major features which affect s in
particular the analysis of this bridge, in the design of
this bridge if you w ere doin g it today, is the scale
effect in shear. And | have to take a couple of moments
to describe this scale effect or size effect in shear.

A number of different beams were tested and they are
shown down near the bo ttom of this figure by Shioya in
Japan and his coworkers, and these beams varied in
effective depth from four inches (4") up to eight inches
(8"), twenty-fourinches (24"), thirty-nineinches (39"),
seventy- nine inches (79") and a hundred and eighteen
inches (118") or three metres (3 m) deep, that's a very
large beam that they tested.

And these series of beams with different depths were
all tested by these researchers, and then what they did
is compared the shea r s tress at failure, so in other
words, they found the maximum shear on the beam they were
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2007-07-09 DENIS MITCHELL

EXAMINATION
BY Me DECARY

testing and they divide that by the area resisting shear

of the beam and that gives us the shear stress. And if

you divide by the square root of fcpri

non-dimensionalized shear stress.

For this purpose, ju st think of the vertical access

as being the failure shear stress.
Andit'scompared fromthese tests with the

depth of the beam.

So, if | pause for a moment...

Sure.

... failure shear stress, that means at breaking point?

That's when it breaks, it ruptures in shear.

And bef ore we move to the second... the bottom line,

could you just give us where would it break? Just

highlight where it would break,

Well, one particular test here that was about three feet

me, you get the

ef fective

(3') deep broke here at this she ar stresslevel. Another

one that was more shal low br oke at a much higher shear

stress level. So, what we see from this plot is, as the

effec tiv e depth of the beam gets larger, the shear stress

at failure reduces and thi si s a phenomenon that wasn't

recognized back in the late nineteen sixties (1960's).

When was it first recognized?

It was first recogniz ed, | would say, at about nineteen

eighty-nine (1989) actually, the test by Shioya, and
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

other researchers postulated before that, t hat it might
be a significant effect, but in nineteen eig hty-nine
(1989) they recognized that and we pub | ished, Michael
Collins, Dr. Collins and myself, pub lished this plotin

nineteen ninety-one (1991).
Would | be corre ct i n saying that the larger or the

deeper the beam, the less resistant it is to shear?

No.

No.

It's a bit confusing. |If yo u have a larger beam, it
takes a higher shear load but th e shear stress at failure

goes down because the shear stress is cal cul ated as the

failure shear divided by the area. So, if you look at a

very b ig beam, it has alarge shear area, right, and it's

fa iling at this shear stress. This beam would have a

higher  shear capacity than the one on the left but the

shear stress is much lower for this case.

So what does that mean in practice, in every day life?

It mea ns tha t things... we realized that some of these

larger deep eleme nts might be unsafe and so this is

really a startling find and one ne eds to check members
that d o not co ntain stirrups. One has to check them to

see if they have adequate capacity, ift heywere designed

before this found its way into the Codes.
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY
Well, since you are on t hi s subject, how would this apply
here in Quebec?

How would this apply in Quebec?

What would be the impact of the statement you've just

made?

Well, all thick members without stirrups designed before
the two thousand and six (2 006) should be checked, that's
what it means, just to mak e sure that we have adequate
safety.

So, everyone before two thousand (2000).

Right, unless they had taken account of the size effect

because Dr. Coll ins and | had published the designed
requirements in the A ASHTO Code in nineteen ninety-four
(1994).

Donc, on parle des dalles épaisses sans étrier?

Dalles épaisses, oui, exactement.

Un peu comme dans notre cas, cet te p artie du porte-a-faux
gui est sans étrier.

Oui, exact.

Thank you.

And if we look at the signif icance of this plot, we've
shown on this plot the permissable stress, the one point

one (1.1) square root or fcprime, if you can recall the

discussion we had on Friday, this was the working stress

that was permitted -- sorry, I'm having trouble with
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY
this, yes -- this was the working stress level that was
permitted, one point one (1.1) times the square root of

fcprime, that was the sev enty (70) PSI limit that one had

in the nineteen sixty-six (1966) Code.

And looking from my calculations on the orig ina |
desig n, the original designer had a stress of fifty-eig ht
(58) PSI which is the blue dot on this figure -- sorry,

| keep losing my arrow, there we go -- the blue dot on

this figure is fifty-eight (58) PSI, so the designer was

below the i mite d seventy (70) PSI but keep in mind that

the se points here are points at which failure c oul d
occur. An d this was the safe load limit under service

loads back in nineteen sixty-six (1966).

So, that's why it's absolutely imperative that we
check thick slabs that were des ign ed according to some of
these older Codes.

To determin e the resistance in shear for this
cantilever, this porte-a-faux , the manner in which we
calculate the shear resi stance is given by this equation
here. This is for the case where we don't have any
stirrups, which is certainly thi s case, and we calculate

the sh ear load carried by the concrete acting intension,

there are tensile stresses in the concret e, and forgive

the expression here, but in this expression is the same

square root of fcprime and there is a beta f actorou tin
-22.
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2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY
front here. So thisis rea lly, this front piece here, is
the shear stress that one can tolerate at failure

multiplied by the shear area. So, shear stress times

shear area to get the shear capacity.

And in this expressi on is this all important factor
beta which is reduced as the depth becomes larger, ify ou
have no stirrups or less th an minimum stirrups butin our
case we have no stirrups.

So, this beta factor gets redu ced and we naturally
take account then of the size effect in shear.

| should point out that beta is also a function of
t he st iffness of the longitudinal reinforcement, the main
flexural tension rein fo rcement. As that stiffness goes
up, the shear capacity goes up.

So, thisi s the size effect as treated in the current
Code. The conclusion that | had reached was that the
resistance in shear was insufficient in term s of
satisfying the requirements of S6, tw o thousand and six
(2006) and that wasn 't o nly for the two thousand and six
(2006) truck, the CL625 but that was also tr ue for the
H20-S16 truck loading. So, we inv est igated both of these
diff erent truck loadings in putting the trucks in
different locations and the shear capacit y we f ound was

insufficient.
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We have a co nsensus item on this from all of the
parties, and it's a very important o ne, and thatis that
t he design does not satisfy the requirements of S6, two
thousand and six (2006) concerning the shear resistance.

So, that's an important fi ndi ng and it's primarily due to

the size effect in this case.

Me PIERRE MARC JOHNSON:

Monsieur Couture.

Mr. ARMAND COUTURE:

This stateme nt, Dr. Mitchell, applies even though no

stirrups are required in the two thousand and six (2006)

Code, is it?

Even though no stirrups are required in the nineteen
sixty-six (1966) Code, right.

In the two thousand and six (2006), you don't have

necessarily to p ut s tirrups according to the present
Code?

Oh, well , if you... it depends. We were analyzing a

bridge that didn't have st irrups and so we've concluded
that it doesn't meet the two thousan d a nd six (2006)
Code. Now, if you were designing th is b ridge, you would
have a number of thi ngs you could do to rectify that

problem. One would be to place stirrups, another would
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be to put in some prestressing, anot her mi ght be to
choose a higher concrete strengt h but these are all
situations that could hav e b eenusedtoremedy it, if you

were doing the design today from scratch on such a
bridge.

| was more thinking of the adequacy of the two thousand

and six (2006) Code in relation to stirrups even though
they are not r equired by calculation, could they be
required if the concrete deteriorates?

Sorry, it's the nineteen sixty-six (1966) Code that

didn't require stirrups. The two thousand and six (2006)
Code requires something. Whether you decide as a
designer to putin stirrups, p rest ressinghigher concrete
strength, it wouldn't have passed the two thousand and

six (2006) requirements.

Thank you.

This... switching topic slightly and looking at the

analysis of what we call a disturbed region, the zone

pertur bée, t his is the region, as you recall, near the
endo ft he cantilever close to where we have the neoprene
bearing pad and we also have ther eaction coming from the
hollow box girders tha t are sitting on these neoprene
bearing pads.

And there are really two m ain resisting mechanisms

in this region for lifting the load upwards and that is
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the suspentes numéro 8, the hanger steel number 8, hanger

steel which are U shaped, as you can see here, with h ooks
on the top and the other mea ns i s with the inclined
number 6 or diagonal number 6 bar which was also in this
region. So, | 'm loo king at the two of them separately
j ust so that we can follow the analysis using bielle se't
tirants , the strut-and-tie mode | that is in the current
Code.

And this is a little bit com pl ex but if one were

applying the strut-and-tie model to the U shaped...

Me MICHEL DECARY:

Maybe just before you pursue, Dr. Mitchell, it might be
appropriate that you remind us of what this model... how

this model is to be operated and t hen proceed in
develo ping in the model which is before us but just if

you remind just beforehand.

Cert ai nly, this general method for strut-and-tie
modelling came out i n ni neteen eighty-four (1984) in the
so-ca lled Bu ilding Code in Canada and in nineteen ninety-

four (1994) it appeared in the AASHTO Code, the American

Bridge Code an d what it does is it's a way of modelling

the flow of the forces throu gh a very complex region
which is certainly what we have at the end of this

cantilever. It's a very complex region.
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Andthew ayinwhic hyouvisualizeit, | always start
by visualizing the wa y that compression would flow into
the concrete and the compressive struts or bielles
shown with the dashed red lines.
So, | always start with th
I t hink it should go. | want this hanger steel to
up the load here and there should be another strut coming
over to this other leg of the hanger steel. It seems to
be missing but there should be another red dashed line
here to lift this load up as well. And then...
But there was none in this case.
I'm sorry?
There was not, this addi ti onal bar in this particular
case?
No, I'm talking about the fact th at | should have another
red dashed line here.
Yes, | understand.
And I'm going to put it in for you right now. So, we
should have... it's s upposed to be a straight line.
There should be another dashed line coming down to there.
It compares to mine, Dr. Mitchell.
And on ce you start building up the strut-and-tie model,
you see where tension is required, at least this is how

| proceed. In other words, this compressive strut

thrusting outwards at this node of t
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pulled back by some tension reinforcement. So, we model
the strut-and-tie mod el wit h the dashed lines which are
the compressive struts and the solid lines which are the

tension ties or tirants

And it's very complex because this bar, for example,

which is in tension, needs to be anchored somewhere and
that requires some compress ive str  utsto anchor that bar,
as you can see there, there is a fanning com pre ssion

anchoring this bar.
I'm sorry, | can't see where you're at. Maybe other
people can and | wish to apologize.
Let me...
| see.
Let me back to the arrow.
Yes.
So, th is is the tension tie which needs to be anchored
somewhere over here and so to anchor it we need
compress ive struts fanning out like this, putting further
loads intot he first leg of the suspente or hanger bar
and the second leg as well.

And when you get to the top her e, then the
compressi on struts go over and create shear in this
region of the beam so these two struts represent fanning
compres sive stresseswhich are creating beyond this point

a regular shear zone or beam zone as we've seen

-28 -

Audio Sténo Transcript, sténographes officiels, 510 Boul. St-Laurent, suite 200, MTL, QC, H2Y 2Y9

10

15

20

25



2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY
previously.

And furthermore, these compressive struts that you

see pushing on this node needs some tension to hold the

outward thrust back and those are the hooks of the num ber
8's.  And unfort unat ely, the hooks aren't sufficient

enoug h to pull this force back and so we have to start to
use the number 14 bar to help pull the forc e back a nd

I'll come back to that in a minute.

The number 6 diagonal bar, the strut-and-tie model
is a little easier to understand, this strut comes down.
We have another compressive strut from the bottom and we
have a tensi on tied to put this node in equilibrium,
coming up like this, and then there is compression that
flows into the rest of the beam.

Again, the number 6 hook is not sufficient enough to

develop the loads we need and we find tha t this strut
will also seek out the top numbe r14 bar and this pushing
against the top number 14 bar, because there iSs no steel

between the number 14 and the hooks, creates tension
between the number 14 bars and the hooks, sorry, between
the number 14 bars and the hooks.

M'hm.

And simila rl y, if we go back to the more complex one,

here | have shown that extra strut that was missing on
the previous one, but | should mention that, in the case
-29 -
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of the hanger reinforcement, the hooks ar e insufficient
to develop the required tension and, once again, these
compressive struts seek out the number 14 to a nchor on
too and that creates ten sio n in the zone between the
number 14's and the number 8 hooks.
Could we come back to...
Sure.
... page 91? Now, a t the suspente ou barre en étrier ,
the suspen te, the red bars here, had they been tied to
number 14 ba rs? Bot h of them, would have been this zone

de tension ?

Very good point. No, if the... | think w e discus sed it
on Friday the sort of detail w here you really should hook

the number 8's, turn them around and h ook the number 8
bars around the number 14 bars and si milarly on the

bot tom, ho okthe number 8's around the bottom reinforcing

bars here to give a very strong link over the entire
dept ho fthe member, top steel to bottom steel, then, you

would have reinforcement crossing this zone, you would

not h ave thatzone of tension, that would be much better.

Very we Il. N ow, the next analysis is by non-linear

fini te elements. Could you describe this type of
analysis?

Certainly, I will jus t put th e first slide on. This is

an in-depth study of the disturbed region using finite
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elements, as we have use d befo re to look at the entire
picture on the bridge, but this time non-linear finite
elements because we track the cracking in the concrete
and we track the stresses in the rei nfo rcing steel that
become highest , right at the crack and we are able to
check against slip of the cracks, which would donate
shear failure.
And | will be talking about the non-linear fin
element modelling a little bit later in more depth as
well, but in any case, it accounts for the changing
stiffness, as you load the member and his cracks develop
and in this particular case, what | wanted to point out
is the flow of stresses.
These are what we ca Il the principle compressive

stresses, this i s the bearing pad here with a vertical

load and what is really going on, we see th at because

there is tensile strength in the concrete...

| am sorry, just a reminder. What is tensile strength?
Tensile strength is the fact that it has some resistance

to tension, but not very much, and when it cracks,
hopefully there is steel cro ssin g that crack to transfer
the loa d across, across the crack. So, here is the
neoprene bearing pad, we have a very large vertical load

and we see that the compressive stresses are actual

curving in here.
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Now, as a simplification i n de sign, we assume that

it is a straight lin e comp ressive strut, it is a

simplification and usually gives conservative designs,

but | needed to know exactly why it could su stai

n higher

loads because the simple s trut-a nd-tie model said we were

in really deep trouble, but we know there are some
tensile stresses in the concrete, which we normally do
not account for in design.

