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PREFACE

This reference book is intended for those engaged in an occupation as important as it is
interesting—design and analysis of engineering structures. Engineering problems are diverse,
and so are the analyses they require. Some are performed with sophisticated computer programs;
others call only for a thoughtful application of ready-to-use formulas. In any situation, the
information in this compilation should be helpful. It will also aid engineering and architectural

students and those studying for licensing examinations.

llya Mikhelson, Ph.D.
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INTRODUCTION

Analysis of structures, regardless of its purpose or complexity, is generally performed in the

following order:

e Loads, both permanent (dead loads) and temporary (live loads), acting upon the structure are
computed.

o Forces (axis forces, bending moments, shears, torsion moments, etc.) resulting in the structure
are determined.

e Stresses in the cross-sections of structure elements are found.

e Depending on the analysis method used, the obtained results are compared with allowable
or ultimate forces and stresses allowed by norms.

The norms of structural design do not remain constant, but change with the evolving methods

of analysis and increasing strength of materials. Furthermore, the norms for design of

various structures, such as bridges and buildings, are different. Therefore, the analysis methods

provided in this book are limited to determination of forces and stresses. Likewise, the

included properties of materials and soils are approximations and may differ from those

accepted in the norms.

All the formulas provided in the book for analysis of structures are based on the elastic theory.

ol
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STRESS and STRAIN

N OTE S | TENSION and COMPRESSION 1.1
Weight Axial force: N, = yA(L-x),
Tables 1.1-1.12 provide formulas for determination of stresses in structural elements for various loading 1 Y = unit volume weight,
A i
conditions. To evaluate the results, it is necessary to compare the computed stresses with existing g A = cross - sectional area.
Nx
norm requirements. x| Stresses: 0, = T ¥(L=x), 6,.,=%, 0, =0.
| Ox Ax
q Deformation:
FNx 2 2
| (A 7 o Y O G Wb
Diagrams 2E ; 2R 2BA
W =yAL = weight of the beam
E =Modulus of elasticity
i Axial force : tension, compression P P
Stresses:  oy=%L, | lo =2,
A A
L Deformation:
R ——% —3: =1 A, =L-L, (along), A,=b~b, (cross),
[ [ e s T A, FA,
g =—L, Pom—,
i I b
— = Poisson's ratio: p= E
c_._L.<[_,»_—__,| Re 4 g,
0
i il A
Ly Hooke's law o =Eeg, £=E:
B,
A, =gLL=EL=_L, A, =gcb=Eb=”_P
1 EA E EA
Temperature Case:
0
N a) ;A R EA, n=ﬁ, k=h.
A k .l_:_li AI L
/' 1 /—A 2nA; 5
RY _/ T e 5] Axial force N =-— (compresswn),
R o-At’E R o-At’E
Strf:sses:()'1=——:————1 Py e ——
Ly= KL La=(-kL AR 14,  k(n-1)+1
L n
For A, =A,: 6=0,=0,=—0-A'E, At'=T)-T’
b) Where T! and T are original and considered temperatures.
+at®
e T ST | o= coefficient of linear expansion ‘
i ;&l At’ >0 tension stress, At” <0 compression stress.
Case b/
Deformation:  Aj = o At’L.




NOTES

STRESS and STRAIN

Tables 1.2 and 1.3a BENDING 1.2
Egamplen{Eshding Bending stress: o= M y
Given. Shape W 14x30, L=6m i
VS
Area A =8.85in® =8.85x2.54° = 57.097cm’ . lP e e e
Depth h=13.84in=13.84%2.54 =35.154cm 9, Stresses in x-y plane:
Web thickness d = 0.270in =0.270x2.54 = 0.686cm Jelo i anaal et i
e o, =0lle =0 Bu=0. =1
Flange width b=6.730in = 6.730x2.54 =17.094cm 95| k1SS AN e s
Flange thickness t=0.385in=0.385x2.54 =0.978cm L - Principal stresses:
ST _99Tin% — Py 4
Moment of inertia I, =291in* =291x2.54* =12112.3cm A \h/ G, =gilm
Section modulus S =42.0in’ =42.0x2.54 = 688.26cm’ ! Moy =EL A 2
Weight of the beam ®=230Lb/ft =30x4.448/0.3048 =437.8 N/m =0.4378 kN/m I Moment diagram Maximum shear (min) stresses: |
Load P=80kN |
i ‘ [ al =il\/01+412
Allowable stress (assumed) [c]=196.2 MPa, [1]=58.9 MPa v v 123 =l
Required. Compute: o, and T Shear diagrom ay
q P ; nl:x ] 43;2 y | 'dxz The principal stresses and maximum (min)
oL L. 0 X 80x6 2 3
Solution. M= 5 +—I :‘8—+T =121.97 kN-m isntrts:sosgi?nensions 2-,_/1 kﬁ shear stresses lie at 45° to each other.
oL P _04378x6 80 ‘ i 5z
Vi —matl o o iy o S AT ST RN ] 1 -——<4 Stress diagrams
252 2 2 o Te
121.97x100 (kN - -0 -G Ldi i n DA i M
G :M=—(T-Ln) =17.72 KN/em? =177215.0 KN/m? =177.215 MPa < 196.2 MPa il e e |
g 688.26(cm’ ) 1 3v
\
2 T-diagram: 1, =0, T, A :ﬁ, 1. =0. |
[,_t) ‘ T Mok e |
1 =t L)y A2 1) 890 kN/em? = 18900 kN/m? =18.9 MPa < 58.9 MPa , O, -diagram: |
TdT\2s 2 i
‘ o, =+—, O, =+T=+ﬂ 6. =0
) S ay 2A > 2y £
O, ~diagram:
G, =01 o, =_1=_3_V, o, :_M,
i i 2A i S

T ~diagram:

(o} M
T :Ta3=+_:+_’ T =+1=+ﬁ_ ‘
2 28 i 2A
b T, ~diagram:
A Lt e 3V
[ i Tal‘Ta;—"E—_g’ AT P
Stress diagrams 2
Note:
"+"- Tension

"—"- Compression




STRESS and STRAIN
N OTE S 7 BENDING 1.3

‘ Shear stress: T=—-

b(h h b( h?

Case o/ S, =—| =~y =+y|==|t—y?|
A et 2(2 yJ[z y) 2[4 y)
2

v.h hv_yl
2 4 6v[hZ ZJ
T=——a——f=— | —_y

B
12

for y:i%: 1=0, for y=0: 1=—
Case b/ 7 =0,

(o =ibt[2—£j, Ty =lbt(£—i}
Wbl ddlipilo

z

h 2
o5
Ty :l bt[h t]_'_z*

277 2

Bending moments.

‘ y Moment due toforce P: M=,/ M? + M,

M, =Mcosa, M, =M sina,
— o - e s = =N M
/ [—y} = [tanat]
1 ! M,
P
E ali For case shown: M, =P,Lcoso, M, =P,Lsina,
1 M=PL
! S ycosoc+zsina
£ i il
i

Stress:
M S
Oux =% —| cOsOU+—~sin ol
S, S,

i 1
Neutral axis: tanf = I—’ tan ot.
y

. . . . " i 2 2
o Deflection in direction of force P: A=,/ A? kil

P B
T T

For case shown: A, =




STRESS and STRAIN

COMBINATION OF COMPRESSION (TENSION) and BENDING 1.4
Compression (Tension) and bending
P M M
i = RN g e
P ‘/y Stresses:  © s : Vi I Y,
S o ofyetuandly o lh
€rx 3% =2 fer Sy S,
2 ey
M, =P-e,, M, =P:e,
b 3 3 @ 2
O;b( Ty Iy:hb, Ilzbh’ Sy:hb, Sz:bh
> €z — 127 12 6 6
g, P i2 i
Y Zh' e Neutral axis: y, :l—’, z, =%,
e, -
'90° s DRI P L 7
+ ; g
S | L=l LA, = /Iy/A, A=b-h
el ;
Ll
Buckling
Euler's formula:
2
A S
(kL) R,
o [ \ / where R, is the elastic buckling strength.
\ \ / / it
A / Ka ==, StIESS: 0, S~
min }\’:nin
kel fosihioiiale o ] 20 ]
i . . z
Axial compression (tension) and bending el
I N M, NNy
compression G, =— + —% + —.—0_
w el N x L el
o e P
: N M, N A
tension 0, =— + —% - —. 3
N \l l — N A S, S, 1+N_
S ey e P
INAIRS 3

where: M, and A;=max. moment and

max. deflection due to transverse loading.
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Table 1.5

Example. Torsion

Given. Cantilever beam, L=1.5m, for profile see Table 1.5¢

h=70cm, h, =30cm, h, =60cm, h, =40cm, b, =4.5cm, b, =2.5cm, b, =5.5cm
Material: Steel, G =800 kN/cm” =8000 (MPa)

Torsion moment M, =40 kN-m

Required. Compute T, and ¢’

Solution. P—’:;—%: 6.67 <10, ¢, =2.012,

bl
By 60 _opnqo Ban 0 _q09 <10, o =2212
tlas B 55

3
I, =cb' =2.012x45* =825.04 cm’, I, =c,b$ =2212x5.5' =2024.12 om*

3
JBb OUREY oS, YL =1, +L, 41, =3161:66 it
Y L+

1y 3
s, it V0 o s
e
_40x(100) _ ¢ o5 N/em? = 69580 kN/m? = 69.58 MPa
s (AT 57495

o 180 ML _ 180 40x(100)x1.5%(100)
“m GI, 314  800x3161.66

=13.6°

TORSION 1.5
Bar of circular cross-section
Stress: | T =&-g=%,
1L e
(“ nd* nd’
i = M, [,="=01d", S ,=—=02d
) — ) D) i bl
0
Angle of twist: ¢’ = Ll
Tmax n GIP
a/. Where G =Shear modulus of elasticity
b/.
Tz\.z Bar of rectangular cross-section
I G max Stress: T, oot Angleoftwist: g =180 ML
O A s el
| = t t
! h 3 2
2 %31 If “=>10; I‘:ﬂ, S‘:Lzﬂ_
el o }? 3 b 3
If ESIO: Ii=c bt iS = b2
In point I: 7, =1, inpoint 2: T,=c, 1,,.
h/b= 1.0 1.5 2.0 3.0 4.0 6.0 8.0 10.0 For
o 0.140 0.294 0.457 0.790 1.123 1.789 2.456 302800\ g
C, 0.208 0.346 0.493 0.801 1.150 1.789 2.456 3.123
Cy 1.000 0.859 0.795 0.753 0.745 0.743 0.742 0.742 0.740
Profile consisting of
c/. h rectangular cross-sections
J. i=n
P I By Geometric properties: I, =ZI‘ P =L, n=3
ball A i Dl
= | = h h h
! Assumed: —L<10, -2>10, —2<10,
bl b2 3

bbb (elih = b )

h 3
Li=elbl I8 1 =2Tb1 . I, =cbi,

R S[=I—’.
3 b,
Stress: Tl L (in point 1).
t
0
Angle of twist: ¢’ Bl
T G,

-




STRESS and STRAIN
CURVED BEAMS

1.6

Curved beam (transverse bending )

l’ Center of gravity
£ Y
W\M !
- A ~
( N Vi ) <] -2
1-1

Stresses:

B o ey MV

9T Al y ’ 0 Zi

R,

c=R~-R,
h 1 )
If —<05, c=—=— forallcross-section types.
R AR

For case shown;

s AI+AZ
A=A+A,, RD_Al R
S Uit
Rl R2
M R,-R; M R,-R,
Ga=—- 3 cb:——-
Al R Ao RS
"+0 " - Tension
"—c " - Compression
Curved beam (axial force and bending)
Stresses : Gp=Ei—M~-p_R°.
y ACTRe LR
i For case shown: c¢=R-R,,
e i
_'::é' il R, = or anl{l——l—(i)].
R 12\R
b
N=P, M=2PR,
B, 2PR R,—R,
P bhiBRe R
P, 2PR R,-R,
O, =—+—-!
bh bhc R,

Note. For beams with circular cross-section:

2
RO=l R+,fR2—d— or R,=R 1—i(
2 R 16

d = diameter of cross-section.

d

R

)}

o ¢
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Continuous deep beam

Table 1.7
Example.

E
Z
~
=
S
Q
__ﬂ
2 8
. g
g 3
a2
S
:m
o
2 &
m.m
i
o 2
D
g
s 8
g &
SE
S g
I o
< =
-
o o
)
N <
= .
po e
B
o N
o
g
- o
c 5§
c O
53
DO
@
e =
=
°
> §
0O ¢

Solution. At center of span:

55.8 kKN

=g
X o
o -
S -
=l
n <
5 N
S
Sopy
® o
S &
=]
=
B
S 4
i)
N O
S
T
A3
non
Zd

=
o
(72}
c
2
<
-
=
5 3
=}
I =
~
B
|
mm o
= )
D X <
e S %
S =)
I o S
= s vl
. = L=
xi-= w3
L) X
Ve %
S =ahe cEEae
% e TS
3 £ =
= :“
iR
1o 83
meee ]
noipe S g A
S X n
w0y
X b & 8 O
e
E A 3
(Bee e
=g b Ny =

0.05 m

0.036x%0.5%3.0
0, X /b ==9.065%200/0.3 =—6043.3 kN/m’

o KUST,

—6.04 MPa (compression)

Gmﬂx

Ak




STRESS and STRAIN

| DYNAMICS, TRANSVERSE OSCILLATIONS OF THE BEAMS | 1.8
N.O T E S

NATURAL OSCILLATIONS OF SYSTEMS
WITH ONE DEGREE FREEDOM

Tables 1.8-1.12 consider computation methods for elastic systems only.

1 SIMPLE BEAM WITH ONE POINT MASS
4 Y
Deflections .
pelln X
t] Agt + 4
a b
14
FORCES: DEFLECTIONS :
P
P =Weight of the load, ~ Mass: m=— A, = Static deflection due to Load P
g
il ; cm ! o
¢ = Gravitational acceleration, | g = 981—2—) +A, =Max., min. deflection due to Force P,
sec
P, =Force of inertia, P =F ma Ast(l) = Static deflection due to Force P=1
a = acceleration c=amplitude, c=x=% A
For shown beam: Maximum Shear for a > b
Maximum Bending Moment V. =(P+P )%
‘ M NS
M, :(P+Pi)4ﬂ, Stress: o=—m2 .y Stress: = —m
L I Lt
2
3 Bl 48¢El
Deflections ) Force of inertia: P, = e z
R 48cE L
h b il e Maximum Bending Moment; M. =| 2 . +P o=
g max L 4
o il 1( 48¢El
P ol —,L Maximum Shear: V. :—[ CJ < +P)
1
¥ 3cEI
) Force of inertia: P, = = 5
Deflections ) 3cEI
\ e /! P Maximum Bending Moment: M, =( CL3 2 +Pj-L
— = 3¢EI
b - Maximum Shear: V,  =-—-%+P
S L
L

e




STRESS and STRAIN

1.9

DYNAMICS, TRANSVERSE OSCILLATIONS OF THE BEAMS

DIAGRAM OF CONTINUOUS OSCILLATIONS

Amplitude !
A o t
Jal v

g

=]

T_(Period)

Equation of free continuous oscillations: 'y =c¢ sm ot + (Po)

Where: ¢, =initial phase of oscillation, arcsm( J
. 5 | s 2n A,
¢,=amplitude, t=time, T = period of free oscillation, T ==—=2m |—L
© g

o = frequency of natural oscillation, ®= Zg.
st

DIAGRAM OF DAMPED OSCILLATIONS

e C2
5 e
g7 \\lZ——/

Co 27 Sl

<

i Period

Equation of free damped oscillations: =c,e " -sin (ot +
Y=¢ D

. Vo + Yok 2m
¢, =initial amplitude of oscillation, ¢, =, [y, +(%J
(0]

¢, =initial phase of oscillation, ¢, = a:csm(y"J Y, =initial deflection
o

v, =beginner velocity of mass, e =logarithmic base, ¢=2.71828

k = coefficient set according to material, mass and rigidity

T = period of free oscillations, T =2m/m
EI

r/m—[k/Zm]2 , For simple beam: r = 4 =
i

= frequency of free oscillation,

-19-




STRESS and STRAIN
DYNAMICS, TRANSVERSE OSCILLATIONS OF THE BEAMS

1.10

FORCED OSCILLATIONS OF THE BEAMS
WITH ONE DEGREE FREEDOM

SIMPLE BEAM WITH ONE POINT MASS

S(t)-Scos¢t
é il
Afnax T ‘\]l
eflectlons

(5

2 L
FORCES: DEFLECTIONS:
P = Weight of the load, Mass: m=—., [ g = 9815 Ao =B, A, +A4,

g sec
5(t) = vibrating force, Assumed: S(t)=Scos@t iy = stetic deflegtion’ diaia Load
A=A
P’ =Force of inertia, P = %—Scos ot A, =Static deflection due to Force S
by

( =Frequency of force S(t) A, =Static deflection due to P, ,
Awm = Static deflection due to Load P =1 A =P, ~Aslm

g:5(t)

Equation of forced oscillations: =c.e ™™ gin (ot + el COS L
Y Py TR o
P(w’-¢’)

-S(t
c-e™" sin (@t +¢@, ) =free oscillation, gz—()z‘cos @t = forced oscillation
P(w’—¢)

@, =beginner phase of oscillation, @, = zu'csm(y0 J ¥, = beginner deflection
cO

¢, = amplitude of free oscillation, ¢, =c, c¢=amplitude of forced oscillation, ¢=k, ~Asl(s)
'k = coefficient set according to material, mass and rigidity

o= frequency of natural oscillation, T =period of oscillations, T =21/®

k, =dynamic coefficient,  k; =—~—21—
2 1]
2 2
(O} m-@
If k=0 (damped oscillation is not included ).  k;, =——

pleit

0)2

€ =logarithmic base, €=2.71828, g=gravitational acceleration, [g = 9810—m,J
sec

2=




NOTES

STRESS and STRAIN
DYNAMICS, IMPACT

1.1

Table 1.11
Example.

Given.

Required.

Solution.

Dynamics, impact

Bending

Beam WI12x65, Steel, L=3.0 m,

Moment of inertia I, =533 in*x2.54* =22185 cm*

Section modulus S =87.9 in® =87.9x2.54° =1440.4 cm’

29000448222

Modulus of elasticity E = 29000 kip/in® = o =20147.6 kN/cm®

Weight of beam (concentrated load):
W =65 Lb/ftx3.0 =195%4.448/0.3048 = 2845.7 N = 2.8457 kN
Load P=20kN, h=5cm
Compute dynamic stress O

Pl 20x(3x100)’

y=——=—"————"—"-=0.025cm
48EI, 48x20147.6x22185

2h 2X5
e | B el Bl B 17 2.8457

Ay I+B—) 0.025| 14+-=x j
f p 35 20

Bending moment M, :%-kb = LUk

M, 306x100
Siress O =r=—=r——rm—
S 1440.4

=1+194=204

%20.4 =306 kN -m

=21.24 kKN/em® = 212400 kN/m® =212.4 MPa

Elastic design

Axialcompression Dynamic coefficient:

kyp =1+ [1+

Where:

W= weight of the structure

v= strking velocity, v =./2gh

g= earth's acceleration, g=9.81 m/sec’
z A, = deflection resulting from static load P

-

B= coefficient for uniform mass

For shown column: Ay :_P_.
EA

.

Dynamic stress: o= —% Ky

- |

Lfgiee s ops

@ For stresses see Table 1.3

Table 1.11
Example.

Given.

Required.
Solution.

Stress:

(o]

Dynamics, impact

Crane cable

Load P =40 kN, velocity v=>5 m/sec

Cable: diameter d=5.0 cm, A=19.625cm?, L=30m,

SR 48222
Modulus of elasticity E = 29000 kip/in" = %8—

Compute dynamic stress G for sudden dead stop

=20147.6 kN/em®

_PL _ 40x30x(100) v 5%(100)

y=—=—"———"—=0303cm, k;=
EA  20147.6x19.625

P

=—(1+kp)

A

40

= 15g5 (1+2:9) = 7949 KN/om’ = 79490 kN/m” = 79.45 MPa

L
35

¥ For shown beam: Ay=—o—,
P ® 48EI,
i

Dynamic bending moment: M, P

Dynamic shear: 'V, :;kD :

= =29
JeA, ([981x(100)x0.303

Crane cable

Dynamic coefficient:

Maximum stress in the cable:

Sudden dead stop when the load P is going down.

