Form: AM -HM = (GM)2 Squared |dentities:
Ax* +Bx+C=0 ) . sin?A + cos?A =1
Arithmetic Progression:

Roofts: d=a,—a; =a; —a, 1 + tan?A = sec?A

—B + VB2 — 4AC 27 = csc?
‘= T a,=a, +(n—1)d 1 + cot“A = csc“A

f ' 2A ap, = ay + (n — X)d Sum & Diff of Angles Identities:
sum of Roots: B s _n( ra) sin (A + B) = sinA cos B + cos Asin B
X1+X2=—K n=7@ T cos (A + B) = cosAcosB FsinAsinB

Tiigencmetuic Jeentitics

{phicat Teigenomet

Sine Law:
sina sinb sina
sinA sinB sind

Cosine Law for sides:

Cosine Law for angles:

Spherical Polygon:

cosa =cosbcosc+ sinbsinccosA

cosA = —cosBcosC + sinBsinC cosa

A= \/(s —a)(s—b)(s—c)(s—d) —abcd coszg

Product of Root Harmonic Progression: tan (A + B) tanA £+ tanB TR?E - spherical excess
roduct of Roofs: - reciprocal of arithmetic an T =5 = - .
X1 Xy =+ progression 1+ tanAtanB B~ gpe E=(AtB+C+D..)-(n-2)180
1 2= A ities: . .
A Geometric Progression: D.ouble Angle Ifﬁenhfles‘ Spherical Pyramid: 1 minute of arc =
Bincomi r=a,/a; = as/a, sin2A = 2sin A cos A Ve 1A H= mR3E | 1 nautical mile
inomial Theorom q. = 4. (-1 cos 2A = cos?A —sin?A =3885 = T300 | 1nautical mile =
n — 91 2 6080 feet
Form: 4. = 2. X cos2A =2 cos“A—1 L n
(X + y)n n — dx = 1 statute mile = 1
1—pn cos2A =1 —2sin“A n-sided Polygon. 5280 feet
v term: Sn =2y 1 2tan A # of diagonals: ) Tknot=
rth =C Xn—mym —-r tan 2A = — n Interior Angle, ¥: 1 nautical mile
n-m S = a, 1 — tan?A d:E(n—?,) (n—2)180° per hour
where: m=r-1 ® 1-r = n
=== mmmm—————————————-—-- T mmmmmmmmmmm---e- 1 ) _
i i s " . 1| Deflection Angle, 5: Area = n* ATriaNGLE
Worded Prcblems Fips \ Triangle i1 Common Quadhilatoral || ' 100 1
! 1 ! _ 2.
© Age Problems ! 1 : < 11 square: Rectangle: ' i Area = n -5 R*sinf
- underline specific time conditions i A= Ebh ' A= s2 A =bh ' CenTr§I6A(;1§Ie, B: i
!
© Motion Problems i 1 c - it h P=4s P=2a+2b i = Area=n- Eah
5a=0 | A=absinC 'l d=V2s d=1/b2+h2!
1
ss=vt ! i : |
| 1 ,sinBsinC 1 Parsleloeram: || Jelygon Names 16 - hexad
® Work Problems PA=sat——— i1 A=bh ' , - hexadecagon
\ 2 A \ _ . 'l 3-triangle 17 - tadecagon
i sin '' A=absin® ' sepid g
Case 1: Unequal rate | i 1 ! 4 - quad/tetragon 18 - octadecagon
work i A=/s(s—a)(s—b)(s—¢) " A=—=d;d,sin® 1| 5-pentagon 19 - nonadecagon
rate = — : i 2 1| 6-hexagon/sexagon 20 - icosagon
time ! a+b+c i Rhombus: 1| 7-septagon/heptagon 21 - unicosagon
Case 2: Eguol rqfe R 2 ! ! ombus: 1| 8-octagon 22 - do-icosagon
- usually in _DFOJGCT management | | : A=ah : 9 - nonagon 30 - tricontagon
— express given fo man-days or man-hours | --------------------------- noA= a’sin@ '| 10- decagon 31 - unfricontagon
| . ! 1 1| 11 -undecagon/ 40 - tetradeca
! " gon
© Clock Problems ! W 0 A =2d;d; ' monodecagon 50 - quincontagon
1IM - 60H  ,imisaheadofH | Az 1 b)h S !| 12- dodecagon/ 60 - hexacontagon
=T “if Misbehind of H |1 =5(@+b) TTTTTTTTTTTTTTTTTTTS bidecagon 100 - hectogon
! ' ! We 1| 13- tridecagon 1,000 - chiliagon
Pememm-mo--o---o-------------SlA; 1 maZ + nb? ' 22 +b2 || 14-quadridecagon 10,000 - myriagon
: £ cinelo- 1 1 1 1 : ! A_ = a W= o :: A=mab c=2n 5 ! 15 - quindecagon/ 1,000,000 - megagon
1 =4+ = il 2 ' 1 pentadecagon o - aperio (circle)
U In-cihde non T ettt nbebeleeleeleleeelteeedefefe el epepepepepepepepepep g pepepepepepeppe
________________________________ 7| 1
""""" 0}; TTTTIITIIIII T Thiangle Code Refutionship 1 Genowal Guadbiluteral !
Centors of Friangle v o o !
1 Circumscribing Circle: Inscribed Circle: 'l Cyclic Quadriateral: (sum of opposite angles=180°) |
INCENTER ! abc Ar=rs i — _ _ — — |
- the center of the inscribed circle (incircle) i T = ﬁ ' | A= \/(S a) (S b) (S C) (S d) '
of the friangle & the point of intersection of 1, . . Escribed Circle: :: Ptolemy’s Theorem is applicable: !
the angle bisectors of the triangle. | diameter = opposite side i gd —d.d PP ' atb+c+d |
B i sine of angle Ar =Ry(s—a) I}ac+ = ;42 T E— !
Incenter — : Ar =R (S - b) " !
! a b c AT Rb ' Non-cyclic Quadrilateral; I
B = — = — = — = S—C !
o | sinA sinB sinC T e ) n !
1
1
1

A Cc
CIRCUMCENTER
- the center of the circumscribing circle
(circumcircle) & the point of intersection of
the perpendicular bisectors of the triangle.

Circumcircle

l f
Gircumcenter

ORTHOCENTER
- the point of intersection of the altitudes of
the triangle.

Orthocenter —\ .
CENTROID
- the point of intersection of the medians of
the triangle.
Centroid
\/
EULER LINE

- the line that would pass through the
orthocenter, circumcenter, and centroid of
the triangle.

axis

Papprass Thecrom

Pappus Theorem 1: %moh@;ﬂin&h Pointed folict
SA=L-2nR V = AgH = AxL 1
B X V =—-AgH
Pappus Theorem 2: ; LA =PgH =FKL 3
AL centroid Ae/Ps— Perimet A b ; ; Reg. Pyramid
V=A-2nR H o Heigﬁ??? irs?émri:igm e ngﬂxom' Cane 1
/Py~ Perimet f cross- = ==
NOTE: It is also used to locate centroid of an area. feéﬂon peerrlg')n:ngirc%rlg(::siuncfrgisighf mr LA 2 PglL
Wi”m Wj@% Spherical Lune: Spherical Wedge:
. 2 4 5
Truncated Prism or Cylinder' Sphere: Awune = 4R Vwedge _ §T[R
V = AgHaye V= §1‘[R3 Oraa 2m Brad 2m
LA = PgH A = 20R? 2
BHave LA = 47R? " lune Vedge = EGRS
Frustum of Cone or Pyramid: Spheroid:
H V = *mabe Spherical Zone:
- h
V= 3 (AL + Az +/ALAy) a2 £ b2 4 2 Asone = 2mRh @
LA = 4m 3 Spherical Sector: : &)
FiL - _1
" Prolate Spheroid: V= EAZOHER L P
=* 2 —
V= 31'[abb V = £1tR%h A
Prismartoid: a? +b? + b? 3
H LA = 4m —s ‘v Spherical Segment: | 1
V= g (A, +4Ay +Ay) For one base: \ 4 / —
= id: about major axis ] » N
& Oblate Spheroid V= —T[hz (3R h) % A\
V=- naab Splwnml_sequ!em { |
3 For two bases: “
LA = 4m V = Zmh(3a® + 3b% + h?) '
about minor axis 6 R

