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Asweareall aware, the threat of Fm: e mrf li{-e safery in butldmgw'
is all too common. The United Stares ha.s A ps{rncuiﬂr concern for
this Lype af theear bacause of its Ia[gc Propumn}n aof wood fmmfd
famlme:.. This article Presenes 4. reasonable alver tative plan o Lo CrEare
i Fir¢ safe huﬂcﬂng de.ugn, within an aﬂ'ﬂrdabic bﬁdgtt that worls
for builders. & pro pmed fire safe building mntmducﬁd foor porential
long term application in the. de.f"-rcl{:pment ﬂf new residential and

Creating a Fire Protective
Building Envelope

Wood Frame Type WV construction has
been the focns of our construction ma-
ket since the ened o World War 11, and
has remained the cost effecrive selu-
tion for the 1y]:it.':1] haome builder, The
pntorrunate reality is that wood frame
howses are ,SI.E.'SI'.ZID‘EPIi.l’Jl".' ter Are L{E'I.J'!'lﬂ.i:;l_"-.
loss, and pose o signilcant life safery
chreat to its cocupants. California resi-
dents know chis G 2l too well, glven
the large exposure o wild Bre threats
soross the state,

The key parameter in rh:-.-:-:lnp-]ng a
fire sate building design is re orilize
materials that are lire resistanc. Concrere
and muasonry hove the hest five rating
pn;:;'fh]'nmm:n:: with o minimun 4-heur
protection tating. Steel §s 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‘JLLiJ{‘JEI‘.IJ_}. Widnod
collapses under heavy fire exposure. The
challenpe s to create a oot effeccive Are safe
bunlding eovelope thar can withstand the
etteces of temperature, heat, [ire, and ]ﬁj}g
LErIm CXpersLare Lok J.:lﬂl”“ﬁl ﬁl{'-”l':["ﬁ-

A bulding envelope wilizing perimeter
masnnry -5].'.”.‘-'-1!' \-’r'il“.-l.; Creales o 'q.'—hnl”-
resistance tooan excerior foe event, Mason-
ry is commonly used in fre stations and
is a long proven, accepred Jiee wall ma-

Spanerete wtf sreed fieans ryitens.
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Forreriar el

terial. Utilizing reinforced, fully prouted
mzsonry further adds o the seismic re
sistatice of the shear wall swstem.

The horizemtal diaphragms are designed
using precast concrete (such as Span-
crete) panels. Spancrete is a propriericy
ripid diaphragm syseem developed by
the Spancrere corperation and available
nacionally. Lo is approved by the Tnerna-
tional Code Council Evaluation Service
CCER % 21510,

The roof is designed wich prefabricared
metzlfsteel truss system, which is furcher
five-proofed using an 1CC approved
five proof material. Roof sheathing s
conventional wood plywood, buc this is
covered with a Class A roofole re insulace
the plywend from fire exposure,

Woood walls are urilized on the inten-
of non-scructural porcions 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
provective envelope,

Structural System

A building envelope is created that
|::r.--r|d{>t g ||r-1d di-lphranm with rigid
SO ah-_a: walls. The soructure 1s
a boxed steacture with soff walls and

IIEERTE !n?" ”l."n?."rﬁ-'-""f"ﬂ "'.'.'ﬁ.'-\(;'.'.'l ¥ "r'!.-'l’“n-"? -'-I'-'Ti':l FperER,