A
D g~A
where: v = descent's velocity ,
& vl PL
Ay =—=,
EA

P
B 0=X(1+ku)

A =area of cable cross-section

~22 =

Bl o




STRESS and STRAIN
DYNAMICS, IMPACT 1.12

Elastic design

Column with buffer spring Cylindrical helical spring:

w0
i

Motor mounted on the beam

D = average diameter
d = spring wire's diameter
n = number of effective rings

G= Shear modulus of elasticity for spring wire
Dynamic coefficient:

Dynamic stress: G:——Z—-kb (compression)

E= Modulus of elasticity for column

A= area of column cross-section

Dynamic coefficient: kp= % 5
e
I Motor i .
2 n mn
= frequency of force E., =—2t=— | —
3 ik Tl e 60 30 (sec)
BRSNS e i R g 1
® = beam's free vibration frequency, ®=,—= |—
L PA "\ sec
A = beam's deflection by force P =1 at the point
f)' of motor attachment,
LJ
oz For shown case: A= :
48EI,
[
J Resonance: @=0, n:?:()_(p.
T
I’ = motor's weight, Stresses:
| = centrifugal force causing vertical ¢ PL I Fk.L
. § g & g Static stress: 6=——, Dynamic stress: ¢ =--2—,

vibration of the beam, F, =m@’r , 45, 48,

m = mass of rotative motor part , ZO‘ = L(P Rk )

r = radius of rotation , 2

n = revolutions per minute.

9B
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PROPERTIES OF GEOMETRIC SECTIONS

for TENSION, COMPRESSION, and BENDING STRUCTURES

21

y 1. SQUARE

4 4

| =gt el Bk

{ ] Arey G
- X1 a° a

$,=8S=—, r=r,=—=028% , Z= —

a % y 6 o ¥ \/ﬁ
2. SQUARE

Axis of moments on diagonal

4 3
A=2a®, h=a\2=142a, =1 = ;‘_2 Sos e sy

62 !
a a
r=r,=——=—=0.28%, Z= ——=0.236a
SR 32
3. RECTANGLE
y X 3 3 3 3
2 A=bh, X=£’ I:b_h’ IX:P_.h_’ I’:b_}l’
. g e s R e
e 2 2
sl L AL ol - R C TN
LN BBl oI B 7 i
LBl 1=y o A0
T T T

4. RECTANGLE

Axis of moments on any line through center of gravity

A=bh, y=y,= %(h cos + b sinw),

2 2 Brra
I= %(hzcosza-*-bzsinza), S.= Dy 2k sk o)

x

6(h cosar + b siner)

1= 0.289/(h’cos’+ bsin’ ar)

5. SYMMETRICAL SHAPE

A= ah + b(H - h),
ah’ b aihil b
=—+—(H -bv’), I,=—+—(H-h),
g ) 12( )ylz 12(H)
b

3 3 2
S,= 2 -b)+ L S,= ah b_(H_h)
6H 6H Jieh: 6

6. NONSYMMETRICAL SHAPE
A=bc, +ath, +h)+Bc,, b=b-a, B=B-a,
aH’+ Byc,+b,c,(2H - ¢
s 10 biey( !), y=H-y, |
2(aH + B¢, + bjc,)

b

1
= 385} - B+ by b))

S0




PROPERTIES OF GEOMETRIC SECTIONS

for TENSION, COMPRESSION, and BENDING STRUCTURES 22
7. ANGLE with equal legs
h* hiheht h+t-2c
A=t(2h-t), y,= ¥ )

2
L= %[26‘-2@ -t +th-20+ %tf}

2(2h - t)cos45®’

o= y,cos45°

8. ANGLE with unequal legs
Blitit,.  hE i
kY 1 2BIh)

1
I g[t(h‘}’d)J +be1 'bl(Yd ‘t)s]’

A=t(b+h)=tth+b,), x,=

=

1
i 1= 3[t(b-x)" +h by (x, - 1)']
A/E
! X

i)
[ = Ly and L =1, tan2g =
el hmmy = )=,
Y
lXq] I,,= Product of inertia about axes x and y, I, = im,
b 4(b+h,)

%

1 1
gl Im“(min) =E(Iy+ Ix)i E (Iy— Ix)2+ 4Iiy,

9. TRIANGLE

1 1 2 1
- A=2bh, hy=zh, h=2h, d=(b,-b,),

* % VL T

o | FLL A e D e

| X hb(b*—b,b, ) h(b] +b})
bal ke I,= e L

5

]

bh? bh’ .
Sy = U(for base), S, = —zz(for pointA), r =—7==0.236h.

]
32

10. RECTANGULAR TRIANGLE
3 3
it
R 36 ¥1./36
it e
ANB61ET 36

3 W 2 ot .
or: I, =ILcos’a + Lsin"a + 2 sina cosa,

X b h b’h’
sing= —, cos= —, [ = - 5
& I it 72
= L— 0.236h
O e

-3




PROPERTIES OF GEOMETRIC SECTIONS
for TENSION, COMPRESSION, and BENDING STRUCTURES
11. TRAPEZOID

1 b, +2b 2b, +b
K= (b bbby S R e e T

F (0B 3 alh +b) A )

_1(b] +4b,b,+b7) L (b +3b)

5 <V L e 12

h* (3b, +b

4—( o +0,) th=L‘—(bottom), S, :I—"(top),

Ixz o 2 ¢
12 Yo Y

hy/2(b; +4b,b, +17)
R e e iy o € e
i 6(b, +b,)
12. REGULAR HEXAGON
=1, = 0.541R* = 0.06d",

23

5

A=2598R’ = 0.866d>, I,

St 0lG2SRIIS, = 0iSA1RY.

rx

=1, = 0.456R = 0.263d.

13. REGULAR OCTAGON

A= 0,828d85 01 = I = 0.638R* = 0.0547d",

=1,=0257d.

S.=i8, = 0.690R’ = 0.1095d°, r,

x

14. REGULAR POLYGON with n sides
1 o a 360°
A= —na’cot—, R= o R, = aa’ = 2 g
2 2sin — 2tan5 B

28Ry (1oR | +a?) = %(12Rf+a2)= ;‘—4(6Rz+a2),

it

|
a= 2,(R*-R?}).
15. CIRCLE

y i
‘ e 4 g gt
; =L=1,

agl




PROPERTIES OF GEOMETRIC SECTIONS
for TENSION, COMPRESSION, and BENDING STRUCTURES 2.4
y 16. HOLLOW CIRCLE
|
nD’ ; d nD*
A=—-o(1-8), E=—, I =1 =——(1-&*),
D1-g), £=d, 1 -1, =By
._..x 3
e’ nD 4 D 73
8, =8, =7—(1-8"), r=r=—q1-£,
bt e R e
l‘ D' ~d’
D = 6 7
f 17. THIN RING (t<<D)
LS
3
r\ Asiant, 1= TR pseent
A Ty 8
N :
“ 8.5 %z 0.7853D%, 1, = 0.353D.
18. Half of a CIRCLE
i D’
. e Sn 0392D, 'y, = 0.2122D, y, = 0.2878D,
| =
B AR, (e 4
; o I, = 0.00686D*, I =1, = 22 = 0.025D",
c Lha Tae
D=2 D 3 D 3
S, =0.2587(—2-j —for bottom, S, = 0.1908(2—) —for top.
19. Quarter of a CIRCLE
12 il X 2
% : KL 0.785R%, | vi= R _0424R, y, = 0.576R,
- i 4 z
j\ i % I, = 0.07135R*, 1 = 0.03843R*
e x ¥ 2 b 3 4
;: /"\ > X5 ik
I, =1, = 005489R*, I =1 = e 0.19635R".
. 20. Segment of a CIRCLE
b 0 .3
, a= T2 o= 2a-sida, k= 0% b _oRsing, s=2R4,
~ Zo i T T x 180
% 2 4 4
o A= M, y =R, Ix=ﬂ(l+3kcosa), 1 L. (1-keosa),
b 2 8 8
(@ - in radians measure, - in degrees).

485




PROPERTIES OF GEOMETRIC SECTIONS

for TENSION, COMPRESSION, and BENDING STRUCTURES 2.5
" 21. ELLIPSE
3 2 3 2
| A Do o8B | e B0
4 64 16 o T
_ mb’ _ Ab S_/razb_&
133 gt ) 8
phatl | g
Bt A

22. HOLLOW ELLIPSE
A= %(ab—alb,),

¥

I = 6”—4(ab3~a,bf), I,= %(eﬁb—afb,).

T
Gl ﬁ(abB —a,bf), 8, = é(albwafb,)

23. Segment of a PARABOLA
4ab 3a 4ab®  ab’

A= 4 X = A IX—_- ol 4
st i 3 5 o
\L i [ Mealh dome® L g 3Aat
A 7 s R LA iy
a _ 322°b_ 8Aa?

& 105 35
24. STEEL WAVES from parabolic arches

Aot %t(2b+5.2h), b fi(bu.m),

1 1
b,= —(b-2.6t), h,==(h+t),
2= 30260, B=2(h+)

1 64
hyj= nain e O in il p el s
2 2( ) X 105(1| zz) X s

25. STEEL WAVES from circular arches

y A=(zb+2h)t, h,=h-b,
ok i 3 2
FoHlt e L L
< of c 8 TR
| el
2b ' h+t
BT
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PROPERTIES OF GEOMETRIC SECTIONS
for TORSION STRUCTURES

2.6

Cross-section

Moment

of inertia (I,)

Elastic section

modulus (S,)

Positionof 71

(Tox =M, /8,)

4 3
ul * i Il nd =1 S| _rd At all points of the perimeter
o e
d
- fe e T - At all points of the
VD Laneiid outside perimeter
d
J oA
© R 1,=0.1154 d* S, =0.1888 d’ In the middle of the sides
y
ol a 1,=0.1075 d* S, =0.1850 d’ In the middle of the sides
B
9 i I, =0.1404 a* S, =0.208 a* In the middle of the sides
a
h(b} -b3)
- & i
Er = E: " 12(b,-b,) S, :—bL In the middle of the long side
1
h —0.21b!
W Shape [ Angle Channel | Structural Tee
in py bJ i
=N Sl ao
L=t 2 i
n=3, mn=12 n=2, n=1.0 e I e oY n=2, n=115

189~




3. BEAMS

Diagrams and Formulas
for

Various Loading Conditions




SIMPLE BEAMS 3.1

; Notes:
The formulas provided in Tables 3.1 to 3.10—for determination of support reactions (R), -
A =R., V=R
bending moments (M), and shears (V)—are to be used for elastic beams with constant i PN ; B A
¥, and O, in radians
or variable cross-sections. LOADINGS SUPPORT | BENDING MOMENT DEFLECTION ANG LE
The formulas for determination of deflection and angles of deflection can only be used REACTIONS OF DEFLECTION
for elastic beams with constant cross-sections. '5 & ;-
C LA T IO
Moment i e met T AR IR o
L:tquE P
| W} R,=— at point of load at point of load
hear | *Mmox 2
‘ L%\g
P
I- —amel——=1b=g¢L =
b 212 2
I R, =P— Mm:pﬂ A _Pa’b ﬂ:i(é- 3)
Momenit L L . SELL A
T R,=P2 j | 16
. 0 5 at point of load at point of load 0, =_(§_§- )
ear Mmax 6EI
W U v, g a b
= ‘i, &1 i‘
P P
% I :, 3l Pa(L-a
T Rm Mudp g | R 6 e Y
en il 24E1
| between loads t cent
l Shai Nll'ml at center
bl ud“"““Tﬂn
vy
[ L
l £ s r £y
T b 3p PL P PL’
R,=— Mo A 9, =10,=375——
Morlent | 2 me g et = 20,2281 i
' _3p
Shear | Mme | e at center at center

A8




T SIMPLE BEAMS 32| |l

NOTES 4
1 LOADINGS SUPPORT | BENDING MOMENT DEFLE
‘ CTION ANGLE
REACTIONS
Table 3.2 I OF DEFLECTION
A L 4 g n= 4 5
Example. Computation of beam i D equalLoods 6
gl |- NAAATA P !
Given. Simple beam W14x145, L=10m ‘ --- [ Ra=7 op e PL PL PL 4 PIZ 20%41 ’
bl =na P d i ST =
Momentof inartia .« I=1710 in’ x2.54" = 71175.6 cna; F e pul 23 1.5338 1.333 s TURHE ‘
29000x4.48222 _ 5 1 :?}IUJDIW]W Ry==> A | o BE PL e o L P2 2081 ‘
= =20147.6 kN/em | 19.04E1 5151 e St

Uniform distribution load  w =5 kN/m = 0.05 kN/cm

o I sy

Modulus of elasticity E =29000 kip/in ——————2'54 r Shals Mrlm i |
4 ) tmln;i |
i V2 |

Required. Compute V=R, M, . Aps 8=0,=7,

A N D R .
e ] ! L ’ ‘
R,=— M. wL I oy i wl? 1

wl?  5x10° ’-—l————. a = A e |
Maas S e y Moment | i 8 1384 EL b 24E1 |
i wL ‘
5 wlis 0.05><(1000) 1 lmInﬂImmjyl R, =T at center at center
S T M

A == =0.45 cm=4.5 mm
m =334 B 384 20147.6x71175.6 Ml |
' |
w A _wx A I
L 0.05%(1000)’ ‘ Motherl ol (D20 +x') \
ool s e e T B T 1iAS 107 radian - ) 24E1 |
24FE1  24%20147.6x71175.6 i
1 1
{ a=€L, |
wa '

. é@iﬁ. R, =—=(2-C) wa’ b wa'L(, 1.1 |l

‘ Sl % Mu, =5-(2-8] | 8,=3000(4-38) | =g (1_52;] l

‘ '- 24EI b

! |Moment ‘

1 ‘

]:[F [D]IE | wa |

| Imax | R,=—§ at x~£(2 €) wa’L 1

5 = = at x=a A= T® 52 |
B [l S | 2 S 2R ( A |
. |

i Ui ‘
il ¢ L ‘H

g sl Il
wlglgl - web i a[2aL-2a'——]+ nele |

B | Tﬁ’i 3 R=TE | My =212 : ||

! fiy 20 A |

Moment +°L xR“ 0, = R, o “l

6EI 24EI ‘

| T
W’ 64b |
[ ] Mlnnx | ‘

2 ‘
ylrrhel_ | Shear lv R o Wea c(b-a)
A § S at x=a+ at x=a f=4a(L+b)-c’ |

' L48 I

Sa4 -




SIMPLE BEAMS 3.3
LOADINGS SUPPORT BENDING MOMENT DEFLECTION ANGLE
REACTIONS OF DEFLECTION
fﬁmmmgv ; . :
r_% R, s M, ERC A= 0.00652 L 9, .
Moment | 6 93 EI 360 EI
wL 8 wo®
FIGIUI[]]W R, =%% when x=0.577L | when x=0519L | ®, =—>.
| Shear | Mmasl 360 EI
0 vz
L iy
7 7
2 2 3
'Q ? i ¢ Ro=Ry i M= Lo A g U, = 0= Gl
r___)_—, 4 12 120E1 192EI
Malrel | at center at center
IDIII@IDI |
|Shec|r Mmax |
w%
V2
a,
W, e 2 2 4 3
E} i Rﬂ:M MW:WL lhesd Am=i.WL 5, §n=ﬁh=ﬁ!‘_. )
ﬁ—"-—l L) |‘ 2 8 6 384 EI 24EI
r—f——'-—- w(L-a 8 16
| Momiahiee] : R, =—-(2—) at center £ :l—§§2+5§4 f,=1-28"+&
| IIQM I at center
Shear %
V|LDID:D:R:!IEE[DI
V2
Wﬂ
el 0.2 04 |06 |08 |10
A s
£
N e 5 R < 2W.tW, T e Wl wl L e =M
oo L - T8 TR o max i
r 6 13.09 | 1130 |9.93 |8.87 |8.00 360EL
L Moment |
3
| ’:IIU]IQIUJP’] L (7w, +8w,)
| ShaatiBbim | R, =L62WEL %: 0.555 | 0.536 |0.520 [0.508 |0.500 [ =L360EI—“
ull !
i hen x =0.500L
S =ttt TR |
to x=0.519L “

Sidie \‘




NOTES

SIMPLE BEAMS and BEAMS OVERHANGING ONE SUPPORT

3.4

BENDING MOMENT

DEFLECTION

ANGLE
OF DEFLECTION

Ma
%——vl" L

o ———

when x =0

Ama‘\ i MﬂL
15.59E1
when x =0.423L
ML
" 16E1
when x =0.5L

=

]
q gl
M

A_Muab[a—b)
3ElL I

when x=a

bt
_.M(iLf

M,L ¢

tmeET g

q 2
f5=1~3(fj

ife

For overhang:
2
L L
3EI
Between supports:
A g ROK
i El
x=0.577L

For overhang:
P(2aL+3a’)
6EIL
) Pal
4 6EI
) PaL

3EL

b =

For overhang:

3
A=2_(4L+3a)
24EI

Between supports:

2% 2
wa‘L

A, =—0.0321

max

x=0.577L

For overhang:
_wa’(a+L)
TeR

L wa'll
T
wa’L

" 6EI

Y =

-49-




MO e B

CANTILEVER BEAMS

3.5

ANGLE

LOADINGS REACTION BENDING MOMENT DEFLECTION OF DEFLECTION
(atfixedend) (atfixed end) (atfree end) (atfree end)
P
3 5
R=P M,, =-PL P LRI
| Moment | B BB 2EI
ijnx |
| Shear |
P
P
% | 2 B
Pa Pa
R=P M,.. =—Pa A va L e (YL =
Momént P 6EI( ) 2EI
Mmax | |
lShearl :
P
bmmuﬁ'ﬁ’:unﬁ
| L 2 4 3
T Rew b e =
e ; 2 EI 6EI
max
|
\ Shear
wL ‘
ﬁ]m i ! :
!‘—L'| R:LL M L WL A _wL _wL
| Moment | 2 5 6 " 30EL 24EI

WL
7

ngmux
|

Shear |




B BEAMS FIXED AT ONE END, SUPPORTED AT OTHER 3.6
N OTES :
BENDING MOMENTS
LOADINGS SUPPORT REACTIONS D DEFLECTTON
L Pb Pab
2 al
A . R, =E(3L —bz) Ma:—E(Lirb) , at fixed end
Pa’ .
[ | Rb=%(b+2L) M, =R,b, at point of load
Mo 2
Pa’b®(3a+4b
My I =~a———¥, at point of load
| Shear 12C°EI
V|%
Va
y w2
awy R, =2wL M, =-22= , atfixed end
3 9 2
Moment R,==wL M, =—wL", at x=0.625L
Ma 8 128
4
M| R e
Shear | | ™ 185B1
\ | wL!
v, = , at x=—
# 192E1 2
2 2
ﬂmﬂ]]]mm.;b R,==wL a=—E , at fixed end
la 5 15
L 1 !
| R,=—wl M =2L | a x=0ss3L
t 4
My o Sy g iReY,
i | 419E1
v ‘Shear Wit L
v A= At
@ 426.6E1 2
%" L :; My Ra=§~—l\£ Ma=—& , at fixed end
| i 25l 2
Moment 2
Ma I Rb:—z—% AW:M”L et xzzL
M, S 27EL 3
‘ Shear i
v [T v

-52-
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BEAMS FIXED AT ONE END, SUPPORTED AT OTHER 3.7

BENDING MOMENT

LOADINGS SUPPORT REACTIONS (AT FIXED END)
a b S 2
Mo =_Mb._) M, wity 1—3(2) , when b<0.577L
a e A 217 2 L
| g 3M, (L -b)
ool el M, =0, when b=0.577L
N Moment IMh b o
2
| M, he. 1-3 L , when b>0.577L
| Shear . 2 L
v [T Vo
3EIL 3EI
R M, =—-
7 L
3EI
Moment R, =13—
Ma
| Shear
i [T V2
3EI 3EI
SO P o = M=o
— ;E_—{ a L3 a L2
e ——
Moment | R —3—]:;1
“"‘]]]]IU]]]]]]]JJ:::.-_I L
I Shear !
v [T Vo
i _3El 3EI
b a __Z- Mﬂ i
L L
:——L—————l __3E
e
Moment | r
Mg |
| Shear |
vi [T Vs

-55-
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BEAMS FIXED AT BOTH ENDS

3.8

BENDING MOMENTS
LOADINGS SUPPORT REACTIONS AND DEFLECTION
o i b P(3a+b)b’ .\ Pab? . Pa’p
f—t—P hoim uTesiE I T
I
Ly 3 o)
P(a+3b 2Pa’b 3
Mom;nt Rb=¥ = ; , at point of load
Mg | Mb Pa’b’
| My ,=aT, at point of load
o e
v, hmm]ma |
1
Vo
W, 2
ujmmmﬁ’m%,, i N
| 1 2 12
wl?
Mo\ Moment My M'_2—4 , atcenter
J.I.L&l 4
| g I B ¥ , at center
v m‘i‘%ﬁ 384EI
t
Yo
2 o
| b 20 20 30
L g 3 >
| G A AR e )
u )\ Moment M, 20 46.6
| 4
| ' MR O
| LR 7T64EI
wL!

v, H]] lSheur [
V2

=— _ at X
7T68EI1 2

=€l
Vil )
TIIYITIIIT I3 W&(L—O.Sa) M,-M wa 2
e 5t anf—T" M, =~ 5 (3-46+1.58%)
t wa’ M, -M wa’
wh Rl M, =2 (5-0758")
| My | é:%
Ll Shear !
A v,
o




BEAMS FIXED AT BOTH ENDS

LOADINGS

SUPPORT REACTIONS

BENDING MOMENTS
(AT FIXED ENDS)

M, =M, :—WZ—ZL(3—§2)
c

L

welL 1 weL 2
M 21 )

at center

|

|
! Moment
My |
| My

| Shear |
v, I v,




NOTTES

CONTINUOUS BEAMS

3.10

Support Reaction (R), Shear (V),

Bending Moment (M), Deflection (A)

R, =V, =0375wL
R, =V, +V, =1.250wL, V, =V, =0.625wL

R, =V, =0.375wL

M, =M, =0.070wL?,
at 0.375L fromR, and R,

M, = 0.125wI?

