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Concentrated Loads
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E .f—t -L’eam reactions

Structural Loads

* gravity acts on mass (F=m*g)
« force of mass
e SN2 op-
— acts at a point et il
L AREAS
* ie. joist on beam
—acts along a line”  * 4548, |
* ie. floor on a beam

o SELF-LEIHTH
— acts over an area oF sn«vorﬁ‘fe

* ie. people, books,
snow on roof or floor

o GROVND RBAST|ON
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Distributed Loads
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Equivalent Force Systems

* replace forces by resultant

* place resultant where M =0

* using calculus and area centroids
W = joLwdx = jdA

= Aloading

Area Centroids

loading
’ w(x)
,I
A « dx A
! X —>
e L
Equivalent Load Areas
 area is width x “height” of load
« w is load per unit length
W is total load
Wex =W w-x W 2w
x= w 2 2w w
Onn ol
X X X
W W
W/2 W/2
l 1 ll
x/2 x/2 2xI3  x/3 x/2  x/6x/3

« Table 7.1 — pg. 242

Centroids of Common Shapes of Areas and Lines

7}
=
>
°
@
x|
<

2 9 h
Triangular area 3 £
right triangle only ‘
|
Quarter-circular area 4 Ar
37 37
Semicircular area 0 ar.
37
r e 3 3
Semiparabolic arca 2 31
8 5
Parabolic area 0 3k
5
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Distributed Area Loads

« w is also load per unit area

W on plywood
I,

0.75-in.-thick
plywood sheet

3.5-in.-thick
bearing wall

Figure 2.7 Area-distributed load (pressure) on floor decking.
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Load Tracing

Load Tracing

* how loads are
transferred

— usually starts at top

— distributed by
supports as actions

— distributed by
tributary areas

e SNZW -

o SELF-|E|GH
OF STRICTVEE

o GROVND RBAST|ON

Load Tracing 9 Foundations Structures
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Load Tracing

» areas see distributed
area load

 beams or trusses
see distributed line
loads

» “collectors” see
forces
— columns
— supports

Load Tracing 10 Foundations Structures
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Load Tracing

Skylight
f - Roof ﬂ/

\-Beam L

P (Skylight load) ~ p (Skylight load)

Roof loads
LT Beam
IO T l[l]llfweight
L 2 2
Roof only Skylight
loading area loading area

b

Figs. 1.1a, 1.1b  Structural loading diagram of an
architectural condition

F2008abn

Horizontal spanning system

support
system

Lateral support

system Column reactions become forces on T
foundations (which distribute the forces
into the earth). i,
111
—
Load Tracing 11 Foundations Structures

Roof loads

Decking carries roof
loads by bending. |

Decking reactions
become forces on
beams (which carry
loads by bending).

Beam reactions

become forceson

sses AAAA

?

Truss reactions cause compressive
forces to develop in columns.

Columns are in compression, ———»

Lecture 14 ARCH 331

« tributary load
— think of water flow

— “concentrates” load of
area into center

load - i
W= (areaj x (tributary width) T width

Load Tracing 12 Foundations Structures
Lecture 14 ARCH 331
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Load Tracing

Load Tracing
Alamillo Bridge

Calatrava 1992

Patcenter
Rogers 1986

maih masts transfer

verticalloadsto
columns and foundations

diagonal stays support

www.columbia.edu primary stays ’,
5u5pend Eecondarg // http:/en.structurae.de
stays which support Ve o vertical ties resist roadvbed and generate
roof \\ wind uplift enly ? inward thrust
’,)7\%:____“_. weight of
~ L~ —— sloped pylon
l l l l l l l l l resists thrust
due to cable
stays

~ roadved transmits
horizontal thrust
to pylon

Figure 3.12: Alamillo bridge, load path diagram.

