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/2,12 STRUCTURAL EQUILIBRIUM

7

N\

N

In both structural design and analysis, we are concerned first
with the magnitude, direction, and point of application of
forces, and their resolution to produce a state of equilibrium.
Equilibrium is a state of balatice or rest resulting from the
equal action of opposing forces. In other words, as each
structural element is loaded, its supporting elements must
react with equal but opposite forces. For arigid body to be in
equilibrium, two conditions are necessary.

+ First, the vector sum of all forces acting on it- must equal
zero, ensuring translational equilibrium:
ZFh=0;ZFy=0,ZF:=0.

+ Second, the algebraic sum of all moments of the forces
about any point or line must equal zero, ensuring rotational
equilibrium: £M = 0.

» Newton's third law of motion, the law of action and reaction,
states that for every force acting on a body, the body exerts
aforce having equal magnitude and the opposite direction
along the same line of action as the original force.

™ Aconcentrated load acts on a very small area or particular

point of a supporting structural element, as when a beam
bears on a post or a column bears on its footing.

= Auniformly distributed load is a load of uniform magnitude

extending over the length or area of the supporting
structural element, as in the case of the live load on a floor
deck or joist, or a wind load on a wall.

—————— Afree-body diagram is a graphic representation of the

complete system of applied and reactive forces acting on
abody or anisolated part of a structure. Every elementary
part of a structural system has reactions that are
necessary for the equilibrium of the part, just as the larger
system has reactions at its supports that serve to
maintain the equilibrium of the whole.




LIGHT-GAUGE STEEL STUDS 5.39

Light-gauge steel studs are manufactured by cold-forming
sheet or strip steel. The cold-formed steel studs can

be easily cut and assembled with simple tools into a

wall structure that is lightweight, noncombustible, and

Horizontal channel bracing

dampproof. Metal stud walls may be used as nonloadbearing * Walls less than 10" (3050) high:
partitions or as bearing walls supporting light-gauge steel « 2rows @ '/ height for vertical loads
joists. As in wood light. frame construction, the stud framing « 1row @ mid-height for wind loads

contains cavities for utilities and thermal insulation and
accepts a wide range of finishes.

Walls over 10' (3050) high:

+ 34" (1015) 0.c. maximum
for vertical loads

+ 5-0" (1525) 0.c. maximum
for wind loads

+ Light-gauge steel stud

assembly @ corners

« Continuous runner channel
 Light-gauge steel studs
@12",16", or 24"

+ Diagonal steel strap bracing
welded to studs and runners
+ Secure strap connection to stud
and runner with a steel gusset
plate or welds.

Angle clip welded to stud and
bolted to foundation.

+ Limit height of 3-°/6" (90) studs to 12' (3660).
« Limit height of 6" (150) studs to 20 (6100).
« Limit height of 8" (205) studs to 28' (8535).

(\r’“\- Channel studs

+ Splice runner sections
with a stud section

* (C-Studs | Light-gauge steel studs are usually
“2 "g"/ prepunched to allow piping, wiring, and + Light-gauge stud walls are framed,
( ] braging to pass through. sheathed, insulated, and finished as in
r * Consult manufacturer for specific wood light frame construction.

shapes and available sizes and gauges. <l

» Connections are made with self-drilling,
/ self-tapping screws inserted with an

electric or pneumatic tool, or with

pneumatically driven pins.

o 11, 1-3s" (25, 35) bhick
] 230,350 4, 6°
S \/d (64,85,90,100, 150) wide

* See4.25-4.25 for light-gauge joist
framing.

* See 5.46 for wall sheathing and 7.4 for
thermal insulation options.