Spherical Segment
Of Two Bases



Srchimed i i
olidy
- th .
Al Gemetry .
convex e identical vertices, and Slope-intercept form:  Di tgmme
are regular polygons. y=m : istance from a point to another point: - the locus of poi
Nn Xx+Db d= point: || that the point that moves such _the locus of poi
E=— Nn ) = \/(Yz “VDZF (X — %1)2 e o of its distances from o e s point that moves such
2 V=— Point-slope form: 2 Xl) CO?];Z:? points called the foci is from ?\:\,eo ?Iffzrence of its distances
. \% : i . . ixe i .
\gie;#ebf edge m= Yy—™hn Distance from a point to a line: G is constant. points called the foci
S e — ener ion:
V — # of vertices X —X d= w a2 al Ezquohon. General E i
N — # of faces L T x2+Cy?+Dx+Ey+F=0 Ax? —C zinD“O”Z
n — # of sides of e Two-poi . + B2 - x+Ey+F=0
v — # of faces meg;‘;:qf%?e _p int form: : Standard Equation:
saraverex || Y2 =V _y—y, DFanceortwoparalelines x—h)?  (y—K)? D standard Equation:
i Y v _ v _ ' Sl I A x — h)? _ : .
Conic fections X2 =X X7X dzu 2 T T ¢ z) _v k)z_] Nl
a bz AN
. int- 2 =
Sgnf;m quéallon: ;OInT;IOpe form: VA? + B2 &=h? + G-l 1 -k? (x—h)?
Xy + _ 2 - = =K - ~
y D+ Ey +F=0 -+==1 Angle between two lines: b a? 22 bz 1 ‘ .
Based on discriminant: a b t mp; —my | ) : IR T
B2_4‘AC_ . anf@ = —— } ‘ m d ! \a H H -
Bz =0 parabola 1+ m;m, 1"*& . o ‘t N /Zw
B2 —4AC <0 - ellipse P } ool NN w | SN
—4AC>0 -~ Jwabola R < \ g A |
“ hyperbola I . O CaIe . ‘
Based ;1he \oqus of point that moves such that it i } - d/z ‘L J B \
>e Oon eccentricity, e=f/d: ixed point (focus) and a fixed line (directrix) is always equidistant from a <1 I L% N
e = . i . g e R 7;77 % ‘% [N A ?\;
o= 1 circle Gzener0| Equation: Hements: s s za" a i ‘é TvaR o5 1 Asymptete
- S pa . " e € et € |
ol p”.robolo YZ +Dx+Ey+F=0 Eccentricity, e: Elements: Elements:
e>1 o x“+Dx+Ey+F=0 _dg LOZCOﬁOn of foci, ¢;  LoC: of directrix, d: Lozcoﬁon offoct, ¢: Same as ellipse:
oh =——= — a — 42 )
yperbola Standard Equation: dq c2=a2—-b%2 d=- 2 =22 4b2 Lo ronolR
—h)? . Eq'n of . Eccentricity,
Cinele (x—h)* = +4a(y — k) Length of latus Length of LR: € y—k isiﬁr‘::fofe. niricity, &
(y _ k)2 — +4a(X _h rectum, LR: 2b? Eccentricity, e: where: (x-h
;ghe}ocu_s of point that moves such — ) LR = 4a LR=— _ c mis (+) for upward asympfote;
at its distance from a fixed point a e =- mis (-) for downward g
called the centers constart. 1 revolution 2 mZbraline tanaverse o horkontol
ransverse axis i i ’
General ECIUOﬁOn; =21 rad W@w& sec = OL L ] . axis is vertical
XZ + y2 + Dx + Ey YF=0 - 3600 Versod s E '9““‘“%‘&0«\0%
=400 ine: excsc = A .
STondOrdquuoﬂon: _ 64009r0.<lr:s vers A = 1 — cosA K I®S|mple Interest:
— - mi H = Pi
(X h) + (y — k)Z — rz S Versed cosine: HEecotK . Pin ;Vheffe:
: eXCSC =P(1 . — future worth
covers A = 1 — si (1+in) P _ princi
T aﬁ ¢ (fﬁﬁaﬁwwn sin A P — principal or
Loe o Conic fection Half versed sine: ® Co = inferest rafe s‘;ﬁ:?;fgs?r;lriod
To find th 1 : A r V‘P”DOUnd Interest: :1—' nominfol interest rate
ind the equation of a i _1—cos =P(1+ " — no. of interest periods
tangent to a coni h a line _ 2 havA = ——— in] ( + l) m — no. of interest period
- onic section at a H=a |- 2 to P per year
given point P(xi, :): 3 Exsecant F=P(1+ r )mt alioealtod
: : - — - ctive rate
In the equation of th h exse = m
e co cA= _
eqUOTion, reploce: nic SA = aZ\/§ SeCA 1 ER _ I _ (1 r\m
; L O
2
X" = XX V2 @ Inflation: P m
2 V=a3 2 i ® Rate of return: ® Contin
Ve = yy; =a E if=i+f+if annual net p.rofit uous Compounding Interest:
X+ x; o8 R=W F = Pe't
X > — reak-even analysis: Annual net proﬁfp : ER=¢e¢"—1
2 cost = revenue = savings - expenses
- depreciation (sinkin:
y+y 1 g fund) ® Annui
y - T RP = = nnuity:
1+ —
xy; +yx s F= (71 where:
y > % j)e,lhﬂcmfww A i F — future worth
P — principal or pre:
BV = —_ ot A N present worth
~ n=FC-D,, N s
%@ewtﬁaﬂ&wduy ®© Straight-Line: CALTECH: 1(1 T l)n :—» nr:)O. o(:fimeresf periods
: — no. of payments
Curvature: ) FC — SV Mode 3 2
e Radius of curvature: d=—— x " ® Perpetuity:
k= [+ || P ( e p=2
E y)?*]z = d(m) =S =FA+D™
1royE = || o o : 2
v @ Sinki where:
i . ng Fund: - ere:
Maxima & Minima (Critical Points): g Fund: ?geye; ® Capitalized Cost: Fccq cf_opiiolized cost
149" — -1 — first cost — first cost
d_y — ! ) mini d= (FC - SV) M SV — salvage cost C=FC+ OM RC -8V OM — annual operation
dx y'=0 (+) minima i d — depreciation — 44—~ ormainienance cost
X (-) maxima (1 +)m— ﬁi"veﬂr . l (1 + l)n -1 RC — replacement cost
. D. =d # economic life AC=C-i SV — salvage cost
Point of inflection: m ; g:/a orgoyéekcr blefore n = “l AC — annual cost
m = value
2 after m years .
- y =0 © Sum-ofhe-YearsDigh (SYD): AC = FC-i + OM 4 RC SV
dx?2 7 ' 1+Dn
- n—m+ pr—-1
dm = (FC—SV) [2—1] CALTECH: @ Single-payment
Mode 3 3 A ent-compound-
g p years ! . p amount factor:
gral CM*%CW;(&@M _ yn (fime Y (F/P,i,n) = (1 + )"
Dp = (FC — sv) |2nme L
A = 1.5ma? n 0 FC ® Single-payment-|
.oTa >hx n SV P/F i present-worth factor:
P =8a ® o N+l sV (P/F,i,n) = (1+)™
Declining Balance (Matheson): ® Equal
r= —qj — . -payment-series-
a(1l —sin@) r=a(l—cosB) BV, = FC(1 — k)™ CALTECH: ’(ienes compound-amount factor:
=a(1l i — Mode 3 6 . + )" —1]
(1+sin®)  r=a(l+cos0) SDV FC(1 — k)" k—obtained | 2 | 1 (F/A,i,n) = a+or -1
B R ) N = FC _ ime) (BV) | 1
[ ] = m BVm 0 FC ® Equal-payment-sink ]
n sV i nt-sinking- .
. / ® Double Declining Balance: - o f’Uﬂd fO(iflor‘
: \n :
\ BV,, = FC(1 — k)™ @A/E L= |EF0T 1
e o e : kzz/nk—’ObToined ® - l ]
= — Equal- :
e = Dy = FC — BV, qual-payment-series-present-worth factor:
where: , 141 n' _ 17
. ® Service Output Method: FC — first cost (P/A,i,n) = ()—1
P FC — © SV —salvage cost i(1+ )"
i I d _ SV d — depreciation per year ®F
I =" 5 Qn — gty produced duri qual-payment-seri .
I ) Qn gconomic i during payment-series-capital-recovery factor:
‘ | — m — gty prod i [ .\n’ -1
\\d/ D= de up fo m year peed duing (A/P,i,n) = w
Dm — total depreciation l(l + i)n




it t. t.
t Measure of Natural Tendency

® Mean, %, p - average

~Modeffsta v

- Bhifi Mode] [¥]fstaf] Frequency?