But here, we see the curvi ng ¢ ompressive stre
we see the compressive stresses coming fro m the
this b ar going up, and you can see the zone between the
number 14's and the number 8 hooks and you see the

compressive stresses pushing against the number 14 bar.

SSES,

end of

So, those white lines, tho se f aint white lines are

compressive stresses pushing against t hat number
and to see the s ignifi ~ cance of it, if we take a look at
the next slide, these are the tensile stresses, in other
words the stress in tension in the concrete.

Andw e se ethatthere are tensile stresses, which are

actua llyg oing, of course, perpendicularto the principal

14 bar

compressive stresses, they are sla ntedth e otherway and,

theref ore, you can see that the zone between the number
14 bars and the number 8 hooks is a zone of ten

high bond stress.
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So, th ere is bond stress and there are tensile
stre sses, shear stress from the bond, tensile stresse sas
well, and eventually, cracking occurs in this particular
region with the cracks oriented in this direction.
So, the cracking is diagonal?
The cracking is slightly diagonal.
And would th at b e characteristic of some type of
particular type of cracking?
Yes, bond-type cracking, but we a Iso have tension in that

zone, as well...

M'hm.
. from this detail. And this shows the p redict ed
stresses in the reinforcement in that region, again using

t he non -linear finite element analysis, and you can see
that there seems to be a hot spot ri ght here , where the
number 8 bars are highly stressed and the diagonal number
6 bars is quite highly stressed, but nowhere near the
yield stress.

So, they ar e notyielding, but there is a crack that
comes right here through this region due to th e | oading
and that stresses the reinforcement in this region.
Can you define the yield stress?
The yield stress, in this particular case , T or the real
bridge is forty thousand (40 000) PSI, t wo hundred and
seventy-six (276) MPa.
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And what does yield stress relate to?
Right, if you were to take a reinfor cing bar and pull on
it, which is rea lly its function, resisting tension when
we design a reinforce concrete structure, so if you pull
on a bar, it has quite a large stiffness until which
point we re ach the yield stress, and then it deforms
quite largely and that is what we call the yield point.
And do you say that again in that area, an a rea wit h
other types of efforts, there is als 0 quite a bit of
yield stress on the bars?
These are not yielding here at this location, but the
number 6 bar that we placed in here to simu late the
actual construction shows some bit of yielding.
| see.
Okay. These are not yielding, the number 14 bars are
picking up more stress as you go more into the span of
the cantilever, these are more h ighly s tressed over here.
So, from using such a model, you can start t 0 ap preciate
the behaviour in a little more detail and see where the
steel should be stressed the most and where your critical
regions are in the concrete.
The conclusions that we reach from t his analysis
using the two thousand six (2006) Code, and here we are
talking about the strut-and-tie mo del b ecause the non-

linear finite element method is a more sophisticated
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model th at g oes a little bit beyond the Code

requirements, but from the Code requirements themselves

using strut-and-ties, we see that the suspentes  or the
hanger reinforcement anchorage is inadequate and the s ame
thing holds for the number 14 bars, the anchorage is
inadequate.
And we talke d o n Friday that those bars should have
been hooked or somehow anchored at their ends to develop
higher stress. And in addition to that, in the regular
beam zo ne, the shear resistance is insufficient to resist
the shear or cisaillement
Had there been, dans la zone réguliére de I'armature des
étriers, would that have changed your conclusion?
It would have changed the second one.
Yes?
Absolutely, yes. Yes, | have checked that out actually
and it does make a diffe ren ce, if even minimum shear
reinforcement were placed, then it would hav e pa ssed the

Code.
Those were our conclusions
is, however, a consensus on the detail of the steel and

we concluded from all the parties that the designer, the

fro m our team and there

manner in which the designer anchored the suspenteen U

the hanger reinforcement, the number 8 U-bars near the

top of the cantilever, at the end of
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not resp ect or does not meet the requirements of the two
thousand and six (2006) Code.
But just to remind everyone, it has be en established,
we've established beforehand that the designer did
respect nineteen sixty-six (1966) Code.
Absolutely.
This is always in regard to the two thousand and six
(2006) Code.
Absolutely, yes, and you know, the designer should not
hav e to know what Code changes are going to take place in
the future. So, the designer was designing in accordance
with the sixty-six ('66) Code.
M'hm.

Me PIERRE MARC JOHNSON :
Could you say, Dr. Mitchell, that the design respected

the best practices at the same of nineteen sixties

(1960's)?
Yes, that i s a more difficult one to answer and | think
Mr. Nicolet was asking that question as well | ast week.

But we have looked at the literature that was available,

at best there is one rather obscure book that has a

detail that is somewhat better than the o ne chosen, but
| have alo tofdifficulty with that detail as well, that

was published in nineteen sixty-seven (1967), that book,
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published out of New York.

Butals o, we have looked atanumber of bridges wh ic h
were similar and built in the pr ovin ce, the Joliette
bridge and the St-Alphonse bridge we re bui It around the
same period of time and th ey were designed by an entirely
different designer and the y h ad details which were
deficient as well.

So, | ha ve looked at those details and studied them
and there were problems with those details and one of
those bridges has been since closed, the o ther o ne has
been torn down, principally because of those det ails and

the fact that there could be a shear problem as well.

Me PIERRE MARC JOHNSON :

Monsieur Couture.

Mr ARMAND COUTURE :

Could you, Dr. Mitchell, come back to page 95?

Certainly.

Shoul dt he suspense bars have been torn at the same level

as the number 14 bars, the th ree horizontal sections of
the su spended diagonal bars, if they had been at the same

level as the number 14, woul d y our conclusion be the

same?
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If they had been at the same level as the number 14 bar,

they still are not anchored around the bar and it cre at es
a slightly different prob le m, as you will see when we get

to the test that we carried out, tha t if the se number 8
hooks were at the same level as the number 14 bars, we

get a significant amount of congestion of the steel at
that level and bonds start to p lay , bond failures start

to play a more important role.
So, it wouldn't have satisfied the Code an d it
wouldn't be good practice today.

Thank you.

Me MICHEL DECARY :

But again, | ust to follow up, because we are going to
address this a b it later , but just to follow up on Mr.
Couture's question, we know t hat th e designer had

designed the number 8 bars to be parallel to the number

14 b ara nd again, it goes back to Mr. Couture's point, is

that doing this, he was not designing aga in st the
provisions of the nineteen sixty-six (1966) Code.

No, the designer was trying to a nchor that reinforcement

with hooks at the top at the same level as the number 14

bars and he was trying to give a lap spli ce betwe en the
number 8 hooks and the number 14 bars and he also put on

longer hooks, being one and a half (1 1/2) times longer
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than the Code required.
So, there was an attempt by the desi gner to do what
he thought was correct.
And again, just to make su re that we come full circle
based on questions by the Commission members, was that
against to have these 8 and 14 bars running parallel
instead of b eing h ooked, would that be against good
practice or best practice in nineteen sixty-nine (1969)?
It certainly would be today, but back in nineteen sixty-
Six (1966), ther e are some sketches and other structures
that h ave wors t details and so, | do not think that the
designer could be blamed for any of those types of
deficiencies.
Very well.
Just to go on with some of the consensus items regarding

the material | have just presented, not only were the

number 8's inadequately anchored, those of the vert ic al
suspension bars, but the number 14 longitudi nal bars did
not conform to actual practice on e wo uld like to normally

anchor t hose bars by hooks at the ends. So, we have

consensus on that detail as well.

On this o ne, | personally have... my problem is the

fo llowing for those that followed the Commission, many
workers or a few workers who testified, | was under the

impression that it was quite well known that if you had
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a bar, a vertical bar going up to reach a top bar, a

parallel bar, that everyone had the re flex or would

naturally come to the con cl usion that it would have to be

hooked in order for it to be effective.

| thought t hat was quite well known in nineteen
sixty-nine (1969), nineteen seventy (1970). Am | wr ong?
You are absolutely right co ncer ning stirrups, stirrups we

alway s hook them around the top and bottom reinforcement ,
and so tha t is standard practice. Back in nineteen

sixty-six  (1966), however, they had no design
requirements or no standard d etai Isfordisturbedregions

and that is the difficulty.

But there, the second point with this, using the term

"stirrups”, étriers en frangais...

Oui.

So, lorsqu'on parle what you now call... when | first

started questioning various witnesses, | referred to
these étriers en U as stirrups, des étriers en U , and
again, it wa s in relation to this questioning that the

thought was that they had to be connected to the top.

Now, becauseitisadisturbed are a,i nyouranalysis
| n oted that you changed the terms. So, instead of
referring to stirrups, now you refer to them as... in
English you might refresh, how do you call this?

Hanger bars.
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The hanger bars, but how does it change your reasoning?

Well, it does not change my reasoning one little bit,

but...

No, but...

... ho, | see what you are getting at, | mean...

| did not think it wou Id change your reasoning, Dr.
Mitchell.
But you know, what | think is most difficult for an vy

engineers that would be watching, listening in, is to be
able to put yourself back in nin  eteen sixty-nine (1969)
and try to decide what one would have done. | m ean a

name is ju st a nam e, we call them hanger bars, we call

the stirrups, in the beam r egion stirrups, stirrups are
normally anchored around the | ongitudinal reinforcement.
Hanger bars was a little b it unk nown back then and

the ot her details | have seen on other bridges, they have

lousy details as well. So, it seems to be bad prac tic e
for the de sign of those regions from a number of

different companies in Quebec. | have no t looked
elsewhere, but in Quebec.

Very well.
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Mr. ROGER NICOLET :

Excuse m e. All this begs the question, but in all the

Quebec bridges, you have loo ked at , have you found,
dating back to this peri od, have you found some good
details?

Well, this is a rather unigue beam seed area and | know
that the MTQ has been looking at all bridg es with beam

seeds and they would be better able to answer what they

found. But the two other examples t hat we | ooked at had
poor details , we re much worse than the details we see on
this bridge, and one of those ist orndown, the other one

is supported.

Me MICHEL DECARY :

Just a comment on Quebec and | do not want you to go too
far, b ut is there any likelihood that the same type of
problem may exist elsewhere?

Outside of Quebec?

That is because the Codes were silent on this, there was

nothi ngi nthe Code to cover this and as you pointed out,

best practices, there was very lit tle onthisanywhere in
the world. So, it was left to the initiative of each
designer to try to find hi s way, i f | may use that
expression.
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So, do you want to expan d on this last comment in
respect to Quebec as being, you know , 0b viously focusing
on Quebec , but is it not likely that it goes beyond the
province of Quebec?
Absolutely, it i s a North America problem, | would say,
Canada and the US and there seems to be some differe nces
in Europ e with regard to design of these regions. |
t hink they were much more tuned to trust models and ther e
were some really good detailing practices, particularly
in Germany and | think anybody that has been exposed to
the German experience would a ppreci ate all of the details
that were coming out of Germany at that time.
But | have not seen any details general ly published

that met the mark in nineteen sixty-nine (1969).

Thank you. The next chapter | thi nk we should call upon,
Madame Desprez, pour I'ajout numéro 1. Aml going ahead
of time?

No, that is perfect and there were two slides that were

left out of my presentation, but they have already been

shown by Dr. Marchand, so there is no surprises here, but

just to make the story complete, | wanted to show the
shear failur e on the bridge and it is clear, you can see

that, | am trying to get my mouse or it is maybe a

different system.
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Okay, it doe s not matter if you, no, it does not
work , okay. The shear failure, if you take a look at it
there is a curved shape g oi ng in towards the incline wall

support at the back of the photograph, you can see that

the shear failure has taken place just right over the

hooks of the number 8 suspentes andthe number 6 diagon al
bars.

It has just gone right thr ough t hat weak plane and
this is very import ant, that is the weak zone we have

beenta lking about. | wonder if we could just zoom in in

the upper portion of that picture. No? Okay.

Maybe... is it possible to use your curso r, arrow, yes,
good.
| am not moving it, okay. | fwe ] ustgo up a little bit

with the arrow and to the left, a gauche un peu, well it
is going to be difficult, but if yo u stare at the
picture, you will see towards the back of the failure
surface some number 6 bars p oking out of the bottom of
the fail ure surface, right near the back edge of the
failure surface.

And these number 6 bars, w e beli eve were placed to
help t he construction and support the top reinforcement
during construction. So, thatisa I 1 wanted to mention

for that, if we go back to the...
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Me PIERRE MARC JOHNSON :

But they were not on the plans?

They were not on the plan san d | will speak more directly

about them later, when | can m anoeuv re my arrow on the
screen.

Correct.

So, having shown you the sh ear failure, I think you would
appreciate the consensus that was reached by all the
experts on the mode of failure and it was by r upturei n

shear in the cantilever on the south-east side. Now,

this comes to the next par t of m vy presentation talking
about the test that we carried out at McGill University,

looking at cyclic loading of s ome slices, if you like, of

the porte-a-faux.

Me MICHEL DECARY :

| am sorry, would you mind coming back to page 100?

Sure.

And you may want to just illustrate, we saw the picture,

madam Desprez showed us the picture, but you may wan tt o
just illustrate, possibly by using your hand jus t in
front of the camera, h ow this cisaillement , you know,
alo ng la zone de faiblesse operated. Just one mom ent ,

because we a re comin g back toit, butl think because we

just finished that part, the cisaillement , how it was
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ruptured, comment ca a été déchiré?

Yes, yes, okay. Well, that is v ery hard to do, but
basically, i f I show you with a piece of paper, we have,
if you visualize this being the end of the cantilever and

we had a horizontal crack coming along the level of the

number 8 hooks...

Yes.

...and then umber 6 hooks, and when it got to the end o f
thos e hook s, it starts coming down like this, and then

comes along in this direction. So, that is the shape of

the failure. Okay?

Yes.

And what | was trying to illustrate ear lier w as the

fact...

Me PIERRE MARC JOHNSON :

You have interesting pastimes.

