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The purpose of the Carter Key/GWBASIC Engineering Programs Manual is to
present one or more methods of calculating pay item guantities for
transportation projects during design, construction and final payment.
This manual should be used as a supplemental aid during the
aforementioned procedures.

HISTORY :

This collection of engineering methods is the result of the efforts of
several individuals in the Estimates Office over a period of years.
The aim of this manual is to outline guicker, more efficient ways to
check large volumes of calculations in the shortest possible time.

When this collection was started, there were only eight peocple to check
all the estimates statewide, so guick methods had to be adopted to keep
abreast of the workload. At that time, the main *modern tool" was the
electric mechanical calculator, an immensely complex mass of keys,
levers, cams, :springs, dials and solenoids. A company repalirman was
constantly on duty, keeping those noisy wonders chatteringl

With the gradual expansion of the Estimates Office, also came the
"boon® of the central computer, followed by the first electronic
calculators. These marvels were gquickly adopted, and the original
"Carter's Little Nuggets of Knowledge®, (three pages), was expanded
inte a manual, dubbed "The Carter Key Manual®.

Eventually, r"keystroke programming® of electronic calculators was
introduced, and the "GWBASIC Engineering Programs Manual® was merged
with the original "Carter Key Manual®, so that another "modern tool®
could be added to the arsenal.

Continual update is reguired to keep the manual in line with current
engineering practices. Yet the basic "hand® methods must also be
retained for the benefit of newcamers unfamiliar with traditional DOT
practices.
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APEA BY COCRDINATES (THECRY)

1f THE FIGURE 15 TRAVERSED COUNTERCLOCKWISE (1 70 2 70 3 10 1) THE AREA MAY
BE THOUGHT OF AS BEING THE SUMMATION OF THREE TRAPEZOIDS, AS FOLLOWS: -

fop e DEPARTURE C<) oF poInNT 1 wHIcH 15 14, TO THE DEPARTURE OF POINT 2
WHICH 15 45, (THIS CORRESPGIDS TO ADDING THE TWO BASES OF A TRAPEZOID.) THE

suM,59 1S STORED TEMPORARILY; AND THE DIFFERENCE BETWEEN THE LATITLH%EE (Y)
OF POINTS | AND 2 15 FOUND; CHANGING THE SIGN OF THE FIRST POINT. CHANGE SIGN

+/ = +}) THIS U 15 MILTIPLIED BY THE PREVIOUSLY STORED 99 To GIve 236, (THE
Dﬁﬁ‘[ﬁ REA OF A TRAP va}&' ; HIS AREA HAS A P&%BVE VALUE, SIMCE THE

" . 1s PLUS (URNARD) .  Stome THE AReA (+ IN AN ACCUMULATIVE
REGISTER. [HIS COMPLETES THE CYCLE.

In m}ms Fro 2 To 3, U5 1S ADDED TO Zg (:%m}; 7 CHSH + 1€ = +9. (UPAARD)
+2 y /2 = ol LED TRAPEZOID AREA) + &s ADDED TO THE PREVIQUSLY STORED
+236, By storing ACOT IN THE SAME REGISTER, FINAL COURSE 3 T02; 27 + 14

(4] storen), 16 OGN 3 (= -13). -13 x 41 (= -533) aop 10 ACCWM. RS%ETER.
E;HEHl}W%ESSTU;&GE IS RECALLED, THE DOUBLE AREA 1S FORD TO BE %L DI BY

L] L

THIS SYSTEM ABOVE MAY EE APPLIED TO ANY OF ?‘E ELECTRONIC CALCULATORS WHICH HAVE
A STORAGE REGISTER WHICH WILL ACCUMULATE. HE METHOD MAY .EE APPLIED TO AREAS
WITH ANY NUMBER OF POINTS, ALSO POINTS MAY BE IN ANY CR ALL OF THE 4 QuADRANTS,
AS SHOWN ON THE FOLLOWING PAGES,

SECTION I CARTER KEY MANUAL AND GWBASIC 1



PROGRAMMABLE CALCULATORS

THERE ARE MANY MAKES OF PROGRAMMABLE CALCULATORS AVAILABLE NOW.
TOO MANY TO USE EACH IN THE FOLLOWING EXAMPLES OF "HOW TQ" PROGRAM
VARIOUS PROBLEMS. HOWEVER, ALL USE EITHER "NORMAL" HIERARCHY, (AS
MOST PROGRAMMING LANGUAGES), OR "INVERSE POLISH LOGIC", (AS HEWLETT
PACKARD). THIS MANUAL PRESENTS TWO PROGRAM SEQUENCES FOR EACH
PROBLEM. ONE USING A TEXAS INSTRUMENT (59), WHICH USES "NORMAL" LOGIC
AND THE OTHER USING THE H.P (15C), USING "INVERSE POLISH LOGIC".

FOR OTHER CALCULATORS, THE LOGIC SHOULD FOLLOW EITHER "T.I" OR
"H.P", AND WITH ALLOWANCE FOR FUNCTION AND XEY NOMENCLATURE, ONE OR
THE OTHER SEQUENCES SHOULD WORK !

THE AREA PROBLEM ON PAGE I-1 IS PROGRAMMED BELOW WITH THEZ IDEA
OF CREATING A PROGRAM FOR ANY NUMBER OF SIDES, RATHER THAN THE THRED
SIDES IN THE EXAMPLE, BUT FOLLOWING THE METHOD A5 OUTLINED .

PROGERAMMING AREX BY COORDIMATES, (Latitude and Departure)

(USING T.I. 1OGIC) (USING H/P LOGIC)
Press IRN (Sets "LEARN" mode) Press f CLEAR PGM (Sets to steo €)
{Assume 1st x is on display) Press g P/R (Sets "LEARN" mode)
2HD LBL, A (Set begin LABEL) f LEL A (Set begin IABEL)
5TC, 01 (Stores x in 01} (Assume 1lst x is on display)
R/S (Stop to enter 1st ¥) ETO 1 (Stoze=s x in REG 1)
STO, 02 (Stores y in 02) R/S (Stop to enter 1st y)
0,5T0,00 [(Clears Teg.0O0) 5TC 2 (Stores lstoy in 2)
2HD LBL, E (Set loocp LABEL) 0 STO 0 (Clears REG Q)
RCL, 01 {Recall ¥x) r LBL 1 (Set logop IAEEL 1}
4+, R/S (Stop, enter new Xx) BCL 1 {Recalls x)
STO, 01 R/S (Stop, enter new x)
o STO 1 (Stores new x)
e + (Adds old & new x's)
RCL, 02 (Recall y) ENTER (Saves sum x in STACK)
+/=  {(Chg.Sign of y) RCL 2 (Recalls y)
+, R/S (Stop, enter new ¥y) CHS {change sign of y)
ST0L B S R/S (Stop, enter new y)
—_-, 2, = {Increm. Area) STO 2 (Stores new y)
SUM, 00 (Sums Area in 00) + {Sums old & new y)
B (Loops to TABEL B) X (Mult. ysum by xsum)
Press LEN (End Progranm 2 (Introduce divisor)
sets RUN mode) e (Divide product by 2)
STO + 0 (Sunms areas in 0)
GTO 1 (Loops to LEL 1)
End of Progranm
Press g P/R (Sets RUN mode)
2
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ARFAS BY ELECTRONIC CALCULATOR (Usin

Lat & b
AM AREA IN ALL FOUR QUADRANTS.: iooPt method, page I-1)

-(See figure belaw) :
1. USING A MACHINE WITH T.I. LOGIC (Note: CHS & +/- are identical
and indicates “CHANGE SIGH") ’

@ 5Ta 06z 21 = 7 = X (7 CHS + 14)= (HEAD 58), STO oo

7 CHS =20 = X (14 CHS - 22} = {(READ 9358), SUM 00

13 + 21 = X (8 + 7) = {(READ 544) ers---s-50M 00
RCL 00, (READ 1543) =2 = 371.5 S.F

-

2. USING THE H.P. CALCULATOR {(Invérse Polish Logic)

£ REG: 21, ENTER, 7, -, 7 CHS, ENTER, 14, +, X
7 CHS, ENTER, 20, -, 14 CHS, ENTER, 23, -, X, &, ' (READ 18
20 CHS, ENTER, 13, +, 23, ENTER, 9, _th:J+,J..:[££ADEQEE??}
13, ENTER, 21, +, S, ENTER, 7, 4, X, +, (READ 1543), 2, —

(READ 771.5 S.F.)

(READ 98)

3. USING T.I. PROGRAM (See page I-2)

21, Press A, 7 B/S (Read 0ld X 21, Enter New x]: 7
(Read 0ld y, Enter New y), 14 R/S .. (Continue thus):
20 +/=L.RB/8, 23 +/- R/5, 13 R/S,' 9 +/— R/S, 21 m/s,
7 R/S, (Read 21, 1st x..FINISHED !)CIR, RCL 00 (Réad 771.5 SF) 1

+/- R/S

4. USING H.P. PROGRAM (See page I-2)

f REGC : 21 f A, 7 R/S, (Read 0ld X, 21, Type new x, 7 CHS R/S

{Read ald Y, =7, TYpe new Y. 14 RfS«-{Contlnue Thusj:
. __5 40 CHS RJSS. 23 icHS R/S5, 13 R/S, 9 CHs R/S, 21 R/S 7 R/5
st (Read’ 21..1s5% ¥..FINISHED ! RCL a (Read 771.5 sF 1}

4

=3

=23 {%)

3) —zow) @ -9(y)
//'

113 (1)

S
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AREAS BY ELECTRONIC CALCULATOR (Continued)

ANOTHER APPROACH TO THE AREA PROBLEM 15 THE "CROSS~-MULTIPLICATION"
HMETHOD. THE COORDINATES ARE COPIED DOWN IN ORDER: (See fig.page I=3}
(As shown on this page to the right)

THEN, FOLLOWING THE SOLID AFROWS: 21 TIMES 14 FT X
IS 294: STO IN REG 0O0. -7 TIHMES ~23 IS +181 1
s

g

21
STO (Accumulatively) in REG 00. IN LIKE

MANNER, -20 X -9 ="180: SUM 00 AND 13 X 7

= 91: SUM 00. HOW STARTING AT BOTTOM, 21 X -9
IS MORMALLY =189, BUT THE JAGGED ARROW INDI-

X

-
e

=

A

3 -20 A3
CATES A FINAL CHANGE OF SIGN (i.e. +189) :SUM g0,
13 X -23 = -299 CHS (299):SUM 00: -20 X 14 = 4 13 _g
~280 CHS (280):SUM 00. AND FINALLY, -7 X 7 = U
=49 CHS (49) SUM 00. RCL 00 = 2 ='771.5 S.F, 1 21 7

HOTE: The final sign of each of these products should be done
mentally, thus saving several keystrokes. AS: 21 x -9 would normally

be -189, but with the CHS indicated by the jagged arrow, becomes +189
ACTUAL INPUT: 21 X 9 = 189

LET'S WRITE A STHPLE PROGRAHM TO 0O THIS PROBLEM !

(USING T.1. 10GIc) (USING H.P. LOGIC)
Press GTO 035 Press GTO CHs 022
Press LRN: (Go to LEARN node) Press g P/R (Go to LEARN mode}
2ND LBL € (lst coor.on display) f LBL B (lst coar.on display)
X, Rys (Enter next cocrd.) R/S (Enter next coord)
= {Product ) STO 1 (Store coord)
sSUM 00 (Product sto.  accum) pid 2 {Froduct)
R/S {Enter next caoord. ) 2, — {1/2 of product)
C (Loop back to LABEL C) sTO + 0 (Stored accum.)
(End of program) RCL 1 {Recall last coor)
Press LEN (Set RUN mode) R/S (See !, Enter next coor)

CTO £ B (Loop to LABEL B)
g9 P/R (End prog, set RUN node)

NOW...TO RUN THEISE TWO PROGRAMS !1
(BOTH CALCULATORS ARE IN "RUN™ HODE)
(T.I. FROGRAM) (H.P. PROGRAM)
Type 0, Press STO 00 Press f CLEAR REG
T -

21 Fress ¢ Type 21 Press £ B
I R/5: Type 7 R/5 o34 RSS: Type 7 R/S

w3 R BT 9w Efm M E3 CRFS: 28 s
" & R/S: " 33 RS ng mues w14 Higm
3 R/s: L T - .OF ORfE: w23y WIS
i 4 33 RfS M9 WrSs: w33 s
" 23  R/sS: ifson Ry MO23 RsS: w30 RS
ol SR 773 R R N34 sy w5 Cnie
L T - (FINISHED) “ 7 R/S: (FINISHED)
RCL 00 =~ 2 = 771.5 S.F. RCL 0 (Read 771.5 S.F.)
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AREAS BY ELECTRONIC CALCULATOR (Continued)

LATITUDE AND DEPARTURE (or BASELINE STATIONS AND ORDINATES)

b
~l
o
E——
W

10 T &a a5 g

THIS IS AN OFTEN USED METHOD OF MEASURING IRREGUAR ARFAS IN THE
FIELD. THE BASE LENE MAY BE THE C/L OF A ROADWAY OR MAY BE AN
ARBITRARY LINEZ SET STRICTLY FOR THE PURPOSE OF DESCRIBING THE AREA.

IM THIS METHOD, EACH ORDINATE (or Y value) IS MULTIPLIED BY THE
DISTANCE BETWEEN THE STATION OF THE PRECEEDING ORDINATE AND THAT OF
THE FOLLOWING ORDINATE, AND SUM THE PRODUCTS .IN A COMMON REGISTER.
OBVIOUS DISTANCES MAY BE DONE MENTALLY, THUS SAVING MANY KEYSTROKES.

1. HANUAL SOLUTION (T.I. CALCULATOR)

22 X 45 = STO 00, 18 X 40 = SUM 00, 40 X 40 = SUM 00, 35 X 40 =
SUM 00, 140-85 = X 25 = SUM 00, 25 X 50 = SUM 00, 17 X 18 = SUM 00
37 X 30 = SUM 00, 1B0-158 = X 30 = SUM 00, 17 X 15 = SUM 00,

16 X 15 = SUM 00.. RCL 00 —— 2 = (Read 4953 S.F.}
2. MANUAL SCLUTIGH (H.P. CALCULATOR)

22 ENT, 45 X, 18 ENT, 40 X -+, 40 ENT, 40 X +, 25 ENT, 40 X +, 25
ENT 140 ENT, 85 - X +, 25 ENT, S0 X +, 17 ENT, 18 X +, 37 ENT, 30 X +
, 30 ENT, 180 ENT, 158 - X +, 17 ENT, 15 X +, 16 ENT, 15 X +,

{Read 5906) 2 -—, (Read 4951 S.F.)

SINCE THIS METHOD INVOLVES MULTIPLICATION OF TWO VALUES , SUMMING THE
PRODUCTS, AND TAKING HALF THE TOTAL FOR THE ANSWER; THE PROGRAMS
ON FAGE I-4 CAN BE USED HERE !

3. USING THE T.I. AREA PROGRAM ON PAGE I-4§

0 STO 00: 22 C, 45 R/S, 18 R/S, 40 R/S, 40 R/S, 40 R/S, 35 R/S, 40
R/S, 25 R/S, 55 R/S, 25 R/S, S0 R/S, 17 R/s, 18 R/S, 37 R/S, 30 R/S,
30 R/S, 22 R/S, 17 R/S, 15 R/S, 16 R/S, 15 R/S. RCL 00 -=2 = 4953 S F

4. USIHNG THE H.P. AREA PROGHAM ON PLGE I-4

£ CLEAR REG: 22 Press f B, 45 R/S,18 R/S, 40 R/S, 40 R/S, 40 R/S,
35 B/S, 40 R/S, 25 R/S, 55 R/S, 25 R/S, 50 R/S, 17 R/S, 18 R/S,
37 R/S, 30 R/s, 30 R/S, 22 R/S, 17 R/S, 15 R/S, 16 R/S, 15 R/S.
RCL 0 (Read 4953 S.F.)