4
A= o.oosz%, in the middle of the spans

R, =V, =0400wL, R, =YV, =0400wL

R, =R, =1.100wL, V, +V, = 0.600wL ,
V, =V, =0.500wL

M, =M, =0.080wL?, at 0.400L fromR, and R,
M, =0.025wL?, M, =M, =- 0.100wL’

wL!
A =O.OO69——EI , at 0.446L from R, and R,
wlii |
A= 0.00675~E, in the middle of spans 1 and 3

LA |
A= 0.00052~I~3—I—, in the middle of span 2

R, =R,=0393wL, R, =R, =1.143wL,
R, =0.928wL
V, =V, =0393wL, V, =V, = 0.607wL,
V, =V, =0.536wL, V, = V, = 0.464wL.
M, =M, =0.0772wL’, at 0.393L from R, and R,
M, =M, =0.0364wL’, at 0.536L fromR, and R,
M, =M, =— 0.1071wLl}, M, =— 0.0714wL?
M, =M, =0.0772wL’, at 0.393L fromR, and R,

wL!
Ap =0.0065——, at 0.440L from R, and R,

-60-
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NOTES

Table 3.11 is provided for computing bending moments at the supports of elastic continuous beams

with equal spans and flexural rigidity along the entire length.

The bending moments resulting from settlement of supports are summated with the bending moments

due to acting loads.

Table 3.11 Continuous beams
Settlement of beam support
Three equal spans continuous beam W12x35, L=6.0m

Moment of inertia T, = 285 in*x2.54* =11862.6 cm*

Example.

Given.

Modulus of elasticity E =29000 kip/in® = %)(5442&2‘% =20147.6 kKN/cm®
Settlement of support B: A, =0.8 cm
Required. Compute bending moments M, and M,
Solution. M, = I(BE%-AB =3. 3@118_62@)(08: 1912.0 kN-cm =19.12 kN-m
5 (600)
M. =kCE—IZZ-AB == .4M§Li86—2£><0.8 =-1274.7 kN-em=-12.75 kN-m
L (600)

-6

CONTINUOUS BEAMS

SETTLEMENT OF SUPPORT 3.11
Bending at support :
El, i
M=k = <A, where k= coefficient ,
A = settlement of support.
Bending SUPPORT
CONTINUOUS BEAM moment A l B I c | D l E | F
COEFFICIENT K
TWO EQUAL SPANS
A c
T E A M,= |-1.500 | 3.000 |-1.500
THREE EQUAL SPANS
My = |-1.600 | 3.600 |-2.400 | 0.400
B T o
3L
M= 0.400 | —2.400| 3.600 |-1.600
FOUR EQUAL SPANS
My= | -1.607| 3.643 [-2.571 | 0.643 |-0.107
g s ” AE
B (5 D M= 0.429 | -2.571| 4.286 | —2.571| 0.429
1 4 x|
M, = —0.107| 0.643 | —2.571| 3.643 |-1.607
FIVE EQUAL SPANS
M;= |-1.608| 3.645 | —-2.583| 0.688 [-0.172 | 0.029
M= 0431 | —2.584| 4.335 | -2.756 | 0.689 | —0.115
ﬁ’ EI 2.3
N e e e F
5 xL
M, = —0.115| 0.689 | -2.756 | 4.335 |—2.584 | 0.431
M= 0.029 | —0.172| 0.688 [-2.583 | 3.645 | —1.608
483




SIMPLE BEAMS 3.12
NOTES :
)
Table 3.12 © £
o > fe=}
Example. Moving concentrated loads » 15 ) s Y
af — o £ e T - >
Given. Simple beam, L =30m _-%__E? z 2 3 ; i
— 3 ©
P, =40 kN, P, =80 kN, P, =120 kN, P, =100 kN, P =80 kN, > =420kN | i g% b - g
s . 1 o | Qo D O
a=4m, b=3m, c=3m, d=2m [ m O'*J E ‘5 § i ﬁ % § ;‘
i ; i ; J |8 ol s ;\] s e
Required. Compute maximum bending moment and maximum end shear 5 | 6 2 T 2 & e e ‘
“ |2 LM i pie R |
Solution.  Center of gravity of loads (off load P, ): J H B e ° Z & 8 B %__,
el (oS I T - @ o Q £
Bending moment : § % ) _§ S g § § c
wo| % A B s ‘
T (P, x,)/ P, =(80x4+120x7 +100x10+80x14)/420 =3280/420 =78 m ] d Samilim el S e e AN |
AR = B g =
e=78-(3+4)=08m, e2=04m b o ar X .9 SR ;\] e > -
T @ @ < n e ]
i g & o o i
RA=ZP,x(——i]/L=420(15—0.4)/30=204.4 KN » l } e e R
5t : i Perepie g -
L. e et o 3
M, =RA-(E——2-J—[P,(a+b)+P2b1:204.4><(15—0‘4)—[40><(4+3)+80x3:|=2464.2 KN-m (3 § gigee N S8
£ 2 g g o = o
o (e S 2 E a
End shear e 208 = & H = @
Load P, passes off the spanand P, moves over the left support '<
P-a 420x4 3 2
AV,:Z 118 _p 220X8 40=416>0 e e
L : 0N
Load P, passes off the span and P, moves over the left support W ) @ E 5 2 %:
0 R o QS S £
P-b 420%3 e ) R
AvZ=ZL ~p, =250 ~80=-38<0 3 s -
DO —= SO~ =
! " v | E b © s 888
For maximum end shear load P, is placed over the left support g o agr—t—=0- — i anlit JPal ety g 5-;, g o
U] 9 i W o
me=PZ+[P3(L—b)+P,,(L—b—c)+P5(L—b—c—d):|/L z | E i 1 £ 5 5 2 i 1
- o 525 tofhed AR DR P x e é S
:80+[120><(30—3)+100(30—3—3)+80(30—3—3~2)]/30 > é OH = g Shlimioll s
VLT (A0 SOOI R b 45 o Q
=80+7240/30=326.7 kN s | £ i v p g = - Nl
£ ——=0 g— ® 5 :, 3
5 am £ g gl g
£ o S = MG
3 aN— =0y e | F S 5 ¢ 3
= ¢ e (RO et LI
a—l-g— — il o 8 é P
i B oy 2
+ e
< o o
@ goE B 0g
= e
BT 8%
= SRS g




BEAMS
INFLUENCE LINES (EXAMPLES) 3.13
Ma P-1
W l 5
»r
i
MA -
M, = o, XxLxP
x/L 0.1 0.2 0.3 0.4 0.5
o, 0.086 | 0.144 | 0.178 | 0.192 | 0.188
%/ L 0.6 0.7 0.8 0.9 1.0
o, 0.168 | 0.136 | 0.096 | 0.050 | 0.0
P-1 —~Ma
L:ul_—j'—‘ ARG
3 A P=1 r B
15
T Ra A B
Ra 3 IIIIII|III:I®IIIIII L
|
| |
M1 | : Ma )
| |
] I
| |
Ma | M, =0, XLxP
: l O P A TR R s
| | o, 0.081 | 0.128 | 0.147 | 0.144 | 0.125
Vi ‘"I ) x/L 0.6 0.7 0.8 0.9 1.0
o, 0.096 | 0.063 | 0.032 | 0.009 | 0.0
«67 -

—m—l
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BEAMS
INFLUENCE LINES (EXAMPLES)

3.14

N DY
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3.15

BEAMS
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4. FRAMES

Diagrams and Formulas

for
Various Static

Loading Conditions




FRAMES 41 | !‘

NOTES 2 ‘
g |
(7)) & |
5 2l s = £ . #le %
The formulas presented in Tables 4.1-4.5 are used for analysis of elastic frames and allow computation of poc HII L 'g ol | e ; " =)
[ R =4 1l | 0| ==} m"
bending moments at corner sections of frame girders and posts. Bending moments at other sections of E = g = % EE § o | :‘: |
i i |09 ) ]
frame girders and posts can be computed using the formulas provided below. 4 ,5 il ”Q ::;5 I :ﬁ 2"
o & = i o ‘
For girders: 5} & = =
Il
M, -M o =
AN s e 2d +
FM>M,, My =M, [ 0 (L x)+Mdii z |
D \
M, -M, ;|
M, <M, My, =M, —| ——=x+M, < 2 L 2
) e v e il
M, =M,=M,, M, =M -M, i
(&)
F 3 Tl ‘
or posts: ! [
M, =My ~(Hx-M, ) < 1
b= o i
0 0 ! ¢ »n A o :r:l
Where: Mg(x) and Mp(x) represent, respectively, for frame girders and posts the bending & W =
o |
- =
moments in the corresponding simple beam due to the acting load. o e :1:1 ) =(TTPvn
! ¢ : : ; ) [+ )
x is the distance from the section under consideration to corner ¢ (for the girder) < g il it
> o= ™ 5 o
and support aor b (for a post). B —~ |+t s ; =
= i ool o Ve I
) e e it S oy G e A ‘
u— i e = T sl e B o =
= o o [Lslieee il e SX =
7 A4 o Bl i~ b R na R
< 2 & I m; 'E‘oo 1l 2= ol =
7 =] it R |
- < i = t oLy Sl il
) z ) 1 E‘ jus) s | ’§ I\ jan} bl
s = s i T | i, =
I % < o Il s
; : i
° o
c < o 0o
'1 o =
b - @ 2 | Im ‘F 3 i l
g G S T IDI“‘“I[[& 2 I
< =
=il
= g 2
(=] - <« o
é]]p, lh K 0
o
=




NQ T ES

FRAMES

Analysis of frame
Frame 5in Table 45, L=12m, h= 3m

Posts W10x45, 1, =248 in*x2.54* =10322 cm*
Girder W14x82, 1, =882 in*x2.54" =36712 cm*
Load P=20kN, a=4m, b=8m

Required. Compute support reactions and bending moments

k=ﬂ=3_67£ﬁ=0_8g9, g:i=i=0_333
L 10322x12 i
AL 8 MR 6 aq
RL(k+2) 2 3x12(0.889+2)
e 2
IR L o el LIS

bl 6k +1
R, =P-R, =20-13.57=6.43 kN

pab Sk-1+28(k+2) . o3

« 7oL (k+2)(6k+1)

M, =R,L+M, —Pb=13.57x12+7.813-20x8=10.653 kKN-m
M, =-Hh +M, =-9.23x3+7.813=-19.877 kN-m
M, = —Hh+M, =-9.23x3+10.653 =—17.037 kN-m

Bending moment at point of load

-M
M, :M:—[———M” _ (L—a)+Md-J, L

= ———ZOT:” {————19'8771_217'037 (12-4)+17.037} =34.403 kKN-m

VARIOUS STATIC LOADING CONDITIONS

DIAGRAMS and FORMULAS for

- 7B~

«
a% B
Sl ol
T
12
|l 1]
it o
o =
e b
’ME 2
o
S =
o[
:r:f “—1
@l =
A —
I %) * — |
RoSR W ) - LI T
Sip| + N, b & H|E
AR R " = . \ s
Ciii e i i R 5_):.:|N22
o+ wr A il e ~ é é Al & - T
e M+ i i | =
mg_. lLﬁvza i L i . ;
0 ; RSN T
- ﬁ|._1 s g 00 e
e el ) ) S [ =
1 o 1l = I It
fas] X En o, Eﬂ
=
o
sz‘h\ N
é 0
| é :
O
= 3
) M g
2 [ f
pi




4.3

FRAMES
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FRAMES

DIAGRAMS and FORMULAS for VARIOUS STATIC LOADING CONDITIONS 4.5

19
P_B c
= —err(1] il Ph Ph
b?»'lz ?;J:'nz ? RN Vi
I Iy Iy o
B
A H D H H 6 6
(77 e P77 PO Salp——
Mg b Md 1
20
__P_B 1]C ] crT]] M :_E].’ sz+ﬂ
?‘”’12 ?’Iz T 7 i 8 8
1, I L 1 i i :+ﬂ M A
b e 0 H 7,<-H- e
L i L
21 Steady heat (+At')
3EI (2k +1
A i ﬁ“gz'(l—k)“'AtOL
ol ¢ il éjk)
R e e T Mh=~#a-At“L
Mc > (1+k)
h h h 1 Lh
M=ol ket
PR 1
Ma J L o = coefficient of linear expansion
22 Steady heat (+At’)
3EI (2k +1
TR
Mp__ Al h'(1+k) 2
/8 . ] 6EILk I |
1 T e s St (0 Vit e (0 VA1
‘% 2 L I, ?7 Wk 2
B 't b i i Mu:_le’ Ma:_?EZI—’ h]OLAtO
é 2 h 2l),
H A H_ D H Jé H Lh
D ] [Ran -—— = L0y Lidprl
Mb L e L‘ T L Md i Mcz : k e IlL

Q

o = coefficient of linear expansion
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NOTES

S ARCHES

Diagrams and Formulas
for

Various Loading Conditions
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THREE-HINGED ARCHES
NOTES SUPPORT REACTIONS, BENDING MOMENT and AXIAL FORCE

Vertical reactions:

Y M, =R,L-P(L-x,)=0, R, :p%;
with constant or variable cross-sections.

Tables 5.1-5.9 are provided for determining support reactions and bending moments in elastic arches

i j ] Horizontal reactions:
These formulas can also be applied in analysis of arches shown in Tables 5.2-5.9.

3'M, =-R,L+Px, =0, R, plie
Table 5.1 includes formulas for computing in any cross-section k the axis force N, and the shear Nl ]
/H

el i L
Bending moment Mk=RA-xk—HA»ykiMA~Z:Pi-ai ) 0 gMC_RAE_HAf—O’ HA=RAE;
Lot ‘ K i
R
Axial force N, =R, sin¢+H, cosq)—ZP, sin ¢ £

Lok
l P

Shear Vk=RAcos¢—HAsinq)~ZRcos¢ |
'.
R

! M-diagram |

Left
Shear: V, =[RA »ZP]coscbk —Hsing,
I

Left

> X=H,-H,=0, Hy=H,=H.

| Section k (X, ¥y)

| !

| Bending moment: M, = ;‘M =R, x, ~Hyy,
7

or M, =M, —Hy, .

Where a, =distance from load P to point k.

IS or V, =V/cos¢, —Hsin .
|

Axial force: N =[RA —ZP)Sind}k +Hcos ¢,

Left

V-diagram
ve or N, =V/sin¢, +Hcos0,.
M, and V¢ = bending moment and shear in simple beam
for section x,

Tied arch Vertical reactions:

3'M, =R,L-P(L-x,)=0, RAzP%;
M, =-RyL+Px, =0, Ry= %

Horizontal reaction:

Y X=-H,=0.

Force N :

L L
ZMCZRA__ i “P(~_Xp]=0,
Len 2

1 L L
N :E{P[E—XPJ—R,\ Eil

L L
or M.=N,d-R;—=0, N, =R,—.
%{ c 1 B T LB




SYMMETRICAL THREE-HINGED ARCHES

OF ANY SHAPE
NOTES 1
4 FORMULAS for VARIOUS STATIC LOADING CONDITIONS 5.2
Table 5.2
Example. Symmetrical three-hinged arch ;’mzx_m, EIM:L“Xm’ Tlm’zm—;
Given. Circulararch 2 inTable5.2, L=20m, f=4m, 1 L2 :
4 2 2 2
radius R=4f il =4—Xﬂ=14.5m, X, =5m, & =X & L% b iy
8f 8x4 K B ik T i
2
Vo= RZ—[—;:—XmJ ~(R=f)=\[14.5*~(10-5)" —(145-4)=3.11m L
SUPPORT
LOADINGS BENDING MOMENTS
tan¢,,,=(%«xmj/(l{—f+ym)=(10—5)/(14.5—4+3.11):0.367 REACTIONS
1
i 0, =20.17°, sing, =0.345, cos¢, =0.939 (- ey ool _wl 2
\H " RA—RB__Z’ Mm__8 [4(&.“—%)“%]
i Distribution load w =2 kN/m C i
1 wL
h“\ Required. Compute support reactions R, and H,, support bending moment M m H, :HB:?
[‘ bending moment M, axialforce N, and shear V, : b A
i
2 2 !
i Solution. R, = 2wk =2x2x20=15 KN , o (o NP AR :
1) 8 8 16f 16x4 % ’ I
i 1
fi X _ 5 25 ZYu 31 g00g L R,=wL, Ry=cwl |M,="—[8(&,~&)-26,-n, .
i S T e ‘ ww 3 3 16[( ) ]
i wL’ 3 2x20° 5 w g 5
i Mm=7[8(gm—g~m)—2§m~nm]= - [8(0.25—0.25-)—2x0,25—0.778}=11.1kN-m | - > R N PR
fi ' . = T E et e
d N, =R, sind, +H, cos0, —w-x,,sind, = 15x0.345+12.5x0.939~2x5x0.345=13.46 kN 2 A
i V. =R, cosd, —H, sin, —w-x, cosd, =15x0.939-12.5x0.345~2x5x0.939 = 0.38 kN z
f -
' wf*® wi e2
4 i = wi 3
‘; Barhge BT WO (ﬁm—gnmni),
I
I
| 3 wf?
) H, :—wa, M, :T(2E_Hk "le)~
H, =—wf
4
] RiSpAdR i pe M =1)3[2a m],
A ki a=Poi2-e,
a a
H, = szg Mk:PE(ZE.nk'nk) I
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SYMMETRICAL THREE-HINGED ARCHES
OF ANY SHAPE

FORMULAS for VARIOUS STATIC LOADING CONDITIONS

SUPPORT
LOADINGS Wi A BENDING MOMENTS

ol 5 WL2 3 3
R, =—wl M, =2 26, 8 (61~ 5 +50) 1 |
1 wl?
RB=’2'ZWL Mk=4_8(2&lk—nk)'
_wl?
SR

A

My =2 26, +4(5 -8 ~Ea+E) -0,

M, =Vj—f[2(§.m ~Eh)+ M~ 28, |

wl’
M, =F(2§1k —le)-




TWO-HINGED PARABOLIC ARCHES

N 0 T E S FORMULAS for VARIOUS STATIC LOADING CONDITIONS 5.4
Table 54 Equation of parabola:
Example. Two-hinged parabolic arch L 4f(LL:x)x T
Given. Parabolic arch 3 in Table 5.4 ( )
dy 4f(L-2x
L=20m, f=3m, x=a=5m, §=3=i=0.25 tan¢:_x:_Lz
Liki20 i
4f(L—2X) 4X3(20—2><5) : Coefficients:  Forregulararch: v=0, k=1
Bl e T ' 15 B
g t For tied arch: V=—-—, =~— ﬁ_
o, =16.7°, sind, =0.287, cos¢, =0.958 ! L 1+v’ E, A
; Concentrated load P =20 kN T FOARILGS REACTIONS BENDING MOMENTS
ot W 1
Il Required. Compute support reactions R, and H,, bending moments M, and M,
(- W Rog, LML wl?
;{ axial force N, and shear V_ (at point of load) o : A=Ry =T M, =T(1~k)
iy
“ Solution. RA=PL£a=20%;—5=15kN H,=H W e
| B e T
it ; 8f e 1+v’
y b SPLk[g 2+ = ﬂ)x—zoxlx[o 25-2x0.25 +0.25' |=10.75 kN A .
i
iy [4& sk(g-26+€)]= 2°’<20[4x0 25-5(0.25-2x025 +0.25') =-9.5 kN- m] 2 ‘
" 3 1 2
Iy Al L
Wl i 2 R,==wL, Ry=-wL e 2
il - HL=x)x _ A0S _ 5 Ell—mmﬂ’w y =7 M =2=-(1-k),
! I 20 2
it e wL s
‘f“’ M, =R,a-H,y, =15x5-10.75x2.25=50.81 kKN-m a=Hy s "= ﬁ——4k
i
ﬁ'ﬁ; N, =R, sind, +H, cos, =15x0.287+10.75x0.958 =14.6 KN
il
h[} V. =R, cos, —H, sing, =15x0.958-10.75x0.287=11.3 kN X ‘
il -
H P ped Lip B _PL
i i R, =P=1= Rp=Py | Mc=—r[4-5k(5-28+8)],
!
H, =H, §=%
i 5PL
A B ¥ k[& 2§‘+§4]
SwL wL L I
Ry=—, "Ry=— LR |
" " AT Ay M, =Ry 3 Haf ‘
2 \
H,=H, =0.0228%k
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TWO-HINGED PARABOLIC ARCHES

