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Structural Math

Åquantify environmental loads

ïhow big is it?

Åevaluate geometry and angles

ïwhere is it?

ïwhat is the scale?

ïwhat is the size in a particular direction?

Åquantify what happens in the structure

ïhow big are the internal forces?

ïhow big should the beam be?
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Structural Math

Åphysics takes observable phenomena 

and relates the measurement with rules: 

mathematical relationships

Åneed

ïreference frame

ïmeasure of length, mass, time, direction, 

velocity, acceleration, work, heat, 

electricity, light

ïcalculations & geometry
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Physics for Structures

Åmeasures

ïUS customary & SI

Units US SI

Length in, ft, mi mm, cm, m

Volume gallon liter

Mass lb mass g, kg

Force lb force N, kN

Temperature F C
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Physics for Structures

Åscalars ïany quantity

Åvectors  - quantities with direction

ïlike displacements

ïsummation results in

the ñstraight line pathò 

from start to end

ïnormal vector is perpendicular to 

something

y

x
z
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Language 

Åsymbols for operations: +,-, /, x

Åsymbols for relationships: (), =, <, >

Åalgorithms

ïcancellation

ïfactors

ïsigns

ïratios and proportions

ïpower of a number

ïconversions, ex. 1X = 10 Y 

ïoperations on both sides of equality
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On-line Practice 

ÅeCampus / Study Aids
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Geometry

Åangles

ïright = 90º

ïacute  < 90º

ïobtuse > 90º

ïp = 180º

Åtriangles

ïarea

ïhypotenuse

ïtotal of angles = 180º
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Geometry

Ålines and relation to angles

ïparallel lines canôt intersect

ïperpendicular lines cross at 90º

ïintersection of two lines is a point

ïopposite angles are equal when 

two lines cross a

ba

b
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Geometry

ïintersection of a line with 

parallel lines results in identical 

angles

ïtwo lines intersect in the same 

way, the angles are identical

a

ba

b

a

ba

b

a a

a
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Geometry

ïsides of two angles are parallel and 

intersect opposite way, the angles are 

supplementary - the sum is 180Á

ïtwo angles that sum to 90Áare said to be 

complimentary

a b

b
g

a

¯=+ 9 0gb
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ïsides of two angles bisect a right angle 

(90Á), the angles are complimentary

ïright angle bisects a straight line, 

remaining angles 

are complimentary

Geometry

a
g

g

¯=+ 9 0ga

a
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ïsimilar triangles have proportional sides

Geometry
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Trigonometry

Åfor right triangles

C
a

B

A

CB

AB

hypotenuse

sideopposite
=== asinsin

CB

AC

hypotenuse

sideadjacent
=== acoscos

AC

AB

sideadjacent

sideopposite
=== atantan

SOHCAHTOA
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Trigonometry

Åcartesian coordinate system

ïorigin at 0,0

ïcoordinates

in (x,y) pairs

ïx & y have

signs

-6
-5
-4
-3
-2
-1
0
1
2
3
4
5
6

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

X

Y

Quadrant IQuadrant II

Quadrant III Quadrant IV
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Trigonometry

Åfor angles starting at positive x

ïsin is y side

ïcos is x side

-6

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

X

Y

sin<0 for 180-360Á

cos<0 for 90-270Á

tan<0 for 90-180Á

tan<0 for 270-360Á
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Trigonometry

Åfor all triangles

ïsides A, B & C are opposite

angles a, b& g

ïLAW of SINES

ïLAW of COSINES

CBA

gba sinsinsin
==

ac o s2222 B CCBA -+=

A

a C

B

g
b
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Algebra

Åequations (something = something)

Åconstants

ïreal numbers or shown with a, b, c...

Åunknown terms, variables

ïnames like R, F, x, y

Ålinear equations

ïunknown terms have no exponents

Åsimultaneous equations

ïvariable set satisfies all equations
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Algebra

Åsolving one equation

ïonly works with one variable

ïex:

Åadd to both sides

Ådivide both sides

Åget x by itself on a side

012 =-x
10112 +=+-x

2
1=x
2

1

2

2
=

/

/x

12 =x
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Algebra

Åsolving one equations

ïonly works with one variable

ïex:

Åsubtract from both sides

Åsubtract from both sides

Ådivide both sides

Åget x by itself on a side

5412 +=- xx

xxxx 254212 -+=--

55251 -+=-- x

2

2

2

23

2

6

/

/
=

/

/Ö-
=

- x

3-=x
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Algebra

Åsolving two equation

ïonly works with two variables

ïex:

Ålook for term similarity

Åcan we add or subtract to eliminate one term?