/\l,.j& 1, 19061, 112, 1-97g"

) (32,75, %8, 41) thick

212, 3, 312, 3-508", 4", 512, 6, 712, 8"
(64,75,90, 100, 140,150,190, 205) wide

(SI MasterFormat 05 40 00 Cold-formed Metal Froming
CSI MasterFormat 05 41 00 Structural Metal Stud Framing
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Tapered Insulation With Pedestal Supports

Threaded fop with manufact-
urer-supplied shims (pedestals
with tilting heads also available)

Parquel-style
wmdﬁu:tlnu\
[

Tapered palyiso
secured with screws
through insulation
fastening plares

Roof sheathing

Jnist bays typically filled with
closed-cell foam and cellulose insulation

Roof sheathing

Roof joists

- FPOM
profection
shaet (gray)

Al

L

Decking typically 20° to 24 square.
Panuet-style wood decking
(shown), ceramic, concrete and
sione file designed to span over
pedestal bases.

i

Y/

A

EPOM pratection
shegt, loose-laid

\ TPO membrane,
/ fully adhered

112" high-density protection board
adhered 1o poliso insulation

Tapered polyiso insulation used to direct runoff
10 roof edge, drains or scuppers (a5 shown).
Insulation sloped '+" per foot for drainage per code.



Sloped Framing With Tapered Sleepers

. s Guartrall — Remavahle access panel at
Threshold E"EE'”EE“F;“'””E'@SE" drainable edge (and around
\ Min.4* clearance \ |Eﬁ$ﬂgd$mmm"a | any souppers and ro0fdrains)
IEEDHITIEHIZIEH TEEDMEHUEU. MEESE IlEHEI
EPOM protecton i decking screwed 10 2x2 batens.
/ - \‘ shee! (gray) éj i /
/'F | 4L : :_': a—TPI]nmmhrane[red]-Hi\ : 77 :I‘:‘ :'J: -' F“’? ;
AN T . gt |£;‘--..__H2:n|unking.
e i ) I Protection board T ey MINT 020
P seegers, ! | i I i T dffroafing
min. 1z & \ o Roof sheathing — R : ] -
high paint 7 By i
= LN L Polyiso secured with 4 o~ / Tapered 2%
~=11HH scIews frough insulafion sl PT sleaper
fastening piates fapered rip added
Y 10 10p of framing
(pitched 's" per foot)
EPOM profection
sheet, |oose-laid
'%" high-density > Lineal decking = -~
protection board
adhered fo poliso
with polyurethane
gel foam
- |
s ]
o
—

\\\ ~_ % Eﬂﬁp« =X ’
Sloped raming hypially achieved by —=— NG N / rest onroofing. Blocking
adding tapered rips 1o fop of framing members. \ '
Roo stoped min. " per foot for drainage per code.

ﬁ recommended when slesper
height exceeds 4.

TP0 membrane ; .
: p I todeck f
Juist bays typically filled with Rully adhered with Dgx EE :ﬁ%ﬂ 0 egﬂ ramgu.
closed-cell foam and cellulose insulation Fiberglass-faced heat-weldad seams sleave fiashin

pokyiso insulafion,
mechanically fasiened



suspended Deck Detall

TPO membrane adhered fo SR e
existing masonry parapef
TP0 strip run over fop of PT ledger RS i

| | I I I I | |
. I | | I}\"
‘ i i UL L L L
22X PTjoist — R
Retrofit anchor bolts ~=
setinacrylic-nased
adhesive
Fully-adhered TPO
membrane (red)
Tapered polyisa /

]

secured with screws  Existing roo
through insulation sheathing a
fastening plates framing




Mineral / clay/ plaster lining board
60mm service zone, insulated

Counter battens
90mm crosslam timber panel

Timber studs

200mm renewable insulation of
A =035 wimkK between studs

Fixing battens

Breather membrane

Timber cladding
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Frame post
Wind board

Verics bosrding/ ventistion oz

Hase hoard

| ®

Micra-grooved SHP 19x117 / 140
~ Strip SH 19x 45




micro grooved SHP
19x117

| ®




Frame post
Wind board
Vertical buarding/ ventilstion gap

Base board

—  UTS 19x117 f 140

O ®




UTV 19x117/140




Frame post
Wind board

Basz hoards/ventilstion gz

9 & \f
> H‘ S
J I

\@

g

fq — UYL 25x140
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ROOF BRACING IS opposiTE
T BoTrom BRACE -shmMe ————
DIRECmen N EVERY