That is as good as it gets, yes . A nd what | was trying
to illustrate to you earlieris t hat on this shear plane,
t here were some number 6 bars interconnecting or pla yin g

together the bar.
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Me MICHEL DECARY :
Maybe just to mark the other side so we can see where th e
number 6 bars were, just by using your fingers on the
other side so we can all see it.
Certainly. 5
Yes, very well, thank you.
Okay. There we are coming down and crossi ng the plane
right here and they did not have a tremendous effect, bu t
they were there, they were placed about every four to
five feet (5') across the width of the cantilever. 10
Very well. Thank you, Dr. Mitchell.
So, lookin g att he cyclic loading test that we carried
out at McGill, the objective of these tests was to s tud y
t he behaviour of the cantilever with different details.
At one end... we had a double-sided cantilever as you 15
wil | se e, atone end, it was "as designed"” details, as we
figured the designer had m eant from the structural
dr awi ngs and, at the other end, it had the "as
constructed"” details.

So, we would be able to compare one for one what the 20
difference would be. | should point out tha tinou r
test, we o nly had a few months to do the test, so we do
not have any degradation of the material, we have
perfectly a healthy concrete in our test specimen.

25
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That is an important difference between our test and

what happened on the actual structure. Neverthele Ss,

carrying out this test he Ips ustounderstand the failure

modes and the behaviour of the cantilever. The steel

that we used were all impe ri al size bars that we imported

from the United States, simply because we wanted to use

the actual bar sizes and the information that would have

been used on the actual bridge.

And can you define so that these tes ts b eing carried out
ona prototype, how would you define essais de chargement
cyclique ?

Yes. What we did, i f1  show you the next slide, is that

what we did is we built a doub le cant ilever. So, hereis

th e porte-a-faux on one side and here is the porte-a-faux
on the other side, the cantilever on the ot her side.
What we are going to be doing is loading th e neoprene
bearing pads, bringing it up to the de ad loa d and then
cycling an additional live load , representing the truck

on this and repeating the loading much as like what you
would have on the actual bridge.
So, what we have done is we have recreated a four-
foot ( 4')thickslice, if you like, of the cantilever and
the total span from the face of the suppo rt here to the
centre of the bearing is thirteen feet (13'), much like

the span we have in the actual structure.
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We've tried to simulate all of the details of the
reinforcement, at the south end, it's th e "a s built"
details, which I will show you in just a minute, and at
the north end the "as constructed" detalils.
This shows the cycli ng in a little more detail that
you were asking about, it is a double-sided cantilever
and we have a huge steel dis trib ution beam and we supply
the load to the t op of that beam, so we get equal loads
at both ends of the cantilever and we put a dead load of
thr ee hundred and fifty kilo-newtons (350 kN) on each end

and th en we cycled the live load representing the truck

from zero to ninety kilo-newtons (90 kN) fo r almo st
nineteen thousand (19 ,000) cycles and why we were doing

it that way was and why we w ere doing it that way was to

try to represent the actual tra ffic t hat was on the

bridge between nineteen seventy (1970), when it was
built, and nineteen ninety-two (1992) when the expansion
joint was replaced.
So, we wanted t 0 h ave realistic loads, we wanted to
have re alistic cycles and a report was carried out by Mr.
Hamaoui who looked at the likely n umber of cycles in that
particular period of this... for the bridge and what the
likely loading might be.
And so, we used that data to try to simulate the

loading up until we replaced the expansion joint.
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I'd like to pause a moment and just remind everyone that

the report prepared b y mons ieur Hamaoui was remitted to

all parties and was produ ced, and everyone agreed that it

could be produced and it was unnecessary for Mr. Hamaoui

to be examined.

The next slide shows the test set up in the laboratory at

McGill University, you can hopefully clearly see the

cantilever on the south side, you can see the large stee

| oading distribution beam that we used, we have a

computer controlled machine capable of producing cyclic

loading and, as we load in th e ce ntre here there's a ball

bear ing, a big ball joint, | should say, in the middle so

we end up with equal loads at both ends, insurin g tha t

both ends are loaded identic ally  during the testing, had

the same history, identical loading.

And one other thing is that we cast the se two

cantilevers at the same tim e, it took two batches of

conc re te, but they have the same concrete as well on each

cantilever.

What is "cyclic"?

Cyclic means you're repeatin g the load from zero up to

some magnitude and releasing it and repeating that in a

cyclic fashion.

Thank you.
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Unde rnea th is steel column, we have the neoprene bearing

pads we've used actually, the actual bearing pads from

t he evi dence site, so we've used the identical bearings

used on the bridge.

This next slid es howsthe details asdesigned from...
th at we obtained from the structural drawings and you ¢ an
see the green, in green, th e Ubars , number 8 U bars, the
pink are the number. .. hum ber 10, épingle  or U bars in
the assise or beam seat area; the yellow repre sents the
diagonal number 6 bar, that was on the dra wings, these
are all going around numbe r 7 tr ansverse bars; the red

bars arethe number 14 bars at six inch (6") spacing. The
suspentes are shown here, thei rnu mber 8's, atteninches
(10"). The U bars, t he pink U bars are number 10's at
five inches (5") and we have on the bottom number 8 bars
and again number 7, transverse bars.

Dr. Michell, you said this is the as-designed and the

design, the plans used, were those remitted to you by
monsieur Dupaul...

Yes, they were.

... the designer...

Yes, they were.

... before plans?

Absolutely.
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And on this one the as-d esigned, because we'll get to the
as-built, the number 14 and number 8 bars are parallel,
have been set parallel one to another, is that correct?
Even though you might see from the plan that the re's red
above the green?
Wadl, no, actually the number 14 has a larger diameter.
Oh, that's why, I'm sorry.
... than the number 8.
Thank you.
That's why you see a bit o f the number 14 bar above it,
yes.
Thank you. And they are parallel.
Yes, they are parallel and the number 8 hooks are ho oked
around number 7 bars in the corner, which are right
underneath the number 14 bars.

Also over, near where the wall supportis ,wh ichwere
represented by this rea ction area here, we have the
inclined reinforcement coming out of the wall, we just
wanted to represent that steel as well.

And, in order to determine what the details were for
the as-built end of o wur test, we had to do some

dissec tio n at the evidence site to be able to determine

what the exact details were in the region of inter est ,
which is near the failure, and we were a ble to uncover
the steel and I'll show you some mor e detai Isofita bit
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late r, butt he number 8 U bars are shown here, this hook
has been cut off, a sample had been take n to get

stress  strain relationship, the get the yield stress of

t hat steel to be able to identify it a little bit bett

the

er.

This is the number 6 bar that had to be obviously

forced into place because of the difficulty of placing

that steel, this is the number 10 U bar, an d the ne «xt

line here sh ows a clear picture of a slice we took later

exposing the steel, and you can see clea rly the number 8

U Dbars with the hooks, the number 6, diagonal
reinforcement and the fact th at this angle here had to be

squashed a little bi tto force the number 6 diagonal bar

i nto the right location, and these are the numbe r10 U

bars.

And what it looks like is shown on the bottom right

here, that's the locat ion of the reinforcement and what
we found is that the bottom most bars were supported on
number 6 ¢ rossbars during construction and this supported

the number 8 bottom longitudinal bars, and the number 10

épingle or U bar, but also the number 8 suspentes

hanger bars.

And, because the bottom surface is sloping, because

or

the cover is constant, this meant th att he bottom of the

number 8 U bars are parallel to th e bott om surface and

this puts them at a slight angle instead of being

- B3 -

Audio Sténo Transcript, sténographes officiels, 510 Boul. St-Laurent, suite 200, MTL, QC,

H2Y 2Y9

10

15

20

25



2007-07-09 DENIS MITCHELL
EXAMINATION
BY Me DECARY

vertical.

So, they're at a sli ght an gle and, furthermore,
because they were placed thi S way, they were placed
downwards from the position th at the designer had
intended.

So, the hooks of the number 8's and the hooks of the
number 6's come somewhat bel ow t he number 14 bars as was

described in Dr. Marchand's testimony.
We confirmed that the cover concrete was two inches
(2"), this is one of the number 6 supporting bars here,
but the cover was two inches (2"), as we suspected. So,
we had to de term ine this information before we could

build the as-constructed side.

If | just go back one, there was so mething | wanted
to mention. We found as well nu mber 6 bars shown here not
only at the location further back to ward s the wall, as |
showed you previously, but also up near this region and

we surmised that this number 6 bar, which was welded to
this number 6 crossbar here was probably used to support

a number 7 cros sbar to hold up the top steel during

constru ction, and that's shown on the figure on the
bottom right here where we have the number 6 bar going
upwards.

And that bar, obviously, did not appear on a design, on

a plan?
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This was only placed during construction and th ese bars

were not on the plans. And, again, they were about four

(4", five foot (5') spacing across the width.

Now, Dr. Mitchell, just one point, my unders tand ing from
the proof that was e stab lished before the Commission was

t hat these bars may have been inserted, this number 6 m ay
have beeninserted without the des igner knowing about it.

Do y ou have any comments on that? And Mr. Dup aul
test ified that, in effect, you know, these were not

authorized by him and it was , understand, practice
often to add certain bars at various places, you know, to

help during the construction, to hol d thing together,
now...

Yes.

... do you have any comments on that?
No, that's fairly common practice that that top layer of
steel had to be supported someho w a nd this was the method

that the contractor chose.

And we have a consensus item, and it 's a r ather
obvious one here after having seen everything else, tha t
the steel in the upper area near the extremity or end of

the cantilever were badly placed, in particular the
number 8 U hanger bars and the number 6 diagonal bars.
Ce qui créait la zone de tension, la zone de faiblesse.

La zone de faiblesse , the zone of weakness, absolutely.
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During the c onstruction of our test specimen, we
wanted to match identically the details that were on sit e
and so here is the number 8 hanger bar that | showed you
inside the concrete on a previ ous slide, where this
portion had been cut off to take a bar sample.

We did however see the imprint of the end of the bar
in the concrete and were able to mark exactly were this
hook camet o so tha twhen we received our number 8 bars
from the United States, to g et the same, exactly the same
size, we were able to match identically th e deta ils of
the hooks, the overall height, etc., so they match
identically.

And this is just a drawing which shows the details
of the reinforcement in our north end, which is the end
with the as-constructed details, showing much of the
details required to appreciate and build the specimen.

So, hereis the additional nu mber6b ar. Here we see
the corner angle and reinforcement which I'll show you a
little bit later for the expansion joint area.

Naturally...

Mr. ARMAND COUTURE :

Excuse me.
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Me MICHEL DECARY :
Dr. Mitchell.

Mr. ARMAND COUTURE :

Dr. Mitchell, do | rea d this correctly that the
vertical number 6 bars additional were placed only on t he
as-built side and not on th e a s-designed side of the test
specimen?
That's correct. That's absol utel ycorrect. The other side
didn't have any of those vertical number 6 bars. Right.
Thank you. Naturally we t ested all of the reinforcing

bar s with three test coupons to be able to determine what

t he properties of the number 8's, the number 7's and th e
number 6' s were, as well as the number 14 and number 10

bars which were used to construct the test specimen.

I'm just going t o sh ow you fairly quickly some
photographs of the reinforcement in the formwork be fo re
we ¢ astthe concrete during construction just so everyone
can appreci ate th e amount of reinforcement in this very
complex region.

So here we see the as-designed and with the details
we see the n umber 8 hanger bars, we see the number 10 U
bars, we see the number 7 crossbars with the hooks going

around the number 7 bars.
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At the north end, simila r details, we have strain
gauges on the steel, the se measure the straining of the
steel or the elongation of the steel so we can tell how
much the steel is working at each of these locations w ere
we've glued the gauges.

This shows the details of the hooks on the as-
designed side with the number 8 hooks here and here and
the number 6 hooks for the inclined reinforcement.

This is the north end and, coming up, you can see
that the han ger bars are going below the number 7's this
time, as we found on the plans, and an addit iona | number
7 was placed in the corner, as we found i n the field at
the evidence site.

So, thisis whatthed etails ofthe hooks looked like
on the as-constructed or as-built side with the number 8
hooks going below the number 7 bars, and you see that
these become more and more incli ned as you go further out
beca use, of course, the vertical legs of the suspente are
not actually vertical, they're slightly, slightly
inclined.

This is after placing the number 7 transverse bars
andth enu mber 14 longitudinal bars, you see that there's
quite a bit of reinforcement in here.

This shows the detail of the exp ansion joint

reinforcement which consisted of thickening of the
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concrete of two and a half inches (2%"), steel a ngl e
placed on the outer edge and, welded to that steel an gl e,
were steel s trap s bent at their ends to hanker the steel
angle to the concrete.
This shows the details of the reinforcement on the
as-designed side and really you can see the amount of
congestion of the steel here. The number 14 bars, the
number 8 ho oks and the number 6 hooks, there's a lot of
steel across this particular plane.
This is the other end, this is the as-built end, we
used t he same detail for the... for the original detail
f ort he expansion jointreinforcement and this is what it

would like looking down on the top of the as-built end,

you can see that the number 8 hooks are coming out below
the number 14 bars, and missing the number 7 bars overin
this region.

Me MICHEL DECARY :

If | pause for a mom ent, at the end of the construction,
just before people were like called in to put th e
concrete, there's supposed to be en engineer or someone

from the engineering side that takes a look at the
system, the structure, and is supposed to say yes or no

before there is any concrete being poured.
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Isn't it apparent, if you have the p lan and you see
the number 8's in particular, because those are so
obvious - to me anyway - that they're not in | ine wit h
not only number 14, but they're below number 7.
And in those days, people real ized that the things

to operate had to be hooked together, | mean, they had to

be hooked at one point, they had to be over number 7. Do

you have any sense o f why anyone would have authorized

this?

Well, | can't quite answer that question, but certainly

upon looking at this, it's deficient and it doe sn' t
match, it doesn't ma tch the plans or the drawings and so

a phone call to the designer wou Id h ave been

appropriate...

And...

... in halting the construction at that stage.

| was trying to find an explanat ion. Can you find an
explanation as to why... is it any re ason, in the
engine ering world, any reason why someone could accept

this, th at's unbeknown to us, or is that just not in

accordance with plan and, yo u kn ow, as he said, at least

it should have given a designer aring?

Absolutely it should have, you know, posi tion o f hooks,
anchorage of steel is vital and something should ha ve

been done, yes.
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Me PIERRE MARC JOHNSON :
Madame Desprez, est-ce que c'est possible de
retrouver la photographie prise au mom ent des travaux

effectués en quatre-vingt-quatorze ('94), est-ce que vous

avez la cote?