FORMULAS for VARIOUS STATIC LOADING CONDITIONS 5.5
LOADINGS LERERORT. BENDING MOMENTS
o wi” M, =— 0.0357wt>
W R, =- Il R,=-R, a=—0] w
Em H, = - 0.714wf
B H, =0.286wf
vt M, = - 0.0159w
c RA=—-6L, Ry;=-R, == 0.0159w
ém HA=—0-401Wf
"
A B H, =0.099wf
Tied arch
wi? wi?
Ry=-T-, Ry=-R, M ===~ Nyf
H=wf
_ 2.286wf?
T 82 4+158
Tied arch
wi? wf?
c S i ey Mo g
=¥t
2
_0.792wf?
T8 +15B
R, =R, =0 M, =- Hf
13 ey
Al

SO




FIXED PARABOLIC ARCHES

FORMULAS for VARIOUS STATIC LOADING CONDITIONS 5.6
NOTES - :
E | Equation of parabola:
i i _Af(L-x)x W)
Table 5.6 ] S ) Yimommen pote iy ol lon GanR
Example. Fixed parabolic arch My i o bl d_y i 4f(L2—2x)
Given. Fixed parabolic arch 2 in Table 5.6 . AT +HB\ . —iL
8 L-x 20-8 - A g X
= = =fL= S04 &= 2220 0.6 8 i
Bedhm, foam xnCheliie Sogy e i +Ra L +Rg &=, é,:LLx
Distribution load w =2 kN/m
Required. Compute support reactions R, and H,, bending moments M, and M. Lo AbiNGS RSELA,;?I-IOSJS R
2x20
Solution. R, =“’—L§[1+§l (1+88)]= 0.4[l+0,6(1+044><0.6):| =13.95 kN 1
2 2 Wi,
il wL? 2%20? [T W RA:RB:T MA=ME=MC=0
! H, =22 [1+36,(1428)] =55 x0.4'x[1+3x0.6(1+2x0.6)] =10.58 KN . 2
I 8 % |
‘?U‘ wi? 2% 207 i, <, o
| N e %0.4°%0.6' =—13.82 KN-m ‘ S
i A 2 1
i T A B
(i MC=R,\E—w><8><6~HAf—MA 5
iy )
i L o I e =-2.06kN- wL wlL
iy = 13.95x10-2x8%6-10.58x3-13.82 6 kN-m ! R, =T€[1+§, (1+E_,§] )] M, =_TE_.2€I3
fi W 2
il wL wL
4 ! Ry =T§2(1_§12) M, ='2—§3§3
iy ] c
i f Wi oy
2 A H=——81+3¢ (1+2
i | B e 143t (1428)]
y 3
i ‘ 2 2
| wi wif 51 5
¢ Y L4l T M o i
y W c Rae e A 750
T[[!\ Hy =—1—1wf M, =—£wt2
” i 14 280
A i N B e
i i < an
4
3
EP R, =& (1+2E)P M, =PLEE: (EE_,—IJ
g 5]
R, =8 (1+25)P My =PLE%, (3 -1)
1 For 0<£<0.5:
H=P——E&%; PL 5.5
A B 4 B MC=7&Z 1__§|<)
2
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| FIXED PARABOLIC ARCHES

N/'O' T E'S ' FORMULAS for VARIOUS STATIC LOADING CONDITIONS 57
[ LOADINGS AL L BENDING MOMENTS
: 5
I('
PL
Ry =Ry= AT B=§
| 15PL. _3PL
! 64f £ 6a
! 6
It 9
wL wl?
i Rl p M,=M, =——"
: [l o g,
il A Swl? wl?
I H= c=—
| c 128f 384
Il !
4 I‘ A B
i ‘
i
}‘!\t“ 7
fi
3 ] 6BI 9EI
"E"f‘ haenig o
! 6EI 3EI
u R c Ml e
y | B i
it 15 El - 3 Bl
i = M. =
i d 2F1T 2T,
ol
:
Tﬁh
il
8
15 EI,
R,=R,=0 R e
‘ A B A B 2f L
, H:ﬁ<$ MC:_E.&
4 f 4 L
i
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THREE-HINGED ARCHES

N O T.E.8 INFLUENCE LINES 5.8
X | E=
L'_
H A 8..H
D
- o o
A L | RB
| ' I
| Infl. Line Ry : [
|
g B
|
|
: |
| |
| Infl. Line Rgl
: o
; |
| |
|
| Infl. Line H |
— |
B |
| =
Uilqﬂ mﬂ?ﬁm@ g
ab.
LF
JONE
TRy Uh L e
i ¢ _ L-tanP
S, sin ¢, un—m.

-102 - -108 -
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NOTES

Table 5.9

Example. Fixed parabolic arch

Given. L=40m, f=10m, x,=8m
Concentrated load in pointk P, =12 kN

Using influence lines, compute support reactions R, and H,, support

Required.
bending moment M, , bending moments M, and M, axial force N,,and shear V,
8 4x10(40-8)8
Solution. XI“—=26=042, Yi :—W—__GA m,
4f (L-2x) 4x10(40-2x8)
tan¢ = ( )= ( > =06,
47 40

0, =30.96", sing, =0.514, cos, =0.857
R, =S,xP, =0.896x12=10.752 kN

L 40
=8 x—xP, =0.0960x—x12=4.608 kN
H, S|><f><Pk 0.0 10
M, =S,xLxP, =-0.0640x40x12=30.72 kN -m

M, =8, XLxP, =—0.0120x40x12 =576 kN-m
M, =R, X, —H, -y, M, =10.752x8-4.608x6.4~30.72 = 25.805 kN-m
N, =R, sind, +H, cos, =10.752x0.514 +4.608x0.857 =9.475 kN
V, =R, cosd, — H, sing, =10.752x0.857 - 4.608x0.514 = 6.745 kN

-104 -

e

INFLUENCE LINES 59

4f (L-x)x

2

FIXED PARABOLIC ARCHES

Equation of parabola:  y = 7
4f(L-2 L

I, =I./cos¢,, tanq):d‘x:_(__z_x) I
dy I | u

R, =8,xP, H:Six%xP, M =S8, xLxP

ORDINATES OF INFLUENCE LINES (S])

% R, H M, M,
0.0 1.000 0.0 0.0 0.0
0.05 0993 | 00085 | -0.0395 | -0.0016
| 0.10 0972 | 00305 |-0.0625 | -0.0052
I : 0.15 0939 | 00610 | -0.0678 | -0.0090
]I | 0.20 0896 | 00960 | -0.0640 | -0.0120
| \.5, : ]l 0.25 0.844 | 01320 | -0.0528 | -0.0127
| Inflibine il 0.30 0.784 | 01655 | -0.0368 | -0.0102
: : 0.35 0718 | 01940 | -0.0184 | -0.0034
I 0.40 0648 | 0.2160 00 | 0.0080
I Siixk |
| T | 0.45 0575 | 02295 | 00174 | 0.0246
| Infl.|Line M p
| | : 0.50 0500 |02344 |0.0312 | 0.0468
| 0.55 0425 [ 02295 | 00418 | 0.0246
: : I 0.60 0352 | 02160 | 0.0480 | 0.0080
| ; S'|x L i 0.65 0282 |01940 |0.0498 | —-0.0034
|| Infl.iLine Mg : 0.70 0216 | 01655 |0.0473 | —0.0102
[ | 075 0156 | 01320 |0.0410 | -0.0127
' 0.80 0104 [00960 |[00320 | -0.0120
S x i 0.265L 0.85 0.061 0.0610 | 0.0215 -0.0090
0.90 0028 | 00305 | 00118 | -0.0052
0.95 0007 |00085 |00032 | -0.0016
1.00 0.0 0.0 0.0 0.0
-105-




STEEL ROPE

5.10

W
(EE R E R EERRENERE RN

Rope deflection

w = uniformly distributed load, f = rope sag due to natural weight, (f = 1/20~L)

1
s = length of rope, s=,[L” -i-?Gf2
Forces and deflection:
V0. L
= Lféw— (elastic deformations are not included)
272
E
H=3 —WIZ;'TA (elastic deformations are included)

E =modulus of elasticity, A =area of rope cross-section

N, =yH*+R?, R =reaction, R =wL/2

y > ; M
Bending moment M, =wL"/8 , Deflection y . = =
Temperature:

N =a-AtEA, A=T'-T;, if: At’>0 (tension), At’<0 (compression)

a = linear coefficient of expansion

2 2
HanE e e g WU g HAR, o = Mo
24 H,
-107 -







TRUSSES

METHOD OF JOINTS and METHOD OF SECTION ANALYSIS 6.1 ‘
EXAMPLE v .
N OTE S g |
t p \
Tables 6.1-6.4 provide examples of analysis of flat trusses. . : pz 12 5 P4t
R t
Legend Upper chord: U 1 \ | i U. PS
Lower chord: L i : | \3 ha % ’ ‘
=
Vertical posts: U, —L, B av/ Ty @) /g3 \ hy ba I
N
Diagonals: U, -L,, LO’II fibld Lz N [Ls 1L4. lLs ﬂ'ﬂ"
b | b b b
End posts: L,-U, Ra R 1 YPy 12 P3 P4 Psb ] |
! a L- 6d Rs I
Load on upper chord: P L
Load on lower chord: ~ P°
Member Joints ] Forces
Method of Joints and Method of Section Analysis are used to compute forces in truss elements without 5 J
Joint L,
relying on the computer. Method of Joints is based on the equilibrium of the forces acting within the joint. d I ‘
R, =—[(P'+P")-5+(P; +P}): L Lpr.
Method of Section Analysis is based on the equilibrium of the forces acting from either the left or the right y 4 a0 [( ] ; ) +(P2 e ) 4+(P3 +By ) 3+ |
i LoUy =
of the section. (Zx:O, Zy=0, ZM=0). g +(p;+p:).2+(p;+psh):|’ Rs:RA"n (Pi(_'_Pib).
= |
The truss joints are assumed to be hinges, and the loads acting on the truss are represented as forces a = :
j g g p 1% 0 }LQL:( ZY—RA‘O-LOUl-smoLo:O, I
concentrated within the truss joints. LU, R‘t ) L,U, =-R, /sino, (compression) . |
. Y X=-L,U, -cosa, +L,L, =0,
| L,L; L,L, =LyU, -cosa, (tension).
Joint L, I
UL, y DYi=UL =P =0 UL, =P’ (tension). |
(VA
P S 4
LI ) \ i :
i Loly s Xl ZX__LOLI +LL,=0, LL,=L,JL, (tension). (I
L1 s L
BT \
R |
Section 1-1 ‘
t 1 h,-h h,
P1 | tanf=—2—1, a=—L_—d, 5 =(a+2d)sina,. “
| d tan 3 %
IU,U: ‘
i > My =UL,;, -R,a+(P +P')(a+d)=0, |
j 12 1 J ‘
UL, [oRE _(pt LpP
L, , UL : [Raa- (P +P!)(a+d)] |
pb I
1 (compression or tension) ”
|

S0l S




NOTES
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TRUSSES
METHOD OF JOINTS and METHOD OF SECTION ANALYSIS 6.2
EXAMPLES 1
Member Joints Forces
Section 1-1 (cont)
1, =(a+2d)sinp
> M, =UU,r, +R,2d~ (P! +P})d=0,
u,u, U,Uzz—RAZd—(P|‘+P,")d (compression).
> Y=U,L,-UL,sino, —P} =0,
U,L, U,L, =P +UL,sinc, (tension).
¥ X=-LL,+L,L;+UL,cos, =0,
L,L, L,L,=LL,~U,L,coso, (tension).
Section 2-2 ;= (a+3d)sino,
v DMy =U,Ly-R,a+(P +P )(a+d)+
2
o |m\_)|3 +(Py+Py)(a+2d) =0,
%
U,L, q\;‘ﬁl UZL]:i[RAa—(P;+P1")(a+d)—(P;+P;)(a+2d)]
hy =
ak ) | (compression).
L
:‘ Lz'%fdj » > My, =-L,Lsh, +R,2d— (P +P})d =0,
LL, PV pp I L2L3=_hl_[RA2d-(P;+P,h)d] (tension).

2

ff By=B, P =Pl P/=P), Bi=P,
LiL,=L,L;, UL, =U,L;

Y Y=U,L,-U,L,sino, -U,L,sino,, — P} =0

U,L, =P} +U,L,sina, +U,L,sino, (tension).

=113 -




6.3

TRUSSES

(

1

£ aur "yl

= -
J_ /_/

I

|
“1y 2_,_“._2_ “

|
|
|
|
|
|
| 292 surbyu)
|
|
|
|

EECED

Pp=T1 | I

| e

8 94 o4 "o

T
nl_ ND

aur, Byl

4/P¢
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NOTES TRUSSES 6.4
Example. Computation of truss
Given. Truss 3in Table 6.4, L=12m, d=2m, h=4m
mno=2220, 0=63435, cosa=0.447 AN il
Gy 435, - i _uf‘&z_r_____ _______
Load: P'=P'=3LkN, P’ =P} =4KkN, P/ =5kN E e
s | id "
Required. Compute forces in truss members using influence lines - 5 iy : A
o oowe . e 1 3 i 50840 A
Solution. —=""F=1, —===0.5, =2.237 Ffi b &
h 42d h ;td Cos0. 4 i v 3 E 5 =)
UU, = 29 pr 42— 2 x2dx P} +2———=xdxP} 3 7 bR T o
h h(0.5L) n(0.5L) ~ 5
» " £ ;mv 7
~5+1.333%4+0.667x3=12.33 KN (compression) w 2 e e i e o e o £
-l
L2L3=-;—L><d(5><P;+4><P3"+3><Pf+2><P5"+P6") ; = £l e e 2T
=0.083%(5%3+4x4+3x5+2x4+3)=473kN (tension) < - R
x =] e L LrilleRl
UL, = 2237 (<P} +B? +2xB +3xP} +4xP)) w -
2 i D uis/| L
=0.3728(-3+3+2x4+3x5+4x4)=14.53 KN (tension) o |
w
U,L, =-U,L, =-14.57 kN (compression) z
-
w
(8} DS0J/| Ds0D/|
4 s j
w D i A s b i R Ta P e A b
= S i
;_J 4 ® |
z |
3 4 {
.._.“.‘ o 5 iy A Il "
: J.r% o R el
[}
- ik ;{ s 2 £ £\
UG NP —\— g = — — .____—'_.‘
3 T = = =
" E Ve E A
B e = e L ler N L
e |
5 Rl Ly G e R AL (|
_T L—-
yspe ys/p 0502 ; US09 /|
”
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NOTES

. PLATES

Bending Moments

for

Various Support
and

Loading Conditions
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RECTANGULAR PLATES

N 0 T E S BENDING MOMENTS 71
b b
CASE A: —>2 CASE B: —<2
Tables 7.1-7.9 provide formulas and coefficients for computation of bending moments in elastic plates. a a
The calculations are performed for plates of 1 meter width. i lt
The plates are analyzed in two directions for various support conditions and acting loads. l 0,
a<

Units of measurement: Distributed loads (w): kN/m’

Bending moments (M): kN-m/m

N

b
Case A —>2 Plate should be computed in one (short) direction as a beam of length L=a

CaseB —<2 Plate should be computed in two directions as two beams of lengths L, =a and L,=b
5 2

Formulas for bending moments computation [E < 2)
a

b
———————— My, =0, w-a-b, M, =0y W-a-b
- g Ms(u)zﬁn'w'a'b’ Ms(hjzﬁh'w'a'b
o Tf) >
e e
Where :  w = uniformly distributed load
></Is(b) o0, B,.B, = coefficients from tables

for Poisson’s ratio {1, =0
Mo(b)

Bending moments for any Poisson’s ratio LL:

it 1
ME’“) & 0 [(I—MLT)M(s) +(H_MT)M(E)}’ M:lb) rd 112 [(1_MHT)M(!:) +(u_“T)M(a)]

.

Support condition
Legend: Plate fixed along edge.
A Fe Plate hinged along edge.

Plate free along edge.

@ Plate supported on column.

- 1208 B




RECTANGULAR PLATES

N 0 T E s BENDING MOMENTS (uniformly distributed load ) 7.2
Example. Computation of rectangular plate, b <2a Plate supports b/a a, oL, B, B,
Given. Elastic steel plate 3in Table 7.2, a=1.5m, b=2.1m, t=0.04m, ba=14 1.0 0.0363 0.0365
Uniformly distributed load ~ w = 0.8 kKN/m’ L, 00899 b
o e 1.2 0.0428 0.0298
Poisson’s ratio L=, =0 I— = —I g T T
Required. Compute bending moments M, Mgy, M, My, | | 4 0.0469 0.0240
Solution. M, =0,wab=0.0323x0.8x1.5x2.1= 0.0814 KN-m/m =81 4 N-m/m 1 : : i 15 0.0480 00214
My, =0, wab = 0.0165X0.8x1.5x 2.1 = 0.0416 KN -m/m = 41.6 N-m/m | e i s i
s 17 0.0488 0.0169
Ms(a) =anab:—0.0709><0.8><1.5><2.1=—0.1787 kKN -m/m=-178.7 N-m/m % 18 0.0485 0.0148
M, =B,wab=-0.0361x0.8x1.5x2.1= ~0.0910 kN -m/m =-91.0 N-m/m F‘ém“l T ) N
2.0 0.0473 0.0118
1.0 0.0267 0.0180 ~0.0694
1.1 0.0266 0.0146 ~0.0667
iy o) 0.0261 0.0118 -0.0633
Y 1.3 0.0254 0.0097 ~0.0599
i 4 1.4 0.0245 0.0080 ~0.0565
7 15 0.0235 0.0066 ~0.0534
] 16 0.0226 0.0056 ~0.0506
- A7 0.0217 0.0047 —0.0476
W 18 0.0208 0.0040 ~0.0454
zmmﬁmtg 19 0.0199 0.0034 -0.0432
2.0 0.0193 0.0030 ~0.0412
1.0 0.0269 0.0269 ~0.0625 -0.0625
1.1 0.0292 0.0242 ~0.0675 —0.0558
LiiE 1.2 0.0309 0.0214 ~0.0703 -0.0488
| 13 0.0319 0.0188 ~0.0711 ~0.0421
i : i 14 0.0323 0.0165 ~0.0709 ~0.0361
15 0.0324 0.0144 -0.0695 -0.0310
: 16 0.0321 0.0125 -0.0678 -0.0265
i i ’] 1.7 0.0316 0.0109 ~0.0657 -0.0228
W 1.8 0.0308 0.0096 -0.0635 -0.0196
,Emémﬂﬁ 1.9 0.0302 0.0084 —0.0612 -0.0169
20 0.0294 0.0074 -0.0588 -0.0147

