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The Art Of Using Materials to Build Real Structures to Withstand
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Introduction

- — >

= A structure must be adeq’uate‘to support all of the loads it
may foreseeably be subjected to during its lifetime without
excessive deflections and vibrations.

= (Calculating the loads is not always easy, especially loads
caused by environmental events such as wind, earthquake,
and snow. Therefore, engineers refer to the local codes and
specifications to determine the minimum expected loads for
which structures are to be designed.

= Despite the availability of this information, however, the
designer’s ingenuity and knowledge of the situation are often
needed to predict the loads a particular structure will have to
support in years to come.
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Typical Types of Loading

Loads
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Gravity Loads

Environmental

Static Loads

Dynamic Loads
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+ Deadloads | |* Soil lateral * Static loads. Those that are
: loads :
* Live loads slowly applied to a structure.
* Snow loads | |« pynamic loads. Those that
* Rain loads are applied to a structure
e Flood loads suddenly and characterized
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magnitude, direction, and
* Earthquake
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Dead Loads
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Dead Loads
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Dead Loads

Example: Calculate the Dead loads for the slab and the wall shown in
the section below. Assume the wall height is 3 m.

B. Slab

M T I T TN MAT A S AN AR A S SRA RS SO

CONCRETE 15 CM

FLOOR FINISH, CERAMIC TILES —
MORTAR 2 CM—
SAND FILL (DRY MIX) 10 CM—

INTERNAL PLASTERING 2CM 20 CM. RC CONCRETE SLAB—
INTERNAL PLASTERING, 2 CM

HOLLOW BLOCK 40*20*10 CM

EXTERNAL WALL CROSS-SECTION SCALE 1:20
SCALE 1:20

FLOOR FINISH

STUDENTS-HUB.com Uploaded By: anonymous



Dead Loads

A. Wall From Fhe Dewd Load fables
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Dead Loads
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Example: Calculate the
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Dead Loads

2012

# R 8@20cm E.W

R 8@15cm

261

LOCAL BLOCK |

112.5]

40

40 112.5]
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Dead Loads
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Live Loads

= Live loads are loads that
can change in magnitude
and position. Usually,
they are acting downward
and are distributed
uniformly over the entire
floor or roof area.

" They include occupancy
loads, warehouse
materials, construction
loads, overhead service
cranes, and equipment
operating loads.
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Live Loads
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SNOW LOAD

= Snow Load is the load applied to building roofs due to snow

accumulation.

= Asshown in the table, the
Ground Snow Load (S,) is given
based on the site height above
sea level. S, is modified based on
several other factors, such as

1. Site Sun and Wind Exposure (Exposure Category)

- —

zokd Jbol

(ol (So) ) Jom

(AY) (h) ol prbaw e Lit) las))

0

250>h

(h-250)/800

500 > h> 250

(h-400)/320

1500 > h > 500

Exposure B in urban and suburban residential areas

Exposure C in open terrain with scattered obstructions

Exposure D in flat, unobstructed areas and water surfaces
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SNOW LOADS

= _ = S

2. Thermal Conditions of the structure — Heating and insolation

conditions.

3. Roof slope and Layout geometry.
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WIND LOAD

= Winds are a dynamic force On buildings, highlil fluid and quickly
changing, and must always be considered multi-directional.

- —

= Winds create external and internal pressure in a submerged
building as shown below.

ﬁu okt on Roof .. Suction oa Rear Woll
Positive Pressure on Front Woll :
' Suction on Side
W -

‘ .
— | — Positive | o

f Negative — 1
— POS _ internal neg — POS | internal e . heg

pressure pressure

TITTTII 7T 777 T 77T
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WIND LOAD

Determination of the wind load in a specific
structure depends on:

- —

* Basic wind speed. Three-second gust speed at
10 m above the ground in Exposure C. (varies
from 34m/s to 50 m/s in Palestine)

* Risk category for the building or other
structure. The risk category serves as a
threshold for a variety of code provisions
related to earthquakes, floods, snow, wind
loads, and even the magnitude of special
inspections.

* Exposure Category. Reflects the change in
wind speeds from standard conditions to the
conditions of the specific site based on the

surface roughness.af.the surrounding,sites, anonymous




WIND LOAD

Risk category
of Buildings

RISK CATEGORY

NATURE OF OCCUPANCY

Buildings and other structures that represent a low hazard to human life in the event of failure, including but not limited to:
* Agricultural facilities.
* Certain temporary facilities.
* Minor storage facilities.

