The World Trade Center

or decades, industry professionals
have debated the performance

charactenistics and benefits between
'\1{"." trame structures .'u”{‘l concrete
frame structures in mid= and high-rse
buildinges, Until the tragoc events of
September 11, 200, specihcally
those involving the terronst attack on
the World Trade
Center, such de-
bates had revolved
primuarily around
theories. As tern-
ble and eragic as
the destruction of
the WTC s, we, as
inclustry '|m|'f-:'\.-
sionals, have the
responsibility of
looking deeply into
the performance of
our building struc-
tures o reasonably
and responsively
prevent such im-
mediate destroc-
ion and carastrophic Filure from
happening in the fumure. The follow-
ing discussion s not intended to capi-
talize on this crapedy but o analyze
several kev Factors surrounding che
seructural Failure of the WTC and
consider whether a concrete frame
would have performed differently.

This discussion is between Ball
Klorman, president of WM. Klorman
Construction Corp., El Monte, Calif.,
and Ken Bondy, a consulting struc-
tural engineer in West Hills, Calif.
Both Klorman and Bondy are mem-
bers of the ACI Responsibility Com-
mittee, Klorman its chairman. Bondy
i5 one of the country's leading design-
ers and authorities on post-tensioned
CONCTEE SIFLCIUIes.

Klorman: In the films of the
artack, the buildings appear o take
the impact itself quite well. Bur that
seems inconsistent with the complete
collapse that follows shortly there-
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Tower, Obviously many people

after. From an engineering stamd-
point, how do you interpret the per-
bormance !

Bondy: It seems o me that the
buildings did resise the nitial impace
well, A redundant load pach clearly
allowed the loads above the impact
area fabout 15 floors for the Morth
Tower, 30 floors
far the South
Tower) to be
transterred around
the damaged area.
There is a strong
puossibility that the
buldings would
have remained
standing had there
been lietle or no
fire. In my opin-
e, however, the
buildings did not
perform well in
resasting the hre,
That 1& not a crib-
cism of the design
because the impact and fire appear o
have substantially exceeded the origi-
nal design criteria, both in the impact
force and the intensity of the fire.

The major structural elements

jcolumns, primary beams, and pird-
ers) in modern fire-resistive buildings
are supposed to resist the most severe
anticipated fire for ar least 3 hours
withour Failure [that's essen-
tially what is meant by a “3-
hour rating™}. The time be-
pween impact and collapse in
these buildings was only about
an hour for the South Tower,
abour 144 hours for the Momh

owe their lives to those sur-
vival nimes; however, many
more surely could have been

saved had the buildings lasted che full
3 hours, Now that we know thar
these types of events are possible, we
need to design for them.

Elorman: What do you think
fimally triggered the collapse?

Bondy: Ongoing investigations,
including a major effort by ASCE,
will tell us eventually much about the
actual collapse mechanism. But like
many others, | feel the fre ultmately
caused the collapse, The fire protec-
tion in the bulding consisted of a
vermiculite plaster wrap for the seeel
box columns and a suspended ceiling
bor the bar joists in the foor system.
It 15 hikely that the impact damaged
large portions of this nonstructural
|irr|1r||-:1f:|r|1.:| and allowed a direct
path for the lames to the URPrCe-
tected steel, eventually weakeming it
1o the poant of Fuilure, Based on the
bact that the collapse was so sudden,
it seems that the flure mechanism
must have been either a compression
taillure in the columns or a massive
shear failure in the connection be-
tween the loor bar joists and their
support at either the perimeter or the
core, Since the loor bar joists were
“secondary™ members [they don'
individually carry a lot of Aoor area)
and the columns were *primary”
members (individually they carry a
much larger portion of the floor
area), column com-
presaion Failure, either
in the core or ar the
perimeler, i5 most
likely to have been
the initial event thar
started the complete
collapse,

Klormamn: As a
builder whose firm
specializes in design-

| feel the use of concrete framing in tall buildings
can help to make them safer. — Bill Klorman
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Tall concrete buildings
have significant adavan
tages in the area of

fire resistance.