SECTION I CARTER KEY MANUAL AND GWBASIC 5




ELECTRONIC CALCULATOR (Continued)

Heye’s_anuthgr Program to run this irregular area pPraoblem,
?hlchils €asler to use, since there is no need for calculat-
1ng distances. It takes 23 program lines on the H.Pp.
39 program lines on the T.1I.

25’ ; :
17 16
GO 10 150 |58 180 |95
s H.P. PROGRAM T.I. PROGRAM i
131 £ 1BL .1 (Display 1st sta) 001 2ND LBL
132 STO 1 002 2ND A (Display Sta)
133 R/S (Enter 1st ord.) 003 STO
134 5T0 2 004 01
135 0 005 R/S
136 STO O 006 STO
137 £ LBL. 22 007 02
138 RCL 1 0o8 0
138 R/S (Enter next Sta.) 009-10 5TO, 00
140 STO 1 011 2ND LBL
141 X"y 012 2ND B
142 — 013 RCL
143 ENTER 014 01
144 RCL 2 s 015 +/-
145 R/5 (Enter next Oord.) 0le ]
146 STD 2 017 R/S (Enter next Sta.)
147 + 018=20 STO, 01, =
148 ENTER 021=-22 STO, 03
149 2 023-24 RCL, 02
150 —/— 025 + e
151 X 026 R/S (Enter next Ord.)
152 STo + © 027=29 &STO, 02, =
153 GTO .2 030-372 =_'32, =
033-35 X, RCL, 03
036-39 =, SUM, 00, 2ND B

U5 AGE o F ABOVE PROGRAMS

With Calculator in RUN mode, Type 1st STA ...( 0 )
FOR H.P.CALCULATOR FOR T.I. CALCULATOR
Press GSB .1 Press 2nd A

(For Either) :Enter 1st ORD (0), Press R/S, Read (0)
Enter next STA (20), R/8, Enter ORD (22), Press R/S
Read (20) Read (—201
Enter next STA (45), R/5, Enter ORD (18), Press R/S
Continue in like manner and at STA 180, Enter ORD (30),
for the BK, then STA 180 AGAIN, enter ORD (17) ,AHD.
After the final ‘entry (ORD 16)
ECL 0 RCL 00
Read 4953 S.F. Read 4953 S.F.
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ARERS BY ELECTRONIC CALCULATOR (Continued)

BORROW FITS
Even in this day of computer technology, at times it is neces-
sary to hand plot and compute areas and volumes for various earth-
moving operations. For large cross secticonal areas, such as BORROW
PITS (Where both originals and finals are taken at a CONSTANT

interval), as in the figure below, another method of calculating AREA
may be used to expedite the work.

(987)

==k

450 4.3 477 W0
Fo0 e e ARl

£7 18 187
i¥ 29 2

7 Rl A
e RSN || SUR —=TC3T " & 21F
cry —= PR 1 €od o 21§ i
! 115 i iiE

GENERAL HMETHOD: BY GENERATING A "WEIGHTED AVERAGE sSUMMARY OF THE
ORDINATESY" which describe the area, and multiplying by the common
INTERVAL; the AREA of the Cross-section may be found quickly.

The elevation at each end of the PIT is halved and added into a sum-
mary. All intervening “shots" are added once, into this summary.

When the last "FINAL"™ shot (98.2) 1s halved and added into the total,
the sign of the total is changed to MINUS and the "ORIGINAL" shots
are added into this summary in the same manner.(i.e. end shets, 1/2,
internal shots once.) Upon ent of half of the last shot (100.1),
the total should read 324.5. Multiply this by the 25 ft. interval
and the AREA (B,112.5 s.f.) is solved !

This is a quick and easy way to find the area, but since at any given
entry, the display shows the total to this point, there is ne way to
orient yourself, 1f a distraction cccurs. By writing a very short
PROGRAM, however, the last entry is always on display, and the accum-
ulative summary is stored in REGISTER 0: (Or a register of your own
choice) .

PROGRAH T.I. CALCULATOR PROGRAM H.P. CALCULATOR
GTO 044, Press LRXN GTO CHS 032 g P/R
2nd LBL D f LBL C

0 STO 00 0 S5TO O

R/S f LBL 2, R/S

SUM 00 STO + O

GTO 043 GTO 2

LRN g P/R

USACE OF THE ABOVE PROGRAMS: (H.P. used as example: T.I. Similar)

Press f C. Type 100.1,ENTER,2 — (Read 50.05),Press R/5
86.1 R/S, 78.5 R/S, 62.1 R/S, 61.9 R/S, 55.3 R/S, 61.2 R/S, 60.8 R/S,
63.7 R/S, 64.6 R/S, 70.1 R/S, 68.8 R/S, then 98.2 ENTER, 2 -+ (Read

49.1 R/S, RCL 0 (READ 832.25) CHS (-832.25 STO 0),-Press Rt (READ
49.1) R/S, 96.9 R/S, 97 R/S, 95.7 R/S, 96.8 R/S, 97.9 R/S, 96.1 R/S,
94.3 R/S, 95 R/S, 94.1 R/S, 96.5 R/S, 97.3 R/S, 100.1 ENTER, 2 =+
(Read 50.05) R/S, RCL 0 (Read 324.5 ENTER 25 X (Read 8,112.5 S5.F.)
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ELECTRONIC CALCULATOR (Continued)

Heye’s_anuthgr Program to run this irregular area pPraoblem,
?hlchils €asler to use, since there is no need for calculat-
1ng distances. It takes 23 program lines on the H.Pp.
39 program lines on the T.1I.

25’ ; :
17 16
GO 10 150 |58 180 |95
s H.P. PROGRAM T.I. PROGRAM i
131 £ 1BL .1 (Display 1st sta) 001 2ND LBL
132 STO 1 002 2ND A (Display Sta)
133 R/S (Enter 1st ord.) 003 STO
134 5T0 2 004 01
135 0 005 R/S
136 STO O 006 STO
137 £ LBL. 22 007 02
138 RCL 1 0o8 0
138 R/S (Enter next Sta.) 009-10 5TO, 00
140 STO 1 011 2ND LBL
141 X"y 012 2ND B
142 — 013 RCL
143 ENTER 014 01
144 RCL 2 s 015 +/-
145 R/5 (Enter next Oord.) 0le ]
146 STD 2 017 R/S (Enter next Sta.)
147 + 018=20 STO, 01, =
148 ENTER 021=-22 STO, 03
149 2 023-24 RCL, 02
150 —/— 025 + e
151 X 026 R/S (Enter next Ord.)
152 STo + © 027=29 &STO, 02, =
153 GTO .2 030-372 =_'32, =
033-35 X, RCL, 03
036-39 =, SUM, 00, 2ND B

U5 AGE o F ABOVE PROGRAMS

With Calculator in RUN mode, Type 1st STA ...( 0 )
FOR H.P.CALCULATOR FOR T.I. CALCULATOR
Press GSB .1 Press 2nd A

(For Either) :Enter 1st ORD (0), Press R/S, Read (0)
Enter next STA (20), R/8, Enter ORD (22), Press R/S
Read (20) Read (—201
Enter next STA (45), R/5, Enter ORD (18), Press R/S
Continue in like manner and at STA 180, Enter ORD (30),
for the BK, then STA 180 AGAIN, enter ORD (17) ,AHD.
After the final ‘entry (ORD 16)
ECL 0 RCL 00
Read 4953 S.F. Read 4953 S.F.
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AREAS BY ELECTRONIC CALCULATOR (Continued)

BORROW FITS
Even in this day of computer technology, at times it is neces-
sary to hand plot and compute areas and volumes for various earth-
moving operations. For large cross sectional areas, such as BORROW
PITS [Where both origipals and finals are taken at a CONSTANT

interval), as in the figure below, another method of calculating AREA
may be used to expedite the work.

a1

(g

CEMERAL METHOD: BY GENERATING A "WEIGHTED AVERAGE SUMMARY OF THE
ORDINATES" which describe the area, and multiplying by the common
INTERVAL; the AREA of the Cross-section may be found quickly.

The elevaticn at each end of the PIT is halved and added into a sum-
mary. All intervening "shots" are added once, into this summary.

When the last “"FINAL" shot (98.2) is halved and added into the total,
the sign of the total is changed to MINUS and the "ORIGINAL" shots
are added into this-summary in the same manner.(i.e. end shots, 1/2,
internal shots once.) Upon ent of half of the last shot (100.1),
the total should read 324.5. Multiply this by the 25 ft. interval

and the AREA (8,112.5 s.f.) is solved !

This is a guick and easy way to find the area, but since at any given
entry, the display shows the total te this point, there is no way to

orient yourself, 1f a distraction occurs. By writing a very short
FROGRAM, however, the last entry is always on display, and the accum-
ulative summary 1s stored in REGISTER 0: (Or a register of your own
choice}.

PROGRAM T.I. CALCULATODR PROGRAM H.P. CALCULATOR

GTO 044, Press LRN GTO CHS 032 g P/R

2nd LBL D f LBL C

0 5TO 00 0 5T 0

R/S f LBL 2, R/S

50 00 STO + 0

GTO 043 GTO 2

LRN g P/R

USAGE OF THE ABOVE PROGRAMS: (H.P. used as example: T.I. Similar)

Press f C. Type 100.1,ENTER,2 —- (Read 50.05),Press R/5

g6.1 R/S, 78.5 R/S, 62.1 R/5, €1.9 R/S, 55.3 R/S, 61.2 R/S, 60.8 R/S,
61.7 R/S, 64.6 R/S, 70.1 R/5, 6B.B E/S, then 98.2 ENTER, 2 - (Read
49.1 R/S, RCL O (READ B32.25) CHS (-832.25 STO 0),-Press Ry (READ
49.1) R/S, 96.9 R/S, 97 R/S, 95.7 R/S, 96.8 R/S, $7.9 R/S, 96.1 R/S,
4.3 R/S, 95 R/5, 94.1 R/S, 96.5 R/S, 97.3 R/S, 100.1 ENTER, 2 —
(Read 50.05) R/S, RCL 0 (Read 324.5 ENTER 25 X (Read 8,112.5 S.F.)
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EARTHWORK VOLUMES By ELECTRONIC CALCULATOR

This fiqure represents a cross—section

sheet showing the hand plotted x-sections | STA | AfeA

of some fill sections of roadway. Normally s

the Computer calculates area and volumes 3g4ms | 550
of machine-plotted secticns, but aften —ii:fjfi:lh- Bl
hand plots and manual calculations must be g

done to expedite corrections or revisions 4f:fffi::::;.35aaa £03

Lo computer earthwork. It is assumed that -

the ARFAS have been previously calculated //fﬂ=::?“\\& 1
(possibly by one of the methods herein), I 514C0 | 770 |

LY

and ocnly the TOTAL volume of the sheet is
to be found, using the calculator. ,/ff‘Tr_qﬁEELEE+DO Lo10

W e S

The following method is probably the quickest way to calculate the

total voluze ver sheet:

Area 985 s.f 1s multiplied by the distance AHEAD to the next station

(100 ft.) This yields DOUBLED CUBIC FEET, which is stored. Next,

1020 s.f. times the SUM OF 'THE DISTANCE BACK PLUS THE DISTANCE AHEAD

+ (200 fr.) is added to the storage register. This system is followed

Lo the last section on the sheet, where 550 times the distance BACK

(17.5 ft.) is summed into the storage register. Now when the value {aﬁf
in the register is recalled (535,577.5), it must be dividad by 54,

(twice 27) to convert to CUBIC YARDS, (9,944.03).

Since the above method involves the multiplication of two values
and also division of this product by 2, (which would give CUBIC FEET
)i the AREA programs shown on Page I1-4 could be used to solve the
Page VOLUMES, as shown below:

CALCULATORS TO BE IN "RUN" MODE

USING T.I. PAOGRAM USING H.P. PROGRAM

Type 0, Press STO, G Press f CLEAR REG
" 985, Press Type 985, Press f B
" 100, R/S: Type 1020, R/S " 100, R/S: Type 1020, R/S
" 2040, R/S: i 770, R/S . Zogr R/S: Ll 170, R/S
" 200, ‘R/S: L 603, R/S “ 200, R/S: ¥ 803, R/S
» 117.8, R/s: v 550, R/S " 117.5, R/S: . /850 R/S
" 17.5, R/S:(Finished) " 17.5, B/5: (Finished)

RCL 00 (Read 536,577.5) RCL 0 (Read 268,488.75)
™ 54 = 9,944.03 C.¥. ENT, 27, - (Read 9,944.031 C.Y.)
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[ ANGLE MANTPULATION (ELECTRONIC

CALCULATOR) |- FOR CALCULATORS

THAT HAVE NO[DEG. MIN. SEC. T0
DECIMAL OF DEGREEJROUTINE; ANGLES

MAY BE ADDED & SUBTRACTED BY THE

METHOD BELOW:

TO ADD, SAY, 95° 57* 11* pLus 128° 25' 27" pLuUs 47° 48' 39", ZEROES ARE

SANDWICHED BETWEEN DEGREES AND MINUTES ANO BETWEEN MINUTES AND SECONOS THUS:

o

95° 057* ON1" IF THE MINUTES OR SECONDS (OR BOTH) READ GREATER THAN

+ 1287 025" 027" 60 IN THE SUM, THE VALUE “940" (WHICH IS 1000 - 60) is

+ 47° 048' 033" ADDED TO THE ANSWER, WHERE NEEDED TO GIVE THE CORRECT
= 270" 130" 077" PNEER ) WIS L THE SAME PRINCIPLE

+ 940 940 IS APPLIED TO THE DIFFERENCE BETWEEN ANGLES, EXCEPT THAT
= 21° o071 17 THE "940"'S ARE DEDUCTED WHERE NECESSARY, INSTEAD OF BEING
+ 940 000 ADDED.

= 272° p11* o17"

EXAMPLE: IN FIGURE ABOVE, TD SOLVE INTERNAL ANGLE AT B:

180 000 000 THE 940 FACTORS ARE SUBTRACTED A5 SHOWN, "RECTIFYING®
- 71° o044’ D@E” THE ANGLE. IK THE ABOVE TRAVERSE, THE "ZERD" METHOD
108" 955' §65" MAY BE APPLIED TO SOLYE THE CLOSIRG ANGLE AT "A" BY
- 940 540 SOLYING FOR THE INTERNAL ANGLES: ADDING THEM AND SUB-
108° 015" 025" TRACTING THEIR SUM FROM THE THEORETICAL SEELAE

((n* - 2) x 180°; (6 - 2) x 180°; = 720°) THE “ZERO"
METHOD 1S THEN USED TO DETERMINE THE VARIOUS BEARINGS, AS FOLLOWS USING YARIOUS

CALCULATORS.
* n = NUMBER OF SIDES IN THE POLYGOR
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ANGLE MANIPULATION

For BEARING <calculaztions, AHGULAR
similar precblems, it is necessary to add
may be done by the "ZERC" method shown on
does not have ANGLE conversion features. Normally, however, most
calculators have keys which convert Degrees, Minutes and Seconds to
DEGREES (a2s a decimal fraction)--so that additien or subtraction may
be done. On both the T.I. and the K.P. zachines, the ANGLE js enter-
ed as: DEGREES . (pericd) MINUTES SECONDS. Example: 15° 25! 323n is
entered as: 15.2522. Ta convert to DEGREES, press 2nd DMS cn the T- I
or g —h (on the H.P. 15c). Either converts it to 15.4228° =g that
1L may noWw be used in addition or subtractian. To convert back to
DS, press INV 28D DMS (for T.I.) or f —=HMS (for H.P. 1Sc).

