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Asweareall aware, the threat of Fm: e mrf li{-e safery in butldmgw'
is all too common. The United Staces ha.s A ps{rncuiﬂr coneern for
this Lype af theear bacause of its Ia[gc Propumn}n aof wood fmmfd
famlme:.. This article Presenes . reasonable alver tative plan o Lo Create
i Fir¢ safe huﬂcﬂng de.ugn, within an aﬂ'ﬂrdabic bﬁdgtt that worls
for builders. & pro pmed fire safe building mntmducﬁd fior porential
long term application in the. de.f"-rcl{:pment ﬂf newe residential and

Creating a Fire Protective
Building Envelope

Wood Frame Type W construction has
been the focns of our construction mai-
ket since the end of World War L, and
has remained the cost effecrive selu-
tion for the 1y]:it.':1] home builder, The
untortunate reality is thar wood frame
howses are ,SI.E.'SI'.ZID‘EPIi.l’Jl".' ter Are Lial]l‘l:-.li’;l.h
loss, and pose o signihcant life safery
chreat to its cocupants. California resi-
dents know chis Gicr all too well, glven
the large exposure o wild Bre threars
soross the state,

The key parameter in rh:-.-:-:lnp-]ng a
fire sate building design is oo urilize
materials that are Lire resistanc, Concrere
and muasonry hove the hest fire rating
pn;:;'fh]'nmm:n:: with o minimum d-heur
protection tating. Steel is subject o
melting and ]Jll{I'Stf change ar 800°F and
can easily wearp and delorm, J'csu||i]1;_>, in
strucrurzl damage ooz l’]lli.]{'.lfl'.lj_}. Widnod
collapses under heavy fire exposure. The
challenpe s to create a oot efleccive fire safe
bunlding eovelope thar can withstand the
etteces of temperature, heat, [ire, and ]ﬁj}g
LErIm CXpersLare Lok J.:lill”":ﬁl ﬁl{'-”l':[“-‘i-

A building envelope wilizing perimeter
masnnry 5].'.”.‘-'-1!' '\’r'El“.-‘.i Creales o q"—hﬁl“’
resistance oo an excerior foe event. Mason-

ry is commonly used 10 fire stations and
is a long proven, accepred fire wall ma-

Spanerete wtf sreed fieans ryitens.
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Fererier elevation wivh reinfivoed sasonn)
tevial. Utilizing reintorced, fully prouted
masonry further adds o the s
sistanice of the shear wall swstem.

The horizemtal diaphragms are designed
using precast concrete (such as Span-
crete) panels. Spancrete s a proprieticy
ripid diaphrapm syseem developed by
the Spancrere corperation and availzble
nacionally. Lo is approsed by the Tnreena-
tional Code Council Evaluation Service
CCER % 21510,

The roof is designed with prefabricated
metalfsceel cruss system, which is furcher
five-proofed using an 1CC approved
five proof material. Roof sheathing 1
conventional wood plywood. bur this is
covered with a Class A rool ole o insulare
the plywend from fire exposure,

Wood walls are urilized on the interi-
of non-scructural portons as particion
elements, Mo scructural Toads are car-
vied b any of che wood walls, so these
elements are inside of the 4-hour fire
protective envelope,
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Structural System

A building envelope is created chat
|::r.--r|d{>t g ||r-1d di-lphranm with rigid
SO ah-_a: walls. The scructure 13
a boxed siractare wich soff walls and