Ken Bondy

P —

build svsrems,
I am espe-
cinlly com
cermed with
the 'fll‘-:"|‘:"|'rl af
ing issues thar
have been
raised here,
After the
suocess of a

b 2arory concrete frame high-rise in
sothern California, we have mied o
I'!-II'III'ﬂI' Tk ':'III:| |I'||. LA '|'1|1 amc
.|._|'.'.||1r.|!'.:"\. o comerere bur alsn the
imherent fire resistance and added life
satety of concrete |'l||1|-.‘:i1‘_§‘-’.. 0 vou
think concrete would have improved
the perbormance af the WTC build
Ings?

Bondy: Yes. Tall concrete build
ings have significant advantages in
the area of fire resistance, Pechaps
mast important 18 the fact chat the
fire protecrion is an integral part of a
sructural concrete member rather
than a nonserucrural addinion. Impact
.|.|r||.1a:r in 2 concrere member can
expose the reinforcing seel locally,
hut it does not provide a direct path
tir steel in other parts of the frame,

Second, in concrete columns,
the load is shared berween concrete
and reinforcing steel, unlike in &
steel column where the entire load
is carried by seeel. In most concrete
columns the reinforcing sceel car-
ries less than 50% of the toral
column load, even less with higher
concrere screngrhs and lighrer
loads, as in the upper floors of
miulristory buildings. The concree,
a naturally fire-resistant material,
carries most of the load.

Finally, concrete huildings, par-
ticularly cast-in-place concrere build-
ings, are inherently resistant o pro-
gressive collapse because of continu-
ity of the floor members and the
frame action berseen the floors and
the columns, which is present oo
some degree even if you don't design
for it, This provides redundancy and
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“math™ for loads o teavel around a
ocal area of damage, Also, the ACT
Bailding Code now incorporates
cquirements for “integrity steel,

ntorcement specibically mtended o
enhance the resistance of concrete
utldings 1o progressive collapse. |
would anoicipate that ACT Committes
18 wrll focus now event mare on
IMEASUCEs [0 Prevent progressive oo
lapse, including criteria for ap least
some minimum level of *duct

ame” detaling e all buildings, no
Just those i1 SEISMIC 2anes,

| think the 1995 behavior of the
Murrah building in Oklabhoma Cin
demonstrares how concrere buildings

1 limit the spread of a progressive
.'|l”'||'\l'\1|_ II|'|| Ln '.lil :|| :I||,' \l.| _'.I
building, outside the impact foom-
|"" 1T ‘I || T q.l'“__:'ll-\.:' AENET [
bomb exploded, undoubtedly saving
many lives,

I\II'\-TI'II.II] From a constructiod
ctandpoine, | am aware of an addi-
Tl |I1| .1.|l\..' I|.||=_: il CONCREre in |__|
|'\I'II:||I"|'I'H._ n COncreneE D .| nes the
perimeter beams and columns can
xposed archirecturally, and the win-
dovws and the rest of the curcain wall
oian I"l '|'|'."~|'H.:'.: ns || . :I'II BIT |'||
-'||:-:| (81§ '|'|| TICHEGE. | |'| L | | IMINATES :|'||
gap betwern the stroctura floor and
thie curtam wall often found in soruc-
tural steel buildings, a gap which car
anid has allowed the upward passape
af bire from floar to floor i a mola
story building, This was known o
happen in the First Interstate Build
ing, 4 62-spory structural steel offce
building m dowmitosen Los Angeles
during a severe tire that damaged
tour toors in the lace 19805

There are some obvious practical
problems, primanly weighe, invalved
in building tall concrete buildings;
however, they are not insurmountcable
when we use existing toals like high
strength concrete and post-tensioned

por systems. Mow that we know
hat some people are willing to inten
tonally Hy large commercial airplanes

mea aur tall baldines, 1 think we

'I-':'|_: L] |_|- '.'.'.II__‘ L

avs, to the greatese
degree possible, to mingate the effects
ot such terrible actions. | fecl the use
o conerete framing in tall buildings
can help to make them safer and chat
many owners of tall buildings wall be

lonoking to concrete n the futuan