CLOSURE of Traverses and
and subtrat:i_: AHGLES., This
Page I-8, if the nachine

For -extensive wmanipulations with angles, it is convenient to
vrite a shart PROGRAM which will utilize these KEY¥S to convert a
displayed ANGLE in DMS 2nd store it accumulatively in 2 register,
then recall the accumulated SUM in the register; convert it back to
DMS and STOP to display this TOTAL.

PROGRAM T.I. CALCULATOR FROGRAM H.P. CALCULATOR
TO 055 GTO CES 039

Freszs LRN Press g P/R
2nd LBL E f LBL 3
2nd DS g —rH
sSuUM, oo STO + © K -
RCL, 00 RCL @ ——
INV, 2MD DMS f —EMS
R/S, E D R/S, GTO 3

Press LEN

Press g P/R

To solve the missing ANGLE X, add all INTERNAL ANGLES and deduct
this SUM from the Theoretical 720°: (n — 2) X 180: n = 6 (no.sides))

USING T.I. PROGRANM USING H.P. PROGRAM
Type 0, Press STO 00 Press f CLEAR REG
¥ R0, Press E Type 180, Press GTO 3, R/S
W F).8435, H/-—, F/S " 71.4435 CHS, R/S, 195.4020,R/S
" 156.48B20, R/S w99, Rf5, 188, R/sS
" 8¢, R/S, 188, R/S " 73.1428, CHS, R/S
" 73.1428, +/-, R/S " 132.0810, R/S,(Read 633.4927) L
" 132.081, R/S5(Read &§33.4927) ", 720, C€BS, R/S ” kw;'l
noF20, 5=, RIS (Read-B4.1033 or 86 10! 3a")

(Read-86.1033 or 86 10' 33")
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ANGLE MANIPULATION (Continued)

SOLUTICH OF BEARINGS OF LEGS OF A TRAVERSE (From Deflection Angles)

BRG

In the figure above, the BEARING of AB is given as N 22%16*' E, and
since this added to the deflection 71°44' is greater than 90%, the
bearing of BC is in the SE guadrant. The ANGLE Adding program on

page I-9 may be used to solve this BEARING, and by proceeding in a
clockwise manner around the TRAVERSE, to solve them ALL !

USING THE T.I. CARLCULATOR'S ANGLE PROGRAM

The BEARING of BC is 180 minus the sum of the deflection and the
BEARING of AB: 0 STO 00, 1BO Press E. 71.4435 +/- R/S: 22.16 +/-
R/S. (Read 85.5925) S 85°59' 25" E,
The BEARING CD is 1B0°rninus the sum of the deflection and the pre-
vious BEARING.: Type 15.4020, R/S, 180 +/- Press E (or R/S)
(Read -77.2015) N 77°20' 15" E.
BEARING DE ecuals 180°ninus the sum of the previous BEARING and 50°.
Type 90 +/— R/S, 18D, E/S5: (Read 12.3945) S 12°39' 45"E.
The BERRING EF is the difference between the deflection and the last
BEARING. Type 73.1423, +/-: Press R/S. (Read S 60°34' 43"H).
BERRING FA 1s the difference of the internal ANGLE and the previous
BERRING. Type 132.0810, Press R/S. (Read N 71°33' 27" W).

ks a check, the BEARING of AB should be 180%minus the sum of tre
previous BEARING and RNGLE x (Solved on page I-9 as 86910 = g
Type 86.1033: R/S, 180, +/-, R/5. (Read (-) N 22°16' E). CHECK !

USING TEE H.P. CALCULATOR'S ANGLE PROGRAM

Using the method detailed above for the T.I. calculator, solve for
all BEARINGS, beginning with course BC, and proceeding clockwise.
Fress f CLEAR REG. Typ= 180, Press GTO 3, Press R/S,

Type 71.4435 CH5, Press R/5. Type 22.16, CHS, Press R/S.

(Read 85.5%25): BEARING of BC = § B5950' 350 F

Type 16.4020, Press R/S5: 180 CHS, Fress R/S

{Read -77.2015): BEARING of CD = N 77°20' 15" E,

Type 50 Press CHS, R/S: Type 180, Pregs R/S

(Read 12.3945): HEARING of DE = 5 12939' 45" E.

Type 73.1428, CHS, R/S.(Read BEARING EF -60.3443: S 60°34'43" W),
Type 132.0810, R/S5. (Read BEARING FA, 71.3327: H 719331'27n Wy.
Type 86.1033 (ANGLE x) R/S: Type 180 CHS, Press R/S.

{(Read -22.16: BEARING AB = N 22°16' E..CHECK 1S
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OBLIQUZ TRIANGLES (SOLVED BY PROGRAMMABLE CALCULATOR)
CASE 1. Type 555 (All 3 sides given)

. B7 METHOD: By COSINE LAW (Page I )}
=10 : COS(A) = b*'+ - a7 — (2’x b x c)
@27 COS(B) = al+ c*- b2 L. (3 ¥ 2 x c
2 A T c 2 Angle C = 180°- A - B

AREA = side c x side b x SIN(A)-—= :

To program this problem, steps may be saved by creating a subroutin
(SBR 1) which soclves for an angle given the 3 sides. This S8R is

used 1lst to sclve ANGLE A, then used again to find ANGLE B. MIGLE C
is found as above, then SBR 2 is used to solye the ARFA.

PROGRAM STEPS FOR H.P.(15C) CALCULATOR

g P/R : £ CLEAR PRGHM #&*

f LBL A, STO 1 (side a on display) ?%Eéﬁ;

R/S (Enter =side h)

STO 2 ‘ : TO RUN THIS (above) PROBLEM

R/S, STC 3 (Enter side c) ==

GSB 1 {Go to subrcutine 1) (Calculater is in

STO & (ANMGLE A STOred after RTH from S3R 1) REUN Mode) :

£ IL3L -3, RCL L Pressg:

RCL 2 f CLEAR PRGH

5TO 1 Type 27 (side a)

E ¥ Press f A

sTO 2 Type 51 (side h)

BCL 3 Press R/S

GSB 1 (Go to SBR 1 to solve Angle B} Type 70 (side c)

STO 5 (Angle B STOred after RTN from SBER 1) Fress R/S

RCL 4 X (Hait & seconds !)
Fig BHS, O, e (Read 565.66 Area)

ST@ 6 (Angle C STOred in &) Press R/S

f LBL 5, GSB 2 (Go to SBR 2 for ARFA)’ Read 18°28'32"

E/S (Return from SBR 2, Read AREXA) Press R/S

RCL 4, £ —=HMS Read 36°46'07"(B)

R/S [(Read Angle A in DHMS) Press R/S

RCL 5, f —HMS Read 1247945'21"(C)

R/S (Read Angle B in DHS) ALL THRU 1

RCL 6, f —HMS

B/5 (Read Rngle € in DMS). END MAIN PGH.

g RTN, £ LBL 1 (Beg.SBR 1)

g X%, BCL:i2, g Xt i+

REeL 1, g Xt, -, EMNTER

2. RCl 2, X REL 3, X

5 9 €05=-1, g RTN {End SBR 1)

f LBL 2 (Beg.SBR 2)

RCL 2

ENTER

RCL ) ** NOTE: FPREVIOUS PROGRAMS ARE ULEARED TO PROVIDE ROOM

X FOR OBL. TRIANGLE SERIES. PROGRAMMING HENCEFORTH

RCL & I5 SHOWH FOR H/P ONLY, SINCE H/P IS SHORTER AND

SIN THE T.I. PROGRAM MAY BE DONE BY FOLLOWING THE

X METHOD SHOWH FOR THE H/P.

2

g RTH (End SER 2)
g P/R (Change to RUH mode)
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FROGRAMMING OBLIQUE TRIAMGLES (Continued)

CASE 2. TYPE SAS(Two sides and the INCLUDED angle given)

HETHOD:
STQ an in 4
a0’ B2 a ?+ c‘ (2 xbx CDb[h}}}&
c: a ? STD a in REG 1, STO b in REG 2
x&- ’ STO ¢ IH REG 3
; sl o T Since all sides are STOred :
X A= 18°783 GTO f LBL .2 for complete solution

PROGRAM STEPS FOR H.P.(15C) CALCULATOR

(In RUN Mode, Press GTO CHS 066), g P/R (Set LEARN Mode)
f LEL B (Set label B)...Angle A i1n DMS on DISPLAY..
g ==H (Angle converted te DEC of DEGREES)

STO 4 (Converted Angle A 5TOred in 4)

R/S (Enter Side b)

STO 2 s

R/S (Enter Side c)

STO 3

G5B .1 (Go to Subroutine to sclve side a)

RCL 3 (Recall =ide c to display)

GSE .2 (Go to LBL .2 of CASE 1 for complete soclution)
f LBL .1 (5et Labsl for Subroutine to solve side a)

g %?

ECL 2

g X%

*

2

RCL 2

x

ECL 3

X

RCL 4

cos

X

Vi

5TO 1

g RTH {(End Program)
g P/R (Change to RUN Mode)

TO RUN THE ABOVE (SAS) TRIANGLE

With Calculater in RUN Mode, Press f CLEAR REG
Type 16.2832 (Angle A in DMS)

Press £ B
Type 51 (Side b) Press R/S
W 70 . (S5ide c) ol R/5..(Walt 9 seconds)

Read RREA (565.67)

Press R/S, Read Angle A (18° 28' 32")
Press R/S5, Read Angle B (36“46' o7")
Press R/S, Read Angle C (124°45' 20")
Fress RCL 2, Read Side a (27.0001')
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FAOGHRAMMING OBLIQUE TRIANCLES {Continued)

CASE 3. TYPE ASA (Two ANGLES and the Side between them)

CASE 4. TYPE AAS [TH'O AMGLES and a side cther than "bet'-feen"}
METHOD:

sehitent
R:2e«5 07 2 Bt? Enter & STOre ANGLES
: gﬂéﬁf ce e Salve drd ANGLE & sTD
a7 3 . WS Enter Side c, STO 3
; A “?Chm125w' Go to SBR to find side a
; AAS Go to SBR to find side b

GTO L3L .2 for S0
PROGRAM STEPS FOR H.P.(15C) CALCULATOR LUTION

(CASE 3. TYPE KSA)Y
In RUN Hode Press GTO CHS 093: g P/R [Set LEARN Mode)
£ ILBL C (Side ¢ is on DISPLAY)
STa 3, R/S (Enter ANGLE A in DMS)
g >H, STO 4
R/S (Enter Angles B in DMS), g -=H, STO 5
FCL 4,-%, €H5_ 1. -8 B, +, STI 6
f LEL .3, GSB 3 (Go to SBR 1 to solve sida a)
STO 1 (Ahfter return from SER, STO a in 1)
RCL 4, RCL S, STO 4, R}, STO 5, RCL &
G5B 1 (Go to SBR 3 to solve side h)
STQ 2 (After retuen, STO b in 2)
RCL 5, STO 4, GTO .2 (Go to LBL .2 for complete solutien)
£ LBL 3 (This is SBR 3. Solves side, given SAS)
SIN, 1/x, RCL 3, X, RCL 4, SIN, X, (5ide on display)}
g RTH (End programming) ...g B/R (5et RUN Made)

[CASE 4. TYPE RAS)
In REUN Moce Fress GTO CHS 132 : g P/R (Set LEARH Hode)
£ LBL D (Side ¢ is on DISPLAY)
STO 3
R/S (Enter ANGLE A in DMS)
g —H, STO 4
B/5 (Enter RANGLE € in DMS)
g —H, STO &
+.. CHS
1! EJ DJ'
*= SR
RCL &
GTC .3 (Go to LBL .3 for complete solution)
(End Programming)... g P/R (Set RUN Mode)

TC RUM THE ABOVE TRIAMGLES

With Calculator in RUN Mode, Press f CLR REG

Type 70 (S5ide c)

Press f C (For ASA) or Press f D (For AAS)

Type 18.2832 (ANGLE A 1n DMS For BOTH ASA & AAS), Press R/sS

(For ASR, Type 36.45607, Angle B in DMS), Press R/S

(For AAS, Type 124.4521, Angle C in DM5), Press R/S
(WAIT 13 SECONDS for ASA, or 16 seconds for AAS)

Read AREA (565.67) o

Press E/5, Read Angle A (18 28' 32%)

Fress R/5, Read Andle B (3&6°4%' 07")

Press R/S5, Read Angle € (124°45' 21")

RCL 2 Read Side a (27.0001)

RCL 1 Read Side b (50.9999)
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PROGRAMMING OBLIQUE TRIANGLES (Continued)

CASE 5. TYPE S55A (Two sides and an ANGLE other than the "INCLUDED")
NOTE: This problen ma{ have either 1 or 2 soclutions depending
upon the variables submitted. The program compares them
and if 2 solutions are regquired, it solves them.
METHOD:
B? Enter side a, STO
Enter side ¢, STO
Enter ANGLE A, DMS, STO
Solve ANG C, SIN law, STO
ANG B = 180°- A — C, S5TO
Solve side b, SIHN law, STO
C? Conpare var, {(2nd sol 2)
: Solve 2nd sol, or print ©

18°2832" b2 C?
PROGEAM STEPS FOR H.P. [15C) CALCULATOR

In RUN Mode Press GTO CHS 149 : Press g PB/R (Set LEARN HMHode)
L LBL E (Side a is on DISPLAY)
STO 1, R/S (Enter side c)
STO 3, R/S (Enter ANG A in DMS)
g —~H, STO 4 :
SIN, X; ‘HeL 1, —
g SIN=-1, STD & (ANG € $TOred)
RCL 4, +, 1,8.0, =, €HS
STO 5 (ANG B STOred)
SIN, RCL 1, X, “HCL 4, SIHN, =
S5TO 2, (Side b STOred)
GSH 5 ([Go to/SBR 5 for lst sol)
RCL 4, 9,0, g xfy, GTO .5
HCL 1, BEL 3 g w@y, GTO -5
1,8,0, BCL &, —
ETC € (ANG C, 2nd sol STO)
RCL 4, +, 1,8,0, -, CHS
STO 5 (ANG B, 2nd sol STO)
ReL &6, cos, REL X, X, 2, X
RCL 2, +
ETO 2 (Side b, 2nd sol STO)
GSB S (Go to SBR 5 for 2nd sol)
R/S
f LBL .5 (For MO 2nd scl !)
0, R/S (End programming)

g P/R (Set RUN Mode)

TO RUN THIS PROGRAM FOR THE ABOVE TRIANGLE

With Caleculator in RUN Mode, Press f CLRE REG
Type 27, (Side a), Press f E. Type 70 (Side c), Press R/S
Type 18. 2832 (Angle A in DMS), Press R/S5..WAIT 9 Seconds !
Read 907.1030 {Area, 1st solution), Press R/S
Read Angle A {15 28 3aM) . Press R/5, Read Angle B ;105“15'43"]
Press R/S, Read Angle C (55°14'40"). RCL 2, Read side b (81.78)
Press R/S, WAIT 7 seconds ! Read 565.67 {Area 2nd solution)
Press R/S, Read ANG A (18°28B'32"). Press R/S
Read ANG B (36°46'08"), Press R/S, Read ANG C {124 45'20")
RCL 2, Read side b (51.0001)...FINISHED

HOTE: IF THERE IS5 NO 2ND SOLUTION READ "O" (Area)
{IF THERE IS5 NO SOQLUTION AT ALL, READ "Error 0"}
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VERTICAL CURVES BY ELECTRONIC CALCULATOR

GENERAL METHOD =+

- 7 - £
(METHODS FOR SPECIFIC J L2625 01~ 625" vC |
MACHINES,ON SUSSEQUENT D (sisTions)
PAGES)

YALUES SOLVED BELOW ARE
ENTERED TN TABLE AT BOTTOM
OF PAGE

(CResT Curves MAY B
SOWED USING TE

£ 0 =737 PITSTA?
SAME METHOD.) f—-““‘i‘«'?\‘]'\ﬁ* 3 ~ &t 7
PISTA203+5213
EL.240.25

1. SOLVE PVC. STATION: PVT. STATION

PVC. STA = PI. STATS[L72) = PUT, STA. = PYC.STA. + L. [{tr2) 15 usen 3 Times 1n
FINOING STATIONS & ELEVATIONS, SO 1T IS CONVENIENT To STORE (L/2) IMMEDTATELY ]

6.25+ 2 = 3,125 STO ; 203.5213 - RCL = (200.3963: pvc.sTa 200+39.63) + 6.25 =
(8¥T. STA. 2C6 + §1.53)

2. SOLVE PVC. ELEVATION & PVT. ELEVATION

PVC. EL, = FlLiEls = I Fa)R Gl): 240.95 - (RCL x (-5.5))= 258.1375
PYT. EL. = PL.EL. + ((L/2)x 62): 240.95 + (RCL x 2.3) = 248 1372

3. SOLVE "D" VALUES FOR ALL STATION PLUSES REQUIRED. (NORMALLY EVEM STATIONS
AND "PLUS 50" STATIONS, ALSO THE P.1. AND ANY SPECIAL STATIONS NEEDED.)
0= STA OF "P" - STA OF PVC. (NOTE: STORE pyC STA) EXAMPLE: 200.3963 870 :

[C] 200.5 - RCL = 0.1037 (0 RR STA 200+50) ] 201 - Rel = 0.6037 (0 FOR STA 201+0)
(REPEAT SEQUENCE FOR ALL STATIONS REQUIRED.)