overall structural period less chan 005
seconds, Reinforeed masonry shear walls
deliver a "minimum” in plane shear value
ol 50 psi, which equares w 50psi = 7,63
inches x 12 inches = 4378 foor for an
S-inch block wall. W¥firh reinforced steel
thar complies with THC 2006 criterion
for high seismic zones, this may be
increased 1o 75 psl maximum:
For,
A-inch block: Wi, e = 75psi x
12 = 6807 oot = 0.8 Klm."t{]c}t
F2-inch blocks ¥ = 73 psix 1163
% 12 = L4678 foot = LS Kipsftoor
LG-inch block: Vi = 73 pslx 15,63
¥ 12 = 14,0678 foot = 14 Kips/foor
With these walues for in plane shear
cipacit toewood strucoural shear wall can
cormprre o provide comparable screngths,
The shear wall confipuration can ac-
commadate a variery of archirectural
plans, and provides greacer Hexibilite o
the designer for more claborate designs,
For example, the architect is noc con-
stoained because of limited shear weall
hetghi-length racios and decsn't have o
provide hold dewns, connection hard-
weare, ot dinphrapgm connectors, Openings
can be designed o Be wichin the ma-
somry allowabile values, and because the
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Raaf Thws Diapdaagm connection,

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

3000 foot of shewr) for residential srrues
tires, the masonry shear wall concepr is an
excellent choiee,

The precast panels provide a rigid diaphragm
in combination with the lightweight concrere
decking fusually 2 1o 4 inches thick), Flori-
sontal reinforcement des the diaphmpm o the
petimeter masonry walls, The value of the
precast painel diaphragm lics in both ies cosc and
simplicity, Precast panels have been urilized for
parking strucrures for decades, bur have always
b applicition for residenrial and commercial
struceures. Ie s common o have 20- 1o 30-foor
span lengrhs for procase pancls, and economical
to have 40-foor spans, The panels are precast-
prestresse and delivered o the jobsite ready for
mstallation via an onsite crane,

The foundacion system urilizes the precast
Hoor panels for the 1% Hoor and spans from
one end of the building o the other, The
perimeter foundation suppert is a continuons
grade beam resting on piles. Mo slab on grade
systemn is utilized which eliminates onsire
grading, over-excavation, tecompaction, ad
dirt impartfexpore. The piles are drilled,
with cast in place steel Weshapes that Nurther
reduce the ensite cost of reinforcement, The
final pile design does nor incorporate any
conventional reinforcement and connects 1o
the grade beam using boleed connecrions,
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It 15 also possible to urilize & conrinuous foot-
ing syscem instead of a pile and grade beam,
because net all soil conditons require piles.
For @ continuous fooring system, the precast
parels rest on the foundarion stem wall, just
like & regular stab on grade. The difference in
this system is that chere i a sub Hoor system
over a non-graded, non pad cevrilied Gllfcn
material, The sice develapment cosis are sig-
nificantly reduced by climinating the onsite
compaction/grading and soil work.

The basic strucoural advancages include;

1} The precast panels eliminare the need
for interior steacraral sheir walls,
columns, and struetural bearing
clements which furcher reduce the
cverall Foundation cosis

21 The precast pancls create a solid (8- 1
1 2-inch thick) Bre barrier bemween
Howr-te-Hloor aveas. This functions for
fire resiztance, bur alse creaces suirable
separation lor noise alaement, mold!

Treeviar nop-itetecturnd wall comeea,

s e resistance, termite infescation,
and structuralfeartheualie resistance,

31 The rigid draphragm provides very
high in plane shear capaciies (2 o 3k
toot] when compared to conventional
wood frame diaphragms (115 to (L8
koot max),

41 There 1z no Hexorefvibradon problem
i the final Hoor construcrion, This is
markedly different from wood-frame
residential Hoors thar “flex” under
normal wallking leads.

The only real disadvantage: The precas
panels must be precase oo precise dimensions
that fic with their final feld positon. 1F the
precast panels do noc G wichin established
tolerances (V- 2 inches max), then the panels
weill haws: to b Beld cur, Thisis nocimpaossible,
but requires addiconal Aeld cime wich impact
o CTane Costs,

Cost and Feasibility

A typical wood frame residential house in
California will cost hevween $90 — $500+/
snuate foor, depending on the qualing location,
and cype of Roor plan (Tabde 1.

