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Structural Loads

* gravity acts on mass (F=m*q)
 force of mass

e SN rop-
RoeF LI Fop

— acts at a point vt i

* le. joist on beam
— acts along a “line”

e |e. floor on a beam

o SELF-LIE|GHTE =
— acts over an area OF STFVOT@JE f

* le. people, books, .'.
snow on roof or floor |
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Concentrated Loads
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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= [Twdx = [dA = A,

0 loading
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Area Centroids

 Table 7.1 — pg. 242

Triangular area

right triangle only

Semicircular area

Semiparabolic arca

Parabolic area
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Equivalent Load Areas

* area is width x “height” of load
* W Is load per unit length
* W iIs total load
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Distributed Area Loads

* W Is also load per unit area

\\V/ on plywood
]

—. 0.75-in.-thick
plywood sheet

3.5-in.-thick
bearing wall

/
i —

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

* how loads are

transferred i
NON-SNOW - g

— usually starts at top
— distributed by

supports as actions

— distri LF- s
distributed by e |

tributary areas 1

o GRCVND REACT|ON
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Load Tracing

e areas see distributed
area load

e beams or trusses

see distributed line St b sionond
/—Roof loads
loads RRRRRRRENARNANANE
p ’ T
» “collectors” see
Roof only Skylight
fO rceS loading area loading area
b
—_— COI u m n S ::?}i.tlcltz;ar .::ndistitg.:‘ctural loading diagram of an
— supports
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Load Tracing

Roof loads

Decking carries roof

Horizontal spanning system loads by bending.

l

\ l\'

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

Beam reactions
become forces on
trusses. ’ :}_’ ]

Truss reactions cause compressive
forces to develop in columns.

tributary area

<+— Vertical Columns are in compression. ————» ||
support ,
system

system ~ Column reactions become forces on
foundations (which distribute the forces
into the earth).
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Load Tracing

* tributary load
— think of water flow

— “concentrates” load of
area into center

W= ('Oad jx (tributary width)
dalea
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Load Tracing

Patcenter
Rogers 1986

main masts transfer
' . z vertical loads to
www.columbia.edu primary stays columns and foundations
suspend secondary

stays which support b vertical ties resist

roof \ // wind uplift only
T

p—

Figure 3.5: Patcenter, load path diagram.
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Load Tracing

Alamillo Bridge
Calatrava 1992

diagonal stays support
roadbed and generate
inward thrust
weight oF-
sloped puylon
resists thrust
due to cable
stays
e T e T P A T
" " roadbed transmits
horizontal thrust
to pylon
Figure 3.12: Alamillo bridge, load path diagram.
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Load Paths
* floors and framing
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(c) FBD—beams. (d) FBD—girder.
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Load Paths
» wall systems

s veon A A . R i y . - 3 Ry - Z
Fignre 412 Uni ( ivure 4.13  Uniform wall load from raflers Figure 4.14 Concentr:

o 20 1 o
:I'_).'ul’l'f Deanis.
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Load Paths
e openings & pilasters

-

ICRITS. A6 Stud wall with a window opening. Fioure 417 Pilasiers g concentriates
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Load Paths
 foundations

LN CENTRATELD
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BILDINGT

Figure 4.24  Spread footing.
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Load Paths

* deep foundations
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FRleTION  END
PILE BEAMING
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Figure 4.27  Pile foundations.
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Figure 4.28  Pile cap on one pile group.
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Figure 4.29 Grade beam supporting a bearing
wall.
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Spans

e direction
* depth
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(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.

GAFPER-S —

Jo|sTS

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

Architectural Structures
ARCH 331

(b) Short joists loading relatively long beams yield
shallow joists and deep beams. The individual
structural bays are more clearly expressed.

GiFvERS —
BEAMS —
TOISTS

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

* determine span at top level

* find half way to next element
* *Include self weight

* look for “collectors”
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| evels

* two:

Framing plan.

e three:

Framing plan.
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Irregular Configurations

* tracing still %2 each side

T
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Slabs

* edge support
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i il

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

* openings
— no load & no half way

 girder actions at beam supports

—— Concrete slab
on steel decking

Girder G-1

Beam B-1

! Girder G-2
12' 12'
(b)

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

 stairs & roofs
 projected live load
* dead load over length

« perpendicular load to beam:

W, =W-COSa
* equivalent distribl\fvted load:
Wi =

COS &
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Framing Diagrams

[ b eam lin eS an d “do tS & =<———> Spanning direction of decki_n(g::ri‘crxii(:f;:::ment

Unexposed concrete or
masonry wall lines

e breaks & ends i

_ Center lines
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FRAMING PLAN (timber)
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Retaining Walls

* purpose
— retain solil or other material
 basic parts

—wall & base

— additional parts
« counterfort
* puttress
* key

Wall-Soil Unit
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Retaining Wall Types

» “gravity” wall
— usually unreinforced
— economical & simple

 cantilever retaining wall
— commaon
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Retained
material

Retained
material

(b) Cantilever retaining wall
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Retaining Wall Loads

e gravity
W =yxV 2
o fluid pressure ket

FElCTIoN

Figure 3.80 FBD of a gravity retaining wall.

P= @ xh
P=%phath/3 a7 g
* friction R—

F=uxN il

» soil bearing pressure, g Lo

ALLOWABLE

Figure 3.81 Bearing pressure under the wall
footing.
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Retaining Wall Equilibrium

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

SF — I\/lresist 21.5_2
M

overturning

SF = |:horizontal—resist >125-_2

-

sliding
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Pressure Distribution

e 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
« eguivalent force location:

W .y — Poac3X X
2 3
Pmax
p — Zﬂ — Zﬂ when a Is Figure 3.88 Tension
max 3x a fuIIy stressed possible at the heel.
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Wind Pressure

o distributed load
o “collected” into V
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Figure 4.48  Exploded view of a light-framed wood building showing the various lateral
tesisting components.
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Bracing Configurations
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Figure 4.54  Various shearwall arrangements—some stable, others unstable.
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