Il

Buildings and other structures except those listed in Risk Categories I, Il and IV

Buildings and other structures that represent a substantial hazard to human life in the event of failure, including but not
limited to:
* Buildings and other structures whose primary occupancy is public assembly with an occupant load greater than 300.
* Buildings and other structures containing elementary school, secondary school or day care facilities with an occupa load
greater than 250.
* Buildings and other structures containing adult education facilities, such as colleges and universities, with an
occupant load greater than 500.
* Group I-2 occupancies with an occupant load of 50 or more resident care recipients but not having surgery or
emergency treatment facilities.
* Group I-3 occupancies.
* Any other occupancy with an occupant load greater than 5,000
» Power-generating stations, water treatment facilities for potable water, waste water treatment facilities and other public
utility facilities not included in Risk Category IV.
* Buildings and other structures not included in Risk Category IV containing quantities of toxic or explosive materials
that:
Exceed maximum allowable quantities per control area as given in Table 307.1(1) or 307.1(2) or per outdoor control
area in accordance with the International Fire Code; and
Are sufficient to pose a threat to the public if released *.

STUDEI

1\

Buildings and other structures designated as essential facilities, including but not limited to:
» Group 1-2 occupancies having surgery or emergency treatment facilities.
* Fire, rescue, ambulance and police stations and emergency vehicle garages.
* Designated earthquake, hurricane or other emergency shelters.
* Designated emergency preparedness, communications and operations centers and other facilities required for
emergency response.
» Power-generating stations and other public utility facilities required as emergency backup facilities for Risk Category
IV structures.
» Buildings and other structures containing quantities of highly toxic materials that:
Exceed maximum allowable quantities per control area as given in Table 307.1(2) or per outdoor control area in
accordance with the /nternational Fire Code;, and
Are sufficient to pose a threat to the public if released *.
* Aviation control towers, air traffic control centers and emergency aircraft hangars.

NTS-HU B'Conl' » Water storage facilities and pump

* Buildings and other structures having critical na loangl defense functions.
sﬁp iRY 1AHARMITNOMS pressure for fire suppression.




WIND LOAD
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Criteria for Enclosure
Enclosure Classification Classification Internal Pressure

-
v O
N 8 jiT—;i \. Enclosed buildings A, s Iesszthan the srznaller of 0.014, Moderate
@) = } ) or 4 ft© (0.37 m~), and
O G O, o I AyifAq <02
C un s+ | Partially enclosed buildings A, > 1.1A,;,and A, > the lesser of High
L (@© TR 0.014, or 4 f€* (0.37 m?), and
[8) p L Agi/Agi 0.2
L Partially open buildings A building that does not comply Moderate

with Enclosed, Partially
e Enclosed, or Open classifications
g8 Open buildings Each wall is at least 80% open Negligible

* Topographic factor Kzt. Reflect the increase in the wind speeds
due to the topography (speed-up).

Speed-up

X (Downwind)

H/2

~
~

STUDESCARPMENT 2-D RIDGE ORIG=DAXI8 YMMETRICAL HILL
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EARTHQUAKE LOAD

Original static position

= Earthquake load refers to the before earthquake ~ EQL
. . N o
inertia force that a structure
experiences due to ground motion : £\ _-Deflected shape
. due to dynamic
i ; , ffects caused
or acceleration. I . e
: ; L : motion
>>>> N\
Seismic wave
i
F
= Usually, for most small and — 11

moderate-sized buildings,
earthquake loads are

represented as "static h [ | S | —
equivalent load" applied to AL =R
the structure. h L1

y
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EARTHQUAKE LOAD

= Earthquake load calculations
consider factors such as:

 The intensity and duration
of ground shaking, as
reflected by the risk maps.

* The type of site soil.

* Building risk category or
occupancy.

* The structure’s dynamic
characteristics including the
structure’s mass, natural

period or frequency and Risk-Targeted Maximum
damping ratio considered earthquake (MCEg)
' Ground motion Response

Accelerations S;and S;
STUDENTS-HUB.com Uploaded By: anonymous 20




LOAD COMBINATION

= Whilst each Ioad or set of Ioads can be con5|dered acting
independently, buildings are usually loaded by combinations of
the various loads. As the building must carry any combination, it
is usual to consider a range of combinations called load cases.