-122 -
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AR
NOTES RECTANGULAR PLATES
BENDING MOMENTS (uniformly distributed load ) 7.3
Plate supports b/a o, o, B, By
4 1.0 0.0334 0.0273 ~0.0892
1.1 0.0349 0.0231 ~0.0892
B 1.2 0.0357 0.0196 ~0.0872
| 4 13 0.0359 0.0165 -0.0843
i : 2 14 0.0357 0.0140 -0.0808
| 4 15 0.0350 0.0119 ~0.0772
i 16 0.0341 0.101 ~0.0735
1 1.7 0.0333 0.086 ~0.0701
W 1.8 0.0326 0.0075 ~0.0668
-Em‘émnﬁ 1.9 0.0316 0.0064 ~0.0638
20 0.0303 0.0056 ~0.0610
5 1.0 0.0273 0.0334 -0.0893
11 0.0313 0.0313 ~0.0867
12 0.0348 0.0292 -0.0820
e
| | 13 0.0378 00269 ~0.0760
b : : ¥ 14 0.0401 0.0248 ~0.0688
| | 15 0.0420 0.0228 ~0.0620 |
| | 16 0.0433 0.0208 -0.0553 ‘
e 1oy 0.0441 0.0190 ~0.0489
i W 1.8 0.0444 0.0172 -0.0432
‘gmﬁmﬁ' 1.9 0.0445 0.0157 -0.0332
20 0.0443 0.0142 ~0.0338
6 1.0 0.0226 0.0198 ~0.0556 ~0.0417
1 0.0234 0.0169 ~0.0565 -0.0350
s s 1.2 0.0236 0.0142 -0.0560 ~0.0292
13 0.0235 0.0120 ~0.0545 ~0.0242
4 5 1.4 0.0230 0.0102 -0.0526 ~0.0202
7 15 0.0225 0.0086 ~0.0506 -0.0169°
7 1.6 0.0218 0.0073 -0.0484 ~0.0142
e i 0.0210 0.0062 -0.0462 -0.0120
- g 18 0.0203 0.0054 ~0.0442 -0.0102
?‘m’é‘m’& 1.9 0.0192 0.0043 -0.0413 ~0.0082
2.0 0.0189 0.0040 -0.0404 ~0.0076
LAoak
-125-
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RECTANGULAR PLATES

bR 0% 4 B9 8 BENDING MOMENTS (uniformly distributed load ) 7.4
Plate supports b/a o, o B, B,
1.0 0.0180 0.0267 ~0.0694
1.1 0.0218 0.0262 ~0.0708
LLLLL L 1.2 0.0254 0.0254 —0.0707
i i 13 0.0287 0.0242 ~0.0689
| | 1.4 0.0316 0.0229 ~0.0660
o =
; | | 15 0.0341 0.0214 —~0.0621
¢ { : 16 0.0362 0.0200 -0.0577
) 77 q// 1.7 0.0376 0.0186 -0.0531
W 1.8 0.0388 00172 ~0.0484
E’mﬁmﬂ. 1.9 0.0396 0.0158 ~0.0439
2.0 0.0400 0.0146 -0.0397
1.0 0.0198 0.0226 -0.0417 ~0.0556
1.1 0.0226 0.0212 —0.0481 ~0.0530
ez 1.2 0.0249 0.0198 ~0.0530 ~0.0491
| 13 0.0266 0.0181 ~0.0565 -0.0447
| 14 0.0279 00162 ~0.0588 -0.0400
e | =
I 2 15 0.0285 0.0146 ~0.0597 ~0.0354
| 16 0.0289 0.0130 -0.0599 -0.0312
7 0’ i 1.7 0.0290 0.0116 ~0.0594 ~0.0274
o 1.8 0.0288 0.0103 ~0.0583 ~0.0240
' .E’mﬁm’g 1.9 0.0284 0.0092 ~0.0570 -0.0212
2.0 0.0280 0.0081 ~0.0555 -0.0187
1.0 0.0179 0.0179 ~0.0417 ~0.0417
1.1 0.0194 0.0161 ~0.0450 ~0.0372
: 1.2 0.0204 0.0142 ~0.0468 —0.0325
13 0.0208 0.0123 -0.0475 ~0.0281
. i 14 0.0210 0.0107 -0.0473 ~0.0242
7 15 0.0208 0.0093 ~0.0464 ~0.0206
1.6 0.0205 0.0080 ~0.0452 -0.0177
7 :]’ 1.7 00200 0.0069 ~0.0438 -0.0152
= v 1.8 0.0195 0.0060 -0.0423 ~0.0131
3’“‘6‘“‘; 1.9 0.0190 0.0052 ~0.0408 -0.0113
! 2.0 0.0183 0.0046 -0.0392 ~0.0098




RECTANGULAR PLATES
NOTES BENDING MOMENTS (uniformly distributed load ) 7.5
Plate supports b/a o, o, B, By
10 1.0 0.0099 0.0457 —0.0510 -0.0853
1.1 0.0102 0.0492 —0.0574 ~0.0930
o 7 5 12 0.0102 0.0519 —0.0636 ~0.1000
13 0.0100 0.0540 ~0.0700 ~0.1062
a 14 0.0097 0.00552 ~0.0761 -0.1115
?mﬁvﬁm 15 0.0095 0.0556 -0.0821 -0.1155
11 1.0 0.0457 0.0099 -0.0853 -0.0510
11 0.0421 0.0094 —0.0777 —0.0448
o 2 12 0.0389 0.0087 —0.0712 -0.0397
1.3 0.0362 0.0079 —0.0658 ~0.0354
a 1.4 0.0362 0.0070 ~0.0609 —0.0314
ammﬁv‘lmé 15 0.0311 0.0059 -0.0562 -0.0279
BENDING MOMENTS (concentrated load at center)
My =0 P, Mgy =04y -P, - My, =B,-P, M, =8P
Plate supports b/a o, (078 B, B,
1 1.0 0.146 0.146
B 12 0.179 0.141
i I _|£ : = 14 0.214 0.138
e o 16 0.244 0.135
el 1.8 0.270 0.132
A_ipﬁ' 2.0 0.290 0.130
2 1.0 0.108 0.108 ~0.094 -0.094
» 12 0.128 0.100 -0.126 -0.074
'} 2 ‘F . 14 0.143 0.092 -0.149 —0.055
i A 16 0.156 0.086 ~0.162 -0.040
a 18 0.162 0.080 —0.171 ~0.030
‘_ 2 i r F 2.0 0.168 0.076 -0.176 -0.022
-128- i
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NOTES

Example. Computation of rectangular plate, b <2a

Given. Elastic plate 1in Table 7.6, a=1.8m, b=225m, t=0.1m, ab=0.8

Modulus of elasticity E =4030 kip/in® = %:4‘:82?—2- =2800 kN/cm®
Poisson’s ratio  p=p, =1/6,
3 3
e T SSRE LR

12(1-w7) 12 1-(1/6) |
Uniformly distributed load ~ w = 0.2 kN/m? = 0.002 kN/cm”

Required. Compute bending moments Mo(a) and Mo(b), deflection A,

Solution. M, = o, wb? =0.0323x0.2x2.25” = 0.0327 kN - m/m =32.7 N-m/m
My = o, whb? =0.1078x0.2%2.25* =0.1091 kKN -m/m =109.1 N- m/m

4
220 =0.38 cm=3.8 mm

4
Ay =MW LN 0.018x0.002x
D 24000

RECTANGULAR PLATES
BENDING MOMENTS and DEFLECTIONS (uniformly distributed load)

7.6

o 2 = o' i > £ 2
MO(B)—(xﬂ-w‘b, Mo(b)—oab-w-b, Ml(a)_(x,m‘w‘b, Mz(b)—oaz(b)<w-b

o, &, oy, and o, = coefficients for Poisson's ratio |1 =1/6

b b b E-t’
Ap=1y-Ww-—, A=n-w-—, A=m,w—, D=—n-——
v AR T i T e 12(1-p?)
Where A, = deflection at point i, E = Modulus of elasticity

t =plate thickness, = Poisson’s ratio

D = Elastic stiffness

Plate supports




NOTES RECTANGULAR PLATES
BENDING MOMENTS (uniformly varying load ) 7.1
My, =0, w(%—bj M) =04 w[%) M, =B, -w(az;b], M, =B, w(a—zbj
Plate supports b/a (6} (0 ﬂd ﬂh
i 1 1.0 0.0216 0.0194 -0.0502 -0.0588
1.1 0.0229 0.0178 -0.0515 -0.0554 |
L 12 0.0236 0.0161 -0.0521 ~0.0517
A 1.3 0.0239 0.0145 -0.0522 -0.0477 |
r i 1.4 0.0241 0.0131 ~0.0519 -0.0432
15 0.0241 0.0117 -0.0514 -0.0387
2 1.0 0.0194 0.0216 -0.0588 -0.0502
11 0.0211 0.0198 ~0.0614 ~0.0480
2 1.2 0.0228 0.0178 -0.0633 -0.0435
d T 1.3 0.0243 0.0153 -0.0644 ~0.0418
4 i 14 0.0257 0.0132 ~0.0650 -0.0396
15 0.0271 0.0120 -0.0652 -0.0357
3 1.0 0.0246 0.0172 -0.0538 -0.0598
1.1 0.0248 0.0163 -0.0538 -0.0553
¢ 142 0.0250 0.0153 ~0.0535 -0.0510
L ;




NOTES ! RECTANGULAR PLATES
BENDING MOMENTS (uniformly varying load ) 7.8
My, =0, 'W-[%), My =00, -w-(%}, M, =B, ~w-[:—b), M, =B, ‘w-(%J
Plate supports b/a o, o, B, By

5 1.0 0.0718 0.0042 —0.1412 —0.0422

; w 1.1 0.0672 0.0037 -0.1308 —0.0350

7 1.2 0.0634 0.0031 -0.1222 ~0.0290

9 1.3 0.0598 0.0025 -0.1143 ~0.0240

7 14 0.0565 0.0019 ~0.1069 -0.0200

it 1.5 0.0530 0.0012 ~0.1003 -0.0168

6 1.0 0.0042 0.0718 -0.0422 ~0.1412

1.1 0.0047 0.0758 ~0.0509 -0.1510

; W (W 0.0053 0.0790 -0.0600 ~0.1600

| 1.3 0.0057 0.0810 -0.0692 ~0.1675

14 0.0060 0.0826 —0.0785 -0.1740

i 15 0.0063 0.0828 -0.0876 —0.1790

Mo(a) =0, W [—az—b), Mu(h}=ocb-w (—b]
M,y =By w (2) My =B W (az_bj My =B w [a_zb)
Plate supports b/a o, o, B, B, B,
7 1.0 0.0184 0.0206 -0.0448 | -0.0562 | -0.0332
, Tl 0.0205 0.0190 -0.0477 | -0.0538 | -0.0302
2 12 0.0221 0.0173 -0.0495 | -0.0506 | —-0.0271
i 1.3 0.0229 0.0156 -0.0504 | -0.0470 | -0.0237
: 1 14 0.0235 0.0137 -0.0508 | —0.0431 | —0.0204
4 15 0.0241 0.0120 -0.0510 | -0.0387 | -0.0168
8 1.0 0.0206 0.0184 -0.0562 | -0.0332 | -0.0446
1.1 0.0218 0.0160 -0.0576 | -0.0353 | -0.0411
- 12 0.0227 0.0137 ~0.0580 | -0.0357 | -0.0372
fldtfda E/ 13 0.0231 0.0112 -0.0577 | -0.0376 | -0.0336
1 w 1.4 0.0233 0.0090 -0.0569 | -0.0380 | -0.0302
15 0.0233 0.0072 -0.0556 | -0.0382 | -0.0276
ol -135-




CIRCULAR PLATES

N Q. T E S BENDING MOMENTS, SHEAR and DEFLECTION (uniformly distributed load) | 7.9
a = circular plate’s radius M,, = radial moment
1 = circular section’s radius M, = tangential moment
=thickness of plate Vg = radial shear
R =support reaction
A = deflection at center of plate
W =Poisson'’s ratio
E = modulus of elasticity |
Moment, shear and deflection diagrams Formulas
w. | LA igp bt p R L TR
1 ] e Pl o
=q A
a , a P 2
-+ M, =—(3+p)(1-p?)
M | 161
R
I MTz—P—[3+u~(1+3u)p2]
My 16m
2 3
Ve [k i L (1-07) Sl Al
| 647D 1+ 12(1-p2) |
A ?
|
a 2 s R
2 W | p:;, P=wnma®, R—E, VRM_;TCZP
h = P
o e M, =—[1+p—(3+u)p’
————— el
Mg A
R 111111y 4 :
Vil | o MT:E[1+H_(I+3“)F’ J
ST |
[
2 &
VR Mlm A= Pa (1__ 2), D:—~Et—
. 64nD 12(1-p)
¥ A W
i I

=137 -

-136 -
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N O T ES

For purposes of structural design, engineering properties of soils are determined through laboratory
experiments and field research, conducted for specific conditions. If these methods are unavailable,
use of data provided in the norms may be acceptable.

The modulus of deformation and Poisson’s ratio of soil can be determined using the following formulas:

_ 3ce, il (o

2 oe e ! 2¢, +¢,

(1+2k,)(1+e) _(1-k,)(1+e)
e e e

T T

Where: k, = coefficient of lateral earth pressure (Table 10.1)
e = void ratio ( Table 8.2)
D, = relative density ( Table 8.2)

Soil properties found in Tables 8.2-8.7 are provided only as guidelines.

3

SOILS
ENGINEERING PROPERTIES OF SOILS 8.1
SOIL TYPE SOIL PARTICLES
SIZE WEIGHT IN
DRY SOIL

Cohesive soils
Igneous and sedimentary stone compact soils;
compact, sticky and plastic clay soils.

Less than 0.005 mm

Cohesionless soils

Crashed stone Coarser than 10 mm >50 %
Gravel sand Coarser than 2 mm >50 %
Coarse-grained sand Coarser than 0.5 mm >50 %
Medium-grained sand Coarser than 0.25 mm >50 %
Fine-grained sand Coarser than 0.1 mm >75%
Dustlike sand Coarser than 0.1 mm <75 %
COMPONENTS OF SOIL
Volume Weight Mass
Va Wa=0 Ma=0
Vv
Vw Ww Mw
/%// W !
/ 0'/ Vs Ws Ms
V,V,, V,, V, and V, = total volume and volume of air, water, solid matter and voids, respectively.

W, W, and W, = total weight and weight of water and solid matter, respectively.

M, M and M, = total mass and mass of water and solid matter, respectively.




NOTE S

SOILS
WEIGHT / MASS and VOLUME RELATIONSHIPS 8.2
. V. ) ) #
1. Porosity: n= VV-IOO%, V=V, +V, 9. Specific gravity of solids:
2. Void ratio: e=Vv=—n~, V, =V, +V, GX:W‘/VS= L. or GS:MS/V"= M,
Vo @ SRR DT, P VP
Where:

3. Degree of saturation: S= %JOO %

v

Y, and p,, = unit weight and unit mass of water

Y, =624 Ib/ft’ or 9.81 kN/m®, p, =1000 kg/m’
(at normal temperatures)

4. Water content: w = W, 100 % =Ml-100 %
WS MS
5. Unit weight: 7=M
\4
6. Dry unit weight: L ol
g LU A 1%
; M
7. Unit mass: p=—
Vi
M,
8. Dry unit mass: Py = v

10. Relative density: D, =-m—% 1900,
Cime — Cota
D, = Yo (V= Vin )
(Yol

Where: €,,,,€,;, and e, =maximum, minimum and
in-place void ratio of the soil, respectively.
Vinax> Yoin @0A Y, = maximum, minimum and
in-place dry unit weight, respectively.

or 100 %

FLOW OF WATER

IN SOIL

Darcy’s Law.

COEFFICIENT OF PERMEABILITY (k)

Velocity of flow:  v=k_ -i, SOIL TYPE k, em/sec
where: kp = coefficient of permeability, Crashed stone, gravel sand 116

oL AH ! : f s )

b b hydraulic gradient (slope). Coarse-grained sand 1102 to 1-10
Actual velocity: Medium-grained sand 1:107 to 1-107

k i k -i(l+e | .

e =B Vg = ———= (+e) : Fine-grained sand 1:107* to 11072
Where: e =
nande = soil's porosity and void ratio, respectively. [ Sandy loam 11107 to 110
Flow rate (volume per unit time): q=k -i-A . Sandy clay 1-107 to 1-107°
Where: A =area of the given cross-section of soil Clay < 107
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SOILS
STRESS DISTRIBUTION IN SOIL 8.3

Method based on elastic theory

Concentrated load

Boussinesq equation:
3P
Gii= TR
2nz [H—(r/z) ]
Where ©, = vertical stress at depth z

P = concentrated load

Uniformly dis

tributed load

o, :X(E)2 —6, +sin 0, cos 0, —sin 6, cos 6, )
T

Approxima

te method

¢

o

P 7

Vitviioy

z
7

P
0, = o
© (B+2ztan¢)(L+2ztan¢)

Where ©, =approximate vertical stress at depth z

P =total load

B =width of footing

L =length of footing, B< L
z = depth

¢ = angle of internal friction




NOTE.S

Table 8.4

Units: B(m), L(m),

v :2.0(t0n/m3),

Bl L
BB 3%54
¢

a

o, =, %0, , (for

Example. Settlement of soil. Method based on elastic theory.

H(m), h, (m), P, (kN), v, (kN/m’), o, (kPa), E, (kPa)

P, =weight of structures + weight of footing and surcharge + temporary load ( live load )
7, =distance from footing base to the middle of h; layer
Lower border of active soil zone for vertical load P, has been adopted as 20% of
natural soil pressure: 0.20,
Given. B=3(m), L=54(m), H, =5(m), h, =2(m), h, =h, =h, =1.0(m)<04B
H, =4.0(m), h, =h; =h,=h, =1.0(m) <0.4B
Y, =7, =18(ton/m*) =17.7(kN/m’), E, =40000(kPa), B, =0.76

E, =25000(kPa), B, =0.72

Engineering properties of soils are determined by field and laboratory methods
Required. Compute settiement of soil under footing
Solution. v = 270 1852 (kPa), G, =Y,h, =17.7x2.0=35.4(kPa)
,=0,-0, =1852-354=149.8(kPa), 0.20,=0.2xy, (h,+27) (kPa)

o, see Table 8.5a), ~ L/B=5.4/3.0=18

H, z,(m) 7,/B d; o, (kPa) 0.20, (kPa)
7,:=0/5 0.167 0.944 1414 8.9

H, 7, =S 0.500 0.794 118.9 12.4
z,=2.5 0.833 0.561 84.0 15.9
7,35 1.167 0.391 58.4 216

H, z,=45 1.500 0.282 422 255
Z4=5.5 1.833 0.207 31.0 296
z,=6.5 2.167 0.157 235 333

6, =0.189x149

Settlement:

0
2 ; 8+84.0
S=1.0(141.4+118 )40000

Assume: z=6.0(m), z/B=2.0, a=0.189,

8=283~020,=0.2(5.0x17.7+3.0x19.6) = 29.5(kPa)

76 0.72 4
! A4+42.2+31.0)——— =0.0065+0.0038 =0.0103
+1.0(58.4+ )25000

(m)

SOILS

SETTLEMENT OF SOIL

8.4

Method based on elastic theory

Pv

Hy%s

7777

1=Line ©, , 2=Line O.chy , 3=Line o,

Settlement:  S= chn‘hi B

Where
n =number of h-height layers, h<0.4B
o, =additional vertical pressure at the

A

mid-height of h;-layer, o, =0;-0
PV

Gy, =0p =0y 5 Oy =Yy, ©p= B.L

o, = coefficient from Table 8.5a

v; = unit weight of soil

P, =total vertical load , B<L

B =width of footing , L = length of footing

Eg, =modulus of deformation of soil

2u’ ; )
B= —IL, W = Poisson's ratio for soil

Sand: B=0.76 , Sandy loam: B=0.72
Sandy clay: B=0.57, Clay: B=0.4

Alternative

formulas

Settlement of loads on clay due to
primary consolidation:

Settlement of loads on clay due to

secondary consolidation:

€ —¢€
S=——I[H
1+en[ |

€, =initial void ratio of the soil in situ

e = void ratio of the soil corresponding to
the total pressure acting at midheight of
the consolidating clay layer

H = thickness of the consolidating clay layer

S, =C,H-loglt, /t,), C, =0.01 -0.03

, = life of the structure or time for which
settlement is required

t, = time to completion of primary consolidation
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SOILS

SETTLEMENT OF SOIL 8.5

Coefficient o, Table 8.5a

7 /B L/B For
1.0 1.2 14 1.6 1.8 2.0 24 2.8 52 4.0 5.0 | 210 | circle

0 1.000 | 1.000 [ 1.000 [ 1.000 [ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
04 | 0.800 [ 0.830 | 0.848 | 0.859 | 0.866 | 0.870 | 0.875 | 0.878 | 0.879 | 0.880 | 0.881 | 0.881 | 0.756
0.8 | 0449 | 0496 | 0.532 | 0.558 | 0.578 | 0.593 | 0.612 | 0,623 | 0.630 | 0.636 | 0.639 | 0.642 | 0.390
12 | 0257 | 0.294 | 0.325 | 0.352 | 0.374 | 0.392 | 0.419 | 0.437 | 0.469 | 0.462 | 0.470 | 0.477 | 0.214
16 ] 0.160 | 0.187 [ 0.210 | 0.232 | 0.251 | 0.267 | 0.294 | 0.314 | 0.329 | 0.348 | 0.360 | 0.374 | 0.130
2.0 0108 [ 0127 | 0.145 | 0.161 | 0.176 | 0.189 | 0.214 | 0.233 | 0.241 | 0.270 | 0.285 | 0.304 | 0.087
24 | 0.077 | 0.092 | 0.105 | 0.118 | 0.130 | 0.141 | 0.1 0.178 | 0.192 | 0.213 | 0.230 | 0.258 | 0.062
2.8 | 0.058 | 0.069 | 0.079 | 0.089 | 0.099 | 0.108 | 0.124 | 0.139 | 0.152 | 0.172 | 0.189 | 0.228 | 0.046
32 | 0.045 | 0,053 | 0.062 | 0.070 | 0.077 | 0.085 | 0.098 | 0.110 | 0.122 | 0.141 | 0.158 | 0.190 | 0.036
3.6 | 0.036 | 0.042 | 0.049 | 0.056 | 0.062 | 0.068 | 0.080 | 0.090 | 0.100 | 0.117 | 0.133 | 0.175 | 0.030
4.0 | 0.029 [ 0.035 | 0.040 | 0.046 | 0.051 | 0.056 | 0.066 | 0.075 | 0.084 | 0.095 | 0.113 | 0.158 | 0.025
44 [0.024 | 0.029 | 0.034 | 0.038 | 0.042 | 0.047 | 0.055 | 0.063 | 0.070 | 0.084 | 0.098 | 0.144 | 0.021
4.8 0020 [ 0.024 | 0.028 | 0.032 | 0.036 | 0.040 | 0.047 | 0.054 | 0.060 | 0.072 | 0.085 | 0.132 | 0.018
5.0 ]0.019 [0.022 | 0.026 | 0.030 | 0.033 | 0.037 | 0.044 | 0.050 | 0.056 | 0.067 | 0.079 | 0.126 | 0.017

Method based on

Winkler’s hypothesis

Winkler's support model

Settlement: S= I(g—

w

Where
© = compressive stress applied to a unit
area of a soil subgrade

S = settlement of unit area of a soil subgrade

k,, = Winkler's coefficient of subgrade reaction
(force per length cubed)
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For slope stability analysis, it is necessary to compute the factor of safety for 2 or 3 possible
failure surfaces with different diameters.