Figure 3.5: Patcenter, load path diagram.
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Load Paths
« wall systems

Load Paths
» floors and framing

N POR LaApS ! £
LtPL  PsFE) ?E‘:ﬁ ﬁ?ﬁ“ﬁ_’-:f) et
1 T T | {11l 25
*[i Ll } ja s e 2 spretin
§ % _ZIS G e ...__.._...{_:,\
- ! 1 o
£ Je15T i }’L PEAM ttF—- = 5%:«}2;\.;:;‘”:»—
oF LoAp Sy oAD g
. c e PISTHBUT| 2N DISTRBITION
(1) FBD—decking. (b) FBD—joists. (ApEs i vk
—zoNCRETE o W -
\ FerTING e LONEFETE = ToonereTe
JOIST LgaD S (PLF) . =51 FreTiNe FooTING
A BEAM A0 5 (TOUNDS)
et ok Figure 4.12 Uniform wall load from a slab. Tigure 413 Uniform wall load from raflers Figure 4.14  Concentrated loads from widely
S — and joists. spaced beanis.
@F GRpER TR i TT“
(c) FBD—beams. (d) FBD—girder.
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Load Paths
» openings & pilasters

- '?5’;*55-’“ - UNIFZEY LD
mE FroM RAFTERS
SPENINET) PE- TPISTS
ceNmeRLEy fr— HEAPBF=
BT HALL —sTpe @
12"z e

T ol ~LON SEETE

) FroTIN F
Sl PiRsTot a0
~
Figure 415 Arching aver wall epenings. Figire .16 Stud wall with a window operning. Figure 417 Pilasters supporting concentrated
feam loads,
Load Tracing 17 Foundations Structures F2008abn
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Load Paths
 deep foundations

BUILDING. LOADS peARNG
CPAVMN P
—PEINEORCED
CONCHETE e
PILE AP ko
PIvE Gvlf - PILBS o-
Pieis

FRloTION  END
BEARING
PILE ey mu‘gg-@
onlssN
Figure 4.27  Pile foundations. Figure 4.28  Pile cap on one pile group. Figure 4.29  Grade beam supporting a bearing
wall.
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Load Paths

e foundations

_CONCENTRATED
T LeAbe FRrev
BILDING
EPLUMNS

—&TERL cPL/MN
& BASE PLATE

LCONCRETE
~ PepBSTAL

T LoNZRETE
ForTING

TpEApIN G
| RESSTANCE
oF soll

Figure 4.24  Spread footing.

Load Tracing 18
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Spans

_PIGTRBITEP

V/‘f/ip 5*:7;:"t‘ 8 - e LUMN L2AP S
L é .
—coNerBTE
FoyNPATION |
| wWALL l 147 B

CSEAETE
MAT FOUNZATION

—coNCRBETE ot

FeeTING
L peaming
RESISTANCE BEARING
oF 52| £
Sl VR ENTIRE
BULVING AREA
Figure 425  Wall footing. Figure 4.26  Mat or raft foundation.
Foundations Structures F2008abn
ARCH 331

 direction
» depth

Load Tracing 20
Lecture 14

(a) Long, lightly loaded joists bearing on shorter
beams create a more uniform structural depth.
Space can be conserved if the joists and beams
are flush framed.

s loading relatively long beams yield
nd deep beams. The individual
ys are more clearly expressed.

(d) The span capability of the decking material
controls the spacing of the joists, while beam
spacing is controlled by the allowable joist span.

(c) Loads can be reduced on selected beams by
introducing intermediate beams.

Foundations Structures F2008abn
ARCH 331



Levels

repeat

* onhe.

Load Tracing 21
Lecture 14

Irregular Configurations

/\\ e

determine span at top level

find half way to next element
*include self weight
look for “collectors”

cA ST
2

2 BEARNG
NALL

Foundations Structures
ARCH 331

=il 2

O —

Framing plan.

F2008abn

Levels

* tracing still ¥z each side

|
!
‘ S
|
T
=k
|
d
J
Load Tracing 23 Architectural Structures
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LT

F2012abn

* two:

* three: P

Framing plan.
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Slabs

 edge support

Figure 2-16: Supporting beams' contributing areas for reinforced concrete floor system.
* linear and uniform distribution
=T 7 '\ !/ I L l\/ | v I~ \_Beam 4B
T (il

Figure 2-17: Trapezoidal distributed load for Beam AB of Fig. 2-16.
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Girders and Transfer

Sloped Beams

* 0penings
—no load & no half way

* girder actions at beam supports

i i —
’ He @, 3
- o ol <> &
o @ @ i
E| «1+>El «1>E E‘l
& & & | =
| |
| G l
N Girder G-2 o
12 12 bl | 12
(a) (b)

Figure 5.54 (a) Isometric view of partial steel framing arrangement. (b) Partial floor framing—office structure.