Åadd

Åget x by itself on a side

832 =+ yx

6312 =- yx

6831 232 +=-++ yxyx

1 41 4 =x

1
14

14

14

14
=== x

x
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Forces

Åstatics

ïphysics of forces and reactions on bodies 

and systems

ïequilibrium (bodies at rest)

Åforces

ïsomething that exerts on an object:

Åmotion

Åtension

Åcompression
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Force

Åñaction of one body on another that 

affects the state of motion or rest of the 

bodyò

ÅNewtonôs 3rd law:

ïfor every force of action 

there is an equal and 

opposite reaction along

the same line 
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Force Characteristics

Åapplied at a point

Åmagnitude

ïImperial units: lb, k (kips)

ïSI units:  N (newtons), kN

Ådirection
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(tail) (tip)
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Forces on Rigid Bodies

Åfor statics, the bodies are ideally rigid

Åcan translate 

and rotate

Åinternal forces are 

ïin bodies

ïbetween bodies (connections)

Åexternal forces act on bodies
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translate rotate
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Transmissibility

Åthe force stays on the same line of 

action

Åtruck canôt tell the difference

Åonly valid for EXTERNAL forces
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Force System Types

Åcollinear
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Force System Types

Åcoplanar
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Force System Types

Åspace
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Adding Vectors

Ågraphically

ïparallelogram law

Ådiagonal

Ålong for 3 or more vectors

ïtip-to-tail

Åmore convenient

with lots of vectors
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F

P

R

F

P
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Force Components

Åconvenient to resolve into 2 vectors

Åat right angles

Åin a ñniceò coordinate system

Åqis between Fx and F from Fx
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Fy

Fx

q

F

x

y

Fy

Fx

F

Fy

Fx

F

qcosFF x =

qsinFF y =
22

yx FFF +=

x

y

F

F
=qtan
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Trigonometry

ÅFx is negative

ï90  to 270 

ÅFy is negative

ï180  to 360

Åtan is positive

ïquads I & III

Åtan is negative

ïquads II & IV

Architectural Structures

ARCH 331

-6
-5
-4
-3
-2
-1
0
1
2
3
4
5
6

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

X

Y

Quadrant IQuadrant II

Quadrant III Quadrant IV

¯ ¯

¯ ¯

Forces & Moments 32

Lecture 3



F2018abn

Component Addition

Åfind all x components

Åfind all y components

Åfind sum of x components, Rx (resultant)

Åfind sum of y components, Ry
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22

yx RRR +=

x

y

R

R
=qtan

Fy

Fx

R

Py

Pxq

Rx

Ry
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Alternative Trig for Components

Ådoesnôt relate angle to axis direction

Åfis ñsmallò angle between F and 
EITHER Fx or Fy

Åno sign out of calculator!

Åhave to choose RIGHT 

trig function, resulting 

direction (sign) and

component axis
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+/-? Fy

+/-? Fx

f

F

x

y
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Friction

Åresistance to movement

Åcontact surfaces determine m

Åproportion of normal force ( )̂

ïopposite to slide direction

ïstatic > kinetic
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NɛF =
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Cables

Åsimple

Åuses

ïsuspension bridges

ïroof structures

ïtransmission lines

ïguy wires, etc.

Åhave same tension all along

Åcanôt stand compression
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Cables Structures

Åuse high-strength steel

Åneed 

ïtowers

ïanchors

Ådonôt want movement
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Cable Structures
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Cable Loads

Åstraight line

between forces

Åwith one force

ïconcurrent

ïsymmetric
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Cable Loads

Åshape directly

related to the

distributed load
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Cable-Stayed Structures

Ådiagonal cables support horizontal 

spans

Åtypically symmetrical

ÅPatcenter, 

Rogers 1986
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