The smallest of the obtained values is then accepted as the result.

SOILS 8.6
Modulus of deformation (E,) and Winklers coefficient (k)
for some types of soil
Soil type Range E, (MPa) Range k, (N/cm’)
Crashed stone, gravel sand 55— 65 90 - 150
Coarse-grained sand 40 - 45 75-120
Medium-grained sand 35-40 60 - 90
Fine-grained sand 25-35 45-75
Sandy loam 15-25 30 - 60
Sandy clay 10 -30 30-45
Clay 15-30 25-45

SHEAR STRENGTH OF SOIL

Coulomb equation: T, =c+0ctan¢

Where T, = shear strength
¢ = cohesion
o = effective intergranular normal pressure
¢ = angle of internal friction

tan ¢ = coefficient of friction

SLOPE STABILITY ANALYSIS

Factor of safety for slope FS.>21.5t0 1.8

2 tan ¢ +R—zcisi
1 i=1

FS.=2—
Z giX;
i=1
Where g, = weight of mass for element i

¢; = cohesion of soil

¢, =angle of internal friction

el H = depth of cut

Surface

2¢  cos
Safety depth of cut  H_ = —C—¢

Y l-sin¢




10}0B} UOONPaI PRO| 0LJUS008 = “Y  IBUM

4/ 4 "h='gq :6ujooy seinony

47414 "b="54
:Buijooy sejnbuejosl pue sienbg

d/°¥4-9-"b="g :Bunooj snonupuon

€01¢'72'Sd bBunooy oy Ayajes jo iojoeq

Bunooy jo eseq o} soepns punoib woly souelsip = (1
s1008 Ay1oedes Suweaq s, ydezv ] = “NN N
[10s JO JySrom Jiun =4
J10S JO UOISIYOD =D
2I8UM
"Ngky 0+ "N'ak+Nog 1= "D
:(y snipes) Bunooy tenou)
"Nabyo+ NCak+ mm.o + Q No=""b
(7 yiBusy ‘g yipim) Buooy Jeinbuejoss pue aienbg
"NeAs'0+"N'ak+No="b
‘(g yipim) Bunoos snonupuoD

Ayoedes Buueaq ajewyin

S334930 ' ¢ ‘NOILORS TYNYILNI 40 3TONV

8/° 'OlLYY¥ ALIOMIN3003

S0 0 €0 20 10 0

S¥ O¥ S€ 0g ST 0T St O

S -0

7 \ l

el A

D 4
2
™~ = Rz 4
20 m 4 €
7
V/ £ S m_m ¥
N yo S 94 / S
= \4 m |/ | e5's ==H
1o Jonunls e IS L
Jio! ozmv:o\u .m. 7 \ %—
: s 80 110._ \ \ .\O \%
2 2l \

ot 0 v oz
‘ \\ o¢
. 1/ o
¥ S40}oD} uo}onpad s
pDoO| 21J43u8003 ny/ 09
oL
a 7 2

S a9 V4
m W 00k

20D}Jns

x 2.n|ip} pawinssy,
L gy

!

P06 XP

wom ¢ o

O TYYYIYYIEIIIVIYIIN]
g ¥

NILLNIIE I NILE N

FITATRTATARARATARTRTR

NI LLNIIL NILE NVEL N,

=

d
g

tax

AN ‘BN ‘ON ‘sd03}oD 4 A3opdpy bulipeg

SISATVNY ALIOVdVYD ONIdVIdE

N OTES

o
=
=
]
© =
() g
e SE
N
(I z
5 S-1 2
=) fac] 5
S0l & =
£ © i
3 & =
S E e
B n e
Z o & o
= =) o X
oo = I ] x =
Z.W%__ g !
— o
__OENV ==
LB/ a
= = X =
M ESe or 4.&
e s S 5
g = ¢ e —
E 2 oy e
oo 5o S &
N2 g Z MZ
o o— - X
L__WS, S
o T o N
> S S c < X
Heel & = SN
S ow -8 a8
ﬂ«m:__Rc.” __M
T S =
B - 12 > =™
CESTE e s
s RS F ¢ T
c 5 g o Y M~
o2 e T S
= e o eaE 2 g -
o 9O ey Q S = m
® T = Sig e
og Brs il sa. B -
CREL g & - =
S e M - LIS © = £
o 2 © o ==l
Cr 5 D0 O S 1l
S e N (g = .
§8g88 § 28
T g oY i o i s o B
3 o <
< 5 ¢ g o
s SHER
287 § 3
£ u ¥x 9
=

-1562 -

L4580




N OTE S

9. FOUNDATIONS




NOTES

FOUNDATIONS
DIRECT FOUNDATIONS

9.1

Tables 9.1-9.7 consider two cases of foundation analysis.

. The footing is supported directly by the soil:
Maximum soil reaction (contact pressure) is determined and compared with requirements of

the norms or the results of laboratory or field soil research.

. The footing is supported by the piles:
Forces acting on the piles are computed and compared with the pile capacity provided in the

catalogs.

If necessary, pile capacity can be computed using the formulas provided in Table 9.4.

Hy
P /H)' y s

Hx / B y

e e /

3, 4 3 4

B Ui 4
1 O ]
B B 5

Individual column footing Wall footing

Contact pressure and soil pressure diagrams

Two-way action: ¢, =

*. Whee A=BL, S,=—0r, § =

B-I? BAAL

One-way action

e Bl M B,
max A sy L4 min A Sy
B .
Where P, =P+W, +2W,
N7 VSR
: > M, =H, -h+M
. ¥
£
A P =load on the footing from the column
Tniin (oI ‘W, =weight of concrete, including pedestal
B and base pad
W, = weight of soil
P 5
f g, <0, assume ¢, =0
Hx My
B (soil cannot furnish any tensile resistance)
Tl VRIS 3(p,-B-23'M, )
= w, e :
A 2P,
2P,
Qnax = B

Qmox




FOUNDATIONS

9.2

NOTTES

DIRECT FOUNDATION STABILITY

Tables 9.1 and 9.2

Example.

Given.

Required.

Solution.

Direct foundation in Table 9.1

Reinforced concrete footing, B=3.6m, L=28m, h=3m
A=B.L=36x28=10.08m’, S,=L-B*/6=6.048m’

Loads P, =P+W,+2W, =2250 kN, M, =225kN-m, H=200kN
Allowable soil contact pressure ¢ =360 kPa =360 KN/m?, £=04

Compute contact pressure, factors of safety against sliding and overturning
B T e !

Qmax = A s, a min = A Sy
Lol +M§ =223.2+136.4=359.6 <360 kPa

Som = 1008~ 6.048
4, =223.2-136.4=86.8 kPa

P,-f  2250x04 _
SH 200
M

4.5

Factor of safety against sliding F.S.=

{9 P B/2 _2250%36/2

Factor of safety against overturning F.S.=
o(k)

M,, M+ H-h 225+200x3

Pl
Factor of safety against sliding: F.S.= % !
P 2H
ZH /J_\ M P, = total vertical load, ZH = total horizontal forces
PR = S
f = coefficient of friction between base and soil
f=04-0.5
o M,y
Factor of safety against overturning: F.S.=—~
o(k)
k
-— = - =P . = 3
_\ ) My =P,-B/2, M, =M+Y Hh
R . :
Eriction/ Eordas (k) moment to resist turning
Mu(k) = turning moment
PILE FOUNDATIONS
Distribution of loads in pile group
Example 9.2a Axial load on any particular pile:
M, - ’
Blis = * - xz + - yz
fm e E )
s P, = total vertical load actin i
= g on pile group
-+ 15—} 2
. ' , 3 > n = number of piles in a row
ad I L I x &
i i kl, m = number of rows of pile
|
L osert 3 U CERR SR 2 MX,My =moment with respectto X and y axes,
L ’ |
T i 24 T T respectively

X,y = distance from pile to y and x axes,

respectively

Foundation plan and sections

Example 92a: n=4, m=3
i

> (y) =2-4-(b)’ =8b

Y (x)" =2:3(0.58) +(1.52)" | =6-6.25a=13.5a

Bl M, -1.5a M. b P M M

Pile1: x=-1.5a, y=b, P == L L Ry P I it o]
4-3 13.5a° 8b’ 12 k498 8b
Blloz:, X =mbides Uipsitn, By = Sy - S0 MEOE R A
4.3 13.5a" 8b* 12 27a 8b
Pile 3: x=0.5a, y=0, P, = P, + Moo & M0 _PR M
g 43 13.5a° 8b’ 12 9a
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Distribution of loads in pile group

N O T.E.'®»

Example 9.2b

i

T R e

.o—-l-—"é‘—'—’—i——i'—'i"—-;t”—x- ﬂ>_ “

I | | % | I |
i et e 1

6a
Pv

{97 S s e |

Foundation plan and sections

Axial load on any particular pile: P = Y+

n=7, m=3, Y (x)=2:3(a)' +(2a)' +(3a)' | =6-14a" =84a’
S (y) =2.7-(b) =14
M. .2 ! M
Pile 1: x=-2a, y=0, P = Lo B, e M, 0= B ¥

7.3 AR 146 21 422

SR X

Pile2: x=0, y=-b, P= ol & > 5= i
e 84a 14b 21 14b
P M,-3a  M,b P M, M
+ & + +

P M, -0 M,b P M
Pile 3: Xi=3a, y=b; P= = + . sl < b Lt e X
e L) 84a 14b” 21 28a 14b
Maximum and minimum axial load on pile:
gL A M, N & . Zn(n+1)a~m' ¢ =m(m-#l)lrn
i S S, i 6 ! 6
7(7+1)a-3 3(3+1)b-7
Inexample 9.2b: S, =%=28a, N =(—6l————:14b
PILE GROUP CAPACITY
Ng = Eg Ny Where Ng = capacity of the pile group r
) Converse-Labarre equation: Eg = pile group efficiency
s E = 1_(_6—)% Nn = capagity of single pile
! 5 90 n-m
For cohesionless soil E, =1.0 O =arctand/s (degrees), d = diameter of piles,
s = min spacing of piles, center to center
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FOUNDATIONS

RIGID CONTINUOUS BEAM ELASTICALLY SUPPORTED 9.5
The following method can be applied on condition that: L<0.8-h-3/ E/E,
Where E, L and h = modulus of elasticity, length and depth of the beam, respectively
E, = modulus of deformation of soil
Uniformly distributed load (W)
Soil reaction: qi =gy~ W
W
b/L %q0) Gy Qo) G Cloa)
0.33 0.799 0.832 0.858 0.907 1.494
0.22 0.846 0.855 0.881 0.927 1.408
0.11 0.889 0.890 0.919 0.961 1.298
0.07 0.900 0.905 0.928 0.973 1.247
Bending moment: M=o, w-b L’
b/L Oeio) L) %) On(3) ey
i 0.33 0.018 0.014 0.010 0.006 0.001
Moment diagram

0.22 0.012 0.011 0.009 0.005 0.001

| |
e 0.11 0.009 0.008 0.006 0.004 0.000

Ma
Mo M, 0.07 0.008 0.007 0.006 0.003 0.000

Shear : Vizocv(l)-w-b~L
Shear diagram

b/L Oy (0) %y %) %) Oygs)

easEnN |
| I\LI:J/V] 0.33 0.0 -0.019 —-0.037 -0.050 -0.027
V1 V‘ 0.22 0.0 -0.016 ~0.030 —-0.041 -0.0238
0.1 0.0 -0.014 -0.024 —-0.031 -0.016
0.07 0.0 -0.012 -0.020 -0.026 -0.014
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RIGID CONTINUOUS BEAM ELASTICALLY SUPPORTED 9.6
Concentrated loads
Bending moment: M=o, -P-L
R a o o a o
b/L m(0) m(1) m(2) m(3) m(4)
0.33 0.130 0.087 0.048 0.019 0.003
0.22 0.134 0.085 0.046 0.018 0.003
0.11 0.131 0.082 0.044 0.017 0.002
Moment diagram
0.07 0.129 0.081 0043 0.016 0.002
i M
Myt Shear: Vi=0(v(i)-
Mo b/L %0 %) %y %) L)
Shear diagram
0.33 ~0.500 -0.408 -0.314 -0.216 -0.083
+]
0.22 -0.500 ~0.404 -0.308 -0.208 -0.078
V. Vs 0.1 ~0.500 -0.402 ~0.302 -0.197 -0.072
Vo 2
0.07 ~0.500 ~0.400 ~0.298 -0.192 -0.069
Bending moment: M=o, -P-L
P l __i 2 mF b/L | %y [ Oy | Oy | Gy | Clagy
0.33 0.050 0.063 0.096 0.038 0.006
0.22 0.046 0.059 0.092 0.036 0.005
0.11 0.040 0.053 0.088 0.034 0.004
Moment diagram 0.07 0.030 0.051 0.086 0.032 0.003
T e T i .
MO
M2 I R
b/L o ahvp) | ot | O %)
Shear diagram 0.33 +0.184 +0.372 -0.628 -0.432 ~0.166
L
Vo
T | |/|’| 0.22 +0.191 +0.384 -0.616 -0.416 -0.156
I/I \I//RI/ 0.11 +0.196 +0.396 ~0.604 -0.395 -0.144
2
0.07 +0.201 +0.404 ~0.596 -0.385 -0.138
187
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N OTES RIGID CONTINUOUS BEAM ELASTICALLY SUPPORTED 9.7
Concentrated loads
Table 9.7 4 Bending moment: Mizocm(U-P-L
Example. Rigid continuous footing 4 in Table 9.7 P P
|e-0.33L- o o o o o
Given. Reinforced concrete footing, L=6m, b=2m, h=1m, b/L=0.33 ¢ 923 'i b/L (o) (1) n(2) n(y) )
E = 3370 kip/in® =3370x6.8948 = 23235 MPa - i TR b 0.33 -0.061 -0.048 -0.015 +0.038 +0.006
E, =40 MPa, concentrated loads P =200 kN Al ;
L 0.22 ~0.065 -0.052 -0.019 +0.036 +0.005
Required. Compute M,, M,, Vi, V{ (&
0.11 -0.071 -0.058 -0.023 +0.034 +0.004
Solution. Checking condition: L <0.8-h-3E/E,, 6<0.8x1x3/23235/40 =6.672 Moment diagram
M, =, SPXL = -0.061x200%6=-732 kKN-m /-hlé"j\ 0.07 -0.075 -0.060 -0.025 +0.032 +0.004
Mz=otm(3)><P><L:0.038x200><6:45.6kN-m W \1/7 Shear: Vw:“v(aJ'P
Sl = -t
V=014 XP =0.568x200 113.6 kN M, b/L (o o0 ) ofu) Oy
VE =-0.432x200 = —-86.4 kN |
¢ Shear diagram 0.33 +0.184 | +0372 | +0568 | —0432 | —0.166
L
V;
e l/‘/ﬁ 0.22 +0.191 +0.384 +0.584 -0.416 -0.156
— VR 0.11 +0.196 +0.396 +0.605 -0.395 ~0.144
3
0.07 +0.211 +0.404 +0.615 -0.385 -0.138
5 Bending moment: M=o, -P-L

b/L E0) Oy %) ) Olia) I
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RETAINING STRUCTURES

LATERAL EARTH PRESSURE ON RETAINING WALLS 10.1
N O T E S Pp Coefficients of lateral earth pressure:
Kptr = a
| K, =coefficient of earth pressure atrest: K, =-—2= .o
For determining the lateral earth pressure on walls of structures, the methods that have proved most | o, 1-p
Hel Sl 2 R [ Ko | Where o, and o, = lateral and vertical stresses, respectively
popular in engineering practice are those based on analysis of the sliding prism’s standing balance. P, |
g y —Ka | I = Poisson’s ratio
The magnitude of the lateral earth pressure is dependent on the direction of the wall movement. This
i Type of soil o
correlation is represented graphically in Table 10.1. The three known coordinates on the graph are ) +y B 029
1 ; ; Aa| Ap i
2. and Pp . As the graph demonstrates, the active pressure is the smallest, and the passive pressure SNy oo 031
the largest, among the forces and reactions acting between the soil and the wall. Correlation between lateral earth pressure Sandy clay 0.37
Construction experience shows that even a minor movement of the retaining walls away from the soil and wall movement Clay 0.41
I P, = lateral earth pressure at rest
i i f a sliding prism and produces active lateral pressure. |
in many cases leads to the formation of a 9P P P, = active lateral earth pressure Alternative formulas: K, =1-sin ¢ - for sands
P, = passive lateral earth pressure K, =0.19+0.233log (PI) - for clays
K, K,, K, = coefficients Where  PI =soil's plasticity index

K_A = coefficient of active earth pressure

Kp = coefficient of passive earth pressure

Coulomb theory

Mo cos’ (¢p—at)
i f , [sin(@+8)sin(6-p) i

cos(o+8)cos(B-o)

cos® o, cos (0t +8)

2
cos” (p—o
(g
sin (¢+8)sin (¢+ ¢
1- b el o cos” o+ cos (0. —8)
cos(o.—8)cos(B—ot)
Coulomb earth pressure Where : ¢ =angle of internal friction of the backfill soil
P=0,5K 4H%, B =0,5K yH’ 8 =angle of friction between wall and soil (8= 2/3¢)
Where 7y = unit weight of the backfill soil B =angle between backfill surface line and a horizontal line

o = angle between back side of wall and a vertical line

E A RITH QU AKE

6 =arctan[k, /(1-k,)]

k,, =seismic coefficient, k, = A, /2

- cos’ (¢—6-0)
" sin (¢+8)sin (¢—6-P) i
cos (0u+3+6)cos (B—or)

cosB-cos’ a-cos(0+0+8) | A =acceleration coefficient

k, = vertical acceleration coefficient

=173 -
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RETAINING STRUCTURES i
LATERAL EARTH PRESSU RE ON RETAINING WALLS 10.2

N -Q--F-E 8§

Rankine theory (a=0, 8=0)

Table 10.2 The wall is assumed to be vertical and smooth

|
5 K =cosBcost\/coszﬁ—cosz¢ ‘H‘
TF i cos B+ y/cos? B—cos’ ¢

; +

Example. Retaining wall 1 in Table 10.2, H=10 m

Given. Cohesive soil, angle of friction ¢ =26"
Cohesion ¢=150 Ib/ft* =150x47.88 = 7182 Pa =7.2 kN/m’
Unit weight of backfill soil y=115 Ib/ft’ =115x0.1571=18.1 kN/m’

g g
Bty Kp:cosﬁcosﬁ+\/cos B—cos® ¢
cosB—y/cos’ B—cos’ ¢

Required. Compute active and passive earth pressure per unit length of wall: P,, h, P, dp