- Input

~[adfhifd [ vor B

® Median, Me » middle no.
n+1

=33 + G 1)

® Mode, Mo » most frequent

Meth —

t Standard Deviation

®© Population standard deviation

~Modefsta[i-var

- Bhiff Mode][¥]fstaf| Frequency?

- Input

N [ oz

® Sample standard deviation

~Modeffsta[i-var

- Bhiff Mode] [¥]fstaf] Frequency?

- Input
— [Ac] B ] B
NOTE:

If not specified whether population/sample
in a given problem, look for POPULATION.

t Coefficient of Linear Correlation

or Pearson’s r

- Modefstaf|/a+BA

- Input
~[ad]fnifi ] Red I

NOTE:
-1 <r<+1; otherwise erroneous

®© Population standard deviation
t Variance

@ standard deviation = ¢

® variance = o2

@© relative variability = a/x

¥ Mean/Average Deviation

® Mean/average value
b

mv = ——| f(x)dx

S

® Mean value

RMS =

1 b
— | f(x)2
b—aL (x)%dx

Fraciles
® Range
= largest datum

largest datum

— smallest datum

®© Coefficient of Range

— smallest datum

" largest datum

® Quartiles

when nis even

when nis odd

= largest quartil

:Q3_Q1

_ largest quartil

1
Q1=;n Q;=-n

+ smallest datum

2 3
Qs—zn

4

1 1 1
Ql:Z(n+1): Q1=Z(n+1): Q1=Z(n+1)

® Interquartile Range, IQR

e — smallest quartile

®© Coefficient of IQR

e — smallest quartile

" largest quartil

Q3 _Q1

Q3+ Qg
®© Outlier

or lower than the f

Q, — 1.5IQR >
Qs + 1.5IQR <

m

'm =70 or 100

e + smallest quartile

® Quartile Deviation (semi-IQR) = IQR/2

— extremely high or low data higher than

ollowing limits:
X
X

© Decile or Percentile

(n)

-1"/' zj).t -B t.

K
01

® Z-score or
standard score
or variate
X—H
7 =
o

x — no. of observations
u — mean value, X
o — standard deviation

01 0

- Mode]fstaf

- [Ac]fshiff i istd
Ief’rofz—»ﬂ
righ’rofz—»@
bet. z & axis —»@]
- Input

-hx
£(x) L, he

a&z,wm;ﬁaﬂ Pistribution

P(x>a)=e™
Px<a)=1-—e™
P@a<x<b)=e?—e™

% Design of Horizontal Curve

® Minimum radius of curvature

V2

R=2e+n

R — minimum radius of curvature
e — superelevation
f — coeff. of side friction or

skid resistance
v — design speed in m/s
g—9.82m/s?

® Cenfrifugal ratio or impact factor
VZ

Impact factor = —
gR

R — minimum radius of curvature

v — design speed in m/s
g—9.82m/s?

% Power o move a vehicle
P=vR
P — power needed to move vehicle in watts

v — velocity of vehicle in m/s
R — sum of diff. resistances in N

% Design of Pavement

® Rigid pavement without dowels

-2

® Rigid pavement with dowels

) 3w ) 3W
S 2f o 4f
(at the edge) (at the center)

t — thickness of pavement
W — wheel load
f — allow tensile stress of concrete

@® Flexible pavement

w
— -
T

t=

ah

fi — allow bearing pressure of subgrade
r — radius of circular area of contact
between wheel load & pavement

® Thickness of pavement in terms
of expansion pressure
expansion pressure

pavement density

® Stiffness factor of pavement
3 |Eg

SF =
Ep

Es — modulus of elasticity of subgrade

® Accident rate for 100 million
vehicles per miles of travel in a
segment of a highway:

A (100,000,000)
ADT-N-365-L

A — no. of accidents during period of analysis

ADT — average daily traffic

N — time period in years

L — length of segment in miles

®© Accident rate per million entering
vehicles in an intersection:

_ A(1,000,000)
~ ADT-N- 365

A — no. of accidents during period of analysis
ADT — average daily traffic entering all legs
N — time period in years

®© Severity ratio, SR:
f-i
f-i-p

SR =

f — fatal
i — injury
p — property damage
® Spacing mean speed, Us:
>d n
Ity (L)
Uy
® Time mean speed, Ui

d
_ZT LU
- n B n

Us

Ut

3d — sum of distance traveled by all vehicles
5t — sum of time traveled by all vehicles

3u; — sum of all spot speed

1/3u1 — reciprocal of sum of all spot speed

n — no. of vehicles

© Rate of flow:
q = kU

q — rate of flow in vehicles/hour
k — density in vehicles/km
Us — space mean speed in kph

® Minimum time headway (hrs)
=1/q

® Spacing of vehicles (km)
=1/k

®© Peak hour factor (PHF)
= q/Amax

a b Er— modulus of elasticity of pavement
Discrete Prcbabititey Distributions Wall's Formula
@ Binomial Probability Distribution % e [(m=1)(m-=3)(m-=5)...(1or2)][(n—1)(n—3)(n—15)...(10r2)]
P(X) — C(n X) px qn—x j cos™Osin" 6 db = )
o ) 0 m+n)(m+n—-2)(m+n—4)..(lor2)
p asu-ccess NOTE:
q — failure a =m/2 form and n are both even
a =1 otherwise

® Geometric Probability Distribution

P(x) = p(q*™ ")

®© Poisson Probability Distribution

Fébonacei Numbers

Tip to remember:

x2-x-1=0

n n
PG pXe 1 <1 +\/§> <1 —\/§>
X) = an = — —_
x! V5 2 2 Lot iz\/i
Poriod, Anp@dldz%?&equmcy _
X =r1cos0
Period (T) — interval over which the graph of y= rsin 6
function repeats r =./x%+y?
Amplitude (A) — greatest distance of any point y
@ =tan 1=

on the graph from a horizontal line which passes
halfway between the maximum & minimum

values of the function

Frequency (w) - no. of repetitions/cycles per unit

of time or 1/T

Function Period Amplitude
y =Asin (Bx+ C) 2n/B A
y=Acos (Bx+C) 2n/B A
y =Atan (Bx+ C) /B A




Measywrement measure  lay-out too long Efect of Cwrature & Refraction ]

. toolong add subtract CD = MD (1 N i) ¢ Rt Azimuth
Covections too short subfract  add - TL he, = 0.067K? from South
Due to temperature: too short D,

(add/subtract); measured length WW CD = MD (1 _ %) h= h2 + D1 — DZ (hl _ hZ) _ 0067D1D2 .

C=al(T, - Typ) Probable Error (single): iS@ Tecel

Due to pull: tadia Meas € . imal@

(add/subtract); measured length i @&ng CD MD
(P, —P)L Horizontal: Elevgy = Elev, + BS — FS R "R+h

- EA D=d+ (f + C) Inclined Upward:

Due to saq: f error/setup = —egg + €gg

(subtroctonly):?nsupported length E D = (?) S + C Inclined Downward: iuwﬂé@ Ba}l/

213 E,=—= D=Ks+C error/setup = +egg — e 0

Co wL m =75 / p BS FS D = cot ~
24p? Inclined: Total Error: 2
) ; e ; . er = error/setup - no. of setups
velosope: || Properonalies ofweiat . || b _ s cos g4 C
2 =52 _ 12 1 1 H=Dcos® Deowbte Meridian Distance Method (DMD)
wocﬁ wocE w&n V=Dsin®
Normal Tension: DMDyirse = Depyirse
DMD,, = DMD,,_; + Dep,,_; + De
0.204W~/AE M%W?f’lﬂw)ﬁw Aea of Jvregular Boundawries DMDn _ —Dne ! Pn-1 Pn
N = — last — Piast
Py—P || fesees & Trapezoidal Rule: 2A = XZ(DMD - Lat)
Latitude Dep =L sin a d
A| Departure A =—=|h; +h, + 2Zh
Error of Cl . 2[ e ] PDoutite Parattet Distance Method (DPD)
Purabotic G or of Closure: _ ’
= /312 + D2 Simpson's 1/3 Rule: DPDyypg = Latyypg,
Symmetrical: DPD,, = DPD,,_, + Lat,,_, + Lat,

L
H=§(g1+g2)

Relative Error/Precision:
_ Error of Closure

d
A= 3 [hy + hy + 2Zh, 44 + 4Zhepen]

DPDlast = _Latlast

Perimeter Note: n must be odd 2A = Z(DMD ' Dep)
L\2
x2 (?) 1 acre = Simple, Compound & Raverse e Spirat Cwe
—= Ly 4047 m?2
y H
Unsymmetrical:
L,L;
=— +
2(L+Ly) (81 +82)

g3(Li+Ly) = g1L; + 8oL,

Note: Consider sians.