Load Tracing 24 Foundations Structures
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Framing Diagrams

F2008abn

* stairs & roofs
projected live load
dead load over length

perpendicular load to beam:
W, =W-COS«

equivalent distributvc\?d load:
W . =—
adj.  cose

Load Tracing 58 Foundations Structures F2008abn
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Retaining Walls

» beam lines and “dots”

e breaks & ends

8Xx22 :
10X320 -
in n which ex
i axz2 I 9 o oor
}0‘ X r ote
5 o 1ox80 < into column which stops
5 - i
9 pxz2 I§ &X22
- 3
AU 10 X 30 & XxX22
S = o
:; £ gxX'22 oo 2o 2
. - 2 S
ol 3§ < 10X 30 407 e
x| | g =Xl o
| g exz22 5 X 22 ) «© 8X22
i " ()
8X22 . 8Xx=22 8Xx22 sx22 |4
0
X
Ly Ex32 | axas e x22 ex22 ¥ i

FRAMING PLAN (timber)

Load Tracing 27 Architectural Structures
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|

F2012abn

* purpose
— retain soil or other material
* basic parts
—wall & base

— additional parts
 counterfort
* buttress
* key

‘Wall-Soil Unit

Center of J

Overtuming with a key.
Load Tracing 25 Foundations Structures F2008abn
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Retaining Wall Types

 “gravity” wall
— usually unreinforced
— economical & simple

\\‘ Retained
\ material
\
\
BN

(a) Gravity wall

S

« cantilever retaining wall
— common

Retained

Stem material

Heel —
=l 2

(b) Cantilever retaining wall

Load Tracing 26 Foundations Structures F2008abn
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Retaining Wall Equilibrium

Retaining Wall Loads

« sliding - overcome friction?
* overturning at toe (0) - overcome mass?

SF :MZLS—Z
M

overturning

F

I SF = horizontal —resist ~, 1.25 -2
Fresist -

R sliding

Load Tracing 28 Foundations Structures F2008abn
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* gravity
W=yxV
» fluid pressure

— @
E—RZ ‘}H

% I
Max =W xn

~—P,
FRleTioN
—_— J
p= @ xh ) N ,
Figure 3.80 FBD of a gravity retaining wall

P=%phath/3 (e
« friction ’
F=uxN

—— B (RESULTANT
For-<B)

* soil bearing pressure, q s W

ALLOWNABLE

Figure 3.81  Bearing pressure under the wa

footing.
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Pressure Distribution

« want resultant of load from pressure inside
the middle third of base (kern)

« triangular stress block with p,,.,
« X = 1/3 x width of stress
 equivalent force location:

W.X:M.é ng S HEEL
2 3 T Frani- 2

2W _ 2W when a is

Pmax
- Figure 3.88 Tension

max 3x a ful Iy stressed possible at the heel.
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Wind Pressure Bracing Configurations

STABLE UNSTABLE STARLE UNST/

* distributed load ﬁ /PIRHMQ14'
* “collected”into V ’ ﬁ éﬁ
SHEARIALL « V RATF - HOHZONTAL DIAPHE-AM

* |ateral loads e |
must be (1;"'?

P

$LBBUARD WALL
SHEAR WAL L

srw’s\ Lalvr 73 il b
resisted K e .
PRSP ALl THEEE HALH
MN?MH’)
GENB ik ERpat Torcion
Ll EEE
S5V
- ‘Favmﬁ'wN
WP-FRAME SHEARINALL
STABLE STABLE TPRSIPN

Figure 448 Exploded view of a light-framed wood building showing the various lateral

resisting components. Figure 4.5¢  Various shearwall arrangements—some stable, others unstable.
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