Me MICHEL DECARY :
Oui, on va y arriver en quatre-vingt-douze ('92)?

Vous parlez de la réparation...

Me PIERRE MARC JOHNSON :

Pardon, en quatre-vingt-douze ('92).

Me MICHEL DECARY :
C'est tres bien, oui, je comprends. Monsi eur le
prési dent, si vous n'avez pas d'objection, nous allons
adresser cette époque en détail et, justement, qu'est-ce
gu'o nvoita veclafenétre d'observation etles personnes
qui ét aientla , et je pense que ca va faire I'objet de

commentaires du Dr. Mitchell...

Me PIERRE MARC JOHNSON :

Merci.
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Me MICHEL DECARY :

... précisément sur ce point, ma IS sivousy tenez,

on peut bien...

Me PIERRE MARC JOHNSON :
Non, non, cava. Mais, en fait, c'est parce que vous
soulevé le fait qu'il est manif est e, |4, que dans cette
recon stitution du tel que construit, un certain nombre d e

barres qui devaient étre ou paralleles...

Me MICHEL DECARY :
Oui.

Me PIERRE MARC JOHNSON :
. au 14 ou, au minimum, en tou t cas, par-dessus,

les numéros 7, ne le sont pas.

Me MICHEL DECARY :

Oui, oui.

Me PIERRE MARC JOHNSON :

Et ca, on le constate au moment de la reconstitution
au laboratoire de I'Université McGill et on peu t penser
gue ca avaitl'airde ¢ca quand le surveillant est venu ou

a peut-étre oublié de venir...
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Me MICHEL DECARY :

Dans ce cas-la...

Me PIERRE MARC JOHNSON :
. et on peut penser que c'est aussi de quo I ca
avai t l'air quand, en mil neuf cent quatre-vingt-dou ze

(1992)...

Me MICHEL DECARY :

Voila. Page 173, Monsieur le président.

Me PIERRE MARC JOHNSON :
Oui.

Me MICHEL DECARY :
So...
Je m'excuse, je vous ai interrompu.
So, Dr. Mitchell, see wher e Mr . Johnson is leading
to, ninetee n nine ty-two (1992), repair work is done and
this is what the people involved in the repair see and,
in essence, is that the same as we 've jJus tseeninthe as
built?
No, I think we've pick the wrong location...

The wrong...
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... becau se in th iS case one can see that at least it

looks like the hooks are the same level as in nu mber
14...
Yes.
. which was ac tua lly reported on one corner of the
st ructure, but there are better photographs - and I'll be

coming to some later, actually.

Me PIERRE MARC JOHNSON :

O.K., cava.

Me MICHEL DECARY :

So, we can come back to that, because it was not the...

Okay. Just to indicate that we added the number 6 bar in
what we thought was approximately the right location, it

seemed to vary a little bit acr oss the width of the
structure bu t we 've added it in on the as-built side and

it doesn't exist on the as-designed side.

Me PIERRE MARC JOHNSON :

Can you explain to me agai n how th ese number 6 wound up
there in your opinion?

Yes, if | can go back, let me just choose the righ t
photograph for you here.

Page 108, s'il vous plait.
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Me MICHEL DECARY :

Yes.
Oui, merci.
This diagram shows it, t he number 6 we believe were
there to help support the top reinforcement sothe number
6 w as welded to this bar which was support at the botto m,

it comes up and it was probably we think welded to a
number 6 at this level to hold up the number 14's, durin g

construction.

Me PIERRE MARC JOHNSON :
What would hold it u p on num ber 6 is what, three quarter
inches (3/4")7?
Right.
So it would hold up the 14's on a quarter inch (¥4")?
Well, | suspect that there was some weight transferred
through this part as well.
Okay, thank you. That's fine. Better than nothing.
Right. Well , ity ou recall the ground penetrating radar
readi ngs we had, we saw that the top number 14 bars wer e
guite wavy and where they we re the highest is where we
think we had the n umber 6 vertical bars and in between
they were sagging.

So, it fits with wha tw e've seen on the GPR readings

I've taken on the structure.
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Thank you.

So, that's the number 6 bar that we placed in the
construction in the laboratory, and t his is the
additional number 6, there wer e two of them in the as-

built side of the cantilever.

And here you could see the as-built side with the two
number 6's, and this just shows where we've placed some
strai ngauges onthereinforcementto measure the strain S
and the flexural reinforcement strains and the number 8
U bars and the number 10 U -shaped bars and the number 6
diagonal bars.

And similarly on the as-designed side, and you'll
note that there's no vertical number 6’ s ont he as-
designed side, and the gauges were placed in the same

locations on this side.

In addition to t hat, we have some devices that
measure change of length between two pins that we d ril |
into the concrete and this enables us, if we getac rack
forming for example, then we would see change in length
in the region were the crack is crossing one o f these
gauges and so, by doing that, we c an follow the behaviour
very closely and thi s shows the linear voltage

differential transformers that are measuring the change
in length be twee n the top and the bottom points here and

similarly all the way along the length of both ends of
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the cantilever.
We're also looking to see what the effect of this

crack that forms on what we call a re-entrant corner by

the assise here, we were picki ng tha t movement up with

this gauge as well.

Me PIERRE MARC JOHNSON :
Is this life size in terms of the chaise part?

Absolutely. Absolutely, we've... this has the same

dimensions as the actual porte-a-faux or cantilever. The

only thing we've done is we've taken a four foot

wide slice of it.

Yes.

And... but everything else is identical dimensions
including actually using the
Good.

Now, looking at the test, what | want to show you f

(4")

same neoprene bearing pads.

irs t

is how the failure occu rred at the south end of the

specimen, but b efor e we look at it in a little more

detail, 1 | ust wa nted to point out that the failure

occurred when we had a load at the end here

hundred and ten kilo-newtons (810 kN).

of eigh t

Thisisth ecr acking patternthatyousee, thenwe're

very close t o fa ilure, within a few per cent of failure,

about five per cent (5%) of failure,
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(95%) of the failure load.
| just wanted to point out the f lex ural cracks that
you see on't he t est specimen and something that was also

veryi nteresting, these horizontal cracks that you see at

the level of the number 14 bars, those horizontal cracks

at th e level of the number 14 bars were there befor ewe
started testing. We believe they wer e shr inkage cracks
because there was a congestion of steel across the width S
and the concrete shrinks more on the top tha nitdoes on

the bottom, and we end up getting shrinkage cracks around

the bars.
But they seemed to have healed a little bit th rough
what we call autogeno us healing and they didn't open up

unti |later onin the testing when we increased the load.

Nos, what we saw was a flexural crack at this
loc at ion and we were keeping our eyes on this crack, this
inclined crack that was for ming, and as soon as that
crack joined up with t his fl  exural crack, we knew that

this w as goi ng to be the critical shear crack that was

forming.

So, we were watching this areaver ycl osely. Please,
note that we're very closed to failu re and the crack
width is zero point two millimetres (0.2 mm), point two
millimetres (.2 mm) in width. We measured the crac k

widths at all stages during the testing.
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Now, Iju stwant toshow youwhatto look for because

inam omentwe're going to have a video of the failur eof

t he south end, but I've just highlighted the crack just

to be able to show you w hat to | ook for because the
failure takes placeinas pl it second and what you should

look for is the extension of the shear crack down at th e
bottom and the extension of thiscr ack horizontally along

the level of the number 14's and the number 8 hooks.
So, when we start the video, there's going to be a
noise from the testing mac hin e and then you're going to
see a white helmet bob up here as somebody walks around
and just a ftert hat, keep your eyes on this region and
this region.
If we could start the v id eo, please. That's the
testing machine.
Well, that's what we call a br ittle failure. Now, |
should point out that it would have been much more
dramatic had we not cut the fai lure at the far end. Oh,
| can't show you her e. Mayb e go back? Oui, recommence .
You see it again.
Okay, page 135. Oui.
As | sai d, thisis a very brittle failure and a lot
of energy is released and it would have been even more
dramatic had we not cut the end of the cantilever,

there's a support under here. We didn't want thi s endto
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fall totally because we want to strengthen and strap this
part of the cantilever, so we can keep loading until we
get failure at the other end.
So, | just wanted to men ti on that it would have just

rip right off if we hadn't cut it.

Thisi sthefailure, the failureinthisregion here,

we have a shear failure and we have a bond failure along

t he length of the number 14 bars and this is what i t
looks like, everything is debonded now and we hav e that
bond splitti ng f ailure coming right through at the level

of the reinforcement. That's a weak plane where th e

failure occurred on the as-designed side.

Me MICHEL DECARY :
So it runs right along le plan de faiblesse ?
Yes ,exact ly. Exactly, rightalongthe plane of weakness.

This shows us on the vertical axes the total load
applied to the bear ing pad at the south and the as-
desig ned end versus the displacement downwards at the
location of the neoprene bearing pad, and you can see
here is where we were loadin g up , this is first cracking
occurring, we have then the eighteen thousand seven
hundred (18,700) cycles of loading att helevelwhich was
three thousand and fifty kilo-newtons (350 kN) plus

ninety (90) for the live load and we're loading up and
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down eighteen thousand s even hundred (18,700) times here.
And, at one point, we stop ped to replace the joint
on the north end which is the as-built end whi ch had a
joint replacement in nineteen ninet y-two (1992), so we
simulated what we th ought would be the right number of
cycl es here, then what you see is us loading the dead
load constant on both ends as w e replace the joint on the
north end, and then, after that, joint was r epla ced.
That 's why you see a little bit of displacement there,
due to creep deflections, long-term deflections.
And then, we loaded it up, we d id a lot of cycling
and we eventually got shear failure at eight hundred and
ten kilo-newtons (810 kN).
And here is where we strapped the as-designed end so

that we can continue loading until we got failure on the

as-built end.

So, surprisingly, it's the as-designed that split first?

It was somewhat surprising, but we weren't sure because

we knew that there were going to be terri ble bond
problems on that plane and we weren't sure a t the time
initially whether we hadn't done our non-linear finite

element analysis, whether or not we were going to get
failure at one end before the other.
And because it was displaced or misplaced

reinforcement on the a- built end and there were these
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horrendous bond problems on the as-designed...
Could you remind us of some...

Monsieur le président?

Me PIERRE MARC JOHNSON :

Which bond problem, I'm sorry?

Me MICHEL DECARY :

Yes?
The bond of the number 14 bars, remember t he num ber 14
bars didn't have a hook comin g do wn, so that when we have

shear, at this section here we have tension in the number
14 bars, due to the bending, you know, you're pushing
down here, you're causing tension on the top here.

So, dueto the bending, we have tension in the number

14 bars.

But also due to the shear, the re's diagonal
compression coming and we need tens ion in the
longitudina | reinforcement to resist the shear. So, the
shear and the moment cause tension in the number 14 bar s
and there was a lot of congestion which weakened the bond

characteristics of those very large diameter bars.
So,we hav eashearf ailure also affected by the bond

stresses in the number 14's.
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And in e ssence, those stresses would have been different

had obviously the ver tical bars haven't been bonded, in

a sense, to the longitudinal bars?

It would make a significant difference.

Because they were not bond ed, they had thisbond problem.

That's right.

Yes.

That 'sr ight. And, if you had that, you still would have

had eventually a shear problem, nevertheless.

So, there were two problems...

Two problems.

... as opposed to just one.

Absolutely.

Okay.

Me PIERRE MARC JOHNSON :
Maitre Décar vy, je sais qu'il va falloir arréter

quelques secondes...

Me MICHEL DECARY :
Oui.

Me PIERRE MARC JOHNSON :

... ou, enfin, quelques minutes méme.

-73-

Audio Sténo Transcript, sténographes officiels, 510 Boul. St-Laurent, suite 200, MTL, QC,

H2Y 2Y9

10

15

20

25



2007-07-09

EXAMINATION

BY Me DECARY

Me MICHEL DECARY :
Oui.

Me PIERRE MARC JOHNSON :

DENIS MITCHELL

Est-ce que vous voulez prendre encore quelques

minutes pour conclure cette partie-la ou...

Me MICHEL DECARY :

Bien, je pense que non, on peut tres bien arréter

ici...
Dr. Mitchell?
Oui, oui.

Qui, parce qu'on peut reprendre, c'est une autre ana

I'autre cote, c'est-a-dire le tel que construit.

Me PIERRE MARC JOHNSON :

Voila.

Me MICHEL DECARY :

Ca va bien.

Me PIERRE MARC JOHNSON :
You have a nice lab, Doc.
Thank you.

You have a nice lab.
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Trés bien. Alors, nous allons reprendre a et dix

(10).

Me MICHEL DECARY :

Merci.

Me PIERRE MARC JOHNSON :
A trois heures... a qui nze heures dix (15 h 10).

Merci.

Me MONIQUE MICHAUD :

Veuillez vous lever, s'il vous plait.

(SUSPENSION)

Me MONIQUE MICHAUD:

Veuillez vous lever, s'il vous plait.

Me MICHEL DECARY:

So, D r. Mitchell, we're at page 138 and is it appropriate

that we start here at page 139?

139,1 ‘'lljus t switch it, there we go. What I'm going to

describe now is what we did to the cantilever and what we
called as the as-built end with the as-built details and

what we wanted to do was try to repl icate, to the best of
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our knowledge at the time, the replacement of the joint,

the expansion joint.

So in order to do that, what we did was we put a

constant loading jack on o ur big distribution beam to
create what was the dead loa d only onthe assise or beam
seat while we carry out the operation of replacing t he

joint at this end.

And I'll ju st go through fairly quickly some of the
aspects of the joint replacement.

First of all, we gave a saw cu t at a prescribed
length from where the original joint was, tw enty
millimetre (20 mm) deep.

May | clarify one thing before we move on, Dr. Mitch ell ?
The joint replacement, am | to understand that you
started the testing and you stopped at one point, and

then proceeded to replace?

That's right. We tried to simulate th e like ly loading
that would have take n place between nineteen seventy
(1970) and nineteen nine ty-two (1992). Then, we stopped

thel oading and created a constantload, dead load on the
cantilever while we carried out th e opera tions, which did
take place in nineteen ninety-two (1992).