Ewithworhs

tfi f tfe

f w

Volume (End Areq):

L X —
Ve =5 (A1 +A;) 6RL
Volume (Prismoidal): L= 2Rsin% L L5 11— long fongent
R— i f simpl.
L 40R2 LSZ L i Ire(Jr;C:g:Lt)): g_f Ss‘;%?rZIefrZLr{nNTeS to any point
= — along the spiral
Yo =gt dhntA2) Le =Rl 705 L, [ ol
. . . TS = ? + (R + p) tan E | — angle of intersection of the simple
Prismoidal Correction: 20 2mR curve
- I p — length of throw or the distance from
B L D - 3600 ES — (R + p) sec— — R ;aﬁr;gtemihai the circular curve has been
CP — 19 (Cl - CZ)(dl - dZ) 2 x — offset distance (right angle
1 2 1 1459 1 6 distance) from tangent to any point on
— 0036k3 the spiral
— _ — . — offset dist ight I
Vp =V =G D sT TR itnce) flom lomgen 10 8
E. — external distance of the simple
Volume (Truncofeol): 000791(2 givsepirol angle from tangent to any
v A H A (Zh = T point on the spiral
— . e - s — spiral le fr 1 t fo SC
T Base ave n iea dsee;refjcf?gr?sné?er?r:mngg?o gny point
A Common tangent D L ion 1ZeefSIZELn angle from TS to SC
Vp = H (Zhl + 2Zh, + 32:h3 + 4Zh4) D_ = L_ ;ﬂdismnce fromgTS along the tangent
Reversed Curves C S to any point on the spiral
jﬁftwlmgitgl‘-t Pistance fa)wﬁo&ciunmlitaz}we Wﬁ&cjﬂg Cuwe (urquumj;g fit Distance Horizental Curve
2 L>s
v 2 L>S$ L>S$ L>S
S=Vt+2g(fiG) LzLZ 3 A(S)Z _A(S)Z H_C_h1+h2 R_sZ
a=g(f+G) (decelermion) 200(v/hy +y/hy) T 122 +358 ~ 800H 2 ~8M
v L<s 5 L<S L<S L<S
t, = ———— (brecking ime) 200(/h; +yhy) 122 +3.5S 800H L(2S - L)
f+G - WY |l L=2(S) - —— L=2(S)——— R=———
g(f ) L =2(S) - ©) i ®)-— ~
Eff = (100) L — length of summit curve A — algebraic difference A — algebraic difference of L — length of horizontal
ave of grades, in percent grades, in percent curve

v — speedin m/s

t — perception-reaction time
f — coefficient of friction

G — grade/slope of road

S — sight distance

hi1 — height of driver’s eye
hi=1.143mor 3.75 ft

h2 — height of object
h2=0.15m or 0.50 ft

L — length of sag curve
S — sight distance

L — length of sag curve
_AK)?
~ 395

For passengers comfort,
where K is speed in KPH

S — sight distance

R — radius of the curve
M — clearance from the
centerline of the road




Propertics of Fluids, Prussane Dams.
W= Mg Pabs = Pgage + Patm Fl = 'K'Ahl = %'Zi‘hlz ; F2 = 'K'Ahz = i'?f'hzz
W M =
¥=E— ; p=— p=vh U, = vh,B ;' U, =2(h, —hy)¥B
v v .8 2
_ . _bg b= Se, M h,
Y= PE= oy : RM = W, 06) + W)+ W0 + B (5) |1t v
V 1 hW =Ss. g'l hl h 1 2 MG = metacentric height
V== ~ oM = F, (3)+ U, (58) + U, (5B) MG = MB, + GB,,
Hydestatic Fore Notsthat M s aveays sbove B0,
s _°F , RX = RM — OM
s.g.—a—a e:l—g ezrlgsme . RM or OM = Wx
AP ) Ay F FS, = % & FSg = “R_y = W(MG sin 8)
Eg=—— ; B=— || Onplane surfaces: iy B2 tan®0
ﬂ Ep i B _ MBy = —=
v F =vhA e= 5~ x| iﬁ P 12D 2
=t d_y _ E On curv_ed surfaces: B B Ry 6e pD VB Vs _ l
av 12 F, = vhA e<z; a=-—4|lt5¢ Se="¢ 07 Vpsin®  Vp
2 —
o=t Fp =3V _B 2R, 2T ”
_ = — = — m
p T F= /th +F,2 ¢ 6’ q 3X S pD Bucgancy Ape = S—glAtot
pd B Ry S = tensile stress BF =W
0= T f'\:O:TE:vertical distance from cg of e=— q =5 P = unit pressure Vi = Sg_mv
submerged surface to liquid surface 6 B D = inside diameter BF = XWVd bel = Sg tot
40c0s0 i~ - . 2R t = thickness of wall 1
— h = Y (for vertical only) e=0 — y s = spacing of hoops
Xd ’ q B T =tensile force C@ﬁ)ll’ty/(ve\ocﬁyofsound)
. , (rigid pipes)
Refatve Equittrian o Flaids Berncuti's Encigy Thecram Miajer Zeswsin Bis .
z = elevation head; P/ = pressure head; v2/2g = velocity head — 2
Horizontal Motion:  Rotation: ‘ e * " Darcy Weisbach Eq'n: ¢= Pw
a w?x P v,? _ P, v;° L v2
tan6 = tan6 ==~ mt gty Tty Ty tHL HL = fBZL ontg ipes
g B
) . ith : ¢=
Inclined Motion: ;= w?x? i 3 ﬁ wi p:mp , b ) HL 0.0826 fL Q2 Pw (1 + E]? tD)
= _2n 2 T h oy 2 i HA= 2+ HL T DS
tan® = gta Py ' 2g 2y 2g o . ) Water Jammer
- v 1 ) Manning's Formula: AP — oey
Vertical Mofion: ¥ — 3™ I with turbine: 102907 L Q2 max = P
a Lrom= X rad P, v,? P, v,? L= Di6/3 t. = 2L
p=7rh(1i—) rpm = 35 rad/sec z+—+—-——-HE=2,+—+—-—+H.L. cT ¢
g ¥ 2g ¥ 28 Hazen William’s Formula:
output QvE Los || Sroparmsomoncos
i fficiency = ; HP =— 10.64 L Q™ -
Serics - Prwrattet Pises € input 746 = AP = APy
1.85 N4.87
Series Connection: B - OvfpyT & The - e : u ;;"Z’AC:SU? - )
. 05 .. . 1 atm max Lactual
H.Lp=H.Ly+ H. Ly +...+H. L., Fluid Flow Micst Eficient-fections - 501925 kP || 5 7vpE of cioses
_ _ _ = Av Rectangular: = 2166 psf % Partial Closure (vf #0)
Qr=0Q=Q=Q Q e S I | Iyt (v =
Parallel Connection: i e ﬁiscmgge b= id 1/ o - ]7267;:H9 eﬁo;"%‘co(sxle (szfg)
: — flow rate : _ )
H.Ly=HL,=HL,=HL — welgh flux R=> | =299inHg || AP = PCVi
CT T AT A2 2 volume flow rate — m3/s z
Qr =Q; +Q+...+Q weight flow rate — N/s Trapezoidal: OIWDM
T 1 2T n mass flow rate — ka/s X=v, +
=y1TY2 Specific Energy:  Manning Formula:
. ) . \% 1
Constant Jead Ghifice || Fatting Fead Chifice pod E=>+d C=_RY
Without headloss: Time to rer;cX water from h; to h, with constant cross-section: 2 g Bazin Formula:
_ s ’ . v = CVRS 87
v = /_2 h t= —( /hl — /hz) Triangular: _
. & CAO\/ 2g b= 2(21 Theoretically: C= 1+
With headloss: Time to remove water from h; to h, with varying cross-section: A = d i C — F \/E
v = C,y/2gh t_fhl Ay dh 6=190° f
3 - h, CAg\/2gh Semi-circular: Kutter Formula:
Q= CAO,/Zgh 2 ° d=r @ %+ 23 4 0.009155
Time in which water surfaces of two tanks will reach same elevation: r C=
€= Gl 2 (AD@) i R=7 14+ (23 4 2000159)
a " CAyyZg (At + A y (/e = Vhe) : R i
Cc = A oy 481 st s2 chuli(;r(:j — 0.94D liff;ﬁ%'ameepoge: If C is not given, use Manning's in V:
v ) . V::: ifd = 0.81D b = 4d tang v = 1R2/3sl/2
C = Higbicdgnamics : || V7w
t Force on Curve Vane/Blade: Force on the Jet
vil 1 (at right angle):
HL=oelc?™ 1] D o= Qo Vi) | F = pQv
H.L.= AH[1 - C,?] F, = pQ(vyy —
y — p v2y Vly)
2
y = X_ Force on Pipe's Bend & Reducer:
4C,*h
(same as on Curve Vane/Blade)