fﬁmn warll sy,

overall strucoural period less chan 0.5
seconds, Reinforeed masonry shear walls
deliver a "minimum” in plane shear value
ol 50 psi, which equares e 50psi x 7,63
inches x 12 inches = 4.378# foor for an
S-inch black wall. W¥ith reinforced steel
thar complies with THC 2006 criterion
for high seismic zones, this may be
increased 1o 75 psl maximuny,
For,
A-inch block: Vi, e = 75psi x
12 = 6807 oo = 0.8 Kipsffoo
F2-inch blocks Vo~ 73 psix 1163
% 12 = L4678 foot = LILS Kips/foot
LG-inch bleck: Vo = 73 pslx 15,63
¥ 12 = L4067 8 foot = 14 Kipsifoor
With these walues for in plane shear
citpacit, foewond soucoural shear wall can
cormprre o provide comparable sorengths,
The shear wall configuration can ac-
commadate a varierny of architectural
plang, and provides prearer Hexibilite
the designer for more claborate designs,
For example, the architeer is noc con-
stoined because of limited shear wall
hetghi-lengih racios and deesn't have o
provide hold dewns, connection hard-
weare, o diaphragm connectors, Openings
can be designed o Ao wichin the ma-
somry allowabile values, and because the
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loaels are generally “low” (fe., less than

Sevond fooe span
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focterior ftsecn .l‘."'lln'.:."f.ill.l,"ﬁ';.!ﬂ;‘.l.

3000 oot of shewd for residential srrues
tires, the masonry shear wall concepr is an
excellent choiee,

The precast panels provide a rigid diaphragm
in combination with the lighoweight concrere
decking fusually 2 1o 4 inches thick), Flori-
sontal reinforcement tes the diaphmpgm o the
perimeter masonry walls, The value of the
precast panel diaphragm lics in both i cosc and
simplicity, Precase panels have been urilized for
parking strucrures for decades, bur have always
b appliciton for residencial and commercial
struceures. Ie s common o have 20- 1o 30-foor
span lengrhs for procase panels, and economical
to have 40-foor spans, The panels are precast-
prestressed and delivered to the jobsite ready for
mstallation via an onsite crane,

The foundacon system urilizes the precast
Hoor panels for che 1% Hoor and spans from
one end of the building o the ocher, The
perimeter foundation suppert is a continuos
grade beam resting on piles. Mo slab on grade
systemn is utilized which eliminates onsice
grading, over-excavation, tecompacticn, and
dirt impartfexpore. The piles are drilled,
with cast in place steel Weshapes that Turther
reduce the ensite cost of reinforcement, The
final pile design does nor incorporate any
conventional reinforcement and connects to
the grade beam using boleed connections,
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It 15 also possible to urilize & continuaus foor-
ing syscem instead of a pile and grade beam,
because net all soil conditions require piles.
For @ continuous foating system. the precas:
parels rest on the foundarion stem wall, just
like & regular stab on grade. The difference in
this system is thar chere B a sub Hoor svstem
over a non-graded, non pad cerrilied Gl co
muaterial, The sive developiment cosis ase sig-
nificantly reduced by eliminating the onsie
compaction/grading and soil work.

The basic strucoural advancages include:

1} The precast pancls eliminate che need
for interior sreucroral sheir walls,
columns, and structural hearing,
clements which farcher reduce the
cverall Foundation cosrs.

21 The precase panels create a solid (8- 10
L 2-inch thick] e Bacrier berwesn
Howr-te-Haor areas. This funcrons for
fire resiztance, bt alse creaves suitable
separation lor noise abaement, mold/

Trteviar nop-itrctumd wall coraeetian,

mis e resistance, termite infescation,
and strucruralfcarthaualke resistance,

31 The rigid diaphragm provides very
high in plane shear capacities (2 o 3k
toot] when compared to conventional
wood frame diaphragms (015 o (L8
koot maxd,

41 There 1z no Hexurevibration problem
i the final oer construction, This is
markedly different from wood-frame
residential Hoors char "Hex” under
normal walking leads.