And that was done in nineteen ninety-two (1992) with...

Yes.

-76 -

Audio Sténo Transcript, sténographes officiels, 510 Boul. St-Laurent, suite 200, MTL, QC, H2Y 2Y9

10

15

20

25



2007-07-09 DENIS MITCHELL
EXAMINATION (EXPERT)
BY Me DECARY

...aswe'll seeloads o nt he structure during the repair
process?
That's right.
Very well, I'm sorry.
Sure. Next, we took t he old joint out and we were very
careful to chip very carefully in this aspect of the
concrete removal and, in retrospect, we were far far too
gentle on the concrete if we were trying to sim ulate
exactly what happened on the real structure.

| must point out that we did n' t have at our disposa
the photographs of the nineteen ninety-two (1992)
replacement operatio n. And if we had those photographs,
we wouldn't have been quite as gentle, in fact, we m igh t
have been quite brutal in some respects in removing this
joint and we also might have removed much more concrete
which would have made a very significant effect on the
behaviour in my opinion.

So, herewearer emoving the old joint, removing some
concrete. We didn't have the pho tograp hs until mid-April
and, of course, we were nearing the end of our testing,
well past the time when we r eplaced the joint. So, it
was about mi d-Apr il that we received those photographs
and we were quite shocked at some of the details we saw

there.
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Me PIERRE MARC JOHNSON:
Does that mean that you didn't impose an additional load
on the distal part of the north end?
Right. We understood at the t ime that one half of the
bridge was closed during this, while they replaced the
joint . In fact, some of the traffic was kept opene don
the bridge in one of the lan es and, you know, there were
also dif ferenttypes of equipment on the structure which
we had no information about.

Here we can see the chipped surface and we see the
joint steel Dr. Marc hand in his testimony showed the
drawings o f thi s steel plate reinforcement detail that
was used in the new join t that w as put in in nineteen
ni net y-two (1992). It had number 20 bars passing through
holes drilled in the plates, an dt hennumber 10 pins that
went a round like this and another one that went up and
around this bar. So, there were a few of thos e across
the width.

Here you can see we've cut off the old steel plate

tha t was attaching the old steel angle detail to the

concrete.
And you can see the chip ped surface and before
concreting, we made sure that the su rfac e was absolutely

clean, we made sure there was no standing water on that

surface when we replaced the concrete.
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And for the concrete, we e ven di d trial batches

be able to get a low slump concrete that was about the

charact eristics that we wanted for a really good repair

on that joint. And that's what it looks like right af

the joint repair.

Now, | must say that in reality in many places the

RT)

to

ter

joint repair went right down to the bottom. We see in

the photographs taken in nineteen ninety-two (1992) that
ther e was some concrete taken out for some distance
across the widt h here as well. And I'll come back to
that a little bit later because that gets to be

severe if you start removing more concrete on the top.

We also took shrinkage measurements because concrete
shrinks with time, it gets a lit tle shorter and this ha
consequences on cracking and the behaviour, especially
when you have ne w conc rete placed against old concrete.
And here are the shrinkage specimens where we measured
the free shrinkage but we also measured the shrinkage on
this part of the concrete which is somewhat restrained
from the concrete down below the existing concrete.

And fr om these sorts of measurements, we could

determ ine wha tthe shrinkage strains were versus time and

quite

S

this is the free shrinkage strain an d th e dashed line is

what we call the restrained... shrinkage strain which is

somewhat less than the free shrinkage strain.
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And now I'm getting into the test itself. This te st
load was at six hundred and seventy-two kilo -newtons
(672 kN) just to show you tha tthe photograph | had shown

you previously on the as-designed end was at seven
hundred and sixt y- two kilo-newtons (672 kN), it's quite

a bit higher than this load, yet this end has a lot more

cra cking due to the joint replacement. We have this
horizontal crack which we only had a small horizontal
crack at the other end. We see a crack coming in from

the corner here and we see some signs of shrinkage
cracking along the interface between the new very well

placed, ve ry we Il controlled concrete and the existing

concrete.
Also, | must point out as well that our concrete that
we were placing the new joint c oncrete against was not in
a deteriorated state. It was really good concrete. And

when we're chipping that concrete out, the pieces come

out in sharp chunks of concr ete, quite a bit different
than what we see on the replacement of the actual joint.
The next slide shows you the situa tion just at

failure. We were very lucky, in order to be able to get

some detailed readings just as it was failing, we had

cameras at each end filming what was happening at all

times in case we didn't want to mi ss the f ailure but |

was able to get right close up just as it was failing to
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see these cracks opening and take these m easure ments of
these critical cracks that you see here.
And let  me just point out what these cracks are. We

see some horizontal cracki ng coming along the bars at

this location. Point two millimetre (.2 mm) crack here,

a point eight millimetre (.8 mm) crack at this loca tio n

right by the number 6 hook, the shear crack here

incidentally, before failure was point five millimetre

(.5 mm). But as | said, this is the ru pture load and it
was actually starting to f ail so | had to stand back so
that | wouldn't block the view o f the filming that was

going on so we could capture the failure.

So, all are equal or most less than point eight
millimetre (.8 mm) in size?

Yes, absolutely. Right, especi allyth e shearcrack, that
was a point five millimetre (.5 mm) crac k and on the
south end it was point two millimetre (.2 mm).

And why stress the importance or you seem to stress the
importance of the shear stress, the shear...

The crack width.

... crack.

Yes. W ell , itis important because when looking at such

a structure without stirrups, you need to know the
significance of the crack widths and so what constitutes

a dangerous looking crack is really what I'm getting at.
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So, it doesn't have to do with size only?

It doesn't have to do with  size only, it also has to do

with the length of the crack, where it's locat ed, et c.

So, these are things that are really vital when trying to

examine a structure and see ifit'sin a shear distress.

So again I'm rep eating it but one last time we'll be

coming back to that. So, si ze is of importance but many

other factors also?

Yes.

So, one is not to rely on size only...

Right.

in order to draw any conclusion as to what a
behaviour, what exactly is happening?
T hat 's right. Now, I've just marked these cracks again

to show you what to look for when we show the video of

the failure at t his end. | should point out that there

is this inclined crack coming in her e which we can see on

the actual structure a little bit later and ther eis de-
bonding that IS starting to take place along the

interface between the replaced concrete and the existing

concrete. So, here is the small crack. Her eisth e

larger crack and here is the shear crack which is going
to grow at the bottom here as this grows horizontally.
And if we can run the video please. It's about

twenty (20) seconds.
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So, if we could return to the presentation. So, |

should mention this, | should mention that in this

part icular case we also caught it before it would reach

the floor because we would have to remove all of this
afterwards and it's easier if we have some s pace
under neath it. Butwe let it drop a little bit more th an

on the south side and you can get an idea of how brittle
and sudden that failure was.
So h ere s the failure at that load level, the next
slide s hows an elevation view of it. This is what we
call the zone de faiblesse or we ak zone just above the
hooks and below the number 14 bars, you can see the
classic shear failure going along here are extra number
6 bars sitting right about here and was s tarting to
control this she ar cra ck a little bit and so we didn't
get anyshe ar failure there butittends to be alot more
sensitive at this end here.
You used the term "classic shear crack” why did you use
the term "classic"?
Ifyo ulooka talotofbeamsthathave been tested, they
have this S shape, the failu re cra ck has that S shape,
failure in shear going up to the compression zone and
coming out at typically where norma [ly the support of the
beam would be. It's all turned upside down here.

So, this is typical?
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This is very typical, yes. This shows the detail of the

number 10 bars that were...

Doctor, one last thing that just strikes me...

Sure.

is that you say "typic al", would any structural
engineer know, recognize what a shear crack is, a typic al

shear crack?

Yes, you know, the shear failure definitely, to judge th e
significance of a shear crac k, it takes a bit of
experience though. If it's small, it depe nds on where

it's located, if it's near any reinforcement, if it's in

a zone of no reinforcement, how long it is, etc.

But the first element, s hear cracking is a well-known
phenomenon?

Yes.

And structural engineers know about shear cracking?

Absolutely.

And they can recognize a shear crack?

Yes.
Then what is more difficult as what's a smaller crac kor
what is the distinction be tween being able to recognize

a shear crack and being able to recognize a shear crack
that's more difficult to rec ognize? | mean, you see

there is a matter of degree here?
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No, what | was referring tot hatwas a bit more difficult

was assessing the importance...

I'm sorry.

... of the crack that you're observing and that takes a

little bit of ex per ience. Shear crack is a diagonal

crack and that is very visible but to judge the

significance of a crack, if it's small it becomes a

little more tricky.

And as pro fessor is and people of great experience, "a
little more"... it's because I'm trying to relate to
observ ati ons made by Dr. Marchand and it's just a level

of knowledge that "little more", to be able to recognize

the sign ificance, do you have any other comments you

could add on that because to me "little" is -- I'm not
being facetious -- is not much more, butrea llyisita
factor of time a nd exper ience or is it just the fact of

a little more, that is really a bit more?

| mean, you see the degr ee between an engineer,
structural engineer, is it more of a specialist? That's
where I'm leading to.
Well, somebody that maybe has seen a lot of shear
failur es,som ebodythat had some experience inthe field,
somebody who has observed failures in the la b it really
helps when you go to assess a  structure. And I'm going

to come back to that in some detail a little bit later.
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| know. That's why | was just preparing the later
examination.
Sure.
So, we may go on now to...
Now, this photog raph here shows the zone of weakness
where so me of th e concrete is even blown out of this
particular zone, it was so highly st ressed and when it
fail edi ntension and shear along here, it let loose but
here you can see the number 10 bars that wer e added that
went and hooked around the number 20 bar passing through
the plate that was in the new joint reinforcement but
this steel it makes no d ifference whatsoever in stopping
this kind of failure. It just goes around it.
So, these cannot be thought of as b ars that project
across the plain failure. The failure just skirts right
around them. So, those are really n ot servi ng much of a
function there in that regard.
The next slide show s th e load applied at the tip of
the cantile ver versus the displacement for the as-built
side showing the large numbers of cycles that we went
through and finally getting rupture at one thousand

sevent y- five kilo-newtons (1,075 kN). Again, it's very

brittle, there iIS no plateau here indicating that

something is goingt o break. Itis quite brittle and we

were fortunate to be able to see the failure coming with
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the cracks forming in a rather rapid fashion.

And may we just pause? | understand brittle, in French

fragile

Fragile.

But what does it refer t o0 as applied to the rupture?
What is brittle? How would you describe that

characteristic?

Well, it's so mething that happens without much warning,
with little warning or no warning. It's a sudden
failure. There is usually a lot of energy relea se and

that's what would term a "brittle failure".

Me PIERRE MARC JOHNSON:

Allez-y, Monsieur Couture.

Mr. ARMAND COUTURE:
When we look at this slide, Dr. Mitchell, would you say
that the displacement at the end, it s a vertical

displacement, isn't it?

Yes, itis.

Is that related to fatigue in the concrete or is there no
relation?

Well, we do have the cyclic loadings. So, you can see

some ef fec ts of the cyclic loading. We were going to the

same load level here, for example, in this cyclic region
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and you see that the def le ctions are getting a bit bigger

and same over here. With cycling we get displacements

going from here to there. So, we do see some opening of

the cracks. They are very minute openings and we meas ur e

those in detail on t he struc ture. So, we saw very small
increases in those crack widths with cycling at the same

load level, to the same maximum load level.

So, it's related... the displacement at the end is

rela ted to the cracking rather than the property of
concrete?

| wouldn't say the holes b ut the cracks for sure would
dominate the...

Would dominate that.

Absolutely.

Okay. On this diagram, would you te Il us wh at would be
the de sign load of dead and live load together against

the failure loading?

Yes, that's just coming up, I'm just about t 0 ge tthere.
| have a slide on that, I think, whichi sjustaround the

corner here.

Mr. ROGER NICOLET:
Excuse me, just as a follow-up quest ion, are we going to
come back to this not ion of f atigue or is this the time

to open the subject?
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Sure, | won't be coming back to it, no.

Okay. Because it has been raised in earlier testimony,
and maybe it will be appropriate to hear you on your
definition of what fatigue is in rei nforce d concrete as

opposed to fatigue as we normally know it on steel
members. In other wo rds, a re the two phenomena
comparable or are they of a com pletel y different origin
physically and of complete... are there completely
different rules and characteristics?
Well, there are some similarities, for example, if you
have, if you're looking at th e fa tigue of say prestressed
beam or reinforced concrete beam and you're looking at
fatigue in the reinforcing bar that's under tension, it's
very similar , then, to the steel case. We have an SN
curve which is the fatigue limit curve and what we
normally do for a situation like that is we predict the
stress in th e re inforcement at the crack so that's a bit
of a difference betwee n rei nforced concrete and steel.
So, we would predict the stress and the reinforcement at
the crack a nd we would look at the variation in the
stress with the loading, minimum to maximum.
And then, determining the stress variation in the
steel at the crack and comparing that to a fatigue
r elated curve for reinforcing bars, and that would be

analogist to the steel case, if you like.
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Now, if we have a member that doesn't have any s

r einforcement, and we're talking about fatigue and sh

there was a pape r written back in the fifties ('50's), |

think it was late fifties ('50's), one of the authors

Hessler (Ph.) and he looke d at the testing of beams

without stirrups and looking at fatigue effects in the

shear but they were loading wit htheir fatigue effects up

hear

ear ,

was

to very very high loads with respect to the ult imate

strengths of the beams that were tested and they found an
effect, a significant effect.

But those stress ranges were very very high. On a

bridge like this, the dead load is quite dominant, both

from the hollow b ox girders and the weight of the
cantilever. So, the live loads, yes, have a fat

effect but | think that the tests that were carried out

by the MTQS experts show that there wasn't very much of

a fatigue effect becaus e | th ink they've tested one
specimen with cyclic loading and one without so they had

a dire ct com parison and maybe they can comment on that
when the y give their testimony. But | looked at the
result s, | made the corrections for difference in
concrete strengths and there seemed to be a very very
small effe ct . So, yes, there is an effect, | suspect

it's very small in this case.
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Me MICHEL DECARY:
Well, since it's a subject you won't be coming back, can
| ask you first to define what fatigue is and second ly
what causes fatigue?
Right. Well, fatigue is a failure under repeated
lo ading. If you take a piece of wire and you bend it
back and forth, if you bent ite nough times it will fail,
it didn't fail the first time b ut it might fail after
fifty (50) times bending it back and forth, that would be
a fatigue type of failure.