M - ) ‘ H .
W.=0| [ Adyii _‘}Ta v WW SpecchGrow‘ry of Solid: % Liquid State Y . my m, Vl — VZ
Wer ater Vo | _ (Gs + Gsw) ¥y Gs = = E| PlasticState m, m, w
. =0 FTw i — PL
W v 1+e | Semisolid State oL e SR m,
S Bulk Specific Gravity: £ — 5L == =
W. Solid V. — (Gs + Se)x, _ i Y 2| solidState Gs Vo¥w
1+e g= Gs(l - n) - 1
When $=0: : CPR <. —
Relati tion: (géftteﬂlﬂﬁg
Phase Diagram of Soil sTw e Ive.?dompcc on G@“d} Gs 1 SL
YT T re == PI = LL — PL SR
iak d
Volume Weight Se = Gy Whens:loc?(:; teyw max ® — PL Gl = (F - 35)[0.2 + 0.005(LL — 40)]
V. A" v, == W Relative Density/ Ll = —++— +0.01(F — 15)(PI — 10)
e = VV w=—> = sat 1+e Density Index: LL — PL S
s S Y Cmax — € — _ L tate o
Fsub = Fsat — Tw D, = o e SI'=PL —SL L<0 Semisolid||P!l Description
_ & D<e<w Ws G. -1 max min LL— o 0 <Ll <1 Plastic 0 Non-plastic
n= v n ¥q = 7 - (Gs )¥w 1 1 Cl=— U>1 Liquid 1-5  slightly plastic
=1 n sub 1+e - LL — PI 510 Low plasticity
Vw ¥ D. = dein ¥d PI Quyng Ac Class 10-20 Medium plqsﬂcify
S=— 0<n<1 o ¥q = 1+ _ GS-K‘W r=71 1 A, =—; St= —tund 1 <07 Inactive | | 20-40 High p\'osncny 4
Vy n= Tzav = 1+ G.o ¥4, . ¥q H Qurem [[ 0.7 <Ac<1.2Normal ||>40 Very High plastic
1+e S min max 1 =% passing 0.002mm Ac>12 Active
W‘:ﬁty ified{oil Dr (%)  Description ; .
Gradif wvewz(’nafyaq
i i 0-20 Very Loose j’ sorfin
v=ki;i=—;vy= M PARALLEL  PERPENDICULAR 20-40 LOOS‘? Uniformity Coeff. of Gradation Coefficignf‘
L FLOW FL\OW 40-70 Medium Dense Coefficient: or Curvature: i
70-85 Dense
. 2
Q =vA =kiA hi| —» L 85-100 Very Dense Cu = Dso Cc = (D30) _ So = —D75
Constant Head Test: h, \ ks L Dyo Dgo * D1 Dys
_ QL h » L ﬂmﬁmg%t Suitability Number:
Aht " "
Unconfined: 3 1 1
Falling/Variable Head Test: for Parallel flow: Q lnr_1 Sn=1.7 D2 + D2 + RE
aL h1 h1k1 + h2k2+ +h.k _ r ( 50) ( 20) ( 10)
K= a, e = = T o b2
2 a H m(hy 2)
Hazen Formula  Casagrande: for Perpendicular flow: Confined: Compiessibility (s@j:ow
— — r
k=c-D;> k= 1l4e*kpgs k. = H Qln r—l Compression Index, Cc: Swell Index, Cs:
Kozeny—chmon: Scmoroswn:ne: eq h1 h2 ny +& = —Zﬂt(h — h ) Cc = 0009(]_.]_. - 10%) C _ 1 C
k=t MO kT, o e—e ST
o Ce = log 2P+ P + P,
i i NOTE: / A4
iﬂwmwimﬁ ik ?%w"”let/ieepagz goura sl ||H " P,
Effective Stress/ condition: Isofropic soil: — Y For normally consolidated clay:
Intergranular Stress: =0 N Flow line — 1
Pg = Pr—p Pe ~ q=kHg~ %y
E — PT w = (for one layer only)
" L Nd Equipotential line --; 1 +
Pore Water Pressure/ | Capillary R'Ee' Nondsotrobic soil
Neutral Stress: ho = —— on-isotropic SO'N ! C.H AP + P,
=¥,h ¢ eDy _ f S= lOg
Pw wilw q = kyk,H— 1+e P,
) Nd Nf - no. of flow channels [e.g. 4]
Total Stress: Nd - no. of potential drops [e.g. 10] With Pre-consolidation pressure, Pc:
pr = ¥1hy +¥,h+...+¥hy, when (aP+Po) < Pc:
S CsH ; AP + P,
4 AT REST: ; 1+e P,
WWW k. =1—sing iﬂmhiﬁmgﬂus@imﬂ o o
ACTIVE PRESSURE: ° 6 — angle of failure in shear when (aP+Po) >pc:
1 @ - angle of internall friction/shearing resistance C.H AP + P,
Pa = Eka'erz — 2cHyk, C - cohesion of soil S= log— 1te log P
Q c
For Inclined: 0 = 45° + E Over Consolidation Ratio (OCR):
cosB —+/cos?B —cos? @ p
ka = cos B B : B — TRI-AXIAL TEST: OCR = p_c; OCR = 1 (for normally consolidated soil)
cos 3 + ./cos? 3 — cos 0

For Horizontal:
, 1—sind
a7 1 +sing

If there is angle of friction a bet. wall and soil:

— axial stress

— deviator stress
- plunger pressure

— confining pressure

cos? @ - lateral pressure

= 2
o5 o [1 4 fsm((b;:?( sin Q)]

PASSIVE PRESSURE:

1
pp = EkPXHZ + ZCHﬂkp

- radial stress
— cell pressure
— chamber pressure

01— maximum principal stress

A0 - additional pressure

03 - minimum principal stress

® Normally consolldoted

Wi

- (@D«
- -
0‘3:: :63
- <«
- <+

11

L

sin@d =
o3+

® Cohesive soail:

%

O3

AT

_77

For Inclined: T
cos 3+ /cos? —cos? @ sin@ = ——
kp = cos B X+o3+r
— 2R — 2
cos B — +/cos?B — cos? @ ; c
For Horizontal: tan) = X
1 + sin
kP = +—Q ® Unconsolidated-
1—sin@ undrained test:
If there is angle of friction a bet. wall and soil: c=r
2
Ccos
kP = 9 > ® Unconfined
: : compression test:
sin( — a) sin @ P
cosa |1 —_—
cosa 0;=0

dy =

my =

Coefficient of Compressibility:

Ae
AP

Coefficient of Volume Compressibility:
Ae
AP

1+ e,pe

Coefficient of Consolidation:

v =

2 Hdr - height of drainage path
_ Hdr Tv — thickness of layer if drained 1 side
t - half of thickness if drained both sides

Coefficient of Permeability: T = time consolidation

k =m,C,¥,,

Ae - change in void ratio
AP = change in pressure

Tv - factor from table

-
[ =
-

DIRECT SHEAR TEST:
on - normal stress
0S - shear stress

W

11

® Normally consolidated soil:

Os
tan@ = —
ON

®© Cohesive soail:
Os

< _
X + oy

<4 os
<+

tan@ =

X la

os=c+oytan@® *




© General Shear Failure © Bearing Capacity Factor ®@ Analysis of Infinite Slope
(dense sand & sfiff clay) . o . SOIL
2 o 1) tan g Factor of safety against sliding (without seepage) |, -
Square Foo:;ing: 0 Ng = tan®{ 45° + 2 € Fs C tan @ ROCK
Quit = 1.3cN¢ + gNg + 0.4¥BN, = - +
1 N; = (Ng — 1) cot @ ¥HsinBcosp tanf
Circular Footing: here
— i idi i Wi N
quir = 1.3¢N, + N, + 0.3¥BN, N, = (Nq —1)tan 140 Factor of safety oé;omsf sliding (wnh’seteapif(gz)e) e on
¥ B — angle of backfill from horizontal
Strip Footing: ® Parameters ) ) FS = - +— @ — ongle of intemnal friction
=cN.+gN. + 0.5¥BN quit — ultimate bearing capacity Fsat H sin ﬂ Ccos ,B Fsat tan ﬁ H — thickness of soil layer
Quit = [« q q . ¥ qu — unconfined compressive strength
oL I'sh Eail ¢ — cohesion of soil ® Analysis of Finite Slope V‘V
ocal Shear Failure
(loose sand & soft clay) qQu Factor of safety against sliding j/ P
=% Fe+F =%
Square Footing: 2 __f c = "Fe H
— ] ! ! ! - . et
qQuit = 1.3¢Ne +gNg + 0.4¥BN, q = ¥Ds (for no water fable) Wsin 6 5 )\e Ef i
Circular Footing: Juit Pallow Maximum height for critical equilibrium whelre- !
Quie = 1.3¢'N.” + gN," + 0.3¥BN,’ Qallow = g — (F$=1.0) Ff — frictional force; Ff = uN
q FS A 4C in B o
sin b cos Fc — cohesive force
Strip Footing: _ Quit — 9 H, =— [— Fc = C x Area along frial failure plane
Quit = c'NC' + qu' + O.SX‘BNXI Qnet = F—S ¥ 11— COS([)’ - @) W — weight of soil above trial failure plane
Stability No.: Stability Factor:
EFFECT OF WATER TABLE: C 1 H H _ BC
! i ! m="H SF:E tanf tanp
L}
l z e ? T . — .
: i | ' . " Capacityyof Diiven Peles (Deepn Foundations)
i Yo m = :‘::{:mlu.m 5 :l; - o
. - geundwaer | @ Pile in Sand Layer ® Pile in Clay Layer
” Yo
Case 1 Case 2 Case 3 Qf = PAku Q Q¢ = CLaP
= — ! = =D
q = 5(Ds d)""z" d q =Dy , y ! -f where: : ‘__ where:
Jdterm ¥ =¥ Jdterm ¥ =¥ Jeterm ¥ = Fave P — perimeter of pile C — cohesion
ford <B A — area of pressure diagram L — length of pile
¥. -B= rdtl- ¥'(B—d) k — coefficient of lateral pressure a — frictional factor
ave - u — coefficient of friction P — perimeter of pile
NOTE: ‘
: ord>B
r— _ Q:pNA Q=CNA
¥'=x = ¥ - — tip elYqfitip tip cfitip
sub w Tave ¥ (AKA Qbearing) (AKA Qbearing)
where: + where:
D>, )
Growpof Tiles G;fAI_Temote chLonhclm for Group pe — effective pressure at bottom ~ Qmip ¢ — cohesion
®G Effici (sand lay) Efficiency (sand only) Ng — soil bearing factor Nc — soil bearing factor
roup Efficiency (sand or clay NN ; ) ;
Eff 2(m+n—2)s+4d Arip — Ar€a of fip Critical depth, dc: Arip — Area of fip
_ = _ Loose 10 (size of pile) _
Eff = M mnTD QT - Qf + Qtip Dense 20 (size of pile) QT - Qf + Qtip
des—indiv where:
m — no. of columns _ QT _ Qr
n— no. of rows Qdes - ﬁ Qdes - T c
s — spacing of piles b F S
D — diameter of pile
____________________ PP —————————————
1
Froude Number 1 Cuitical Depith,
\% 1" .
N» = 11 For all sections:
F gd :: 5 3 where:
Q - flow rate m?/s
where: m :: Q_ _ A_C g- 9,8\1Nm/s2
. i I = Ac - critical
L e yeedh (@A) g B Be - il wiath
dm — hydraulic depth (A/B) "
B - width of liquid surface 1 NOTE:

RECTANGULAR WER CIPOLLETT! WEIR

® Rectangular 90° NOTCH WEIR 11 Eis minimum for critical depth.

F t | ti NLY:
Considering velocity of approach: i Forrectangulor sections ONLY

32 3/2 where:
2 \% \% W — channel width
Q———C/Z L<H+_a) _(_a) .
3 g [ 2g 2g L — weir length

7 — weir height

Take note that it is only derived from
the critical depth equation.

Critical Flow Ne=1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

:

1

I Neglecting velocity of approach: H — weir head Subcritical Flow  Ne <1

h 2 Supercritical Flow  Ng>1 where:

' Q= 3 C \/E L H3/2 EARAMETfIfE_R; ot disch EI::::::::::::::::::::: q = fowrcteordicharge

I — coefficient of discharge " Nemé Eogliod ;

i o ) va — velocity of approach m/s " jg&’ 4 crxrxc;?_zghlgxﬁgfr?yo

, Considering velocity of approach: m — weir factor : : Dv DVp Ve - critical velocity

: Va 3/2 Va 3/2 1 Np =—= ——

't Q=mL|(H+— —|= ® Triangul trical onl nooR

, riangular (symmetrical only) " v 1

1 Zg Zg ': 1

1

i Neglecting velocity of approach: Q= 8 C Zg tan 0 H5/2 I} Laminar Flow (Ng < 2000) :: |
— 3/2 - >y 1 1 1

i Q=mLH¥ 15 /2 2 N = 64 :i Height of the jump: Power Lost: |

1 =mH X N Ad = — P =QvE |

! Francis Formula (when C and m is not given) Q :: R :: d d2 dl Q i

I Considering velocity of approach: When 6=90° 'l Turbulent Flow (Ng > 2000) i: Length of the jump: New—1 :

! V,\3/2  /v.\3/2 Q = 1.4H5/? N 2 ' L =220d, tanh -2 !

i ' a a ' L v ' 1 i

1 Q=184L H+2— i er " ohf= feo—— ! 22 |

! g g © Cipolletti (symmetrical, slope 4V&1H) 1} D 2g :: Solving for Q: |

: Neglecting velocity of approach: 6 =75°57'50" :: 2 :u :

1 ! 1 . 1

: Q =1.841' H3/2 Q =1.859 L H3/2 :: hf = 0.0826 fL. Q :: For all sections: '

! ot i DS i ¥Q i

Ve © with Dam: ' hP—-P = (v —vz) |

g L=t for suppressed ] . . 1" Boundary Shear Stress i g i

! L'=L-0.1H forsingly confracted Neglecting velocity of approach: noo RS N p = A :

! L'=L-02H fordoubly confracted Q =1.71LH3/?2 nte’y no !

VoL . . ) . | Boundary Shear Stress 11 Forrectangular sections ONLY: '

Time required fo discharge: 1" ) . h |

\ A 1 1 ! ! (for circular pipes only) " Cl2 1 H

o= s[___ ! 1y =3 d)(d + dy) |

! To = 5PV [ !

: mL | /H, JH, h°8 P h |

1

e ——————



;’%MWMWM
- choose largest U in design

Basic Loads:

U=14D + 1.7L

With Wind Load:
U=0.75(1.4D + 1.7L + 1.7W)
U=09D +1.3W

Strength Reduction Factcrs, 0

(a) Flexure w/o axial load A
(b) Axial tension & axial tension w/ flexure .... 0.90
(c) Axial comp. & axial comp. w/ flexure:

U=14D + 1.7L

With Earthquake Load:
U=132D + 1.1f,L + 1.1E
U=099D + 1.1E

With Earth Pressure Load:
U=14D+17L+1.7H
U=09D

U=14D + 1.7L

With Structural Effects:
U =0.75(1.4D + 1.7L + 1.4T)
U=14(D +T)

(1) SPIrAl ceeveie 0.75

(2) TIE et 0.70
(d) Shear & torsioNn .........cceevueiiiineeiiieiiieeee 0.85
(e) Bearing on concrete ......ccooeveiiiiiin e, 0.70
Over-reinforced: Choose Smaller Value/
— concrete fails first Round-down
- fs<fy (UsD) - Moment Capacity
- Ms>Mc (WSD) N

N

Under-reinforced:

- steel fails first Choose Larger Value/

> fs>fy (USD) Round-up
> Ms<Mc (WSD) -
N

Balance Condition:
— concrete & steel
simultaneously fail

- fs="fy (USD)

- Ms=Mc (WSD)

Woirhing ftungth Design (WSD)
o Altewnate fungth Design (ASD)
Allowable Stresses (if not given):

® Horizontal members
(i.e. beam, slab, footing, etc.)