THE PLYwWooP  (NTERNAL BAY — ANGLED To TAKE
STRUCURE  SWT TS THE THE oAb oF THE
R -ty TR BEAY PITCHED Roog R SLILHT GABE ON THE

Roor Fol BEER
LyATER DRAINAGE hs
THE ROOF 15 SKINMY
AND  WoN'T PRoTECT
FRoM  ANGLED RAIN
(uNUKE SauARE BulLONE)

EXTERNAL STRUCTURE AND

15 THEN TOPPED wiTh A

ZINL  (RRMLATED Rooe [‘

No BEARERS - JoSTS
BoLTED DRECHY oNT®

CoLumns

el

INTERNAL STUD FRAME
WiTH PLywoop SHEETING
ON INSIDE £ OuTSIDE

Sincug why BRACING -

No  AuTERNADNG HKE

N CAFE BURDINS -
PossiBLY BECAUsE THE
StRucruge 15 Moke SKINY
NND  RaoF PRovIOFF
BRAGING IN HE STHER
Dige thon

biAuonAL BRAGING

ON T SIDE PossigLy
BEcAwSE T 5 THE
TALLER S10F  (Lon T NuES
THE  WHOLE  Lyav)

RAISED PLATFORMS
For EMS  DISPLAY

ON THE oTHer SPE T
oNIM SPANS oNE BM

TIMBER  FRAME
Plawood  Bulk HEAD A’\/\



DIAGoNAL TIMBER

MEMBER For
RBRACING THE

STRUCURE DIALONALY

REAM TIES TvLETHER
THE (OWMNS

BoLr SEwures ™E
TMBER MEMBERS
PUETHER

TIMRER SLOTS ONTOF
oF STEEL Foonnd
PRE FABR) CATED

EVEMENT

TIMBER (LMW
UARRIES THE (0AD
FROM RooF AND
Plywoop STRucrure To
HE  UROuND

ToTAL OF 9 Bous
ON EACH FoomiNG —
Ukery ExpANDING
UNEYEN ROUL FACE A CHoRS
THE STRUCTURE §1TS N
(ONCRETE PAD LEVELS
THE GROuND FoR EAuER
PITACHMENT O The
STEEL FooMNG PLATE —

BOUTS LopMNME  INTO
THE GRoun®  (UNsNowd
Rocx face 15 uneves

AND Woup BE
DIFFicULT D ATMAGH
A PRE -FABRICATED
I SlEmENT TS WiThouT
U AN INRETWERS Pouren

MATER AL

DEFM) T ANGHOR THE
STRUCTARE Ps A R
Rouc

(ONCRETE LIKELY
PouRep AFTER THE Bolrs
For ADDED STV PRIESS,
LEVELING & WEATHER
PRooF VG PR THE
STEEL - THE
STRMUMRE LOULD STAND
WIMHOUT 9HE (ONCREXE -
ST FLOATING BOLTS



(ORRUGATED Zine

SHEET ROSFING — ™
BOLTEP T THE TMRER
BATRENS - ANGLES

For BETER DRANAUE -

TMBER BATIERS
(ONNECT THE  SHesT
RooFING ToTME REST
OF THE STRuCTURE

RoSF RAFTER 15 /
Boutep To THE
(Oumns £ APDITIONAL
JoTg

Py wOod  STRUCTLRE
o \NTERNAL
BuLknear (RssiBly
LvBABLE  spACE))

“{%

%\
\

BRACING  DIACoN AN
N EDGE RAS  ALTEZNATNG
DiRgcnoNs ~ HEWS
STARI\LIZE T™HE STRUCURE

_——— JOIST TES TOAETER THE
LoMMNS ~ BouTED

_ Piwoep WAL ENVELOPE=
7 STUD FRAME STRUCMRE

~ (see wou DETIL)

LAMINATED TIMBER
Couumn - CARREs LOAD
+RoM RooF % ENVEWPE

2\NC FRAME  \WiNDPO W
(see WINDON  DETAIL)