What we see in bridges is because of the truck
| oadi ng causingincreased loads and then decreased loads,
incr eased and decreased, as the trucks pass over the
bridge and that causes, say, at a crack in the concrete
the stee |to stretch a little bit and release, stretch a
little bit and release, and that 's a fatigue type of
loading. An d so that's what we normally assess if we're
interested in fatigue type loading. We don't do that
check at the ultimat e state, we do it at what the bridge
Code calls the fatigue limit state, which is more li ke a
working load that's to be expected on the bridge.
With Dr. Mar chand we, you know, came to appreciate the
degradation, the importance of degradation of concrete,

how it plays out over time, how concrete ages.
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Hasfatig ue,inourcase, playedany significantrole

in the collapse or is it tied more to the causes t

are... the t hree or four causes that are in your report?

Well , that's an interesting question, | mean, we're go

to see different reasons for the initiation of the crack

and one of the effects would be impact on the expansion

join t during trucks going over, during snow removal,

equi pment hitting it. So, that's more of an impact more

than it is a fatigue. But fatigue, as | said, this

structure isn't very sensitive to fatigue-type loading.

Degradation of the c oncr ete is very sensitive to it,

especially inthat zone of weakness where it actually did

deteriorate. So, I p ut the degradation of the concrete

way up there along with the bad details and the

misplacement.

And a fatigue would be...

Much lower.

... much lower.

It's a factor but | don't think it's a major factor in

this case.

So, a fatigue works with t ime but concrete resists well

to fatigue, if | am to understand your testimony?
It can.

It can. And in this case did it?
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| think in this case it probably did. There is a tiny
effect.
A tiny effect?
Yes.
Thank you. So, we're back to page 155.
Right. And this goes back to the question of how do es
this match with the predictions from the Codes Mr.
Couture asked about. And so that's where I'm moving now ,
is looking at the predictions using the Code approaches.
And here, I m us ing the two thousand and six (2006) Code
to see if we ¢ an predict what the failure load would be
for the test and the two thousand an d six (2006) Code
| ooks at the shear capacity without stirrups, of cou rse ,
as beingc omposed of two terms, the concrete contribution
and the v.c. term, which is the vertical component of the
inclined compression on the b ottom surface of the
cantilever. It's no talarge term but | did account for
it as well.

V.c. as I've me ntioned previously is the resistance
duet ot ensioninthe cracked concrete. Thereis tension
between the cracks which giv es u s some shear resistance.

And the two location s wh ere we should at least
consi der and maybe more if you want to look at all th e
possibilitie s bu ttypically we look at the section taken

at a distance D from the face of the inclined wall
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support. D is the effect of depth. It's the d epth
you like, from the bottom of the cantilever to the ce
of the number 14 bars. So, that's D.
So, we come out of distanc e D f rom the face of the
wall to check the shear resistance.
And also the Cod e te lls us that we should also take
a look at a section and calcula te the shear resistance,
a distance D from the expansion j oint. And so that's
very important as w el |, just outside of the disturbed
region.
And at this location, the resi stance is limited by
t he capacity of the number 14 bars to develop tension and

their ability to develop t ension is controlled by the

, If

ntre

attirance , the bond between the number 14 bars and the

concrete.

Now, bonding, just if we pause one moment , just to be

complete, you noted that there is a bonding by the

weig ht , one stirrup is tied to another, but there is also

I'adhérence ,the bonding, whichi sthefu sionbetween,i
this caseitis either!' acier béton or béton-béton
want to expand on what exactly is I'adhérence ?

Sure. Well, just to e xplain it rather simply, if you

n

. You

have a bar and you imbed it in concrete a nd if  you only

imbed it a short distance, when yo u go and you pull

it, it will pull out and it will fail in bond or shear
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stresses between the bar and the concrete.
So, the question is in our design Codes how far to

you have to imbed the ste elinth e concrete to be able to

pull on that bar and develop its full yield capacity.

So, that is re ally wha t the bond is and our number 14

bars, as | mentioned, go into tension and so we hav et o
look at the bond characteristics of that reinforcement
and determine what stress the bars can carry a t a

particular location.
In this case, we are looking at alocation, which is
D, from the joint, expansion joint.
Which will be shown on the next...
Yes, that is right. So, if we use the two thousand and
six (2006) Code, and here, | have shown two poss ibl e
shear planes and what the predicted shear capacity is
according to the Code, at this location here, we have a
shear capacity, which would g iv e us eight hundred and
thirty-nine (839) kips at the neoprene bearing pads.
So, w ith afail ure plane here, at distance D from the
face of the wall, we would predict shear failure when the
pad load is eight hundred an d thi rty-nine kilo-newtons
(839 kN), sorry, kilo-newtons. If we come at distance D
fro m the face of the expansion joint, then look at th e
shear resist ance right here, we have a totally different

situation than we had over here, we have a smaller moment
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and we h ave a smaller shear at this location, because if
you are looking at this location , you have this pad
reactio n times this distance, creating a moment and you
have got the weight of the cantilever from this point
outwards creat ing a moment and a shear from the weight
and a shear from this load.

At this location, the moment in the shear is smaller
and yet, we predict a smaller, | am predicting a smaller
failure loaded shear because it can' t de velop enough
stress in the number 14 bars. Shear and moment cause
tension in the number 14 bars and the Code t ells us, the
two thousand and six (2006) Code tells us we have to
checkthe longitudinal reinfor cement for the influence of
moment and shear.
Which was not the case in nineteen sixty-six (1966)?
That is correct, that is correct. So, if you like the
predicted load would be eigh t thirty-five (835), the
actual load was eight ten (810) and very close
correspondence. This is for the as-designed side. When
we go to the as-built side, with the new joint and
everything else, we have t he misplaced steel and we get
a higher load to fail the specimen a nd, in f act, our
predictions are somewhat higher than what we had for the

as-built side.
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Me PIERRE MARC JOHNSON :

In this case, Professor Mitchell, is it because of these

number 6 bars which were not on the plans?

The number 6 bars did play a role because the failure

crack crosses the number 6 barsan d|I see thatin my non-

linear analysis as well, but probably more than that was

the fact that these hooks being displaced downwards

remove some congestion in the bond at this p lan e and

thro ugh so me bond parameters, | was able to predict
somewhat that effect.

It is a question of estimating the effect because it

is quite a tricky one, but because t hese reinforcing,

t hese number 8 hooks are below the spacing betwe en th e

bars incr eases or as if they are on the same plane, you
have a smaller spacing of the bars a
more congestion.

So, the predicted load fo r failure was nine hundred
and thirty kilo-newtons (930 kN), the actual one was one
thousand seventy-fiv e ki lo-newtons (175 kN). So, why we
were within three per cent (3%) here on the failure load,
we were within thirteen per cent (13%) here.

And actually, in case anybody is wondering, that is
very good for a large member like this failing in shear
without  sti rrupsto be within thirteen per cent (13%), if

you look at the test data in the lit eratur e. So, thatis
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strictly from the Code.

And just to put thing S i n perspective, the failure load
levels represent a security fact or of how much,
considering if you could r emind us, what the expected

load on these?

Ri ght, right, the expected load, | do not have in my he ad
because | have looked at so many different...
Yes.
... parameters, but we found that it was, if you look at
the design, you use the two thousand and six (2006) Code
on the existing brid ge, it was deficient in shear by
guite a margin in shear. On top of that it is deficient
on the hanger reinforcement, this is only the shear, but
the hanger reinforcement is perhaps even more deficient.
And so, just looking at the shear is not enough, you
also have to look at the hanger rein forcemen t. Itis an
inadequate design in accordance withth e two thousand and
Six (2006) Code.
And according to nineteen sixty-six (1966) Code?
Nineteen sixty-six (1966) Code, the Code said we did not
need any stirrups in this po rtio n and the hanger
reinfo rcement, there were no provisions for the design of
the hanger reinforcement.
Thank you.
Okay.
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Me MICHEL DECARY :

Well, ma ybe ju st one question because on this part, we

seetheasb uilt , tel que construit , there is two number
6 bars. The Code today says t hat one of the way of
tackling the p roblem is to insert stirrups. Under the
two thousand (2000) Code analysis, where would you hav e
placed stirrups in this part at the tel qu e congu part
that shows no stirrups?

Where woul d you have placed them, just roughly,
without going to detail, not a detailed analysis, but
where would you have placed them?
Well, fi rst of all, we would have, | am going to try this
again. We would have had the hanger steel.
| am sorry, | am not sure | can see you, | am the one
that...
Can you see it? Can you see it?
Okay, | see it.
Okay , soyou place the hanger reinforcement hooked around
the to p bars and this would continue some distance out
over th edisturbed region, soitis quite a distance out.
And then, for the stirrups, these étr iers ,youwould have
them a t a sl ightly larger spacing, something like this,
again hooked around the number 14 bars and the number 8
bottom bars. And that would continue right to the end,
something like this.
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Me PIERRE MARC JOHNSON :

So, there would have been more numerous, they would have

gone approximately toward sthean gledwallandtheywould

have been positioned differently?

Yes, | mean the...

Under the two thousand and six (2006) Code?

Yes, well, these number 6 supporting bars were not

properly detailed for stirrups, okay, they w ere only
there to support the top reinforcing bars. The stirrups
have to go around the number 14's and be h ooked around
the number 14's and the numbe r8' sonthe bottom, so they
get hooked around.
Me MICHEL DECARY :
Hooked around the crochet.
Yes, the crochet.
Me PIERRE MARC JOHNSON :
Accrochées.
Exactly.
Me MICHEL DECARY :
Thank you, Dr. Mitchell.
Just to conclude on t hat , the predictions for the shear
capacity using the two thousand and six (2006) Code is
- 100 -
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giving very reasonable predictions for both the as-

designed and a s-built ends of the cantilever. We feel

that the resistance in shear was somewhat increased by

the number 6 bars, but the y may be not that effective

because they are not properly anchored.

And if | just move on to t he ne xt slide here, just
to come back to the earlier sli dethat |l showed, where we
were looking at the size effect in the shear, justto pu t
on this spot, for the case t hat we have with an effective

depth of about four feet (4'), remember that the original

design under working load, service load, was fif ty eight
(58) PSI, the ninete en s ixty-six (1966) Code limited the

shear stress under working loads to seventy (70) PSI and

the test failed at a shear stres s of s eventy-nine (79)
PSI.

So, that failure shear stress is fairly close to the

test carried outin Japan. Now, we a re ready for another
part of the presentation, the non-linear ana lysi s of the
cantilever and just before | start, non-linear analysis

once againis breaking the structure that you are looking

at up i nto sm all elements and linking them together
appropriately and looking at equilibrium and
compatibility between the elements t 0 ma ke sure that you

can predict the stresses.
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And when you go non-linear, you are then able to
account for the presence of crac ks, yo u are able to
account for the yielding of reinforcement, you are able
to account for bond stresses if you use a fairly
sophisticated program.
So, what we have done is done some analysis of the
slices, we have used a commerci al pro gram called Vector
developed by Dr. Vecchio at University of Toronto, it is
avery sophisticated program for non-linear analysis and

we used the post-processor called Augustus that was

developed by doctor Benz (Ph. ), a lIso atthe University of
Toronto.
And what you see here is t he mo del that we used to

predict the response of the as-designed end of the
cantilever. You can see the suspente numéro 8 in green
with the hooks on them at almost the same | evels than
number 14's, the number 6 inclined reinforcing bar, th e
U ba rsin pink, th e number 14 bars in red and the zone we
see over here, the f unny sha de of blue, is where we have
got the inclined reinforcement coming out of the wall.
And these are the pad loads that we have over here
and what we do in the non-linear analysis is we start
from zero load and we increase the load in increments
until we predict failure of the el ement we are looking

at.
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So, there is almost two thousand (20 00) elements in
this model and this i s a prediction for the as-designed
side at failure and | just w anted to show you a few

t hings, itis very distorted because the failure has c

ome

right through this zone he rea nd skirting around and down

in a classic shear mode.

You see the flexural cracks fairly widely spaced and
you see the cracking near the region where the number 6
inclined reinforcement is in the first leg of the number
8 bars, slight over predic tio n, but within
consid eri ng that we are looking at all of the different

complex features going on in this element, we also looked

reason,

at the non-linear analys IS — so we just have a minute

here — what we are going to look ati n a moment is the

modelling using the program Vector at the as-built end

where we had to use different concretes, particularly

where we have the jointreplacem entbec ause thatconcrete

has dif ferentpropertiesthanthe concrete in the rest of
the cantilever.

We have actually stronger concrete, stiffer concrete

and we have concrete that's shrink in g relative to the

existi ngc oncrete in the cantilever, and so, we wanted to

model that appropriately and also include the number 6

bars that were there pro viding some sort of function in

resisting the loads.
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And | think we should come up to the video?
Right after, yes, right.

Madame Desprez, il y a certaines langues ici qui
pensent que c'est en raison d'un geste de ma par t que...
We have a blackout here.
Voila.
Great. So, there is what | was describing and | ha ve
lost my cont rols here. Okay, there is the video and, in
fact, | caninitiate it, I b eli evelcan initiate it from
here. W ell, what you should look for is that as the load
is increased on the end, this is our modelli ng w ith non-
linear finite elements, you will see — herewego — you
will see some cracking on the right flexural cracking,
then you wil | eventually see the critical shear crack
deve lopi ng and there it is, so that is the failure right
the re. So, this is our model of how the cantilever would
deform and the red lines are showing where the potential
cracking is and there was a little bit of... quite a bit
of distress around the joint area as well.

And if we compare that prediction, and | will try to

get my pointer working back here.
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Me PIERRE MARC JOHNSON :

| unders tand that the analysis, the predictive results

came out before the laboratory testing results?

Yes, w ell, we had made a prediction and what we did is

had to change the shrinkage on the new concrete and the

we

joint area, because we were not sure h ow much the

shrinkage, s o we had to do an analysis on that, but

basically, yes, right. And what you see in this figure

here above is the predicted failure plane and bel ow you

see t he failure plane in the actual test and they

resemble each other very closely.