SOLVE “K" END STORE FOR USE IN SOLVING FINISHED GRADE ELEVATIONS
/2L, WHerRE A [ALGEBARIC DIFFERENCE) =Gl - G2 :(SIGH OF GRADES ARE IHSERTED:]

A
K= (5.5 - 2.3)=(2 x 6.95); %= - .624 [STQT]. IF 2 MMoRy REGISTERS ARE
AVAILABLE, STORE PWC. ELEV. ALSO. (258.1375 E107] ).

‘2. SOLVE FIN. GR. ELEV. FOR'ALL STATION PLUSES REQ'D. USING-

FIN. GR. EL = (DX CHSN + Gl} x D + PVC EL : EXAMPLE: {USING L FOR TRIAL “p")
THIS SHOULD SOLVE FOR THE ELEVATION OF THE PVT! (5.25 x[RELT] cHSH + (- 5.5)) x
6.25 + RCL21 = 248 1375:CHECKS! SYSTEM WORKS - KOW SOLVE FOR ALL STATION PLUSES
REQD., SUBSTITUTING VALUES OF "D" FOR 6,25

FINISH GR FIMISH GR.

STATION PLUS [ D" (STA.) ELEY STATION PLUS | *D"(STA) ELEY.

PVC.200+39.63 0 258.1375 204+00 3.6037 246.4208
200+50 .1037 257.5739 204450 4.1037 246.0755
201460 .E037 255.0445 205+00 4.6037 246.0422
201450 1.1037 252.8273 205+50 5.1037 . 246.3209
202+00 1.6037 250.9220 206400 5.6037 246.9117
202+50 2.1037 249.325?] 206+50 6.1037 247.8144
203+00 2.6037 248.04741PVT206+64 .63 6.25 248.1375
203+50 3.1037 247.0781 '

P1.203+52.13 | 3.12% 247.0438

* ALSO SEE PAGE ] -72
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VERTICAL CURVES BY ELECTRONIC CALCULATOR

SPECIFIC MACHINE
EXAMPLES SHOWN BELOMW
FOLLOW THE “GENERAL

METHOD",PAGE 1-1 L=~625STA 625" V.C.
(THE SAME ROUTINES WILL r'
SOLVE CREST V.C.S ALSO) D (STaTIONS)

Pl.5TA z03+45273 , ELEY 24@.ﬂi5

1. MANUAL SOLUTION, USING T.I. (59) CALCULATOR

(L) 6.25 STO 00 -~ 2 = (3.125) STO 01 :CHS + 203.5213 (P.I. STA)
= 200.3963 (PVC STA), STO 02: +RCL 00 = 206.6463 (PVT STA) STO 03
RCL 01 X 5.5, CHS (Gl) STO 04 = CHS + 240.%5 (PI EL) STO 05

= 258.1375 (PVC EL} STO 06

RECL 01 ¥ 2.3 (G2) = + RCL 05 = 248.1375 (PVT EL) 5TO 07
SOLVE "D" for each STATION required and enter in Table, THUS:
200.5 (15T 5TA) — RCL €02 = .1037. (This is "D" for STA 200+50)

Record in Table below, and sclve all "D's " as above

(Gl) REL 84 - 2.3 [G2) = — 2 -~ RCL 00 = —-.624 ("K") STO 08
SOLVE for FINISHED GRADE for each "D" as follows:
Enter .1037 (D) STO 09 X RCL 08 = CHS + RCL 04 (Gl) = X RCL 09

+ RCL 06 = 257.5739 (El. at STA 200+50)
2. MANUAL SOLUTION, USING H.P. (15C) CALCULATOR

(L) 6.25 §TG¢ 0, 2 —— S5TO 1, CHS, 203.5213 (PI STA) +,
STA (200.3963) STC 2, RCL 0, <+, (READ PVT STA) 206.6463

Read PBVC
STO 3

ECL 1, 5.5 CHS (G1) STO 4 X CHS, 240.95 (PI EL) STC S, +, Read PVC

EL (258.1375-) STO 6
RCL 1, 2.3(G2) X, RCL 5, +, Read 248.1375 (PVT EL) STO 7

SOLVE YD" for each STATIOH required and enter in Table, THUS:

200.5 (STAR), RCL 2, =, Read .1037 ("D" for SThA 200+50)
(Solve K) RCL 4,2.3 (G2) -, 2, ——, RCL 0 —-. Read =-.624

(K) STO 8

SOILVE for FINISHED GRADE for each "D" as follows:
(D) .1037, STO 9, RCL 8, X, CHS,RCL 4, +, RCL 9, X, RCL &, +

Read 257.5739 (El1 at STA 200+50)

[ FILL 1IN TABLE WITH DATA SOLVED 1IN 1 OR 2 ABOVE (CHECK PREVIOUS PAGE)

STATION PLUS | D (STA) | FIN. GRADE EL. | STATIOR PLUS| D (5TA)

FIN.GRADE EL.

SECTION I CARTER KEY MANUAL AND GWBASIC
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A: Store 100 in REG .1: Type 100, Press sTg .1
B: Set LEARN mode: Press g P/R
PROGRAM STEPS FOLLOW:

I f LBL A 34 X

2 ERCL .1 35 RCL 2

& is +

4 STo 1 37 STO 0 (PT Elev.stored)

5 R/S (Enter PpI elev) 38 RCL 3

& STO 2 33 RCL 4

7 R/S  (Enter g 1) 40 -

8 S5TC 3 41 2

S R/S (Enter gr 2) 47 ==

10 STO 4 . 43 RCL 5

1l R/SS (Enter L in feet) 44 ==

12 ReL -3 45 STo .2

13 === 16 f LBL B

14 STo 5 47 BRCL .2

15 2 ; 48 R/S (Enter STA)

16 = 19 RFCL |3

17 8To & 50 =

18 cHs 51 RCL 7

1o -RCl1 52 =

20 + 53 STO .2

215 8TA 7 (PC STA stored) 54 RCL. .2

22 HRCL 5 55 X

23 + S6 CHS

24 STO B (PT STA stored) 57 RCL 3

45 RCL & 52 4+

26 RCL 13 59 RCL.3

27X 60 X

28 CHS 61 RCL 9

25 RCL, 2 62 +

30 + 63 STO .4

31 STO 9 (PC Elev.stored) 64 R/S (Read ELEV)

32 RCL & 65 GTO £ B

33 RCL 4 Press: g P/R (Back to RUHN)

TO RUN PROGRAM: (Using as an example the V.C. on page I-16)

Enter 100, Press sSTO .1

Type: 20352.13 (PI sta in ft.): Press
Type: 240.55 (P.T.Elev.): Press BR/5
Type: 5.5 CHS (Grade )& Press R/S
type: 2.3. (G¥ade 2Y:......ve... Dress R/S
Type: 625 (L of VC in ft.) Press R/s
READ: (-.624) constant "K'
Type: 20450 (STATION in ft.) Press R/S
READ: 246.0755 (Fin.Grade Elev)

FOR NEXT STATICOHN: Press R/5

FROGRAMMING VERTICAL CURVE ON H/P CALCULATOR

(Calculator is in RUN moda when turned on,

READ: (-.624) ("K" again)

Type: 20500 (MEXT STATION in fLt) Press R/s

READ: 246.0422 (Fin.Grade Elev)

CONTINUE FOR ALL STATIONS DESIRED ON THE CURVE !
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PROCRAMMING VERTICAL CURVE ON T.I.CALCULATOR

(Calculator 1s in RUN mode when turned on.)

A: STO 100 IN 20: TYPE 100 Press STO 20.

B: Change to LEARN mode:

PROGRAM STEPS FOLLOW:

Fress LERN

58 RCL a8 -

4] 2nd Ibl 29 +/- 59 4 89 RCL
1 A 20 #+ &0 = ag 7
2 -t 31 RCL &1 + 91 =
3 RCL 3z 1 52 RCL 892 STo
4 20 iz = 63 ] 93 12
5 = 34 STO £4 = 94 X
3 STO 35" 7 €5 STO 95
) 1 ic  + 66 10 96 RCL
8 R/S 37 RCL 67 RCL a7 3
9 s5TO 3g 5 &3 2 98 -
10 2 2 33 = &9 = 93 {
13 R/S 40 5TO 70 RCL 100 RCL
12 sSTO 41 B 71 4 101 12
13 3 42 RCL T2 = 102 X
14 R/5 43 & T3 —_— 103 RCL
15 5TO 45 X T4 2 104 11
ls 4 45 RCL 5 2 105 }
17 R/S 46 3 76 RCL 1086 )]
18 s 87 = 17 5 167 +
19 RCL 48 +/- 7B = 108 RCL
20 20 49 + 718 STO 109 S
21 = 50 ‘RCL 8D 11 110 =
22 5TO 51 2 Bl HCL 111 sTO
23 5 52 = 82 1l 112 A3
24 = 53 STO 83 R/S 113 R/S
25 2 54 9 B4 — 114 GTO
25 = 55 RCL 85 RCL 3 It E=Te e e
27 5TO 56 [ 85 20 116 81
28 & 57 X B7 =

End of program :Go to RUN mode.....Press LRN

T0O RUN PROGRAM:

FOR NEXT STATION:

CONTINUE FOR ALL STATIONS DESIRED ON THE CURVE !

Enter 100,

Type 20352.13 (P.I.Sta):
Type 240.95 (P.I.Elev):
(Grade 1):

Type 5.5 +/-

Press STO 20

Type 2.3 (Crade
Type 625 (V.C. Curve L, in feet):Press R/S

READ: -0.624

Press
Press R/S
Press R/S

(Using as example the V.C. on page I-16)

A

Z) : Press R/S

(Censtant “K")

Type 20450 (Desired Station in feet):Press R/S
READ: 246.0755 (Elev 8 Sta 204+50)

Pres

s R/S

READ: =-0.624 ("K" again )
Type 20500 (Next staticn, in feet):Press R/S
READ: 246.0422 (Elev B Sta 205:+00)

SECTION I CARTER KEY MANUAL AND GWHASIC
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COTAMGENT

THE RIGHT ANGLE TRIANGLE

. _1.//;\]6 A+B+C=180
&

L 2= ¢* — &7
/ el = a1 4+ b7
VERSINE /
|
)
c— b
Sind, =2 =Ccan R=cSnA="0bTan A Vers A = = = Covers B
c
i g2 _
Gox X —-C——Slnh 2 =¢CosB=bCeltB Covers A =5"% — vesin B
Tan A = i = Cuol H I £
b ' b—-cCﬂsA—nCQtﬁ. Emﬁqc;’;zc:h-“—‘Cae:ﬂecE
b z
Cot A ';_'13”}:' b=c¢SinB=aTanl
Coexsec A = E:—a = Exsec B
Secd = -E = Cosec I} o AIE b
Sin A Cos A "
= Alea = 2
CusecA.—--;:SecE a b 2
¢ Cos B Sin
Y
QUAD. 2 QUAD. 1 [quan | sin cos | TAN | coT | sec | CSEC
! o No.t | + | |+ |+ |+ |+
e = 1:1'-}
Lol e NHO., 2 + —_ -_— —— =i .i..
X 1%-Wele w1 X £ YIS T
- i NOR ] s
' potl — | | = | — % | =
QUAD. 3 QUAD, 4 :
v

20
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THE OBLIQUE TRIANGLE

Couse 1 Given one side a and Lwo angles A, B, the third

angle Cis found from A+ B + C = 160" h = w Sin B
and the other two sides b and ¢ Ly the Jaw of sines. Sin A
a :
:-E-J-—-’!Sm{ﬁl.-[rﬁ} SinA;(SmC C = 180" — (A + B)

Coie 2 Civen two sides a, b, and the angle opposite one of them A, the angle opposite the
other given side B is found b;.r the law of sines; the thivd angle C is found from the velation
A+ B 4+ C = 180°; the third side ¢ is found-by the law of sines.

Sin B =

Sin A X ; B
= X b C=180" — (A + B) = e A){SHEC— S E XK Sin C

Avea = 14 ab Sin C

Cose 3 Given two sides-a, b, and the included angle C the thivd side ¢ is found by the law of
cosines and the remaining angles B, A by either the law of cosines or the law of sines.

e=var+ b —2abCoz C Sin A == X SinC B =.180" — (A + C)
[
B2 4 g2 = 72 a2 LR ] <
Cos A = —{.EHJ- Cos B = 1—+;“—h Arvea =14 ab Sin C

Case 4 Given the three sides a, L, ¢, the thiee angles A, B, € 2rve found by Lhe lav of cesines;
or one angle A is found Ly the law of cosines and then the others Ly the law of sines.