The struccure cost in Falde ! orefers tooall
steuceural componenes, fonndation, shear walls,
diaphragms, rocl trusses, cre.. . excluding on-
site grading and offsite costs, Strcture cost s
approximate and inclusive of all the marer-
als, labor, transportation and field assemlby
charges o pur the basic building together,
The other aspecrs of the nonstructral and
incerior elements are everything outside of
che basie structure. Tn simple terms; The
difference berween the final building cost
aned the structure cost represents all of che
non-gtruciural elemenes and interiors,

Finished BLIDGT

Strucrure Cost

Low-cost Affordable Hensing:
Medium Cose
High-end Custarn:

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

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

FRinished BLIMG = Serocture Cose o Nonstrucouralf Incerior Cos)
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Fhe interesting poine of Zable T oas tha
the structural system of wood frame Type
Voconstruction s nenrly che same across
the Board for all quality level buildings. I
stands to reason tha 152 costomer is paying
For a premiom high end custom home
produce, shouldn't helshe be entitled ro an
exuivalent system thar ensures against basic
property loss risk? Most would agree, but
the marker has never rellecred this face, A
£200,000,000 custam home in Beverly Hills
For a maovie producer will stll use the same
wond frame shear wall syseem with held
downs, wood diaphragms. and conventional
foundarions as for a community housing
project in South Central LA, The main

& 100 S Fe Chestann Fesigenes fn Manterey, Urliforaia near conpletion,

dilferences are the Anishes. The appraised value of this building is [ ] . . .

With the spancrere-masonry e satebuilding 43 100,000, The owner was very pleased Struceute Cost nldthsg, fi SESE,000
design, the approximare cost parametess ae yqrhy the final product qualiy and he | BLDG Cost 520045, T, %1,770,000
shown in Tabie 2. now owns the only Are-sate resicdential -

These cosrs will vary depending on location, building in Moneerey County.s Tadde 3,

labowr, and material weailabilicg. The paine of

this discussion s that the final conscruccion cost | iy fep P13, S, is the Prineipal of Khatrs Fsernasional I, and Kiiatri
will be Jli".'i:ﬁ 1]1.;1I:.1 the ;_-u[llxr<:1l1|n|.1.'li w-(md 1.1".-_1]1]?.' Cﬂm#w#rm (ﬁHﬁPﬂ.ﬂy .ﬂ'f?{,{;.fe"ﬁ',f i Pﬂ&.ﬁr&d'c{m& sz:ﬁamm Hr' .53';:.1‘ ser b.‘.’;fsf_r o ‘r“xﬁff‘.f*f-’:'hrﬂtﬁfﬁr
emarker with a Far superior quality product, several vonstritetion-law firms s :m;amum’ﬁmpm F,uwngﬂmr ﬁ,fsrrmmm“mgum
Dilip may be reached at diehetri@anl.cont. :
Structural Blement Costfsq. of bldg Crina Weil Craz, PE o n‘be P}-mcg.m." ar Khaied fnternaional e, My, ) i fieis ,L-a?-km' ot the
Spancrere Floors 520/, I stractural desion :J_;"'.-:r i titte r{fpm_;rfm‘ f;ﬁr&!rdﬁrgmﬂmm:w nurfa‘}zrmf.f.smrmm Crivist
Masoney Shear Walls $300sq. fi. ey e veached at grmz@kbatrmmmmnai coM.
tonol Truss H200s0. fr
Crade Beama Piles -'f>:_’,[}.",'.~:tl_. £
Total Structure Cost 390/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 in the Conney of
Momteres, California: The structure cost for
this building was higher chan the estimared
8900, T for the foellowing reasons:

fa] The steel cost rose from S04
ten S0LFS 8 during 6 monchs of the
COEITICTIOn Flh.‘l&l_‘.

(b The design of chis building bad «
primary steel beam in the center of the
Hoor span thar splic the Hoor diaphiagm
it owe 20-foor spans, Flad rhis been
designed with ane 40-foot precast pane
span, this sieel beam and associaed
columns would have been eliminared,
The cost of this beam was S90,000, By
subrracting this stngle item. costs wanlel
have been well below the normal range
for a precase panel l‘ltli|l.‘l]ng.

The final conscruction cost for chis building

are shown i Febde 3.
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