FooR JosT REST onTof
oF BEAM - HoLO “THE
BUnOING EnvELOPE
(sEE FlooriNG DETAIL)

T TIMBER BEAM

e
Dibcuo noL BRACE

KEEPS STRUCTURE e
TeGETHER

SINGLE whY DIAGONAL
BRACE - ALTERNATE
DiRgcroNs IN SUBSE QUENT
BAYs FoR ADPED

SR LT

nMBER 5 STEEL Foomwe
BOLTEP \NTO THE UNEVEN
Rouw TERRAIN

(see FoonNL DERAIL)

Plywoop ¢ Tmeer
STUD ENVE(PE |
ST ANSIDT THE !
ExTERNAL (AMINATED |
TMBER FRAME |

RooF LnE

1B MM PLYWooD SHEETING
Forme THE INTERIoR VINGSH
AND GIVES RIGiD DIAPHAAGM
BRAUING TD THE STRUCRE
T JUTE BURAP WEATERPRODEIN G
(oAMNG ON THE ExTERR ON
TP oF ANOMER Levigr
OF PLMWOOD SHEETING

ExTERNAL
nMRER
MEMBERS

TIMBER (ommn
(PRIMARY vERnLAL
STRUCTURE)
THeT Al THE
EVEMENTR ARE
Bourer O




oNLY UTILSNG
BouTED  LonnECnoNs

FOR THE ouTsIPE  STRucupe

PUE o mwg Saseres

ALIGNMENT OF MEMBERS

TYPCAL WiNDow
cerriL W A
TIMBER fpaME

————  INTERNAL STRucTue
1S MADE OF Puwoop
SMEETING AND TIMBER
Sup FRAME WiTH
INSULAMON N 3ERTED

JOSE REST ON ToP OF
BEARERS THAT THE

INSERTED  PLiWoy SRCURE
ST 0N

TMBER FRAME w1y
SOME DIALDNAL BRALING
IN THE BAus -

IS 1 NecessARy 10

HAVE ™IS Lymu THE
PUtwoop  sHEEMNG A
wew

VNSUCATION 1§ INBETWEEN
THE TIMBER FRAME

] GAP MAINTRIWED BEnuEEey
e INTERNAL  AnD
ExTERNM STRUGURE —

AESTHETIC oF FiomTiC,




)

\
ANLHORED TO yALL

T ST0P toprun G
OVER TH)S why

STRPPED  FRONT ELEVATON
OF BATMROOM BlOUL -

Is A TRADmMONAL STUD
FRAME BUILOING  STRUCTURE

STONE WwhlL

Bours

STEEL LONNECING
PUATE THAT
LoNTINUES  INTS THE
STONE WAL TO AN(HoR

THE  5TRu CnuRs.

PL{WOOD  STRUGURE SIT
oN 'PEET THaT ResT
oV THe BEAMS

TIMBER BgAM

SoME JOWNT  ARE 20UTE
PEPENPING on AULIUNMENF
N\ OF THE MEMBERS
GUSSET PLATE JONT
NOT AN OVERLAPPING
BolT JOWT LIKE N OTHER
TwWo  BuiLpINGS  —
UsEn  BEcpAuIE THERE ARE
LESS MEMBERS o MTAWL
TS MNP A Lor Az ALLGNED
PERFECMY NOT RECIDE EALK

TIMBER MEMRER
EMBE PDEP (NTO THE
STONE WAL TO WHI
T™ME JoWT ARE BouTED
to To Mot TOPPLING T
OTHER  PARAWEL

(SAME REPEAT®P oN THF RooF

JOIST ARE ACTING IN TEN SION

OF THi, ByjLovNG)

NOT AS Muth ExTERNAL
FRAMING ON 7Mis  STRu CTWRE
As THE o OTMER BullpINGS —

THIS 15 FOSEr oN ANCHoRING
INTO THE wall

Mleop pawg ~~ T T T T T T T oo omT oo g

|
1
|
)
|
1
|
1
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