In the following s = %i (o + b + ¢}

. —b) (s — RN e

Sl A= el T Lc“‘ ) Cos 4 = biHcr—al
EEC

{s:—u) {8/ —c) a4 ¢ — b2

¥ L = ——eo——— T ee————
Tan 12 B "-.’rf] s (s - D) i 2 ac

C = 180" — (A + B)

[s-a) {s-b)
Sin 1f2 0oV ———
sl c-b Cos A
Cog B = —m—————
&
Area = s(s—a) (s—Db) (s—¢c) b-c Cos A
Cog 0 = ———
[N
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CURVLE FORMILAE

RADIUS: B = S5729.58<+D or R = 1005 (D in Rudians)

DECREE: D= LODA= L or 1) = 5729, S8R

TANGINT: T = I tan ( 8/2)

LIENGIOE L= J0A =D or 1= & (A in Madians)

LONG (IR 1€ = 2 R sin (B/2)
MIDDLE ORDINATE: M = R (1 - cas (B/2N
EXTERNALLZ 2= R '.'"h.u:»‘ﬂﬂ(‘?]] =l = an [ﬂf*i]
TANGENT OFESET; 0= R - \r2- d° '
DLELECTION ANGLE (In Degrees)g = S ) x ARC (Fr.)< 1000
TEFLECTION ANGLE (1o Minures)<L= .3 D & ARC (Fr.)
EXangl E
GIVIN: 11 STA. 83 < 40.70; A= 45 200z = 6" 300
EIND: RADWIS = $729,5856.5 = B81.47
TANGENT = 881,47 & 11762505 = 30412
LENGE = 881.47 % 79121502 = 097.43
PG CTRIGD = 2k B31.47 a 38530426 = M
MIDDLE ORDINATE = 881,17 x 07723755 = 08.08
EXTERNAL = (881.47+.92:70244) 881,47 = 73.78
TANGENT OFFSET [d = 300): 0 = ) .47 - J686,987.56 = 52.62
P STATION = L OSTA. B3+40.71 - 308,12 = STA.79+72.5048
[0 STATION = I'C STA. 79+72.58 + 097.43 = STA.86+70.01
PHEFLRCTTONS
(To Stu.80e00) = .3 x 6.5 x 27.42 = 53.469" = 0’ 53¢ 28"
(For 100° $tin) = 5 x 6.5 % 10021000 = 3.25" or 3° 15!
(For 6 Stations, to STA. 86+00) = 6 x 3.25 =19.8° =  19° 30* 00"

2 L}
(I 1T SEALBG-70.01) = 5 % 6.5 x 70.01 T 1000 = 2.2753 = N - L L

a L] "
[Siun ol ellections should equal ij'z, l.’E' 40")) = 227 39" 39
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VERTTIIXATL CURVE FORMULRAE

8
i @O0 FT vic. (L =6.00 STATIONS) g
= ‘D =500 (staTions) , @
e . :
U = =
g, PYCEL = PLEL +(GIxL/2) 13 i
EL=206.00 2| EL=20450, |>
5 C &
655 IO -
2EL
- : afe
_’,..._—-.———-—'_-_. [
51
e 2292
PLSHE1g+aaﬂff’£:::jfffﬂﬁfl
EL.200.00 =
EHH%I

“TANGENT EL- qsa.acr*"’\

L = LENGTH Of V.C. IN STATIONS. (EXAMPLE, 6)

& = BLGEBRRIC DIFFSRATNCE IN GRADES {G1-G2)

A= % o ; 4 2.0 -(1.5) = =1.5

CC = CENTER CORRECTION. =-AL/8 = -3.5¥%6/8 = - 2_E25

C = CORRECTION EROM TAENGENT zLEV. TO TEE CURVEZ TOR ANY BOINT "p"
= :P.,KZLGR (o=l T T Af2ZL: (K = -3.5/12 = -.29167)
E= 5 (-.Z91670): C = =7.282

TIN TANGENT ELEV. MINUS Y"c"

ISH GRADE ELZV.
L1 " v
n

e

PI ELEV.+((D-L/2)G1) -‘¢c”
200 + ((5-3)X(-2.0)-(-7.292))=203.292

1] B

LNOTHER METHOD((SZZ IGE}!{&PPLICAELE TO ELECTRONIC CALCULATOR)

EINISH GRRDE ELEV.
H i

= PVC ELEV + Dx(G1-DX)
= 206.0 + 5X{(-2.0) - (5%(--25167}))) = 203.292
STA OF LOW (OR EiGH) POINT (IZ-D EROM PVC) = LG1/A = 3.229(5TA)
I il R " STA 7 4+ 3.429 = STA 10 + 472 .90
ELEV. ©OF LOW OR HIGH FQINT

LUl n Li] ] n Ll

PI ELEV + (LXG1X(G1-A)/2A)
200 + (BX(-2)X((-2)-(-3.5))/2X(-3.5))
202.57

L n L1} H L] n

(i |

NOTE: BOTH SAG AND CREST CURVES MAY BE PROCESSED BY TEE ABOVE
IF ALL SICGHS (+, =) ARE OBSERVED.
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1
Q ; ij;_; 10.5 fo.0 1.9
@ = VOLING OF ALK iy
I /,gﬁ SEAL CONCRIATE 03 i 15
1)\ 3 ® ! 1]
@ B3 = LA e 9% my . Jwz  [é ey b
p H 7 L g 5 57 5"
.
@_E 143 3e 4o 47 uH @ 107 o8 |23 yod  Los  |waé
4 4‘ 4 4 4 {
14 {131 32 D |34 16 oo 1y 17 23 36 L]

@ 006 Q W FINAL
ORIGINAS Nole: Bers vaj';ziﬂ?/ & Final seclions show JﬂUf)&’j/':y'j'
Tafen whea walker leve! 17 collbrcam was a0 Sfevalion

VOLIRE CALCULATION BY WETGRITED AVERAGLES OF SUUNDINGS RODS, Ot ELEVATIONS

1> Qriginal Cross Sevtions arve taken on the bottom of the coffevdim alter
excavation tu approved depth.  Final sections are taken on the top of
the hardened senl concrete. Both oripginals and finals are token at
identical points oo o i bornly measurad pgrid,  (Units nay be either
Square or Rectangtlar.)

2, The level of the water in the colterdim may be used conveniently to
record soundings, but the same level must be used for both origiuals
and finuls (us in this cxample) or sctual elevations determined from
the soundings be determined for both. (OF course the recorded “'shots"
may also be minus rods from the H. I. elevation of a transit or level.
In this case the actual elevations are used in the volume computations.)

3. The Volione in cubic yards is determined by multiplying each "shot"
(sounding, rod, or elevation) of the ORIGINALS by its WEIGHT FACTUR
(circled figure), and adding these prodiicts.  lrom this sum i5 subtracted
a similor suwn of the produwts of the FINAL “'shots' times the weight
factors. This difflerence is multiplied by the area (square feet) of
the UNIT rectanple (or square) and divided hy 108.* See example below.

FACROR CHIGINAL 'SHOLS!
P ox (140 + 13,9 + 13.5 + 14.0 + 14,0 # 13.6) = --=-v-mmoommcmcmammmamaaon 83.1
2 x (14.0 + 14,4 + 13,5 + 13.8 + 14.2 + 14,5 + 13.7 « 13.2 + 13.3 + 13.4) = 276.0
3% (4.5 4 13.6) = -c-mmm e e teme e 3&;.3
4 % (14.5 ¢ 14.7 + 14.3 + 13.8 + 14.0 + 14.2) = -=--cccmmemmmomcmcaananaanas :
785.4
FACTOR FINAL 'SIOTS'
I x (10.54 9.9+ 9,5 ¢ 10.0 ¢+ 10.0 + 9.5) = ==-=c-cer-moocoaocraaonaonocac== 50,4
2 x (1000« 09 %09 N+ B8 ¥ 10 20F 3000 9T V9.2 % 9005 000) m smseas 197 .6
3% (1009 # 9.6) = - mmmmmm e 61.5
4 x (11.2 +# 11.2 + 10,8 + 9.9 # 10.0 # 10.5) = -------mmecmmmmomessomaaaanns 254.4
572.9

VOLIME = (785.4 - 572.9) x (4' x 5')+ 108" = 39.352 C.Y.
s{ax 2N
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VOLWE CALCULATION Y WEIGITED AVERAGES O

LGS A00S, CR ELEVATICHS

PROGPRAMMING VOLUME CALCULATIONS BY “"WEIGHTED AVERAGE"

This example serves to fllustrate that "KEIstruke Programming" is
practical even for seldom encountered problems such as this
relatively rare VOLUME calculation. The PROGRAM to do this is short
and simple, yet saves time & promotes accuracy 1in the computations.

WETITGHTED AVERAGE PROGRAMNS
USING T.I.(59) CALCULATOR USING H.P.([15C) CALCULATOR
Press RST, LRH (Set LEARM Mode) Press [ CLEAR PRGM (Reset to 0)
2nd LBL, A, O, STO 00, STO 03 " g P/R (Set LEARN Mode)
R/S (Enter WEIGHT FACTOR) f LBEL A, O, STO O, STO 3, £ LBL 1
STOl01,. X R/S (Enter WEIGHT FACTOR)
B/S (Enter Elevation) STO 1, R/S (Enter Elevation)
STO 02, =, SUM 00, 1, SUHM 03 STO 2, X, STG + 0, 1, 'STD + 3
RCL 01, GTIO 007 (End Frogram) FCL 1, GTO 1 (End Program)
Press LRN (Set RUN Mcde) Press g P/R (Set RUN Hode)

USING THESE FROGRAMS FOR THE ABOVE SEAL CONCRETE VOLUME PROBLEM
BEoth calculaters are in RUN Hode

Press A (For T.I.) ot Press f A (For H.P.)
(Both Calculators)

Read (0) Enter 1 (lst Orig.Wt.Fctr), Press R/S, Enter 14.1 (1lst nvi-
ginal Sounding), Press R/S
Read (1) Press R/S, Enter 11.9 (2nd orlg Sounding), Press R/S
Read (1) Press ®R/5, Enter 11.5 (Hext Orig Sounding) ,Press R/S
{Continue as above for all "1" Factors, after last "R/S")} then:
Fead (1) Change to (2) and Press R/S, Enter 14.0, Press R/S
Read (2) Press R/S, Enter 14.4 (Next orig Sounding) ,Press R/S
(Continue as above for all 2", "3",&"4" Factors), At last R/S

Read (4) Press RCL 00 {for TI) or Press PCL 0 {for HF}

Read 785.4...5T0 04 (for TI). or STD 4 [for HF)

Press A (For T.I.) or Press f A (For H.P.)
Enter 1 (lst Final Wt.Factr), Press R/S Enter 10.5 (1=t
Final Sounding) Press R/S ;
Fepeat the above seguence for all points on the FIMAL grid, then
when the last R/S reads ™4" :
Press RCL 00 (for TI) or Press RCL 0 (for HP): (Read 572.9)
For TI : +/-, +, RCL 04 = X 4 X 5 -- 108 = (Read 29.352 C.Y.)

For HP: CHS, RCL 4, +, 4, X, 5, X, 108, —— (Read 39.332 )
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C'E BME TR I8 GOODIES

ONE DEGREE IN RADIANS = T /180° = -0174532925 (RADIANS)

ARC LENGTH (L) = RADIUS X DELTA (IN RADIANS)
METHCD : CONVERT DELTA IN DEGREES, MINUTES AND SECONDS TO
DECIMALS OF DEGREE. MULTIPLY BY "RADIANS", THEN BY RADIUS.
EXAMPLE: DELTA = 30°20'28"AND RADIUS = 50 FEET.
30 + (20 + (28/60))/60 = 30.34171 X .01745 X 50 = 26.47 FT.

AREA OF SECTOR = R®/2 X DELTA (IN RADIANS) .
EXAMPLE: A =34°32°24"AND R = 75 Fr, FIND AREA.
AREA = 34 + (32+(24/60))/60 = 34 S300°
X .01745 X 75%/2 = 1695.16 S.F.

SPANDREL

SEGMENT
AREA OF SEGMENT = R®* /2 X({/\ IN RADIANS - SININ)

EXAMPLE: A= 36°20" AND RADIUS = 60 FEET.
AREA=60/2 X((36.3333 X.01745)~.59248)=74.76 S.F.

AREA OF SPANDREL = R® X (TANZ - D Rap1aNS).

EXAMPLE: A =36" 20" AND RADIUS = 60 FEET.
AREA = BO”X (TAN(1B.1667) -18.16567 RADIANS) = Agiie)
AREA = 60°%X (.32814¢ - -31701) = 40.07 SQ.ET. f‘ = ]
TANGENT OFFSET : "O" = R -{R%®- p?_
EXAMPLE: R = 50 ET. AND D = 30 FT, SOLVE Fomr "g"

TAN OFFSET "0" = 50 -Y2500 - s00: *o" = 10 FT.

INTERSECT GRADES

T X Y GIVEN:

& 0, 3279:35 S=22:

A 0 176.18 E=2.33

B 22 178.51 G1=1/50=.02
C 32 175.54 G2=1/6= ,1667
D 50 173.84

(IE G1 IS UNK), Gl=(AY-CY)/(CX-AX) |

(IF G2 IS UNK), G2=(BY-DY)/(DX-BX)

={E +(S X G2))/(62 - G1)= (2.33 + (22 X.1667))/(.1667-.02)= 40.88 FT.

LEV OF PI = AY - (F X Gl): EL = 176.18 - (40.88 X .02} = 175.35
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TURROUT CALCULATIONS

HOTE:
| | FPl,R1,51, ARE FOR TIE ACUTE RETURR
—_ & P2,R2,52 THE OBTNSE RETURK

Pl
P
, WP
¥ / ) ¢ PROJECT
A [X B
. ! STATION PROJ =
STATICH S\DE RDP.
STATIONTING
ALONG PROJECT (P) ALONG SIDE ROAD (S)
A=(S1/SINA) - (P1/TANA) C=(P1/SINA) - (S1/TANA)
B={S2/SINA) + (PZ/TANA) D=(P2/SINA) + (S2/TANA)
AREA o F TURNOUT
*ROWY ({z,mzxnrq%] + ((W1+W2)/TANAD)) X (WleW2)/2 = SQ.ET.
R1 SPANDREL : R1% x (TANZ; - & RADIANS) = B0.ET.
R2 SPANDREL : R22 X (COTZA - “(180-8 yRADIANS) = SQ.FT.
z Z TOTAL SQ.FET.

EX AMELE

A=s0% wp=12- wWi=7! wW2=13: R1=28: R2=16: PI STA=150+00 PROJ =10+00 S.R.
FIND : P1 = 40% §1 = 35% P2 = 28% 82 = 29’
- SOLUTION: STATIONS:
PROJECT: A=12.13., STA 149+B7.87: B=61.35, SIA 150+61 .35
SIDE RD: C=2Z2.B5, STA 10+22 .B85: D=60.89, STA 10+60) .89

SOLUTION: ARER:

AREA RDWY = 854 .06 SQ. FT.
AREA R1 SPANDREL 23.57 5Q. FT.
AREA R2 SERNDREL 258.63 SQ. FET.

i

TOTAL AREA 1136.26 5Q. FT.

* Tf DEC, ‘THEN RDWY AREA CHANGES TO:
((2xE1xTAN £/2) - (W14W2) /TANL) ) x (W14W2) /2
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1.
g
3.
.

GRAPHIC SOLUTTON:
5

SUPERELEVATION TRANSITIONS

& LENGTH GF TRANSITION (305 PG
o oar Er——
:& o “JFULL SUP. RISE S
- i i
«| .8 OF TRANS. ON TANGENT (244) > ol 12 s
] =3
g W
3 <
'l
: 3
3
5 =
& o
| _PROFILE m
GRADE LINE
H“E 112"
~{FULL SUP DROP
\ 093’
\.\ ’
~ LOW SHOUL.
® broe

DETERMINE NORMAL CROWN (MULTIPLY WIDTH X PAVEMENT SLOPE) 12*' X .02 = 0.24° gﬂi
DETERMINE SUPERELEVATION (MULTIPLY WIDTH X SUPER. RATE*) 12 X .093* = 1.116
ADD NORMAL CROWN PLUS SUPERELEVATION = TOTAL RISE = 0.24 + 1.116 = 1,356"'

FIND TRANSITION LENGTH (HIGH SIDE) MULTIPLY TOTAL RISE BY

SLOPE RATIO* 1.356 x 225* = 305.10

(USE 305)
PLOT THESE FACTORS USING AN EXAGGERATED SCALE,

- AS 1" = 50 FEET HORIZ. AND 1" = .5 FT. VERTICAL

REFER DIMENSIONS TO A HORTZONTAL PROFILE GRADE LINE

DRAW A HEAVY LINE FROM NORMAL CROWN TO HIGH SIDE (BEGIN FULL SUPEREL.)