H L
Solution. Active earth pressure: = s I
0 < < If =0, 8=0 and B=0:
K, =Ian2(45°—$]=tan2[45°—ﬁj:OBQ ; il :!‘
2 2 1-sin¢ |
) K,=——=tan"| 45" -L
p, =K, yH-2¢/K, =0.39x18.1x10-2x7.24/0.39 = 61.61 kN/m Rankine earth pressure 1+sind 2 i
Al 2 yu 1+sin 1
i o T6l6l 62617X;00 Pyt i BEURRE 5 =0 Ky= l—sin$ i (450 +g]=_l(_ !
ph+2ctan[45°—5;-j AR | i |
P, =0.5p,h =0.5x61.61x8.73 =269 kN | Eropnles i
! 1. A d: a=0, =0, p= i ; I
Passive earth pressure: ! iinedl =t Cohioslvieysall ;
A/ ;
’ y 2eVR A/ Active earth pressure |
K, = tan’ [45" +§) = tan’ [45" +%J =256 m _f,_ ufl e i 1‘
py =K, YH-2¢ /K, |
py =K, yH +2c K =2.56x18.1x10+2x7.2J2.56 = 486.4 kN/m ’ |
A Where ¢ =unit cohesive strength of soil ‘
P, = 0,5[2ctan(45° +g]+ph:|H =0.5[23.04+486.4]x10 = 2547.2 kN o i |
2 H Ka=faﬂl(45o—5j: h=—ph_—¢ ‘ I
0
4ctan| 4 0 9 ph+20tan[45 —f] i
. ”"( a 2) __4B64+4XTIXLE o e R h 2 j
D o ¥ g h i =
{ph i (45,, +gﬂ 3[486.4+2x7.2x1.6] [ N Resultant force per unit length of wall P, =0.5p,h “
. R B/ Passive earth pressure i:‘
M c VK I \‘
——-—I-p— P =K yH+2c K, , K = tanz(45" +gj “;\
2 il
12 =o.5[2ctan(45“+g]+ph]ﬂ
“\
H ¢ I
p,,+4c~tan(45”+5) il
R (_{p = ‘H “:‘
dp) 3| p, +2c-tan 45042 |
h 5 I
) “
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Table 10.3 ING STRUCTURES 10.3
Example. Retaining wall 3 in Table 10.3, H=6 m ;;'| ) fd ‘
d : o L _ 200 s MUY éi e i B i
Given. Backfill soil: Angle of friction ¢=30", cohesion c¢=0 f: o &S =z § i—- o
Unit weight of backfill soil =18 kN/m’ ottt e POIE-Y 7 > el ay i
. o o 3 . =y + A~ o G 2| b i =
Ground water: h, =4 m, vy, =9.81 kN/m e < i i = Flo 8 o ‘ il o ?; ¥
5 o Il I & oy
Required. Compute active pressure per unit length of wall: P,, d, ‘ﬁ 3 = TR p”j AT ﬁ o I S “5 it ar = i
1w .. C ies gideyr R
i 0 < il o < a . I 1l o u
Solution. K, :ta\nz(450 —QJ:tan' 45° o =0.333 & :- = % g _: Al G N =~
7 7 3 o 2 Gl R S ® i
; j . o B ¢ Sl L 2 - :
P, =0.5K,y(H-h, )’ =0.5%0.333x18(6—-4)" =12.0 kN : z © = & Sl e e : 4 i
| - - b > [} oz o
= LAY it o o N © @ SET b e
d, :HTh“’+hW :%+4=4.67 m E e < g 2 \E/ F; L 5 £ |
o« o i M i b ¢ ¢ ) e 15 o
i © I~ b= © Y
P, =K,y(H—h, )h, =0.333x18(6—4)x4=48.0 kN e - L et s < E U
[ © & o = Vi e
d,=0.5h, =0.5x4=2m R « T 2 T £ A o
2 W ar (=9 - ar S
P, =0.5K, (y~v, )h% =0.5%x0.333%(18-9.81)x4> =21.8 kN ‘ = P
4
dxzh—wz—=l.33m ‘ w
5 3 18 w i
P, =0.5y,h% =0.5x9.81x4’ = 78.5 kKN r - - = |
w0 ES ’ [
4—&=£=1.33m W el >:: = ’
33 I ® g = 5 |
P =P +P,+P+P, =12.0+48.0+21.8+78.5=160.3 kN 1 19 i
2 3 d | N [ I | 5.5 |
Pd, +P,d, +Pd, +P,d, 12.0x4.67+48.0x2+21.8x1.33+78.5x1.33 } N 5l ° N | P
d = 252 T35 = =178 m e B |o ~ S N s 3
P, 160.3 | K = ° B E l | g
« N el < | |
4 W = 5|+ ) oy ! I f’ |
| > : 51 BT 5
o 7] :
w fid g 04 B o >« ‘
w 5 % ih
¥ , g ‘
. . o
> S o T N o lf‘ ‘J‘
S > |
a® <
N N 0° |
< > ‘\
S |
i
¢ NN ‘
] I L
© o
i I
N ﬂ
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RETAINING STRUCTURES

LATERAL EARTH PRESSURE ON BRACED SHEETINGS 10.6
" ( a/ b/ (o34
TR PN
AL i o 0.25H 0.25H
- . E H B3 — 0.50H
b il 0.75H ]
+ — i) BIE 0.25H
R 7] v
Py Py Py
L L

Empirical diagrams of lateral earth pressure on braced sheetings

a/ Sand: p, =0.65yH tan’ (450 —g)

b/ Soft to medium clay: p, =yH -2q, , q, =unconfined compressive strength, q, =2¢

c/ stiff-fissured clay: p, =0.2yH to 0.4yH

LATERAL EARTH PRESSURE ON BASEMENT WALLS

™

Active earth pressure:

1IAV// e
h
2 s
a1 P, =0.5Kyh; , d, =?
i Pa hy . :

3 i Maximum bending moment:

dg £ el il
— M, =0.128Ph , d, =0.42h,

Moment

Active earth pressure:

F\rif'—r g P, =0.5K qh? , d, :%
T7RNT777 Maximum bending moment:
b hy dm
S|
2 Pﬂ me Mmax 7 P..hs [h + 2h5 hﬁ J > dm :hs L
da — 3h, 3 \3h, 3h,
I I Moment
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RETAINING STRUCTURES

CANTILEVER SHEET PILINGS 11.2

Table 11.2

Example. Cantilever sheet piling 2 in Table 11.2, H=10m

0 =32°, ¢, =0, 7, /=18kN/m’

0. —34% e 20, Y =16 kKN/m®, . B=0,

Given. Soil properties:

a=0.110=0

Required. Compute depth D and maximum bending moment M., per unit length of sheet piling

0
Solution. K, =tan® (450 —%) = tan® (45" —%] =0.307

0
K,, =tan’ (45“ —921) = tan’ [45“ —%J =0.283

) 0 ¢7 2 0 340
K, =tn’| 45 +7% |=tan®| 45'+= |=3.537, K, -K, =3254
P, =0.5K, 7,H? = 0.5x0.307x18x10* =276 3 kN,
K, vH
o KoV DORIISA0 ook

(K, -K,)v. 3.254xl6
P, =0.5K, 1,Hz, = 0.5x0.283x18x10x0.98 = 24.96 kN,

o T [2763+2496 _
f \jo.s(sz—Kﬂz)y2 “No05x3254x16

34 m

P, =0.5(K,, K, )1,(Dy~7)’ =0.5x3.254x16(D, ~2,)’ = 26.03(D, -z, )’

> "M, =0 (condition of equilibrium)

H Z, 1
P, (?+DOJ+PZ [DD —?‘]—P3§(D‘, -z,)=0

276.3(?+DJ+24.96D0 —26.03%(D0 -z) =0

8.68(D,~z,)’ =921.0+301.26D,

Using method of trial and error:

assume D, =83m, (8.3-0.98)' =106.10+34.71x8.3, 394.19~393.18

D=12D;=12x%83=9.96 m

M, =P, (%ml +ZZJ+P2[§Z, +22]—0.5(Kp1 -K,, )yzzé(

= 276‘3(13(2+0.98+3.4J + 24.96(§X0.98+3.4] -0.5%3.254x16x3.4> (%) =1891.4 kN-m/m

3
3

P
H
i
VZZa\ \\ 77\ 7 /AN
Zo PR
pa Do b
é ;
INKp-Ka) Y Do

Equation to determine the embedment (DU) :
3
g (KP -X ) 1Dy

6(4H+3D,)

Maximum bending moment :

M,,, =P| H+2 2
Hicll 3Y(K, -K,)v
_p, 4H+3D,

AR LD,

For single pile

(Kol et o __P_}
ARt 34 (K, K, )

where d = pile diameter

D = (1.2 to 1.4) D, for factor of safety at 1.5 to 2.0
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i !
7.
P
Kay;H
Ka Y H "
2
b A

(KpyKa,) ¥, (Do-2)

Earth pressure:

K,y H
(an X, )YZ

P, =0.5K,yH" 7, =

P,=05K, yH 2z,

P, =0.5(K, —K, )7, (Do~2)
Equation to determine D: ZMd =0
H Z 1 LA
B (—3—4—DJ+PZ [DO —-3—'}—1’3 E(D” 2,)=0
D=(12to 1.4)D, for factor of safety at 1.5 to 2.0
m = point of zero shear and maximum bending moment

Maximum bending moment

2
N =P (%+zl+zz)+Pz(§z, +zzj

Z

~0.5(K, -K, )1z (T]
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11.3
N OTE S RETAINING STRUCTURES i
Table 11.3 G = Il
Example. Anchored sheet pile wall in Table 11.3, H=15m 2 E: o2 SIAG R H‘
Given. Soil properties: ¢, =30°, ¢, =0, y,=20kN/m’, ¢,=32°, ¢,=0, y,=18kN/m’ Mo Al o 8 Nl
B=0, a=0, =0, d=12m o M| g 2|5 e ‘
=0, a=0, 8=0, d=1. A O N \‘
Required. Compute depth D and maximum bending moment M,..« per unit length of wall (=58 I = ; = i
Solution. ME 9 s i o i ml MQI ;
e 1% [0}
0 = < S£|%|g ! el N I
K, =tan’ 45~ ) tan?[ 45" 40 =0.333, K, =tan’ 45 -9 |- tan?[ 45 32 | 0307 PR ng) i =T e 2 T F i
! 2 a0 2 2 3 ¥ o= £ o Ul o o = T X hu
S a i \n |
0 52 Tosdg @ LB LT e e T s e i
K, =tan’ 45°+72)=tan 45° + = |=3254, K, -K, =2948 o TlE 2| R|E| ® et o Rl Sl ‘
* i ¢ = (3 Gl izl = S |
S 3 T z‘ I 5, - 5 b ‘
Forces per unit length of wall Sl 2 o R B L @ i E i
2 2 i P> e " 2 % oy I ;‘
P, =0.5K, 1,d* = 0.5x0.333x20%1.2* = 4.8 kKN o = ol e e R g E N i
" =2 o 8 - A e I
P, =0.5K, v, (H+d)(H-d)=0.5x0.333x20x(15+1.2)(15-1.2) = 744.4 kN S g imie R T S v H
- e | | £ it & +
¢ <H-dQH+d) (15-12)(2x15+12) < fLE i R REE £ oim 8 o g mjen ‘1
e 3(15+1.2) : E e - g il
K, vH w i = e R Sl !
P, =0.5K, 7 Hz, = 0.5x0.307x20x15x1.74=80.13 kN, z, =——wi—___0307x20x15 _, ,, o - il e g 1 &% i s
2 (K, K, )v,  2.948x18 o 2 - Sy L E E 7 ;
s g T o~ BOof =2 A
=32:x= = = = = S o I ] = |
For ¢, =32": x=0.059H = 0.059x15=0.885 ; i = = Eal e R I i s ‘1
S M, =0, R(H—d+x)+PI-——Pld2—PJ(H—d+—')=0 = i
3 %] “‘
R(15- 12+0885)+48><T—7444><886 8013[15 12+%}=0, R =527.46 kN g B it
= ,
14
T=(P +P,+P,)~R =4.8+744.4+80.13-527.46 =301.87 kN o = o |
e e o z i
D,=z+ < =174+ 6><301'87=7.58m, (assumed x =z,) ° B o A
V(K,, -K,, ). \2.948x18 z 5 i
p T ey ) T2 < o :
D=12D, =1.2x7.58=9.I m - # I
Q B & N & i 1
[P+P+P,-T _\/4.8+744.4+80.13—30].87:4.46m 8 ) SNCI £ o i | H
\/05 Ui 0.5%2.948x18 o ‘
<+ I
H 2 2( 2y g ‘\
M, =(P,+P,) ?+zl+zz +P, §L|+Zz ~T(H-d+z,+z2,)- 05(K -K, )7272 - , i ¥ e ;3‘ |
15 2 IS i [ s &% frs) no\t N |
(48+7444)( +1 74+446J+8013( x1 74+446J 301.87(15-1.2+1.74+4.46) o o a g
= [ I
446° i S % & |
~0.5x2.948x18x =2019.4 kN -m/m Tl & /\/ ‘
< o~ i
N >~ A
-188 -
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NOTES PIPES AND TUNNELS I
RECTANGULAR CROSS-SECTION 121 i

This chapter provides formulas for computation of bending moments in various structures with | ‘
rectangular or circular cross-sections, including underground pipes and tunnels. The formulas H

for structures with circular cross-sections can also be used to compute axial forces and shears.

—
>
= a

The formulas provided are applicable to analysis of elastic systems only.

—
=
-
Il
—
=l

The tables contain the most common cases of loading conditions. 1,

1

+M =tension on inside of section i
Il

i

12 w(2k+3)—gk ‘

W M, =M, =-——5
gy 12 K +4k+3

o1 R . o L a(2kr3)-wk
i 8 . i T T
l

1 For q#w
|

Md}’ [ Me For q=w ‘

2 { f
CETEFCTRTTIT M, =M, =M, =M, =20 K b
q 12 K" +4k+3 [
1
| I
{0
2 | |
ORI ARKIL, LR
24 k*+4k+3 ‘ l
;‘
e el b Mol UOEL (R R
Malp  YP gl s T o8 P v dk+3 Rl
SRS I
= Mo = For k=1 “H
= s = M, e ;\“
Md}’ \Mc . v~ 102 ‘

e}
o
il
=
I

99 -193 -




NOTES

PIPES AND TUNNELS

RECTANGULAR CROSS-SECTION 12.2

el
=
o

(TSI W P

/Mo Mo\(+]

=
(2]

HIEIIE

M

a

A philc
f12(k+1)

5

My =M =M, = M

Fori k=1 ""andh=1T)

2
N, = M R
24

M, =0.125ph> —0.5(M, + M, )

M,

(<)

[TTTTITTETITTITIT Mo

=g

LT T

e
=
(=%
=y
(2]

_ ph’k(2k+7)
60k’ +4k +3)

ph’k (3k+8)

M, =M, =————
60(k’ +4k+3)

c d
For . k=1 and h=L
3ph’ _llph?

Mus Mz MarMonng

M, =0.064ph’ ~[ M, +0.577 (M, —M, )|

fol M

=
a

[T Mo
S

1)

[T T
1L

§ a=h-2
©

a

(A+D)(2k+3)-D(3k+3)
3(k2+4k+3)

M, =M, =—

D(3k+3)~(A+D)k

Ty 3(K2+4k+3)

pzzk (10n* -3b%)

A
60h*

T pbak[hz el 45a—2b)

ohe 270a

-194 -
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Table 12.3

Example. Rectangular pipe 7 in Table 12.3

Given. Concrete frame, L=4m, H=25m, h, =10cm, h,=20cm
b=1m (unit length of pipe)

_bh} _100x10’ _bh} _100x20°

= =8333cm*, I, =
12 12 12 12

Uniformly distributed load w =120 kN/m

= 66667 cm*

Required. Compute bending moments

Soution, k== =200 K _gp
L 8333x4

m =20(k+2) m=20(k+2)(6k* + 6k +1)=20(5+2)(6x5” +6x5+1) = 25340
o, =138k +265k +43=138%5" +265x5+43 = 4818

o, = 78k> +205k +33 =785 +205%5+33 =3008

o, =81k” +148k +37 =81x5” +148x5+37 = 2802

o, = 21k% +88k +27 = 21x 5> +88x5+27 =992

] 2 2
Rl (N Ll S ST PRRN BT l—ﬁj=+7.92kN-m
11 25340

r=2k+1=2x5+1=11

t 24 \r m 24 r m
¥ 2 2
Vil [hﬁ = 2l [L+wj=~16.78 KN-m, Mr=~£(l—g—2]:+224kN-m
24\r m 24 \11 25340 24(r m
b‘z_wL‘(3k+l ﬁ]:120><4~(3><54r 2802)2_125_2kN_m
AN S 24 11 25340
2 2
M =TE L UL Ty o R DL S G
24 Y m 12° 'm
2 2
MM:_WL Oy 120x47 992 Lo siNem
12 m 12 25340
Mﬂ__wL“[f&kHﬁﬁJ: 120x47 (3x5+1 992 ]:_”9_44kN'm
T 24 "\ A a5aAD

PIPES AND TUNNELS

- 196 -

RECTANGULAR CROSS-SECTION 12.3
fiLn
ILL
A 1 B 2
I, I r=2k+1
31 L]4 L|5 |h
i I m =20 (k+2)(6k” +6k+1)
2 6 c 7
L L +M =tension on inside of section
W dien
X XIRIXRERNXERAXXARRXXTALLL)
wL® 1
Mb, , Mb, i Sl Mo= M = M= M
Ma i N 0 /{Me 12/ ¢
\LLLL‘_{J':)’ ‘k;!}_‘y
= 1 M21 = N wL' 3k+1 s
My G e b2' T Vhdg T Mag T Vi
et | e i
Mc }, Md;\)/Md-, M Mb4 =M =0
AR REREIRENERERERNRRREE]
q
=_WL2(1+&] M= FL(1 o
" i 24 el m i 24 (r m
2 2
rTrriarrrrnw) c=—£(l+ﬁj M,=—XL—[1—%)
Mo, | Mby 24 \r m 24 (r m
Ml - /(Tl‘nm Mo A =7wL1(3k+1 ﬁ] Wiy
= W Meas v o 24 r m LR
- e g R s G AR o
=] b _jﬁfﬁ" i 24 r m)’ i 125 m;
M 2
e}/’ Mdg \ i s _ WL (3k+l o,
s 057 T TR e
ZWM 1 4 e
SRl ol iy sz(3k+1 a,j
T T | S T SR
%L L 24 i m

o, =138k* +265k +43, 0, =81k’ +148k +37

o, =78k*+205k+33, o, =21k* +88k +27
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PIPES AND TUNNELS

N OTES
RECTANGULAR CROSS-SECTION 124
8 m, =24(k+6)r
P Mo B MM = pp k1R
ATTFHTTFTHT'\ \ ; g o
15k* +49k +18
Me e My =My =—PL——rrrr
/é Mdg | Md7 é\ Hl
= i NN Mc=Mr=—PLM
Mc|) \{Mf m,
2
LLI3LRa AR BNARRRRRRINNA) M, =M, =p 2K *1lk+6
ml
q-
.E M, =M, =0
9 3
M3=MC=M2:Mr=“%.E
Ma MM, T[] Me R {
~t = J
+ e | [ Mm=sz=Md7:&-£
X )l
Md
*
e anil hns ey
MCW N'LLLLLL Mf MbA =M.14 =0
10 _20(k+6)r
AT
2
Ma=Me=—ﬂ—-M
Ma M7 T[] e 0L
2
wl* i MC=M[:_F’J‘_.12k+61
-+ * 6 m,
s 04 h? 7k+31
a1l s M,, =M,, =2.
Mo | [T T we <P 6 m
h? 3k+29
Mds=Md7=p_'
6 m,
M,, =M, =0
-198 - -199-
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NOTES PIPES TUNNELS

RECTANGULAR CROSS-SECTION 12.5 N
1 m=20(k+2)(6k*+6k+1), 0=
}Mb1 |
P _ar(l[Moa_q(] Me W N B w
: Ma Mb{?'w, ?{ L A vl TR 2 G o
o

AéMds A Ms—i—f[ﬂﬁ], Mr:_gﬁ[i_ﬁ) |
e |

ﬁmd‘/ e 0y m 24\n, m i
Mdy \
phel( i phA e
M= el 3 LM i e i
%mhz/f)ﬁmhhwmj S L e
o, =120k’ +278K* +335k +63 AN AT R
o, = 360K + 742k + 285k + 27 R R o
o, = 120K + 529k +382k + 63 w o oy _ph’ g
o, =120k’ +611k* + 558k +87 Rl TR
) 10(k+6
12 m=20(k+2)(6k* +6k+1), n,= (k Jr
M“_phz[ 8k+59+u,]
Mby s R
I Mes_qTT] Me i e ‘
i ‘
i ?}V ? M, _ ph’(12k+61, o, |
v N TR |
Mdp/d, Mde éMf |
e Mc_LUJJJJ—U’Md,JlJJ*" M, __ph® _Tk+31, 05
Mg T
lP(hz/Lz)S L
4