® Vertical members
(i.e. column, wall, etc.)

fc=0.45fc fc=0.25f¢
fs=0.50 fy fs=0.40 fy
where:

f'c » compressive strength of concrete at 28 days
fy — axial strength of steel

Structural Grade ASTM Gr.33 / PS Gr.230
Intermediate Grade ASTM Gr.40 / PS Gr.275
High Carbon Grade ASTM Gr.60 / PS Gr.415

fy = 230 MPa
fy =275 MPa
fy = 415 MPa

424.3.2 for fy = 275 MPaq; fs < 140 MPa
for fy = 415 MPa; fs < 170 MPa

Modular Ratio, n (if not given):

_ Estronger _ Esteel _ 200,000
Eweaker Econcrete 4700\/f—c'

424.6.4 n must be taken as the nearest whole number & n > 6
424.4.5 for doubly, use n for tension & use 2n for compression

Internal Couple Method:
b

[ B
kd
f
[ d-kd|
A, | nA.
., W
— b —l
Gross Transformed  Stress& Internal
Section Section Couple Diagrams
Factor k: )
n Factor j:
k = —f i 1
n+:s j=1—-=k
f. 3

Moment Resistance Coefficient, R:

R = ~fckj

Moment Capacity:

M. = C-jd = > fckdb - jd = Rbd?
Mg =T-jd = Af; - jd

Solutions for Cracked Section (Singly):
b

d -f :

d-x i I

1 | i
ke—b —

©® Location of neutral axis, NA:
AVabove NA = AVbelow NA
bx @) = nA,(d - %)

X — obtained

© Solve transferred moment of inertia at NA:
3

bx .
INA = T + nAS(d - X)
Ina — obtained

® Solve for Stresses or Resisted Moment:

For concrete: For tension steel:

Provisions for Uncracked Section:

® Solve forinertia of gross section, Ig.
®© Solve for cracking moment, Mcr.

® Solve for actual moment, Ma:

wl?

? (for simply supported beam)

M, =

409.6.2.3. if Ma < Mcr, no crack; Ig = le
if Ma > Mcr, w/ crack; solve for le

® Solve for inertia of cracked section:
3

bx .
I = =3 +nA (d —x)
@© Solve for effective moment of inertia, le:
3 3
_<%) Lo+ 1_(&> 1
Ma g Ma cr
409.6.2.4. For simply supported, le = le (mid)
For cantilever, le = le (support)

le

_ Ie mid + Ie support
€ 2
409.6.2.5. Factor for shrinkage & creep due

to sustained loads: fime-dep factor, &

f 5yrs+ 20
N=—-"7-— 12 mos 1.4
1+ 50p' 6 mos 1.0
3 mos 1.0
® Solve for instantaneous deflection:
SwL?
i = === [foruniformly distributed load)
384E.l,
® Solve for additional deflection:
8add = Osus * 4

0add = (% of sustained load); - 1

Say, 70% of load is sustained after n yrs.

Sadd = 0781 : A
® Solve for final deflection:

8final = 8; + 8,444

M, - x fs  Mg-(d—x)

f =

Ina n Ina

Solutions for Cracked Section (Doubly):

P2

FHAEI AT

L] e

® Location of neutral axis, NA:
AV above NA = AVbelow NA
X
bx (E) +(2n— DAL(x — d) = nAy(d — x)
X — obtained

® Solve transferred moment of inertia at NA:
3

bx
Iya = -+ (2n — DA(x — d")? + nAg(d — x)?
Ina — obtained

® Solve for Stresses or Resisted Moment:
For comp. steel:

fe  Mg-(x—d)
2n

For concrete:

M, - x

For tension steel:

fs_Ms'(d_X)

f =

Ina n Ina Ina

Solutions for Gross Section (Singly):

1
| | %

ke—»—l %

Concrete Stress

Gross Section Diagram

© Location of neutral axis, NA:

Ye =5Vt — obtained

L= bx3
g7 12
I — obtained

® Solve for cracking moment:
M - ¥e
f.=0.7/f = -
g

M. — obtained

® Solve moment of inertia of gross section at NA:

Solutions for Uncracked Section (By Sir Erick):
® Location of neutral axis, NA:

AV above NA = AVbelow NA

bx(5) = b(d - x) (E) + (0 — 1A(d - x)
2/ 2 s

X — obtained

© Solve transferred moment of inertia at NA:

bx® b(d-x)3 5
INA :T‘Ff‘}' (1’1— 1)As(d—X)
Ina — obtained

® Solve for Stresses or Resisted Moment:
For concrete: For tension steel:

M. -x fs M- (d—x)

f. =
¢ INA n

Ina




Uttimate fOuength Design

® Based in Strain Diagram:
g 0.003

d—c ¢

d—c
g, = 0.003 (—)
c
d—c
f5=600( )
c

®a = fB;¢C

a - depth of compression block
c - distance bet. NA &

extreme compression fiber

Provisions for Bi:

0.65 < B, <0.85

* 1992 NSCP

B = 0.85 —0.008(f; — 30)
*2001 NSCP

B, = 0.85 — == (f{ — 30)
*2010 NSCP

® Ultimate Moment Capacity:

M, = OM,

M, = @R, bd?

M, = 0f/bd? o(1 — gw)
fy

w = pf_é

©® Coefficient of resistance, Rn:
Y _ 1o
R, = fow(1 - w)
M
R, = ——
@bd?

@ Steel reinforcement ratio, p:
As
" bd

© Combined p & Rn:

p

Steel ratio for balance condition:

_ 0.85£,B,600
£,(600 + f,)

Maximum & Minimum steel ratio:

Pv

Pmax = 0.75py
Asmax = 0'75A5b
1.4 £l
min fy min 4fy

(choose larger between the 2)

Singly or Doutly ?
Singly Reinforced Beam (SRB)
P < Pmax (rectangular only)

A <A

Smax (any section)

Doubly Reinforced Beam (DRB)

20 mm — slab

40 mm — beam
— column

75 mm — column footing
— walll footing
— retaining wall

Batance Condition for Doublyy
A
Pby = Pbg t+ Bbd

!
S

Pmaxg = 0-75pbs t—

_ 0.85f L L 2R, b
Bl — 085 — 0.05 (fé _ 28) p= fy 085fé P > Pmax (rectangular only)
7 AS > ASmaX (any section) Smax g = pmaded
Singly Reinfcreed Beam Singly Reinfereced Beam PDoubly Reinferced Beam Poutly Reinferced Beam
INVESTIGATION DESIGN Investigation INVESTIGATION
Computing My with given As: Computing As with given Wp & Wi: If SRB or DRE: Computing My with given As:
(1st) Compute for ap:
(1st) Compute for a: (1st) Compute ultimate moment, Mu: d-— Cp (1st) Compute for a:
C=T Wy = 14Wp + 1.7W,, fg =1f, =600 |— ] Cc+Cs=T
, b

0.85flab = Af, Wyl? Thus, 0.85flab + AJ'f, = Af,

X . _ MU = (for simply supported) . X
(assume tension steel yields fs=fy) _ 600d (assume tension steel yields fs=fs'=fy)
0.85f/ab = A,f, =600+, 0.85f/ab + AJf, = A,

. (2nd) Solve for coeff. of resistance, Rn: . .

a — obtained M ¢, — obtained a — obtained

) o R, = Uz
(2nd) Check if assumption is correct: @bd ap = B1Cp (2nd) Check if assumption is correct:
a= B;C ined (3rd) Solve for steel ratio, p: ap = obtained a=pc ]
¢ — obtaine , (2nd) Solve for Asmax: ¢ — obtained

d 0.85f; 1 1 2R, C=T d
—C p = _ — ; = _ — C

f; — obtained

If fs > fy, tension steel yields; correct a.

If fs < fy, tension steel does not yield;
compute for new a.