THIS REPRESENTS THE ELEVATION OF THE EDGE OF PAVEMENT (HIGH SIDE) RELATIVE
T0 THE PROFILE GRADE LTNE.

LAY QUT THE FULL SUPER. DROP AS SHOWN AND COMNECT THIS POINT TO THE POINT
WHERE THE EDGE PAVEMENT (HIGH SIDE) CROSSES THE PROFILE GRADE LINE. DRAW
THES LINE LIGHTLY,

EXTEND A DASHED LINE HORIZONTALLY FROM NORMAL CROWN TO INTERSECT THE FREVIOUS
LIGHT LINE. LABEL THIS POINT "P"_ CONTINUE THIS LINE SLOPING DOWNWARD,
FOLLOHING THE LIGHT LINE TO FULL SUPER. DROP. THIS LINE REPRESENTS THE
ELEVATION OF THE LOW EDGE OF PAVEMENT RELATIVE TO THE PROFILE GRADE LINE.
THE NORMAL SHOULDER DROP 1S FOUND BY MULTIPLYING THE SHOULDER WIOTH BY .06
(EXAMPLE: 10 x .06 = _6). THIS OROP 15 LAID OFF VERTICALLY BELOW THE NORMAL
CROWN LINE AT THE BEGIN TRANSITION STATION. LABEL THIS POINT (7).

*SUPERELEVATION RATE AND SLOPE RATIO ARE OBTAINED FROM INDEX 510, 511
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S

10,

i)

13.

14.

16.

SUPERELEVATION TRANSITIONS (CONT'D)

THE BEHAVIOR OF THE SHOULDER ONM THE HIGH SIDE 1S COMPLEX, BUT MAY BE PLOTTED

AS FOLLOWS: MULTIPLY THE PAVEMENT WIDTH BY .01 (EXAMPLE 12 x .01 = .12).

LOCATE THE POINT WHERE THE HIGH EDGE OF PAV'T. ATTAINS THIS DISTANCE ABOVE
PROFILE GRADE LINE. LAY QUT THE SHOULDER OROP (.6) VERTICALLY BELOW, AND

LABEL THIS POINT (2). NEXT, MULTIPLY PAV'T WIDTH BY .05 (12 x .05 = .6) AND
FIND THE POINT WHERE THE HIGH EDGE QF PAV'T. REACHMES THIS DISTANCE ABOVE P.G.L.
LABEL THIS POINT (3). BELOW THIS POINT LAY OFF A DISTANCE EQUAL TO .07 x
SHOULDER WIDTH (.02 x 10 = .2) LABEL THIS POINT (4). CONNECT (1), (2). (4) with
A DOTTED LINE AND EXTEND THIS SLOPE TO INTERSECT THE HIGH EDGE OF PAV'T. FROM
HERE THE SHOULDFR LINE AND HIGH ENGE PAVEMENT LINE ARE IDENTICAL.

MULTIPLY THE SHOULDER WIDTH BY SUPEREL. RATE OR BY .06 (WHICHEVER 1S LARGEST) ;
(EXAMPLE 10 x .093 = .93'). LAY OFF THIS DISTANCE VERTICALLY BELOW THE LOW
PAVEMENT EDGE AT FULL SUPEREL. STATION. LABEL THES POINT (5).

ESTABLISH THE POINT WHERE THE CROSS SLOPE OF THE LOW LANE EXCEEDS THE NORMAL
SHOULDER SLOPE OF .06 FT./FT. AS FOLLOWS: MULTIPLY SHOULDER SLOPE BY LANE
WIDTH (.06 x 12 =.72'). LOCATE THE STATION AT WHICH THE LOW EDGE OF PAV'T.
15.72 FT. BELOW PROFILE GRADE LINE. AT THIS POINT PLOT THE LOW SHOULDER .6 FT.
BELOW THE EOGE OF PAV'T, LABEL THIS POINT (6). NOW TRACE A DASH-DOT LINE AS
FOLLOWS: EXTEND THE NORMAL SHOULDER LINE HORIZONTALLY TO A POINT DIRECTLY
BELOW POINT "P", SLOPE DOWNWARD TO POINT &, THEN TO POINT 5. THIS DASH-0OT

LINE REFLECTS THE ELEVATION OF THE LOW SHOULODER RELATIVE TO THE PROFILE GRADE
LIHE.

MULTIPLY THE TRANSITION LENGTH (WIGH SIDE) BY .8 (EXAMPLE 305 x .8 = 244').
LAY OUT THIS DISTANCE FROM BEG. TRANS. ALONG THE PROFILE GRADE LINE. DRAW A
VERTICAL LINE THROUGH THIS POINT. THIS REPRESENTS THE PC STATION.

SUBTRACT THE DISTANCE ABOVE (244) FROM THE PC STATION TO ATTAIN THE BEGIN. TRANS.
STA. ESTABLISH ACTUAL STATION TICS ON PROFILE GRADE LINE USING PC AS REFERENCE.

TO USE, PLOT REQUIRED STATIONS ON TRANSITION. ORAW A VERTICAL LINE THROUGH

EACH AND READ DISTANWCES (ABOVE OR BELOW PROFILE GRADE LINE) FOR BOTH PAV'T.
EOGES AND SHOULDERS. FROM PROFILE, DETERMINE THE PROFILE GRADE AT THE SPECIFIED
STATION, AND ADD OR SUBTRACT THE SCALED DISTANCES. THIS GIVES TRUE ELEVATIONS
FOR PLOTTING THE CROSS SECTION.

FOR THE PT TRANSITION, THE SAME SKETCH MAY BE USED,ERASING ONLY THE STATION
TICS. LOCATE THE PT STATION AT THE FORMER PC LOCATION AND MARK STATION TICS
(THCREASING FROM RIGHT TO LEFT).

EXAMPLE :
5 DEG. CURVE RT: ©PC STA VI5+25.69; PT 122+75.494
2 - 12' LANES: 10" SHOULDERS; DESIGH SPEED 55 MPH; 0.0 GRADE; ELEY. 200.00

STA. | LT.SHO. |LT.E.PVT. | RT.E.PVT. | RT.SHO || STA. |LT.SHO. |LT.E.PVT. | RT.E.PVT. | RT.SHO.
113+0 | 199.25 | 199.84 199.76 | 199.16 ||[122+50| 200.96 | 200.98 199.04 | 198.23
11440 | 199.83 | 200.29 199.71 | 199.11 ||123+50| 200.25 | 200.52 195.48 | 198.88
115+0 | 200.65 | 200.73 199.27 | 198.66 ||12a+50| 199.47 | 200.07 199.76 | 189.16
116+0| 201.12 | 201.12 198.88 | 197.95
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'H.P. {15-C) PROGRAM FOR TRAVERSE

STEP NO.

000
001
oo2
003
004
005-86
007
008-9
010-11
012
013
014
015
016
017
018-19
020
021-22
023=31
032
033

___\_\_\_‘_‘—\_

o = <567 ot

K=195.670

COMMAND

g B/R
f LBL .3
STO: 1
RyYS
STO 2
G, ST O
f LBL .4
RCL 2, STO
Rel: 1, STQ
R/S
g2
R/S
e |
STo + 2
XY

6743 561 Dcib\

135 20,+ / Y=-168.17
HEF{EQEQE=~=HHE = 1722172

47°3735 \®,'_".'_'.iq_'i?i
L1 pert. ¥ = 1190.00
HEMAREKS

(This places calculator in PROGRAM MODE)
(Value of X on display previously)

(5top to enter value of Y)

-2
ik & * (CLOCKWISE from NORTH)

(Stop to enter AZI in D.M5 )=
(Converts D.MS to Dec Deg)
(Stop to enter DISTANCE)
(Polar coord to Rect.(X & ¥))

(Exchange Stack Registers)

STO + 1, RCL 1

R/S (Stop to read X coordinate)
RCL 2, E/S (S5top to read Y coordinate)
BCL .2, —5 ENTER, BCL _1., RCL 1; +. X, 2. =
S5TO + O (Incremental Area Stored Accum.)
GTO .4 (Now press g P/R to goto RUN MODE)

USING THIS PROGRAM TO SOLVE THE TRAVERSE (ABOVE)

With calculator in RUN MODE, type 0, press GSB .3
Type 0, press R/5. Next determine the AZI (Clockwise

from H), of

the 1st course, which is 122 deg, 39 min, 50 sec. Type 122.3950 &
press R/S. (Read 122.6639).Now enter DIST (945.15).press R/S.
Read 795.676 (X coord of Pt 1). Press R/S. Read -510.107 (¥ coord)

Press R/S again.

Read 795.676 again. Now type the AZI of 2nd cou.

in D.MS (80.0715), press R/S. Read B80.1208 (deg). Type the DIST
400.26 and press R/S. Read 1190.000 (X coord, PT 3). Press R/S,
Read -441.433 (Y coord,PT 3).

Press R/S again, Read 1190 once more. This is the signal to enter

the AZI for the next course. This bearing lies in the NW quadrant

and may be entered either as 346 deg 15 min 10 sec, or as a NEG

AZI (-13.4450).

Repeat the above process for this course and for

the final course. Upon pressing the final R/S --after having read
the 2nd display of the final X coord, the TOTAL AREA is complete,
and may be accessed by pressing RCL 0.

(Do so, and read the TOTAL AREA as 275,677.78 SQ.FT.)
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EINDING THE APPROXIMATE CENTROID OF X-SECTIONS

o
L

IN ORDER TO APPLY THE VOLUMETRIC CURVE CORRECTION TO HAND PLOTTED EARTHWORK VOLUMES,

THE DIMENSION “e" 15 REQUIRED. THIS IS THE DISTANCE FROM THE BASELINE TO THE CENTROID

(CENTER OF GRAVITY) OF THE CROSS SECTION. TO FIND THE EXACT CENTROID BY TAKING

MOMENTS ABOUT THE B/L IS TOO TIME CONSUMING TO DO BY “HAND METHODS". HOWEVER,

THE “CENTER OF AREA" MAY BE READILY FOUND INSTEAD; AND IN TYPICAL ROADWAY SECTIONS Gy
IS CLOSE ENOUGH TO THE CENTROIO TO BE UTILIZED IN MAKING VOLUME-CURVE CORRECTIONS.

THE AREAS LEFT AND RIGHT OF THE B/L ARE FOUND SEPARATELY. IN DESIGN THESE MAY BE
FOUND WITH A PLANIMETER OR BY "STRIPPING", BUT FOR FINAL PAY QUANTITIES, THE AREAS
ARE CALCULATED FROM THE COORDINATES (ELEVATION VS DISTANCE FROM B/L). (AREA METHODS
ARE SHOWN IN THE ELECTRONIC CALCULATOR SECTION). THE SMALLER AREA 1S DEDUCTED FROM
THE LARGER AND THE DIFFERENCE IS HALVED. THIS AREA IS DIVIDED BY THE HEIGHT OF AN
ORDINATE NEAR THE ESTIMATED CENTER, WHICH GIVES A TRIAL VALUE OF “"e". EXAMPLE:

(IN FIG. ABOVE) AREA LEFT = |486.6 5.F.
MINUS AREA RIGHT — 500.35S.F.

DIFFERENLE = 58625 S5.F. -+ 2 =293.125 S.F. GUESSING CEHTER TO
BE ABOUT 12 FT. LEFT, A SCALED DRDIMATE (FR(M BOTTOM OF BASE TO GROUND AT & FT. LEFT}
MEASURES 27 FT.

293125 S.F. + 27 = 108 . PICKING OFF ELEVATIONS 1270 & 995 (at 11 LT.)

THIS AREA 1S FOUND TO BE 298 (TOO MUCH BY 5 S.F.). SINCE AN ORDINATE HERE IS <
28 FT., USE 11 FEET LEFT FOR "e", (EXACT CENTROID FOUND BY MOMENTS ABT. B/L = -10.35 1.}
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C(CU.YDS)

VOLUMETRIC CORRECTION FOR CURVATURE

C = L(Alel + AZe2) = (54R)

VOLUMETRIC CORRECTION FOR CURYATURE - MAY BE POSITIVE OR NEGATIVE
ACCORDING TO THE NET VALUE WITHIN THE PARENTHESES.

L(FT) BDBASELINE DISTANCE BETWEEN CROSS SECTIONS.

R(FT) RADIUS TO THE STATIOMED BASELINE.

A1(SQ.FT) AREA OF THE FIRST CROSS SECTION OF ANY PAIR CONSIDERED.
42(S0.FT) AREA OF THE SECOND CROSS SECTION OF ANY PAIR CONSIDERED.

21{FT}
e2(FT)

EXAMPLE:

ECCENTRICITY (DISTAMCE FROM B/L TO CENTROID) OF FIRST SECTION.
ECCENTRICITY OF SECOND SECTION. HNOTE: "e™ VALUES MAY BE POSITIVE
OR NEGATIVE. "e" IS NEGATIVE IF CENTROID "G" (CENTER OF GRAVITY)

LIES TO RIGHT OF B/L OF A RIGHT CURVE OR TO LEFT OF B/L OF A LEFT
CURVE.

IN ABOVE FIGURE, IF R
=+

310 FT., L=100 FT., Al = 1080 S.F.
A2 = BO9O S.F:, &]

8 FT. AND 2 = +10 FT., THEN:

(THE VOLUME OF EARTH IS FIRST CALCULATED BY AVERAGE END AREA
METHOD, AS IF ON A TANGENT ALIGNMENT: THE CORRECTIONS ARE
THEN COMPUTED USING THE ABOVE FORMULA.)

"TANGENT™ VOLUME (A1 + A2) x L = 54 = C.Y.
“TANGENT® VOLUME (1080 + BY90) = 100 =< 54 = 3648.15 C.Y.
CORRECTION: ((A) x el) + (A2 x e2)) x L = 54 — BR=
((1080 x B8) + (890 x 10)) = 100 = 54 < 310 = +104.78 C.Y.
TOTAL VOLUME 3752.93 €.Y.
* (AT + AZ)Y &+~ 2.zl =+ 27 = (Al £ A2 — 54

SECTION I CARTER KEY MANUAL AND GHBASIC 33



¥ s
2 y
A ' 25 *’*fr:::::::
T}'PHA"A"Eon:rnia Chrannnfizlnq E:’;::ﬂ,&;"g::
rea = 0.88193 5q.f} =
_ =1.02748 sqtl,
0327 CY. per lin. (1. o o

.03BICY. perlin.f1.

Type O Concrete

COMCRETE

PAYEMIAT -2

Medlan Curb — Type "E" Curb and Gutter
Area = 0.9556 sq.f1. Area =1.43401 sq.fl,
0354 CY. per lin. ft. Vol.= 0531 C.XY. per. lin. f1.

f—-— el — 122“—1
PAIPRL e st o T
bl : 'Iﬁﬂ" i
l: 5.-_{}.- r 3 =
Sectlon "A-A" of Valley — 2.0
Gutter — Concrete Drop Curb
Areg = |.TI676sq.11. Arsa = |.14369sq.11,
Vol.=.0636 C.Y.per lin.ft. Vol.= 0424 CY. per lin. f1.

Type "F" Curb ond Gutier

6" Curb Adjacenl |o

Shoulder Gutter Flexlble Pavement —
Areq=.539] gg, 1. Area = 1.41842 sq.‘lL
Vol.=.0570 CY. per lin. ft. Nme:w-.z';r: o Vol.=0525 C.Y, per lin. ft.