Mr. ROGER NICOLET :

At what load level?

This is the one where we were p re dicting, this load level
was nin e hundred and fifty kilo-newtons (950 kN) and that

is the prediction, the test was
(175).

Thank you.

Yes. | cannot control it from here, | cannot go to
next slide. Okay, merci. So, we get the same sort of

predic ti on, we get a brittle failure in shear and we have

one tho usand seventy-five

the

sufficient precision with the prediction to loo Kk at the

mode of failure and the progression of the cracking.
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The different factors that came into play during the

life of the structure, and really he re, I am going to be
talking mainly about the replacement o f the joint and
some of the cracking that we h ave oObserved at the

evidence sight. Le prochain.
This is a view o f one of the slices near the north-
east corner of the cantilever and th is is on the other
side of the bridge across the lanes from where the
failure took place. But it isc lear, | cannot point, but
the re is severe degradation along the crack, the crackis
following right along the top of the number 8 hooks, |
hope you can visualize that and the number 6 diagonal

bars, the hooks of the number 6 diagonal bars.

Me MICHEL DECARY :

May | interrupt, Dr. Mitchell, for a moment?

Sure.

Madame Desprez, est- ce que nous sommes en attente du
marqueur , d eux minutes? Je pense que c¢a vaudrait la
peine d'attendre.

Oui, oul.

If you do not mind, Dr. Mitchell.

Oui, oui.
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It will not be long, Messieurs les commissaires, parce

gue la démonstration gui suit est importante et si vous

me permettez, sic'est pl usqued eux minutes, évidemment,

on poursuivra.

M. ARMAND COUTURE :
En attendant, vous permettez que je pose un e g uestion

au docteur Mitchell?

Me MICHEL DECARY :

Oui, oui, oui.

Mr. ARMAND COUTURE:

In the non -linear simulation, can you putthe degradation

of the concrete as one element of the simulation?

Abs ol utely and thatis coming up. Yes, we actually tried

to, because | have been able to do tha t before on some

othe rstr uctures, you know, showing degraded concrete and

we put it into the m odel and we tried to simulate stage-

wise degradation of the concrete. Yes, itis coming up.
Okay, w e ar e back in, we are back in business here.

So, this isthe degraded concrete that you see here, you

will notice the degraded concrete on the top surface as
well, it is quite significant. This is a very seve re
crack coming along the length of the hooks as you see and
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the crack comes out thro ugh the top here somewhere and we

think that water was able to get in through this and

into this slightly inclined surface that has opened up

with the crack.

fee d

We have the large cracks , we have the degraded

concr ete and when Dr. Marchand and | first visited t

he

site, and we were looking at block CNE1 bef or e it was

slic edup,a ndwe walked up to this region and this part

of the concrete was so soft, you c¢ ould take your

fi ngernail and press it on the concrete and it would sink
into the concrete.

I mean we are talking about severely degraded
concrete just above the hooks ont hisspecimen, and there
is one other i tem | should perhaps comment on at this
time, because during the cross-examination of Dr.
Marchand, it was sugge sted that perhaps the cracks have
become larger since these specimens were transporte
the Belgrand site, but I wou Id like to point something
out here because rem ember that this cantilever was fixed
away over on the right-hand side and was sticking out
some thirteen feet (13') on the real structure.

And t here were significant loads coming down on the
tip of t his  cantilever from the weight of the box
(inaudible) bridges i s nine ty foot (90') spans and that

was loading the assise orthe beam seat here with quite
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a substantial load. And ina ddition to that, you had the

weight of the cantilever itself with this crack opened

and my point is that, in this mantling, taking the beams

off, the crack probably got smaller.

And taking this piec e 0 ver to the evidence site and
sitti  ng it down on supports here whereas it used to be
sticking out as a cantilever probably make th e cracks
small er, because you have got a direct support underneat h

this part, it was originally hanging below the cracks.
So,Id onotth inkitisrightto saythatthe cracks
are probably larger because of the transportatio n. I
would contend it is the opposite, the cracks were
probably smaller than what they were on the actual

structure.

Me PIERRE MARC JOHNSON :

On that, Dr. Mitchell, how ma ny inches or feet are we
inside the north-east structure here?

Thatis, see, | think each of the seisab outtwo orthree

feet (2-3'), | would estimate here maybe about si x feet
(6") in, something like that.

Six feet (6') in?

Yes. You are away from the sidewalk, which was on th e
outside here. So, you are probably about six, seven feet

(7") in on this face, my guess. Now , Dr . Marchand talked
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about the degradation of the ¢ oncrete and what we have

now termed the zone d e faible sse and if you take a look

at this photograph here, esp ecially the close up, thisis

the failure plane right here.

So, we are looking at the concrete immediately below

the failure plane and it is all layere d, it is in
slivers, | mean the concret e ha s notensile resistance in

th is direction. It was just pulled apart and you saw ho w
we had to carefully monitor that piece of conc ret e that

we had in the room the other day.

In addition, if there is to be any shear, lam t ryin g
to get the... if there is to be any shear stress  across
here, this would just slip, there is no shear resistance
any more along that plane. So, this is very ser iou s
concrete degradation that we are talking about in this
zone de faiblesse

And Dr. Marchand also showed 't hat there was
considerable deterioration for some distance above the
zone de faiblesse on the other piece at the site, the
evidence site. Now, this is a photograph of the sister
bridge to the Concorde bridge, the de Blois bridge, just
immediately north of t he Concorde bridge, or at least
was.

And this is a photograph in nineteen ninety-two

(1992) before the joints were to be replaced on the de
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Blois bridge and the Concorde bridge and we just wanted

to point out here that these expansion | oin ts take a

t erribl e beating, not only from truck traffic, but also

from snow removal equipment, hitting the steel angles.

You can see here th e steel angle has been torn right
out, there is great big holes in the joint area for wat er
to getinto, there is stand ing water over here, itis not
draining properly. So, if you look at what this might

have done, this might have been one of the initiating
causes to the cracking that occurred in the zone de

faiblesse or the weak zone.

This next sli de sho ws some heavy equipment on the
bridge during the rem oval of the asphalt and we realize
that this probably was not there , we s ay "probably was

not there", during the chipping of the concrete to
replace the joint, but this is a Caterpillar Cat 235,
which has a weight listed in the catalogue of ninety-two
thousand pounds (92,000 Ibs.).
The weight of a n H 20-S16 truck for which the bridge
was originally designed is seventy-two thousand pounds
(72,000 Ibs.). I have to point ou talsot hat the Cat 235
is shorter than the twenty-eight-foot (28') long H20-S16
standard truck.
However, one thinginits favour is that the distan ce

between the treads is eight feet (8'), it is wider than
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the standard truck, which is only six feet (6') wide.

So, it spreads it out more laterally, but less in th e

longitudinal direction.

Mr. ROGER NICOLET :

What would you say about the ability of the bridge deck

to distribute the load laterally?

Well, that is a good question, there are fai rly  wide
treads we have... we have a topping ontop o fthe hollow
box bri dge gird er, so it's a three and a half inch (3

1/2") topping, | think it is probably, probably okay,
but what w e did is we did an analysis using our three-
dimensional model of the entire bridge and we found that

if you're looking at the sheers in the cantilever, which

is a vital part of the d esign here, that the shears in
the cantilever w ith  this leading would give a shear per
unit width which is twenty-fi ve per cent (25%) higher

that astand ard H20-S16 truck, twenty-five per cent (25%)
higher.

However, the bridge was designed for two lanes lo aded
as well for the H20-S16 trucks and I f you compare the

shear, the d esigne d shear, that you would have back in

nineteen sixty -six (1966) with the shear from the

Caterpillar C Cat 23 5, we found that it gives a five per

cent (5%) lower shear than the two-I anes loaded with H20-
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S16, but still a considerable load.
And it might have been - and | say might have been -
one of the | argest| oads the bridge had ever seen in its

lifetime.

So, that's important for...

Me MICHEL DECARY:

And, Doctor, you just said "it might have been the
largest load", what do you base yourself upon to make

that statement?

Well, we had a transportation study which gave us the

prob able range of vehicle weights and of course those are
different vehicles altogether, but they wouldn't have

been as heav vy, they wouldn't have created this higher
shear as this here. And the oth ert hing I'd like to point
outis...

Yes.

... that not only is there a Cat 235 on the bridge but

there are other vehi clesas well. So, | mean, we have to
recognize that this was a very serious load test on the

bridge.

Mr. ROGER NICOLET :
Coming back, I'm sorry, to this...

Sure.
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... lateral distribution acro ss the bridge deck, there
are no, at the support, there are no cross girders
between the box beams and, if you look at the behaviour

of the cross beams further towards the mid span, it se

that the prestressing wasn't particularly high, which

resulted in some longitudinal cracking in the bridge
deck. Did you notice that or did yo u make a ny... take

any conclusions from that observation?

Yes, the diaphragms, there w ere no diaphragms at the end,
the diaphragms in this band were... had post-tensioning,
transverse post-tensioning going through them, as far as

the cracki ng on the deck is concerned, that was in the
asphalt, | believ e that what we had reported, had
reported to us that there was some cracking in the
asphalt, not altogether indicative of cracking in the
member below, though.

So, | didn't want to make the as sumption that that
cracking had existed, but it 's a good point, this is a
very h eavy | oad on the individual box girders, the top
flange with the topping.

There is one otheritem I'd like t o point  outonthis
photograph and Dr. Marchand showed on Friday, | think it
was Friday, yes, Friday during cross-examination, one of

the number 14 bars that was severely bent up during the

removal of the joint and what we see here is due to the
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pelle mécanique or the backhoe that you see here, a bar

that's been ripped out of the concre te. You can see that

in the foreground here.

And there is another photo graph of that bar from a
slightly different angle and it's been quite destructive
in removing some of the asphalt there, obviously some

concrete was removed as well.

Me MICHEL DECARY :

What would that suggest, Dr. Mitchell?

Well, that would suggest that the backhoe, the shovel did
some damages and perhaps it wasn't intended, and
obviously this bar is in effective now, and there may be
other bars as well.

It says something about the way the repair was conducted?
Yes. Yes.

That is not in a gentle way?

It wasn't in a gentle way as we had ¢ onducted it in the
laboratory, that's for sure.

Itwa s maybe the use, a certain expression that | use, in

a semi-destructive way?

| don't want to go there.

Don't comment. Don't comment.

| don't want to go there.

That was a low blow, | recognize that.
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Me PIERRE MARC JOHNSON :

Would you have stood besides that Caterpillar?
If | had see n th e structural drawings ahead of time? No.
So, if you had seen the structural drawings...
Right.

... you would not have stood...

Right.

... on that Caterpillar.

Right.

Not that you're that heavy, but...

No.

Okay. Thank you.

Okay. This is the r eplacement of the joint during
nineteen ninety-two (1992) , t he digging out of the
concrete and | hope, clearly, it's n ot as evident maybe

for the audience, butthe hooks of the number 14 bars are
definitely below... sorry, the h
are definitely below the number
who took the se photographs or had someone take these
phot ographs, testified that he noticed this fact. He

noticed that the hooks of the number 8's were below the

ook s of the number 8 bars

14 bars, and Mr. Sonago

number 14 bars, and he cl aims t hat he requested
additional reinforcement to be placed in here, we don't
have any details of w hat he w ished to put in there, but

he was talking about twenty millimetre (20 mm) diameter
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bars and the se have become a bit of a mystery because no

one has seent hose bars, and obviously they were never

placed, we don't have any idea what they were going to

look like and so we never found these bars, even during

the dissection of the elements.

Me MICHEL DECARY :

But, Dr. Mitchell, had you seen this, what appears on

page 173 in nineteen ninety-two (199 2),ont op ilyala
fenétre d'observation , you see... | mean there's an
opening now, you see all t he str ucture, what would you

have done?

Well, | would have closed the br idge. | would have closed
t he bri dge, that's right above a hanging support, those
number 8'sa re in tension, are meant to be in tension. |

would have closed the bridge, and...

Me PIERRE MARC JOHNSON :

Because of the depth of the extraction of concrete...

No.

... Or because you notice the re that the vertical bars,
which then b ecome horizontal, are not where they should
be, they're lower than they should be, or both?

Well, what concerns me the most is they're not hooked

around the number 14's, | mean, yes they're lower and
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that's another feature, but thisis ahanging support and

those bars have to be hooked around the main flexural

steel, which are the number 14 bars.

So, | would have closed the br idge, supported the
bridge and then a st udy woul d have had to be carried out
to see what's going on, | mean, th is is a very bad

detail.

Me MICHEL DECARY :

Widl, just to start with the premise, you would have seen

this, the first thing that st ruc k you is that they had to

be hooked?

Right.

Well, was that well-known in nineteen ninety-two (1992)?
Well, that's a good point, | su ppose somebody on the site

would have the structural drawings, at least one on site

could have caught that it was misplaced. At least t hat .
And then, a call should have gone in : what do we do

aboutit? | mean this, in ninetee nei ghty-four (1984), we

had proper details and proper design procedures in CSA

A23.3, which is the Code for the design of concrete

structures, not the bridge Code, but we had those in
place then.
So, designers were, you know, since nineteen eighty-

four (1984), so that's eight years later, were well
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familiar with disturbed region sandhow you should design
them, hadn't reached the bridge Code, but at least
someone should have flagged the misplacement and

something should have been done.

Me PIERRE MARC JOHNSON :

So you're saying there's the ninetee n six ty-six (1966)

Code which was used to do the design...

Right.
... which gave way to a de tail o f the upper part of the
structure which was a detail which prove d to

inadequate, according to two thousand six (2006) Code.
Yes.
But, what you're saying is that there was nineteen
eighty-four (1984) Code modifying the nineteen sixty-six
(1966) Code.
No, the eighty-four ('84) Code was for buildings, if you
like...
Okay.
..T orbuil ding structures rather than bridges, but that
Code gave... and the follo w-up d esign examples, which |
presented earlier, gave detailed examples of joints like
this.

Would you say that the nor mal structural engineer,

average structural engineer, would have known that in
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nineteen ninety-two (1992)?

| think so, someone who is keeping a breast of...

Of developments.

... of his profession, yes. Yes.

Thank you.