The only real disadvantage: The precas
panels must be precast w precise dimensions
that fic with their final ficld positon. 1F the
precast panels do noc Ge wichin established
tolerances (V- 2 inches max), then the panels
weill hawe: to b Bield cuc, Thisis nocimpaossible,
but requires addicional Aeld dme wich impact
o CTane Costs,

Cost and Feasibility

A typical wood frame residential house in
California will cost between 390 — $500+/
squate foor, depending on the qualing location,
and type of Hoor plan (bl 1)

The structure cost in fefde 1 orefers tooall
steuceural components, fondarion, shear walls,
diaphragms, roal tusses, e, . escluding on-
site grading and offsite costs, Struciure cost s
approximate and inclustve of all the marer-
als, labor, transporation and field assemlby
charges to pur the basic building together,
The other aspeces of the nonstructral and
interior elements are everything outside of
che basie strucoure. Tn simple terms; The
difference berween the final building cost
anel the structure cost represents all of che
non-gtruciural elements and interiors,

Finished BLIDGT

Strucrure Cost

Low-cost Affordable Housing
Medium Cose
High-cnd Custarn:

R0 - 512075, fr.
120 - 520045,
5200 - 3500+ 5.

B8O/, f
110 s fr.
ST20-52000 5. ft

FRinished BLING = Scructure Cose o+ Nonscrocooeald L ncerior Cosi
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[he interesting poine of Tabde 1w thae
the structural system of wood frme Type
Voconstruction is nendy cthe same across
the Board for all quality level buildings. I
stands to reason i 152 customer is paying
For a premium high end custom home
product, shouldn't hedshe e encidled tooan
equivalent system thar ensiures against hasic
property loss risk? Most would agree, but
the marker has never refllecred this face, A
£200,000,000 custam home in Beverly Hills
for 4 maovie producer will still wse the sune
wood frame shear wall system with hold
downs, wood diaphragms. and conventional
foundarions as for a communicy honsing
project in South Central LA, The main
dilferences are che hnishes.

Wl ||!c.'~'j‘-:‘||] Crete-Imasnnry lire safebuilding
design, the approximare cost parametess are
sheswn in Fable 2.

These costs will vary depending on location,
labewr, and material wvailabiling. The poinc of
this discussion is that the inal consoructon cose
will b less than the conventional wood frame
emarker with a Far superior quality product.

Steueturzl Element Costdzg. of bldg

Spancrere Floors 5200, [
Masonry Shear Wills $30/=q. fr.

toal Truss B2 fr
Crade Beama Piles -'f>:_’,[}."tfl[_. £

Total Structure Cost 590/sq. ft

Folle 2,

Construction and Application

The photographs printed with this article are
of @ &, 1) square foor custem residence that
is currently being completed 1o the Connry of
Momterew, California: The structure cost for
this building was higher chan the estimared
L9000, T for the fellowing reasons:

fa] The steel cost rose from 50,4302
ten B0LFS 8 dwring 6 monchs of the
COEITICTIOn Flh.‘l&l_‘.

(b The design of this building had «
primary steel beam in the center of the
Hoor span thar splic the Hoor diaphragm
i v 20-foor spans, Flad this been
designed with ane 40-foot precast panel
span, this sieel beam and assoctated
columns would have been eliminated,
The cost of this beam was 590,000, By
subrracring this stngle item. coss wanlel
have been well below the normal range
for a precase panel l‘ltli|l.‘l]ng.

The final conscruction cosc for chis building

are shown i Febde 3.
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& 100 Sq. Be Chustern Fesigenes fn Manterey, Crfifaraia near conipletion,

The appraised value of this building is
53 100000 The owner was very pleased
with the final product quality and he
now owns the only Are-sate resideniial
butlding in Moncerey Cuuu:}-‘.'

Strucrute Cost 514075, fi LRS00
BLDG Cost 200/ 5a, Tt F1,770,000
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Dilip may be reached at dichatri@aol.cont. :

Gina Keil Crue, PE. dx f:izf anﬂm." at Khatrs fnternational fm M, Ciruz buss .L'a?'km' ot the
structiral desion :Jf il tange r.;f'pm_;fm f;z.r.{:rcz'ﬁ:rg siHEr s ¥ ure"a*}zrraf strietires Gt
ey be veached at grmz@kbatrmmmmnai cont.

Sacramento
San Franciz

Tacoma Eugane Walnut Creek:

=z
=
ab
=
=
E
=
=
=
=

Irvine Fhinaix Amman, J
San Digga 31 Louls Aby Dhab

Pazadana Balse Blew York

wwvw. kpff.com