Notation
Load combination D = dead load
=150 E = earthquake load
U=12D+ 1.6L + 0.5(L, or S or R) L = live load
U=1.2D+ 1.6(L, or Sor R) + (1.0L or 0.5W) L, = roof live load
U=12D+ 1.0W+ 1.0L +0.5(L, or S or R) R = rain load
U=12D+1.0E+1.0L+02S S =snow load
U=0.9D+ 1.0W U = Ultimate load
U=0.9D + 1.0E W= wind load

Service loangL) =D+ L
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Vertlcal Load Path

The load path is the track aII Ioads follow from their pomt of

application on the structure to the foundations or supports of the
structure.

7 ? T

onf Y LL# rﬂrﬂrl lf\lr'!‘
& HH#.{’HH‘%H##L o =
|
| 3rd floor 1 o " %
|
2nd Aoor : L
I:ﬁ:l PR e i
Tgiruj-jr i
Ground Al | iJ.
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Vertical Load Path Hierarchy

S — —_— - = e

VERTICAL LOAD PATH
HIERARCHY

Slab

Interior beams receive J..L
load from slab and
transfer to girder.

Beams

4

Girders

4

Columns

4

Foundations

Exterior beams receive
load from slab and

Girder receives load transfer to column.

from beams and transfers
to columns.

Columns receive load
from girder and beams
and transfer to foundation.
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Slab Behavior

Based on the Load transformation concept, Slabs are
* One-way slab: curves and carry the load in one direction only.
* Two-way slab: curves and carry the load in two directions.

One—way .system —single curvature Two-way system — Load distributed to
Load distributed tothgdongeredges Uploaded Byl @dges
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One-Way Vs Two Way slabs

= _=5 = — == =

Classification is based on Ioad dlstrlbutlon in one or two directions.

This can be determined based on:

|.  Structural Geometry: Where the ratio
of the long side to the short side of a
panel >2, the load is transferred
primarily by bending in the short
direction and the panel acts as a one-
way slab. Otherwise, the load will be
distributed in two directions.

L/iB >

2.0 = one-way slab
L/B

< 2.0 = two-way slab

STUDENTS-HUB.com
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One-Way Vs Two Way slabs

II. Method of construction and the construction materials

One-way system — due
to construction
method

ZZ2N
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Tributary Area

Tributary area (A,): The loaded area of a structure that directly

- —

contributes to the load applied to a particular member. The tributary
boundary is often defined by drawing dividing lines midway between
adjacent supporting members.

Tributary area
for columns
Al and B3

Load(beam) = (UL)(b;)

Load(Column) = (UL)(A;)

L

l

!

Ly

®

N

M~
{

-~
~

N »I(—
~

-
J
M~

=
~
N
~

A, =Tributary area
b,= width of the tributary area
UL = Calculated slab load
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Tributary
areas

for beam
C2-D2 and
column E2

3  Tributary

areas

for beams
C4-D4 and
E3-E4
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Tributary Area

—s— — . ————— = - = = T

Consider the floor framing system shown. Assume that the area load
applied to the slab is DL=5 KN/m?, LL=3 KN/ m?, L=2m,andL2=5
m. Calculate and sketch the load which should be applied to B1, B2,
and the girder.

Girder

E
Area load .
B, B,
] e ] =
Li? LR i

L
g il Girder _
o h =12

TN TERITTFFR RN RN R
i g 1 i i
* ? Pa :! L !: L =! L —
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Trlbutary Area

Consider the floor frammg system shown here Assume that the area
load applied to the slab is DL = 8 KN/m?; LL=2 KN/m?. Calculate and
sketch the load that should be applied to beam B1 and girder G2.
find the total load going to the column located on gridline A2.

® ® ©

®—. O B. m{

) 1

I—F

G S (e} 5m

-

5m

O O m— |-V
e—gm —s—8m —|
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Tributary Area

OL=3 ki , LL= L]
(L= 2+ F16y2 = 128 leojw
For 2, —> Thu Skl 15 2-wwy %<z

: \»@25}’1@ = 32k (’L)

£ S = LY lnijnr
S 2 S
Ty = 2.5 = 30
&;IM G}z‘ go ‘1 go 16 8o A 7 J
S Y U (..—-2.‘5}723 LOQJ(E) < 20 K 123:369’“
X =32 m U A)
:Zock

'? - 20/X]0
Leal 5 =3

JAS

| 'z
|5|'i!'i>’._}
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Lateral Load Path

———

Lateral Idad path hierarchy

Out-of-plane wall

Floor or roof @
(diaphragm) -
Diaphragms and/or footing
2

Vertical lateral force
resisting system (in-plane)

2

Foundation

W
V.
' Floor ar roof
W (diaphragm}
on wall : W
(a) ihj (c)
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