34
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(PAVEMENT"
._—_—_

PAVEMENT
ity

5 d T 1CY per lin ft.
q' A"l 1-3"s 1/4"| 0826 CY,

g etle'-atls 2" l11eg "
g-e" | 34" 3-g"|5 34"].1592 "

:JILI
PAVEMENT

TYPE &I Concrete Troffic Separator

d M T CY.perlin. ¥t
4 144" |1-3"| - |.0B49 CY
&' ' |2-3"| - |.1308 "
g-g" | 3/4"|3-e"| - l1ar9 "
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{r‘[" Exe z:h

—
=

JOINT FILLER ¥

TYPE X

TYPE IV Concrete Traffic Concrete Trafflc Separaotor

Slpﬂrulur
IS : dn .M T_|CY F’fl‘_r Iin.ff 5 d M T |CY.perlin.f1
4 t1/a_li-a'l51/4"1.0887 C.Y. d |4 li=e’] - |ossacy.
E. L2 2:4“-;-—'"2“-&5_:__._ 6' v2' {iZ2-10"l - |44 "
8-6 a/q 3-?_”.5 3;"4“ _LEEE BI_En 3.1"4“ 4I_iﬂ = '2052 | Eey

CURB DEDUCTION FOR INLETS
TYPE |INDEX NO.|DEDUCTION (FT) :
| 210 130" i‘*‘#l
2 X 20-0"
3 7P S g-0
|4 = 12'-a"
5 211 10!=6"
6. : 16"~ Q"
7 212 13'-0"
8 213 13'-0"
S 220 5—-q"
Vv 221 p
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Hotation., Lioes,
diagooals, d, dy, .. 2 ;
| area, A.

ol T P
perimeter, p; radius nl' inzcribed circle, r; radiua of eircumseribed circle, R:

1a.
; angles, &, 8, ¥, ...; eltitude {perpendicular height), R; =ide, <:

Plane Rectilinear Figures

1. Right Trizangle

(Ooe angls 90%)

Po=oat b bicpctem gt b
2 T 2z
4= ‘32- - % tan g l=-:—sin T ‘:Einrn.
For additiona]l {drmulas, see Ceneral Tricrgle below, and also trico-
nomatiry.

2, General Triangle (aod
Eguilateral Triangle)

For General Triangle:
p=a+bte Leta=3{at bt
3 Wils — alls — B} s — <)

i@
. R =
S
5 2sina

abe

4rs’

ah ab . abe
Am —=m—siny =

iy s{s-a)s-bYs-c
2" 2 2sin : =Y s{e=aiERYE=)
Lenpth of median to side c = 343/ 2(a? 4 bT) — 2

ek la + Byt — &)
a+b
Fer Equileteral Triongle (o = b= ¢ m s and g =8 = v = §0%):
(Equal sides and equal apgles) Mowe: This "s™ 15 “sice (roT a"—t:-l: ey b

7 sin v 5in a

Length of bisector of angle » =

x F
'Fr—'-aslr'hl ;-R’=‘—=‘?I‘,
24/3 /3
] 2.
Aol E;Iﬂﬂ:i_axﬁ‘
2 3 4

For additional formulas, zee lrigonometry.

— 3. Rectzngle (and Square)

=t

b

For Rectengle:
p=2a+ W;d= Va4 b 4 = gh,
Hote t'5= sude,
di

I

V2 2

Faor Sguare (o = b = 5):

P=4,;d=;-\,f§;:

4. General Parallelogram
{Rhombaid) {and
Ehombus)

}__

b3 dl,f

For Genergl Parallelogram (Rhomboid):
{Opposite sidea parallel)
p=2{a4b);d =~ Ve + b1 — 2 ab cos 1;
deow 2ol 4 b7 4 Zabeooag; di2 4 dat = 2 (2 + b;
s
For REombus (a = b = 1): tlote
{Opposite zides paratlel and all sides equal)

ak = ob gin 7.
5" o EIIIJQ.

¥ = 43; dy = 23sin E'd«nﬁ::ﬁsi'dﬁ—‘—d‘#ud:?
dy da
dyds = 21° 51n7.ﬁ='h=:=.‘,:n7—-1}—

5. General Traperoid {:_nri
Isosceles Traperaid)

SECTION I CARTER KEY MANUAL AND GWBASIC
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Thenm = ——
o

Let mid-line bisecting non-parallel sides = m.

Faor General Trapezoid:
(Only one pair of opposite sides parallel)

YA
Po=a-} b-!-c-i—ﬂ:-'{ﬂ%ﬂm}h.

For Tsusceles Trapersid (d = <)z
(Moun-parallel sides equal)

{a +m T {a + !r;csm-r

= (g = ccosyiesiny = (b4 ccoxq)cein .

A =

37



&. General Quadcilatecal
(Trapezium) (No sides paraliel)

p=stbteld

A —_}i dyds aln e = sum of areas of the two tricngles formed
by eitber diagonal aod the four sides.

T. Quadrilateral Inscribed :
in Ciccle (5um of opposite angles ~ 150°)

oc + bd = d) 4y,

Tetasls{a4+ b+ o4 d)= g 2nd = = zngle belween aides a-and b

4w Vl—a)s — 0z — Qs — d) = 12 (b + &) si a.

8. Regular Polygon (end | For Reguler Polypon:
Gezeral Polygon) (Equul sides and equel angles)

5 Leét n = oumber of sides,
. G- 2y
Central angle = 2 & = — radiaps:
n

(n—2)

L

* Yertex angle = 8 = ¥ Tadians,
Pp=mns;2=2rtang = 2 £ sin a;

¥ 5
7 e - ok o] R-ﬂEcscn:

nir = n
A - T = ar~dan a =

- =
sinag= Gre col & = sum of areds of

the n equal triangles euch as 04 E,
Fur General Pelygon:

A = sum ol areas of constituent trizngles inte which it can be
divided.

Ib. Fizoe Curvilinear Figures

Motation. Liges, a. b....;radiua, r; diameter, d; perimneter, p; circemference, c; central angle
in radians, ©;.arc, 3; chord of are (5), 1; chord of half arc (5/2), I': rise, k- srea, A.
i

9, Circte (gad Cireelas Arc)| For Circle:

a2 1
d =2y c-=2;;r—:rd;;l-:r1=-:——-£-,
4 ir

Far Circular Are:
Letarc PAQ = 1; and chord P4 = (cl‘.urd al -;) = . Thes,

o8 gt —1 i = .
#=rf=o-i1m——_  (The latcer equation in Huyghea's
a

epproximate formula.  For @ small, ercor is very small; for 8 = 129°,
error equals abeout 1 part in 400: for & = 180°% crror is less than

1.259% )

Loy sing: t =2[3h — R (approximate formula)

o J — o= il {epprozimate formula)
2 zin 4 B

e el
b= r= ri—-é (— i & < 130%; -I-ifﬂi 130%) nr(l—:ﬁ:%)

& A ] Fimrieray
.L_mrversin%n2r;in14—ﬂEtlﬂ;—r+y— F=— xi

Sicde ordinate yp w b — r 4+ Vil —x2,

ET.] 1991 EDITION CUIDELINE PROCEDURE NO. 001-600-230-B




Plage Curvilinear Figures—Continued

0. Circular Sector (aod
Semicircle)

Far Circular Sector:

A (g nadione)
z 2
Fur Scmicirele:
2
"
A = i

-

1i.

ol r_;(a — nin §) (o in Radians'j Exeet Formula.

A e 1o fsr I{r—h‘,l!(—ifﬁ.ﬁr; =E H-hgr].
Ll

1 S U .
A = ) = {3 + 6. {ADDruxlmalc’Iﬂrmu].u. For b amall com-

Pared with r, error o very srmall; for b = =, first formuls
4!

errs aboul 3.5% and aecond less than 1.0%:3

(Surface bevween two concentric circles)

A = owln? — 73%) = nlr + ra)(ry == r2);
(819 Radians)

A of sector ABCD = - {fﬂ — 3%} - {TJ. + 3l — ry)

13. Ellipse

%.’.-EFCD s(z/a )

2 =2grein{v/q }
P
Lol

FEP‘I{ AR

Mote: Tn these

AnEs I £.&7 must be
Brpressed o RADIALS

A m - W '5{51'1‘-*3}-
Rt  Ri RE
I O e
F )] b 7] Tfr'; 255T where K T
. 64 3 R :
P o=efatb) riamTry (spprezimate formula),
A = 5 ab; A ol gquadrant ..‘!D_Hz-iff;

4

A of aector AOP = E; lf{tj: A of sector POB = 1::'5 x (Q:I_:I :

A of section BPPE" = 2y + abufx z):

A ol gegment PAP'P = — 2y 4+ ab:{#‘l}r

For additional formulas, see analvtic geomelry,

14. Parabola

Are BOC = 2 = 12 VB + ]EhE_I_.E%]gE:"'-‘! + VR4 15}.:‘

4
L-eLHu;. Then,
ER: 32R{
& = IH—:—T —-T-i- .- (approximata formula),
k h — d diz
i e ) STy e N T O
F{ DHE Y, 3 ra—t

ki
A of segment BOC = %_:

gk =
A of section ABCD = gd p_.’.]__)
3 B — 2

For additional formulas, see analytic geometry,

15. Hpaerbala

A ol Bgure OPAP'O - eblog, (3: - E) = ob cosh-15: {‘3: in Razians)
[ = L a8 =t

/

z

A of segment PAP = zy — ab log, (fvi-.:;:) = Iy — ab mjh—la
=
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16. Cyecloid
&7

o
|

Y Critald
I

Arc OF =5 w4+ (1 - ms%); Arc GMN = Er;

A uudc-r_ curve OMN w 372

Coord. of p: ¥= r{d-sngd) Y=1{1-cos¢)

17. Epicycloid

Arc}:_fP-:E--JE’:(Rq.r} (1,_.“,_._._

K3 .

2r

Ater MOP = 4 =_L(R+r}{ﬁ+2r} (F-"—ainf‘f ;
g r T

For additional formulas, see analylic grometry,

ir ReYy
sp ity ol B9V,
Arc MP = 3 R{ | S

FEE T . S ik .+
res A ER{R ry{R 21‘:1(1_ Ein :

For additional formulzs, sce zpaly

T

tie geometry.

If d iz emall compired with I:

s
Ard MPN =5 = | [J. —.—-;—(E}E) J (approximatel;).

pilw

Y-%(e

X
1673

Letlength of helix = sz radius of eail (= radius of eylinderin figure)
= r; Heigat advanced in one revolution = pitel = B and pumber

of revolutions = n,

5 =mn% (2rr)}l 4 IE.

Then,

21. Spiral of Archimedes
Y

Let 1= C[f,.':)( Then,

]
‘!;71%&'; a e
- ,{ ?| 1L Arc{?f‘-5—=;[¢V1+¢1+10E¢{'ﬁ'-'i'\l'f'FH-
'\ I.:. X=ﬂd§:&ﬂsg{) LY eagdmng)

40

Divide the fizure ioto an eren number, n, of strips by means of (n 4 1)
ordinates, v, spaced equal distances. . The area can then be de-
termined approximately by any of the following formulas, which
&re presented in the order of usual jacressing approach to sccuracy,
Inany of the frst three cazes, the greater the number of alrips wsed,
the more peecly accurate will be the result.

(Approzimnate Formulas)

Yoo Vo

A= w[——i"‘—ﬂ'ﬂ:'}?:'{-----l- yn—l:]:

A

4

w04y + ) + 110 + Ya-0 F -tk ook ovn=a]y
%chﬁt P70 [ oI U (7] TR S E e B

FECLS o7 T R SO |

-
t

e e e
10 ¥
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Nuatation. Lioes, @, &, ¢, ... 2ltitude (perpendicular height), A: alant height, =
l;l.‘i.‘.i.l:, P.!a or pﬂ; perimeler ol o right section, prioares of base Ay or An: » L

Ic. Solids Mavwing Plane Surfoces

perimeter of
area of 2 right section, A3

tots]l area of lateral surfaces, Aj; total area af all aurfaces, A volume, ¥,

23. Wedge (zod Right
Triacgular Prizm)

For Wedge:
(Narrow-side rectaogular); ¥ = a8 h + 5.
B
For Right Tricngular Prism (or wedge baving paralle]l triangular bases
perpendicular to sides) Iy = §) = I
Y abl

a3

24. Rectangular Prism (or
Rectapgular  Paral-
lelepiped) (and Cubde)

For Rfctu ngular Prizm or Feclangular Farallelepiped:
Ap = 2ec{a+b); 4 = 2 (de + ac 4 be):
V= A4 = ghe,

For Cube (letting b = ¢ = a):
Ap = 6a?; V = a¥; Dizzons] = g V3.

Ap = hpp = spr=asfa4 b+ _ . = 1n):
Vom hdp = 34,

26. Genepal « Truncated
Prismm(and Truncated
Triangular Prism)

For General Trunecated Prism:
¥V = A-(lenzth of line 8C oining centers of gravity of bases).
Far Truncafed Triangular Prism:

V-%r{a—{-b-i-d,

Let 2rea of mid-section = A4,

v -%I:Aa-‘r Ab+4 4.

23. Right Regular Fyramid
{(aod Frustum of Kight
Regelar Prremid)

TRAN
Jx;'ffa;;‘f;

Far Right Regular Pyramid:

&p hAp
Ap= '—ﬂE: Yoo,

For Frustum of Right Regelar Pyramid;
h
Ap =5+ p): V = 3 (38 + 45+ Vapay).

23, Geaeral Pyramid (and
Frustum of Pyramid)

For Gengral Pyramid:

Ve .?:AE_

For Frustum of General Pyramid:

V= gf.:iﬂ—‘r Ay + VAg 4g).

30, Regular Polybedrons

% ) @

Telrahedrem  Cube  Oclihedion

D@ 1@

Dedeczhedron  lcoswhedian

Let edge = o, snd radius of inscribed sphere = r.. Then,

= 2 V, zand:
A
MNumber Total
of Faces Form of Faces: Area A; Veolume ¥
T 4 Eguilateral triangle 1.7321 a7 0.1175 g3
£ 6 Sguare 6,000 a* 1.0000 g2
Q. 8 Equilaters] triangle 3.4641 a2 0.4714 a%
& S 6 Regular pentagon 20.6457 a? 76537 ot
I 20 Equilatera] triangls E.6303 a? 2,1517 2
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Nolation. Lina::_, a, b
radius, r; perimeter of bisse,
segment, I rise, h; area of b

A total areas of all surfaces, A volume, ¥,

1d. Solids Heving Curved Surfaces

€ ... 5 nltitude {perpendicular beight), &, k...
PL; perimeter of & right aection, p,: sngle in radiang,
ase. Ay or Ap: area of a Tight rectio

: slant heipht, 1
¢, are, 37 chord of
n, Ar: lotal ares of convex aurface,

31. Right Ciccular Crlinder
(and Truncated Right
Cizcular Cylinder)

For Right Circular Culinder:
A = 2=rh; Ap = 2ar (r + K};
1" et '.I'TT-FL

For Trunecated Bipht Circular Cylinder:

Al = 27 (o ha); Af = ,,[51+A2.+'r+ \j@]

A
- —2- Uu B -illﬂ.

32, Ungula (Wedge) of
Right Circular Cylin-
dar

2rk

Ar =
L=smr

la + (b — Del;

i 3"‘_&[3 (Brt = a%) 4 372 (b — 1]
bl 3 sinda
= TI:\"H;‘- = —3'— — % m:n:-].
Far Semicirculer Base (letting a = b = r):

L e
Ap = 2rh: V:-‘:-g-i“

Al = pph = pya;
Vodph = 4,3,

Ji. Right Circclar Cone
(aod TFrustum of
Right Circular Cone)

For Right Qircilar Cone:

Al =moaTpd = wrgrp? 4 b, Ay = wrp rg + 3);

Frpsh
Frome B
< é
':"“‘}7’-\'\ Fer Frustum of Right Circular Cone:
I Ly
%T{—?:—'“‘l’m \ 3= VAR (g — )% Ap = 23 (5 4+ n);
3 “g,‘fr.",'“%",; i A
gl Vow Z2 g+t + rg ).