(2nd-b) Recomputation:
C=T
0.85flab = Af

’ d-c
0.856,B,cb = A, - 600 [=]
¢ — obtained

a=B;c
a — obtained

(3rd) Solve for Moment Capacity:
M, = (CorT) [d - 2]

M, = 6(0.85f{ab) [d — 3| or
M, = B(ALL) [d ]

Check:
Pmin < p < Pmax

If Pmin < p < Pmax, USE p.
If pmin > p. USE pmin.
If p> pmax, design doubly.

(4th) Solve for area of steel

bars, N:

reinforcement, As and required no. of

A, — obtained

Aspay = 0-75As,

Smax
(2nd) Solve for given As
& compare:

If A < As s

Solve the given beam
using SRB Investigation

A, = 0.75p - bd
M, = (Aafy) [d -7
(2nd) Solve for nominal Ma:

M, =—-M
2 0 1
(3rd) Solve for Asz:
M, = (Aszfy) [d—dT]
A, — obtained

A = pbd procedure.
_ Ay pbd
Ay Edbz IfAs > A0
4 Solve the given beam
using DRB Investigation
procedure.
SD‘”‘M% MMB“"” (4th) Solve for # of tension bars:
DESIGN As  As t+Ag
Computing As with given Mu: N = A_b =T .2z
—+dp
(1st) Solve for nominal Mi: 4
oy = 0.85f;3,600 (5th) Solve for fs":
b= % Znn L f r
£, (600 + f, c—d
y( 2 f;' = 600 [ ]
Pmax = 075pb ¢

If fs' > fy, compression steel yields;
As’ = As2.

If fs' < fy, compression steel does not
yield; Use fs’ to solve for As’.

(6th) Solve for As':
AS,fS, = ASny
(7th) Solve for # of compression bars:

N A
dy

A, T
4

f; — obtained

If fs > fy, tension steel yields; correct a.
If fs < fy, tension steel does not yield;
compute for new a.

c—d']

£/ = 600[

f,;' > obtained

If fs' > fy, compression steel yields;
correct a.

If fs' < fy, compression steel does not
yield; compute for new a.

(2nd-b) Recomputation:
C=T
0.85flab + A 'f,’ = Af,
NOTE: Use fs & fs' as

d-c
f, = 600[ ]

£,/ = 600 [C‘d’]

[

¢ — obtained

a=Bc
a — obtained

(3rd) Solve for Moment Capacity:
M, = 6C.|d -] +@Cc[d - d'
M, = 0(0.85f/ab) [d - g]

+ @(ASf,)[d — d] or
M, =0T [d -]
M, = B(Af) [d 2]




Doign of Beam ftiviaps T Beam Thichness of Cne-way flab & Beam
NSCP Provisions for effective flange width: NSCP Provisions for minimum thickness:
i. Interior Beam: ii. exterior Beam: Canfi-  Simple  One Both
L L lever Support End Ends
(1sf) Solve for vu: NSCP Provisions for br=7 b = bw + 75 Sab L0 L/20 /24 L/28
IF, =0 i X
max. stirrups spacing: _ S1, S2 _ S1 ]
Vu —R— Wud 1 bf — bw + ? + ? bf — bw + ? Beams L/8 L/16 L/18.5 L/21
— / f.
Wl 2Ve = 5V fcbwd by = by, + 8t; be=by +6t; || Factor: |04+ %] [1.65 — 0.0003p,],
=" _w.d 700 ) )
u 2 u (for lightweight concrete only)
i. when Vs < 2Vc,
(2nd) Solve for Vc: d Mini ]
1 Smax = > OF 600mm I % | | ‘0 { | ‘o tegr tedd Ratic
_ I C oy L —j!nt .
Ve = eV f.'byd 2{'.‘;';'2“@ Wy, W2, WatZa jE"L‘gpm For one-way bending:
. 11 .
ii. when Vs > 2Vc, End Span Inter?oar Span En;?span k - steel ratio
(3rd) Solve for Vs: d it A i fy =
V. = @(V + v ) Smax — Z or 300mm Fositive Moments—All Cases |kfy 02;)50[\;}801
u C S = .
Vs — obtained k = ™ o Lt = - ii. fy = 415 MPq,
iii. & not greater than to: T —{Integral k = 0.0018
. . . 3A f Simple B j;;; -ri]-Supporl = VU.
(4th) Theofre’rlcc:l Spacing: vly, suppen% ol wy?n Wofn  wn s spandrel jii. fy > 415 MPaq,
dAV Smax = 10 11 11 10 24 Support 400
y M W A - —
= ° 2 g wo sz || k=00018[ ]
NOTE s Negative Momenis—All Cases F t b d
. or two-way bending:
fyn — steel strength for shear reinforcement ) zn - n - tn P steetratio
Av - area of shear reinforcement - T YT —{Integral 1.4 £
f shear legs SRoa[] Muln  LISWn 7T wat vk T LiSwetn Vel [IREL = S
n-no.ofs g PP 2 z ) 2 z 2 pmin_f_ Pmin—ﬁ
A _ Edz ‘n End Span Interior Span End Span y y
v 4 (choose larger between the 2)
End Shears—All Cases

Pesign of, Cne-way flabs
(1st) Compute ultimate moment, Mu:
WU = 14WD + 17WL
Wy L2
M, =
7 8

(2nd) Solve for slab thickness, h:

LONGITUDINAL OR MAIN BARS

(6th) Compute steel ratio, p:
Ag

bd

(7th) Check for minimum steel ratio:

p:

See NSCP Provisions for minimum thickness. 1.4 & _N fC’
Pmin = f_ Pmin = Af
y y

(3rd) Solve for effective depth, d:

dy

If omin < P, USE P.
d=h—cc—7

If Pomin > P, USe Pmin & recompute As.

(8th) Determine # of req'd main bars:

As _ As

A,

(4th) Solve for a:
M, = 8(C) [d - g]

a
M, = 9(0.85fab) [d - 5]

a — obtained

N =

T 2
7o

(9th) Determine spacing of main bars:

b

N

S
(5th) Solve for As:

C=T
0.85fab = Af;
Ag — obtained

(10th) Check for max. spacing of main bars:
Smax = 3h or 450mm

TEMPERATURE BARS/
SHRINKAGE BARS

(11th) Solve for As:
As=kb.h

NSCP Provision for k:

i. fy =275 MPa, k=0.0020

ii. fy = 415 MPa, k =0.0018
iii. fy > 415 MPa, k = 0.0018 (400/fy)

(12th) Determine # of req’'d temp. bars:

N = E — As
A, T 2
7%
(13th) Determine spacing of temp. bars:
b
S==
N

(14th) Check for max. spacing of temp. bars:
Smax = bh or 450mm

TIED COLUMN

Py = 0.8P

Py = $0.8P; ¢ = 0.7

Py = (0.7)(0.8)[0.85f,(Ag — Agt) + Agtfy ]

P =P;+Pg
P = 0.85f/(Ag — Agt) + Agtfy

_As _—
- Ag No. of main bars: Spacing of bars:
Thus, N >3t s = 16dy,
P s = 48d,

B = 0.85f((1 —p) + pfy, Nis based on Pu. s = least dimension

0.01A, < Ay < 0.08A,

NOTE: If spacing of main bars < 150mm, use 1 tfie per set.

SPIRAL COLUMN
Py = 90.85P; @ = 0.75
Py = (0.75)(0.85)[0.85f,(Ag — Agt) + Axtfy]

volume of spiral

—045f°’[Ag 1|=
Ps =1 fy LA, ~ volume of core

7 (dsp)2 ) T[(Dc_dsp) 4Aq,
S = =
%(Dc)z " Ps Deps

fDQMgm(s@ ?:sdmg, WIDE BEAM SHEAR PUNCHING/DIAGONA|
Ga=ds+qc+aur+qg || V01T WEE Vuz =R —qu@+
P P, f! £

Jqg = — ; qu = —U VUl < @VWb = @%Bd VUZ < Q)Vpc = ngod
Aftg Aftg

where: _ VU1 _ VUZ

aga — allowable bearing pressure Twb = @Bd Tpc = ob.d

Qs — soil pressure o

gc — concrete pressure 7

Qsur — surcharge T — E T _ ﬂ

qe — effective pressure wb(allw) 6 pc(allw) — 3

qu — ultimate bearing pressure

?=0.85

L TENSION SHEAR
d)(b+d)

BENDING MOMENT
X
My = qu(B)() (5)

** design of main bars and
temperature bars —
Same as slab.