Me MICHEL DECARY :

And if not, if not that knowledge of, you know, awarenes S
of the advancements of science, at least the first

trigger would be the fact that the actual building...

structure, I'm sorry, did not conform to the plan...

Absolutely.

... isit normally not a trigger?

Absolutely. Absolutely. It should have been.

And what do you do, once you realize there's a mismatch,

what do you normally do? | mean, you cal | someone in
Quebec city or somewhere, what, | mean , some one has to
give a... what do you do once you realize th at there 'sa

mismatch? What's the next step?
Well, that's right, get the design team in and... first,
first close the bridge; seco nd, supportthe bridge; then

calla ndgett he designteam in, find out what is going

on.
And maybe just to pursue the matter, find out what IS
going on, how do you go about finding out? T he bridg eis
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closed, you added support, can you just be more explicit

on adding support, and then the anal ysis or... I use the

term "analysis", but | mean what are the next steps?

Well, you get the plans out, y ou look  for all signs of

distress and deterioration on the structure, including

cr acks. There were some signs of cracking and putting t WO

and two toge ther , no hooks around the number 14,

misplaced steel, cracks, | think you start to see the

entire picture, which I'll show a little bit later.

So, I'l | let yo u... I will come back to the answer to

that question as you move along.

Okay.

So, just to conclude on that - I'm sorry to... Monsieur

le pr ésident, but | mean you would have closed the bridge

having seen the mismat ch between the bars and the plan

and also special ly because of the fact that they're not

tied or bonded or hooked to the longitudinal bars?

That's correct.

Fine.

Mr. ARMAND COUTURE :
This...
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Me MICHEL DECARY :

I'm sorry, there'swasaquestion. Monsieur Coutur

Dr. Mitchell.

Mr. ARMAND COUTURE:
Dr. Mitchell, when you look at this picture...
Yes.

can we ¢ onclude that some of the asphalt on the deck
was removed only af ter the joint was open? Is it the
asphalt we see on the right side of this picture?
| think that's the asphalt on th e right, right here, yes,
| think so.
So, we know it was re moved, s o it was removed after the
joint was open?

I'm not sure about that. | can't say for sure.

Me MICHEL DECARY :

Monsieur le prés id ent, il y a une analyse ici et qui
est a ssez longue et vu qu'il est presque et demie, je
vous demanderais de pouvoir interrompre le témoignage du
docteur Mitchell a ce stade parce qu 'ily a une suite et
qui ne peut pas étre faite en deux minutes ici, et c'est

une suit e qui est préparatoire a des questions, a

certaines questions d'importance. Donc, je vous
demanderais, s'il est possible d'ajourner & demain matin
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a ce stade, a moins que vous décidiez de continuer.

Me PIERRE MARC JOHNSON:

Avant d'accueillir votre requéte avec le sourire,
Maitre Décary, vous allez nous expliquer un peu ou on
s'en va avec le docteur Mitchell dans les vingt-quatre

(24) prochaines heures peut-étre.

Me MICHEL DECARY:
Well, Dr. Mitchell...

Me PIERRE MARC JOHNSON:
Vous avez remarqué que je n'ai pas dit quarante-huit

(48).

Me MICHEL DECARY:

See, as a lawyer, you know, | don't want to answer tha t
guestion but I'll ask someone who not only has an
engineering degree, a masters degree, a doctors degree,

un diplémé de I'école de génie, Dr. Mitchell, your

estimate in time, how much time?

Oh boy!
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Me PIERRE MARC JOHNSON:
Don't be dragged into this.
Well, we could get to a natural stopping place in three

more slides. But then I'm not anywhere near the end.

Me MICHEL DECARY:

No, no, but how much time would you have to get to the
end?

For the whole thing?

Yes, for the whole thing.

For the full thing, just | et me make an estimate here.

About an hour and a half.

Deux heures, Monsieur le président.

Me PIERRE MARC JOHNSON:

Okay, so maybe we can go through the next two slide s.
Me MICHEL DECARY:

Yes.
Me PIERRE MARC JOHNSON:
And | understand that the video that we wanted when you
presented your analysis is the one w e got. There was no
other video to be seen.
Yes, that's correct, that's correct.
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Okay. So , let go through to the next two slides, and

then I'll have to consider maitre Décary's request.

| just want to warn that after | talk about th is next
one, | need COM-1-C, page 87. So, looking a tthe da mage
on the reinforci ng bar s, Dr. Marchand talked about this

on Friday and these are pits in the steel bars due to

hits from jack-hammering on the bars and we know that if
you do this , You no tonly have a chance of reducing the
area, effective area of the steel, reinforceme nt at the

section where it's hit, but also when you hit the bar

heavil y you tend to lose some bond of the bar. I'm not

saying that that's what you see here but if you h itthe
bar, it vibrates and shakes it relative to the concrete

and that can damage the bond bet ween t he steel and the
concrete.

And | just want to bring up COM-41-C, page 87. Now,
this is the photograph t hat Dr. Marchand also showed
about the removal of the joint usi ng a hydraulic hammer
and | can't point but if we could zoomin torightaround
where the...

Me MICHEL DECARY:
Madame Desprez, oui.
Parfait. Now, this i s a hydraulic jackhammer and using

it on the joint and the reason we got some certainty
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about that is that this is the joint rein for cement that

has being dragged out of it. You can see the... sorry,

you don't know what I'm p oint at but just to the right of

the gentleman with the red and black jacket on, there we

go, that's the steel angle fro m the joint and you can see
the s teel plates sticking out of the steel angle whi
are welded to the steel ang le, there we go, so that's the

joint reinforcement that was removed with this type of

ch

equipment and that's very he avy equ ipmentand does damage

to the bars and may do damage to the concrete as well.

The other feature that | wanted to bring out, and
this is on t he south-east half of the bridge, fairly
close to the... this is in the o uter lane, not in the
in si delane, sorry it'sin the inside lane, not the outer

lane , the ex terior lane, but what we see here is the new

expansion joint re inforcement with the number 10 hooks.
This is typically about four hun dred and fifty
millimetres (450 mm) a nd whe n we did our repair in the

lab at McGill, that's the amount of concrete we removed.

But in this case, there is being an enormous amount
of concrete removed and the reason | sa vy it's significant
is that this concr ete removed even below the number 14

bars reaches the second hook of the number 8 hange
reinforcing bars. So not only has the concrete being

removed above the first leg of the
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U bars but also the second leg in some pl aces. This is

very serious, very severe. We didn't do that in our
in McGill because we only got th
nineteen ninety-two (1992) joint replacement in mid-
April.

Could you expand as to why it's very serious?

It's very serious because it's
the connection betwe en... the only connection that was
remaining between the second leg and the top number 14

bar, tension in the concrete.

Yes.
And later when you place new concrete ove rh ere, you'
going to have a plane of weakness if the joint wasn't

pr operly concreted where you could get cracking along the
interface of the new c oncrete with the old and that is
starting to look like the failure crack that occurred.

It's along that plane. So, that 's why it's of great

concern.

Mr. ROGER NICOLET:

To better understand this pictur e, are we seeing Cross-
wiset heoldw idth of the bridge? And in the back there,

this is the mid-strip?

This is the median here.

Yes.

- 127 -

Audio Sténo Transcript, sténographes officiels, 510 Boul. St-Laurent, suite 200, MTL, QC,

tes t

e p hotographs of the

remove d the concrete and

re

H2Y 2Y9

10

15

20

25



2007-07-09 DENIS MITCHELL
EXAMINATION (EXPERT)
BY Me DECARY

And that 's the expansion joint going through the median.

This is the lane beside the median a nd this is the... if

you go towards this end here, you're going tow ards t he

south-east corner.

Okay.

So, this is close to the region.

But in other words, the width.. . W e understand from Mr.

Sanogo's testimony that what he removed was the concrete

that he thought was damaged. Would that explain why the

dark back.. . as far back as you show here on this

picture?

Yes, absolutely. | mean, they have to remove damaged

concrete. It's justthatith appensto have been donein

the most critical of locations...

Yes.

... where the hooks are missing from the number 8's.

But the failure was triggered closer to the south end

of...

Right.

And not in the area where...

That's right. It's towards the fr ont of the bottom of

this picture but we don't know how m uch concrete was

removed there. So, this also would cause distress, |

mean, w e s ee that there were shear cracks... the plane of

weakness cracks were apparent on the north- eastcorner as
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well, so that this certa inl y does not help the situation.

It makes it worst.

So this defect, first of all, should h ave Dbeen

reported immediately and something done about it. And

yes, it's a catch 22, you' res upposed toremove deficient

concrete, degraded concrete but above the hooks make si t

particulary dangerous actually.

Me MICHEL DECARY:

Monsieur le président, avant I'ajournement, on m'a

indigué qu'un certain nombre de chercheurs a tra vers,
enfin j'oserais dire , & traversle monde, des chercheurs
dans les universités, les écoles de génie de I'indus tri e

du béton s'intéressent aux audiences, aux travaux

slre ment mais aux audiences, aux témoignages et ils nous

ont fait part d'une demande s'il leu r était possible
d'avoir une disquette sur laq uelle on retrouverait la
déposition intégrale des expert S. L'on sait que ce que

I'on entend a I'heure actuelle est la traduction et des

guestions et des réponses et il semble qu'on n'ait pas
accés a la version intégrale et on nous a fait part

qu'évidemment d'abord, c éta it en francais, les
difficultés que ¢a peut poseral'é tra nger, et enfin s'il

était possible d'avoir la version intégrale en francais.
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Me PIERRE MARC JOHNSON:

En anglais.

Me MICHEL DECARY:

En anglais, en anglais, merci. Pardon.

Me PIERRE MARC JOHNSON:
Alors, j'ai été saisi de cette gue stion tét ce matin.

J'ai demandé aux gens qui s'occupent du systeme de

diffusion de tro uver une des deux solutions suivantes et
je vais le dire en anglais , cons idering the people who
have an in terest in the expertise of our witnesses and

would like to have their testimonies in English rather
than have their voice covere d up by atranslation, and I
have asked the people res ponsible for that at the
Commissi on to see to it that in the coming days one of
two things is available, either on the web we will create
a system by which the testimonies can be heard in their
original version and the translat ion isonasecond track
or if that's not possible, we will have indeed either
availab le thr ough the web or on cdroms the original
vers io n, and then people will need to contact the
Commission to get them.

We should have a clear ans wer fo r that tomorrow as

we open or close. If you're doing this right, maybe as
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we o pen and if you're too slow it might be at the end of

the day but we'll have an answer tomorrow on these

issues.

We will consider a cdrom which includes, of course,

the pictures and not only the audio.

Me MICHEL DECARY:
Whic h could be made available upon request to

secretary.

Me PIERRE MARC JOHNSON:
Which would be made available upon request. So,
tomorrow we'll have details about that and of course

we'll post the details on the web site.

M. ROGER NICOLET:
Does that include the test imony of the experts for

the other parties in this section?

Me MICHEL DECARY:

In all likelihood, yes.
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Me PIERRE MARC JOHNSON:
| would take for gra nted t hat to make all these
expertises available, we'll make them available from all
the experts in the original language once again and with
available separate translation.
Alors, Maitre Décary, vous suggérez qu'on recommence

a sept heures trente (7 h 30) demain matin? Non?

Me MICHEL DECARY:
Je m' adress e a vous pour la décision, Monsieur le

président, puis je n'ai pas de demande a cet effet.

Me PIERRE MARC JOHNSON:
Alors donc, croyez-vous qu'on est prét a neuf heures

trente (9 h 30) demain?

Me MICHEL DECARY:

Oui, neuf heures trente (9 h 30) sGrement, oui.

Me PIERRE MARC JOHNSON:
Oui.
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Me MICHEL DECARY:

Oui, sdrement. Et on a fini certainement demain

matin, mais évidemment, | a, mesc onfreresontdes contre-

interrogatoires et peut- étre une note, si je peux me

permettre, m'adresser d'abord a maitre Arguin, vous

pré voyez un contre-interrogatoire d'a peu pres combien de

temps?

Me PIERRE ARGUIN :
Vous voulez me mettre sur la sellette. Je ne crois
pas que c¢a sera un contre- int errogatoire de quatre
heures. Ca sera certainement moins que ¢a mais écoutez,
je prévois peut-étre que lg ue chose entre une heure et

deux heures, peut-étre un peu moins.

Me MICHEL DECARY:
O.K.

Me PIERRE MARC JOHNSON:

Maitre Henry.

Me PATRICK HENRY :
Afinquej € pu isse vous montrer que je peux respecter

ma parole, je vais dire une demi-heure maximum.
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Me MICHEL DECARY:

Donc, ¢a sera trés court.

Me PIERRE MARC JOHNSON:

Donc, en principe, on pour rait en terminer avec le
témoignage du docteur Mitchell demain si tout le monde
respecte ses engagements et peut-étre méme amorcer un

prochain témoignage avant la fin de I'aprés-midi.

Me MICHEL DECARY:

Oui, slrement, oui, docteur Bissonnette est prét.
Et peut-étre une derniére note, si v ous aviez, Maitre
Arguin et Maitre Henry, des de mandes spéciales a adresser
a madame Desprez, c'est-a-dire des pieces, vous pourrez
leur donner sans qu'on en soit informé mais ce soir pour
gue cap uisse étre prét... pour qu'elle puisse étre préte

demain matin.

Me PIERRE ARGUIN :
On pourrait le faire par courriel, j'imagine? Oui ?

Bon. Alors, je verrai.

Me MICHEL DECARY:

Trés bien. Merci, Monsieur le président.

- 134 -

Audio Sténo Transcript, sténographes officiels, 510 Boul. St-Laurent, suite 200, MTL, QC, H2Y 2Y9

10

15

20

25



2007-07-09

Me PIERRE MARC JOHNSON:

Merci. Alors, nous suspen

demain neuf heures trente (9 h 30).
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Je, soussigné, ROBERT TETRAULT, sténographe offi cie |
ddment assermenté, en francais et en anglais certi fie
sous mon serment d'office que les page S qui précedent
sonte tcontiennentlatranscription exacte et fidele, au
meilleur de mes conn aissances et de mon jugement, de

I'enregistrement mécanique effectué hors de mon contréle.

Et j'ai signé,

Robert Jetrault

RBERTTETRAULT,s.o./o.c.r
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