M,, phz[_7k+31+%] ‘
il |

M,, 24 1, m “
o, =24k +50k* +99k +21 M,, _ph® (3k+29 o,
o, = 144k> +298k* +109k +9 NG el i U8 I
1[N
o, =36k +169k> +120k +21 s ph® a ph® o, |
o, =36k’ +203k +192k +29 T T S T o

-200 - +204s
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PIPES AND TUNNELS
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CIRCULAR CROSS-SECTION 131
lg=0" om Ay
=45 , +M =tension on inside of ring
. S ‘
o a=90 + Tension
=135 — Compression
‘a=180
Loading condition o=0 o =45" 0.=90" 0=135" | ‘o=180"
W
IIEEAEE] y
M +0.25wR? 0 -0.25wR? 0 +0.25wWR’
=) il N 0 —-0.5WR —-1.0wR -0.5wR 0
IEEEEENE) v 0 -0.5wR 0 +0.5wR 0
W
M —0.25pR? 0 +0.25pR* 0 ~0.25pR*>
- _H N -1.0pR | -0.5pR 0 —05pR | -1.0pR
C] +0.5pR -0.
P i ) W 0 P 0 SpR 0
M ~0.208pR’ | —0.029pR* | +0.25pR’ | +0.029pR* | —0.292pR’
N —0.625pR* | —0.412pR* 0 —0.588pR? | —1.375pR”
v 0 +0.411pR? | +0.125pR* | -0.589pR’ 0
M 0 0 0 0 0
N -pR —pR -pR -pR —pR
v 0 0 0 0 0
-203 -




N OTE S PIPES AND TUNNELS
CIRCULAR CROSS-SECTION 13.2
Loading condition a=0 o =45" o=90° =135 =180
5

M | +0.0279R* | +0.010yR® [ —0.042yR’ | —0.003yR* | +0.045yR*
0 N +0.021yR? | -0.030yR* | -0.215yR* | —0.1229R* | -0.021/R*

IBERKNEE v 0 —-0.0617R> | —0.021yR* | +0.0929R* 0

0.2145 YR
6
B F

uoyancy ors M 0 0 0 0 0
N | -0.5y,R* | -0.646y,R* | -1.0y,R* | -1.354y,R* | -1.5y,R?

v 0 0 0 0 0
M +0.151y,R* | +0.026y, R’ | -0.176y,R* | +0.001y,R® | +0.121y R’
N —~0.481y,R* | +0.188y,R? | +0.066y,R* | +0.316y,R* | +1.077y,R’

v 0 +0.1917,R* | +0.016y,R* | -0.567y,R’ 0
M +0.3207, R’ | +0.152y,R* | -0.091y,R* | +0.128y,R® [ +0.279y,R’
N -0.821y,R* | -0.653y,R* | +0.090y,R* | +1.366y,R* | +1.5y R®

v 0 +0.366y,R*> | +0.125y,R* | —0.744y,R* 0

v and vy, = unit weight of soil and liquid, respectively
-204 -
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O TE S

PIPES AND TUNNELS

CIRCULAR CROSS-SECTION 13.3
Loading condition a=0 o =45 o=90° o=135° o=180°
9
P +0.378pR? | +0.043pR> | ~0.442pR> | ~0.007pR? | +0.308pR*
§ 7 +025pR | —0.378pR | —1.570pR | —1.842pR | -0.25pR
2mRp 0 —-0.732pR | +0.25pR | —1.488pR 0
10
—0.137PR | —0.043PR | +0.182PR [ +0.114PR -0.500PR
P P
iTE i -0.318P -0.225P +1.0P +0.939P +0.318P
0 -0.225P -0.318P +0.482P +1.0P
1
P +0.318PR | +0.035PR | —0.182PR | +0.035PR +0.318PR
1 o 0 ~0354P | -05P | -0.354P 0
b +0.5P +0.354P 0 —0.354P —0.5P
12 wR?> R?
M, =——=—=(5p, +7p,)
W 48
P, p wR?' R?
g =i e B 00
il (Al ZR(llp]+5p1)
16
R2 2
P, T wP, If p=p,=p: M,.]M=T(W—P)’ Mg, sl 4}

N=pR
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NOTES

UNITS

CONVERSION between ANGLO-AMERICAN and METRIC SYSTEMS |U.1

Metric Units

Conversion Factors

Units of Length

millimeter ( mm )
1 centimeter (cm) =10 (mm)
1 decimeter (dm) =10(cm) =100 (mm)
| meter(m)=100(cm) =1000(mm)

| kilometer (km) =1000(m)

1 inch(in) =25.4(mm)

1 foot (ft) = 12(in) = 304.8(mm)
1 yard(yd) =3(ft)=0.9144(m)

1 mile =1760(yd) =1609.344 (m)

1 mile =1.6093(km)

1(mm) = 0.03937 (in)
1(cm)=0.3937(in)
1(m) =1.0904(yd)
1(km) = 3281(ft)

1(km) =0.6214 mile

Units of Area

square millimeter (mm®)
1 square centimeter (cm” ) =100 (mm?’)
I square meter (m”) =10° (mm”)

I square kilometer (km”) =10°(m®)

)
1 hectare(ha)=10" (mz) = OAOI(ka)

I square inch (in” ) = 645.16 (mm’ )
1 square foot (ft*) = 0.092903 (m’)
1 square yard (yd®) =0.836127(m”)
1 acre = 4046.856 (m’)

1 square mile = 2A5898(kml)

1(mm?)=0.001550(in" )

1(em?)=0.1550(in” )

1(m?)=1.19599(yd*)

(

(
1(m?)=10.76(f*)
(m)

(

1(km”) = 0.3861 square mile

Units of Volume

cubic millimeter (mm?’ )

1 cubic centimeter (cm® ) =10’ (mm’)
1 cubic meter (m*) =10 (mm’)

1 cubic kilometer (km’ ) =10 (m’)

1 liter (L) =1000(cm’ ) =0.001(m’)

1 cubic inch (in* ) =16387.064 (mm*)
1 cubic foot (ft*) =0.02831685(m’)
1 cubic yard (yd’) =0.764555(m’)
1acre - foot =1233.482(m’)

1 gallon =3.785412 liters (L)

1(mm’) =0.00006102(in)

1 cm3)=0.06102(in3)

(
(
1(m*)=1.30795(yd’)
1(m*)=3531(ft")

(

1(L)=0.264172 gallon

<210
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UNITS

CONVERSION between ANGLO-AMERICAN and METRIC SYSTEMS | U.2

Metric Units

Conversion Factors

Units of Mass

milligram (mg)

1 gram(g) =1000(mg)

1 kilogram (kg) =1000(g)
1 ton (t) = 1000(kg)

1 ounce =28.34952(g)

1 pound (Ib) = 0.453592 (kg)
1 kip = 453.592(kg)

1 ton (2000 Ib) =907.184(kg)

Mass per unit length
1 (Ib/ft ) =1.48816(kg/m)
Mass per unit area
1(Ib/ft*) = 4.88243(kg/m”)
Mass per unit volume (mass density)
1(Ib/f*) =16.01846 (kg /m’)
1{1b/ yd*) =0.593276 (kg /m’)

Units of Force

1 newton(N) =1 kg(mass)/(m/secz)

1 kilonewton (kN) =1000(N)

1 meganewton (MN) =1000(kN)
Gravitational force:
1(N)=1kg(mass)/9.81=0.102(kg)

or 1 kg(force)=9.81(N)

Unit weight : 1(Ib/ft*)=0.1571(kN/m’)

1(1b) = 4.448222(N)
1 kip = 4.448222 (kN)
1 ton (2000 Ib) = 8.896444 (kN)

1(N)=0.2248(1b)
1(kN) = 0.2248 kip
1(kN)=0.1124 ton
1(kN/m’)=6.366(Ib/ft*)

Force per unit length

1(Ib/in)=175.1268(N/m)
1(1b/ft) =14.5939(N/m)

Moment of force
I(]b-in):0.112985(N'm)
l(]b-ft)=L355818(N<m)

Units of Pressure

, Stress, Modulus of

Elasticity

1 pascal(Pa) = I(N /mz)

1 kilopascal(kPa) =1000(Pa) = 1 kN/m?

1 megapascal(MPa ) = 1000 (kPa)

1 gigapascal (GPa) =1000(MPa)

1 atmosphere (atm) =1 (kg/cm2 ) =98.1(kPa)
I bar =1.02(kg/cm”) =100(kPa)

1(Ib/in®) = 6.894757 (kPa)
1(kip/in”) = 6.894757 (MPa)
1(Ib/ft*) = 47.88026(Pa)
1(kip/ft*) = 47.88026 (kPa )
1(Ib/in?) =0.07029 (kg /cm® )

1(kPa)=0.145038(Ib/in” )
1(MPa) =0.145038 kip/in” )
1(Pa)=0.020885(1b/ft*)
1(kPa) = 0.020885 kip/ ft*)
1(kg/om”)=14.23(Ib/in?)

-212 -

3

Temperature: T¢ = E(Tg —320), where T and T are Celsius and Fahrenheit temperatures, respectively.
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NOTES

MATHEMATICAL FORMULAS

ALGEBRA M.1
POWERS ROOTS
o al = o el
a".a"=a N an =4a a" =4a
(a"‘)“:am‘" (a-b)m=am'bm ‘"aR/E:‘“a b %:n%
(%J =%.T a”-bxa™.c=(btc)a” (R‘/;)n:'“a" Ya ="4a
F il 1;., a’=1, when a=0 fenlall J=a=ia
a
log, N=n

LOGARITHMS

a=base, N=antilogarithm, n=logarithm (log)
log,, =1g =common log, log, =In = natural log

log, (xy)=log, x +log, y

€=2.718281828459...

log, (ij =log, x—log, y
¥

1g0.01=-2, 1g0.1=-1, Igl=0,
Iglo=1, 1g100=2

log, x" =m-log, x

lgx =lge-Inx =0.434294 - In x

log, vx :Llogﬂ X
m

lx =% L 9300885 154
Ige

FACTORIAL

n!=1.2-3-...n

(n+1)!=(n+1)n!

0'=1, (0+1)!=(0+1)0!

w14 -

n!=\/21'cn(£]
€
PERMUTATIONS COMBINATIONS
n! n!
Pi= =n-(n-1)-(n-2)-..(n-m+1 Ch=———r
== (00 (12 (n-ms1) e
n=m n=m
1-2-3-4-5 s 1:2:3-4.5
: L S L Example: C=———=10
Example: P T 60 P! 3 1.2.3.(1.2)
Where : P = number of possible permutations, C = number of possible combinations,

n = number of things given,

m = number of selections from n given things.
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NOTES

MATHEMATICAL FORMULAS

ALGEBRA M.2
ALGEBRAIC EXPRESSIONS
(atb)’ =a®+2ab+b a’—b*=(a+b)(a-b)
(azb) =a’ £3a%b+3ab’ +1b° @b’ =(atb)(a’ Fab+b?)
(a+b)" =a"+2a" b+ n(nvl)aHb2 +n(n~1)(n—2)aﬂb3 +,.b7
12 1:23

a"-b"= (a—b)(a"'J +a"?b+a"b? +...+ab"> +b"’])

ALGEBRAIC EQUATIONS

Linear equations

ayx+a,y+a z=>b,
4 i By Dy D,
Third-order determinants: a,X+a,y+a,z=>h, 2 S =l
D D D
ayX +a,y+a.z=b,
Ay Ay A3 | = 858y 85—y 0 8y a5 + b, a, a; = bjray-ay-baya,+
Dol Ay 8y By | +2,08y08 —a, 8,8+ | D= | b, a, a, +a,-ayb-a, b, a,+
Ay 8y 8y [ +a;3°8y 85 —2;5°8y 8y by a; ay +a;-b,-ay,-a,a,b,

Determine D, and D, similarly by replacing the y- and z- columns by the b- column

Equation of the 2nd degree

S

Equation of the 3rd degree

a ' p i q i a’ o
X, =Y, —% |Determinant: D=|=| +| |, p=b-—, q=-—a ~§a-b+c

3 3 2 3 27
X’ +ax® +bx+c=0
a
x2=y2—§ If D=0: Y1:V1_4q’ yZ:}/J:i/g
A TE e
XJ:yavg If D>0: = 1+2h/§, 0 :M

2
i
n={-2+4B +{- 25, y.=af Lo 15, y=0,-L4 b va -1

-216 -

I D=0y, =§\/§\/Hcosq) i =§\/§\/HCOS(4H—1200), ¥s =§\/§\/];’cos((p—l20°)
_3@

0= “ arccos
2 p3
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MATHEMATICAL FORMULAS

N o T E S GEOMETRY
SOLID BODIES M.3
V = volume, A = cross - section area, A, =surface area, A, = generated surface
Cuboid Cone
V=abc V:grlh
A,=2(a-b+a-c+b-c) A, =mL, A =mr(r+L) |

d=+a’+b*+c? L=~r"+h’

Triangular Prism FrustumofCone
1 Ui
V:E(a+b+c)A v:%h(k~+r~+kr)
o \ 4 A,=2mp-L
? p=05(R+1)

L=J(R*-r*)+h’

Pyramid Sphere
\/:%nr3 =4.189r°
i walll =Lng =0.52360°
3 o 6
- A=At = ndt
Aq

Frustum of Pyramid Segmentof a Sphere

V:%(A,+A2+,/A,AZ)

h
E@
Il
g
T
|

A, ="(s* +4*)=2mrh
4

Cylinder Sectorofa Sphere

2

v=Lgn | V=Znr'h
4 3

7
I¥ A"‘ZZTErh
' A, =2mr(r+h)

A, =§1‘(4h+s)

3
&

{

m 28 = gd =




N O

G -

MATHEMATICAL FORMULAS

GEOMETRY
SOLID BODIES M.4
Zoneofa Sphere Ungula
v =Dh(3a2 4307 +1?) v=2rh
6 3
: A, =m(2th+a’+b?) ‘5 A=A, +§(r2+r\/r2+hz)
A
b 4 A, =2mrh E S A, =ndh
Sliced Cylinder Barrel
v="gn V=2nh(2p*+d")
4 12
A, =m[h +h, +r o

L E(h ) /4}

A, =mndh

PLANE ANALYT

IC GEOMETRY

( Equations )

StraightLine Circle
y y=mx+b y (x—a)z+(y—b)z=r2
iy MOx,y), g
= m:u:tanq) 9’ If a=0, b=0:
il X%y o
=0 ))((, cl a X X'+yZ:I'
XZ 2 x} 2
'_T+y_7=1 —7#y—ﬂ:1
afi b a2’ b
c=~a’-b’ c=+a’ +b
e=£<l €—£>1
a a
Parabola
v x* =2py
P 4f
OF =~ =—x(L-x
F 2 b |57 ( )
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N'o T¢'s MATHEMATICAL FORMULAS

TRIGONOMETRY M.5

BASIC CONVERSIONS

sin o g 5 1 2
tan o seco= sin o +cos’or=1 —=]+tan" o
cos oL cos 0L cos’ o,
cos o 1 2
cotol=—="— cosec ol = — tano-coto =1 ——=l+cot @
sin o sin o sin® o
: . X tan o0+ tan
sin (%) =sin o cosautcos o sinB tan(ociﬂ):——_-—B
1¥ tan o~ tan B
RE ! coto-cotPF1
cos(a+B)=cosa-cosBFsino-sinp cot(oci].’»):—«—B
cotBtcoto
: . 2tano
sin 200 = 2sin 0L cos O tan 200 = ——
—tan” o
>
A cot” o—1
0820, = cos’ 0. —sin’ o cot20.=
2coto
. : ; 3tano—tan’ o
sin3a = 3sin o —4sin’ o tan3o=————
1-3tan” o
cot® o.—3cot o
cos30.=4cos’ oL—3cos o cotdoo=——"——

3cot’ a—1

.o 1—coso o sin o 1-coso 1-coso
sin—=, [——— tan—= =i =

2 2 2, dtcoso sin o V1+cosoc

o 1+cosa o sin o 1+coso 1+cosa
coszz T cot—= = =

2 1l-coso sin o _Vl—cosoc

o
o 2tan— Diani
sino =2sin—-cos—= 20L tan oL = 7
I+tan2~£ l—tanzz
o
i 1-tan® — cot? &1
cos 0L = cos’ ——sin’ — = é cotor= -
l+tan25 200t—2— ‘
X i Lo o— o+ o—
sin o.+sin = 2sin B-cos B cosoc+cos|3=2cos—l?’-cos—ﬁ
2 2 2 2
: i o+B . o-— okB o o
sm(x—smﬁ:2cos—l3-st cosoc—cosB=~2sm—ﬂ-sm—B
2 2 2 2
in (o in(B+
tanaitan[}:u cotuicotﬁzm
coso-cosf sino-sin
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N'OTE S

MATHEMATICAL FORMULAS

TRIGONOMETRY M.6
BASIC CONVERSIONS
! 11 o tan o+ tan
Sin ¢+ cosP=—sin(o+p)+— o= lanotan =
sin B 55 n(o+p) 2 sin(ot—P) B S
1 1 cot oL+ cotf
o- =— o+p)+— o coto-cotpi=———r—r—rr
cosoL-cos B . cos (o +B) - cos (o —P) B R
; ; 1 1 cot o+ tan
o- =—cos(ot—B)=—=cos (o + cotiotan e — -t
sino-sin B - cos(o—f) : cos(o+B) B i bohf
sin® o—sin” B =sin (or+p)-sin (. —P) c0s 0. +5in 0, = +/2 -sin (450 +0L)
cos” o.—sin’ B = cos (0. +P) - cos (0. —B) cos o —sin o =+/2 1005(45" +oc)
o 0’ 30° 45° 60" 90°
o(rad) 0.0 I 05236 T 07854 E I_15708
6 4 3 2
g 1
sin o 0.0 5 =0.5000 g =0.7071 g =0.8660 1.0
1
cos Ol 1.0 g =0.8660 :[2-2— =0.7071 E =0.5000 0.0
tano 0.0 ‘_3[3_:0.5774 1.0 V3=1.7321 oo
cotor Foo V3=1.7321 1.0 §=0.5774 0.0
¢ —o 90° + o 180° + o 270%+ o 360° — o
sin @ —sin o +cos 0, Fsinow —cos o —sin o
cos @ +cos 0 Fsino —COos O +sino +Cos 0
tan @ —tano Feoto ttano Fcoto —tan o
cot @ —coto Ftano *coto Ftano —coto
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N O

T E'S

SYMBOLS S

A Area, Cross-sectional area (cmz)

D Diameter (cm), Force (kN)

R Support reaction (kN), Strength (MPa),

Radius (cm)

E  Modulus of elasticity (MPa)
For steel: E=2-10°MPa

S Settlement (cm)

E, Modulus of deformation of soil (MPa)

S Elastic section modulus

about the neutral axis (sz)

F, Centrifugal force (kN) S, 2 about the x - x axis (em’)
G Shear modulus of elasticity (MPa) 8, A about the y - y axis (cm3 )
For steel: G = 77221MPa 8 i about the z - z axis (cml)

H Horizontal support reaction (kN)

T° Temperature (”C, “F)

I Moment of inertia of section

Shear (kN), Volume (cmx,mz)

v
about the neutral axis (c 4) W Weight (kN)
I { about the x - x axis (cm") Z Plastic section modulus (cm"), Force (kN)
Iy i about the y -y axis (cm‘) ¢ Cohesion (Pa)
I, 5 about the z - z axis (em") e Eccentricity (cm)

I, Polar moment of inertia (cm“)

g Gravitational acceleration (g = 9.81m/sec2)

K, Coefficient of earth pressure at rest

i Radius of gyration (cm)

K, Coefficient of active earth pressure

k, Winkler's coefficient of subgrade (kN/cm3 )

K, Coefficient of passive earth pressure n Porosity (%)
K, Coefficient of seismic active earth pressure p Horizontal distributed load (kN/m)
L Span length (m) w  Vertical distributed load (kN/m)
M Mass (kg) o Direct stress (Pa)
M Bending moment T Shear stress (Pa)
about the neutral axis (kN-m) | 7T, Shear strength (Pa)
M, i about the x - x axis (kN-m) Y Unit volume weight (kN/m®) ¥
M, 8 about the y -y axis (kN-m) | Poisson's ratio
M, about the z - z axis (kN-m) o Coefficient of linear expansion (1/grad)
M, Dynamic bending moment (kN-m) p  Unit mass (kg)
N Axial force (kN) A Deflection (cm)
P Applied load (kN) ¢ Angle of internal friction

P, Euler's force (kN)

tan¢ Coefficient of friction

-226-

<227