[
i

Frustum of Gegeral
Conz)

. Gencrel Cone {and For Ganeral Cone-

JABh
4 5

For Frustum of General Cone:

Vo= ﬁ—:; (.45 + As 4+ Viagdy).

36,

Let diamieter = d,

Ap = Aprl =g?;

'_{mr’_r_d‘
3 T

37. Spherical Sector {a_;d
Flemisphere)

42 1991

For Spherical Sector:
2wr?

Ap=—(h+D; V-

1
For Hemisphere (letting A = i rl:
2yr?

Ap = Frrd; Vom .
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1d. Seolids Having Curved Surlaces—Continived

38, Spherical Zone (and | For Spherical Zone Bounded by Two Planes:
Spherical Segment) Ay aaRLRE A e i (S ik 3 a2 L.

Far Spherienl Zons Bounded by One Plane (b = 0):
Al = 2orh = _fi- {1 A2 4 a¥);

o

;—_v..—.'-__, ¢ Slimy £ : T = 1.. g T
AE_ SAR A= X @rh+af) = 2824 ab,
! 7 1 Far Spf.ir::u! Segment with Twe Bases:
' i Vel @ald 30+ am

Eor Spherical Segmant with Ona Buze (b = Q):
h h
o —— 2 1 = 1 B
¥ Hr.aa + 45T = 2h (r 3).

39, Spherical Polygon (and | For Spherical Pm’y.r:r.rﬁ:
Spherical Triangle) Let aum of angles in radiana = # and number of sides = n.
A =18 — {n - 2ixwlr?
{The guantity [ — {n — 2)=] i exlled “apherical exceas.’)
For Spherical Triarvgle {n = 3):
A o (5 — )l
Far vddilional formulas, see lrigonometry,

Ay = A3? Re;

V o= 252 Hr2,

For Ellipseid;
cids) 4
¥ = —xabe.
3
For Prolate Spherocd:
25t = bt -

Iet ¢ = b and €

in=1
o BB B oy N S ;—_rnb’-
£

For Qblate Spheroid:

ot — b
Tet ¢ = a and ————— = ¢,
c

T
ot Ty (H' '"); i’-%:a?b.
£

1=z
43. Paraboloid of Revolu- 2xl [ (;2 )3“5 (-‘)1]
A el B [ B W =y L |
tion Ay of segment DOC T 7 + -1

For Parcbelordal Sepment with Tweo Bazes:
Vol ABCD = 35 (= 4+ 7.

For Paraboleidel Segment with One Base (I} = 0 and d = A):

¥ of DOC = '—Ef.

43. Hyperbolold of Revo-
lution

h
- ¥ of acgment AR = ;—1 {13 4+ 45,%).
<
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TYPICAL EXAMPLES

L covoutation oF Truck VOLIMES

1 > . K r
(123333 725"~ (15".4m))x 5.3333 = AT1. T34 Cu.Ft.

—({LD“:H'J—i-di(Ii-xln'}+{:5}15‘j)x 5= 2. 771
6 x 14a5a~  RH

NET VOLUKE = 468.963 Cu. FE

Y
'fH"-'

7

Hﬁ;;ﬁfﬁ ¥ PRISMOIDAL FORMULA A
= Area A+ dxdroa Mt Areo A kK
o

Suspecting "Lean' slopes, an inspector checks
out a Z:1 fill section, which appears to be
average for a 500 foot stretch of a project.

Using a 5' Jacobs Staff and a Locke Level, he
reads the following:

_ 2
—
_ﬂi,ff-r{,‘_/;’,_ S Ay
— 24"
12.8 ftr. (shoulder to turning point) and 1.3 fr. (toe of slope to T.P.)
He then pulls a tape tight along the slope and reads 21.3' shoulder to toe.

1f sloces should be flushed, where should the toe stake be located (from
present toe)? Acr 51.50 ver cubic yard, about what deduction for this “lean'

section should be made to the Final Estimate if contractor does not flush
the slopes?

ans. 12.8"- 1.3°= 11 5"pise (height_of £ill) x 2 = 23" (thea*run")
By Pyzhagoras; (21.3)%- (I1(.5)% = 321.4d:7"= (793 CActual “run’)
Slope stake = 23.00 - (793 =~ §5.07 fr.

Velume = 5.07°x 11.5%2 = 2975 5F x S00+27 = 539.86 C.Y
e 1.50 = §809879 e

Led

INTERPOLATION USING ELECTREONIC CALCULATOR

EXAMPIE: If the area of 2 cross seciion at station 10+00 is 6720, and the
area at station 11+00 is 5035; what is the area of a section at 1G+23, 787
METHOD: Enter 1st Cuan: 6720 STO IN MEM: 1st Quan. on Display

Subtract 2nd Quan: -5035 = 1685; Difference on Display
Multiolv by Ratio: X .2378 = 400.693
STO in — MEM *- Recall MEM : 6319.307 Ans.

T Accumulate Negatively

This method serks regardless of which is the larper number!

Ity These: 1st (uan. ind Quan. Fatio ANSWER
FEE] 0g7 -l gﬁrlj
=255 5 .45 - lag
72856 -" 37821 39.2% 29470.
e I@ 25ETII W JAeoTZ] % 9347759 S2LO0G55T

LR 2GR
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TTPICAL EXAMPLES

4. HORIZONTAL CURVE THRU A POINT

IN THE PRELIMINARY LOCATICH OF A SECONDARY ROAD, IT WAS DEEMED MECESSARY TO
SOLVE FOR THE RADIUS OF A CURVE WHICH PASSED THRU POINT “P" LOCATED ON THE

ALIGNMENT SKETCHED HEREIM. THIS WAS DONE IN ORDER TO XEEP FROM DESTROYING
A RISTORICAL LANDMARK.

GIVEN: A= 72° 26" 28"; 1A = 587.13'; AP = 195.17'; PI STATION 10025

SOLVE: RADIUS, PC STATION, PT. STATION & STATION OF POINT “p*

SOLUTICM: SOLVE:& - TaN & =AP/IA; = 195.17/587.13; & = 18° 23*' 15*
SOLVE: IP; IP = IA/COS& ; = 58713/.94894480 = JP = 618.7188"
SoLvE: B ; = (180° -4 )+ 2 = 53° 47" 46" -6 = 8= 35 24'31"
SOLVEAf2 = 72° 24" 28"/2 = 35° 12* 14"

o =ARCSIN {SINAG/COS A/2) : SIN 35°24" 31°/C0S 36 12" 14" :coc= 45° §3°35"

@ =cc- 0 = 457 B3 350 J 350948 s : g =710° 7a'pa”

R=1p (SINB )/SING : 618.7188 x SIN 35° 24" 31*/SIN 10°29'04": R = 1970.0334’

I8 = R(TAN &872) = 1970.0334 x TAN 36° 12' 14"; 18 = 1442.0513"
PC STA = Pl STA - 1B; PC STA = 100+25 - 1442.0517 = STA 85+82.55

(| AT |

n

PT STA = PC STA + R (RAD 4 ) = B582.95 + R x 1.26375412 = STA 110+72.59
STA OF P = PC STA + R (RAD(A/2 +9))= PC STA + R x .B14867T0 = STA 101+88.27 .
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PROGRAM TO SOLVE FOR HORIZONTAL CURVE THRU A FIXED POINT

USING T.I. (59) CALCULATOR
Press LRN (Sets LEARN Mode)

2ND LBL, A (PI in FT on displa = RCIL, 04, ——, RCL, 0&
STO, 01, R/S (Enter DELTA in nﬂ%} 2nd COS, =, STO, 10
2ZND DMS, STO 02 —— 2 = STO 03 X, ( RCL, 07, 2nd SIN)
R/S (Enter DIST along TANG to "P") =, RCL, 09, 2nd SIN,
STO, 04 - =, STO, 11 (RADIUS)
R/S (Enter OFFSET dist to "P") X, RCL, 03, 2nd TAN
STO, 05, =, RCL, 04, =, INV, 2nd TAN = STO, 12 (TANGENT)
STO, 06, +/-, + 4+/=-, +, RCL, 01, =
((180, -, RCL, 02,); =, 2, ), = STa, 13 (PC STA)
8TO, 07, 2Znd SIN, -, BCL, 03 2nd T, -, 180, =
2nd €0Ss, =, INV, 2nd SIN 576,14, X%, ReL 2, X
sTO, 08, -, RCL, 07, =, STO, 09 RCL 11, =, ‘STO 15 (L)
+. RCL 13, =, STO 18
R/S

End programming Press LEN
USING H.P.(15C) CALCUALTOR

Press g B/R (Sets LEARH Mode)
f LBL A (PI Sta in feet on display) —% s7T0 8, RcL 7, =, STO 9
STO 1, R/S (Enter DELTA in DMS) RCL 4, RCL &, COS, =-
i =H; 8TQ 2, 2 ==, §TO 2 sTO 0, RCL 7, SINH, X
R/5 (Enter DIST along TANG to "P") RCL &, SIHN, —
STO 4 STO .1, (RADIUS)
R/S (Enter OFFSET dist to “P") RCL 3, TAN, X, STO .2
STO 5, RCL 4, =, g TAN-1 CHS, RCL 1, +, STO 3.
STO 6, 1,8,0, RCL 2, =; '2; =, %Y — RCL 2, f-—+RAD, RCL .1
STO 7, SIN, RCL 3, C0S, ==, g SIN-1 X, STO .5, +, STO .6 &ﬁff

R/S

End Programming, Press g P/R
USING THE ABOVE PROGRAMS TO SOLVE FROBLEM (Page I-45)
USING T.I. (59) CALCULATOR USING H.P.(15C) CALCULATOR

(Both calculators in RUN Mode ) 1
For both calculators.....Type 10025 (PI Station in feet)

Press A Press £ A
For both calculators...Type 72.2428 (DELTA in DMS), Press R/S
i " Type 587.13 (DIST along TANG to "P“), ™ R/S
! " a " 155,17 (OFFSET from TAN to "P%), " R/S
HAIT 8 SECOKNDS WAIT 12 SECONDS

For both calculators...Read 11072.59 (PT STA 110+72.59)
RCL 11 Read 1970.03 (RADIUS) -......--. RCL .1 (Read SAME)
RCL 12 Read 1442.05, (TANGERT) ««.e-«-... RCL .2 (Read SAME)
RCL 13 ERead B5+52.95 [(PC.S5TA)...----- .. RCL .3 [Read SAME)

RCL 15 Read 2489.64 (LENGTH) ..s.-...... RCL .5 (Read SAME)
RCL 16 Read 110+72.59 (PT STA again)....RCL .6 '(Read SAME)
TO FIND STATION OF POINT "P"

* T.I.) " (H.P.) x
Lo b o= T
X RCL 14 X RCL 11 £ —RAD, RCL .1, X

+ RCL 13 = RCL .3, +

For both calculators, Read (Sta 101+88.26)

* NOTE: If point "P" lies along the BACK tangent (i.e.
Back of the PI station), Code "-" instead [ 5t
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TYPICAL EXAMPLES

? L (514)

M
(srA)

5. VERTICAL CURVE THRU A POINT

GIVEN: PI STATTON & ELEVATION, STATION & ELEVATION OF POINT "P",GRADE 1 & GRADE 2
SOLVE: LENGTH OF THE VERTICAL CURVE WHICH PASSES THRU POINT "P* AND IS TANGENT TO
GRADE 1 AND GRADE 2.

GENERAL METHOD: DEFINE: M = DISTANCE IN STATIONS FROM P.I. TO POINT "p"

£ = ELEVATION OF “P" MIHUS P.1. ELEVATION

A (ALGEBRAIC DIFFERENCE IN GRADES) = G1 - G2 (SIGNS OF BOTH GRADES MUST BE INCLUDED
IN THE CALCULATION, AND THE SIGN OF A IS VITAL.)

a=-A/d; b= AM - 28 -"26IM : ¢ = - A (M)

SOLVE FOR "L" (LENGTH OF V.C. IN STATIONS) BY SUBSTITUTING FOR a, b & c IN ONE OF
THE QUADRATIC FORMULAE BELQM:

FOR SAG CURVES L = (- b +/b? - dac)+ 2a

FOR CREST CURVES L = [ — b—\VbZ—4ac) + 2a

EXAMPLE 1 (SAG CURVE) PT STA. 100+00 El. 200.00;
STA. OF ™" 98¢39.5, £L. 210.74; GRADE 1 = - 3.5, GRADE 2 = 4.75

E = 21?.1a;~ 200 E = 10.14; A = (-3.5) - (4.75); A = -8.25: M = 1.605 STA

a =~ (-B.25)/4 ; a = +2 D675

b= (-8.25) x 1.605 - {2 % 10.14) - (2 x {-3.5) x 1.605): b = -22.286

c=- (-8.25) x (1.609)%; c_= fuzhad

L= (-(-22.286) +Y(-22.286)% - (4 x 2.0625 x 21.2522))= (2 x 2.0625)

L =(22.286 + f§21.3461 = 4.125; L = (22.286 + 17.926)+4.125 = 9,748 STA. L = 975'VC

EXAMPLE 2 (CREST CURVE) P.1. STA 100 + 00, EL. 200.00, STA “P" 99+0Q, EL. 197.28
G = - 1.5; G2 = - 9.0: £ = 197,28 - 200.00 = -2.72; A = (-1.5) - (-9.0) = +7,5:

M=1.05TA a =- (7.50/4 = - 1.875; b =7.5%1T - 2(-2.72) - (2x (-1.5) % 1)= +15.94;
SE R S =
L= (-15.94 - Y(15.98)%- (4 x (-1.875) x (-7.5)) < (2 x (-1.875)

L= (-15.94 -1197.83) % (-3.75); L = (- 15.94 - 14.065)< -3.75: L=8.001 = 800'VC

)
A NOTE: IF POINT "P" LIES AHEAD (TO THE RIGHT) OF THE P.1., SUBSTITUTE G2 FOR G1.
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PROGRAMS TO SOLVE A VERTICAL CURVE THRU A FIXED POINT

USING T.I. (59) CALCULATOR

Fress RST, LRN (sets LEARN Mode)

ZND LBL, A ...PI Sta (in STATIONS)

STO 01, R/S (Enter PI Elev)

STO 02, R/S (Enter G1), STO 03
R/5 (Enter G2), S5TO 04

R/S (Enter STA of P, in STATIONS)
STO 05, R/sS (Enter ELEV of p )
STO 05, 1

R/S (Enter chs anly if CREST)
STO 15, RCL 06, -, RCL 02, =
sTO 07 (E),RCL 01, -, RCL 05, =
STO 08 (M), INV, 2nd x t, ¢
STO 18, RCL 3, -, RCL 4, =

STG DBJ +f-| “T"Ll' 4: g

STO 10 (a), RCL 9 X RCL 18 = =
(2 X RCL 7) = STO 20, RcL 08

NV 2nd x*t, B

RCL 20 - (2 X RcL 3, %

RCL 18), = STO 11 (b)

RCL 8 xI, X RCL 8§ =y +f=-, BTO 12
X, 4, X, HCE 10, =, =, +

RCL 11, x!, = ¥x , STO 13 %

RCL 15, =, =, RCL 11, =, —

(2% BCL 10) = 5TO 14, R/S

2nd LBL €, +/-, GTO 042

2nd LBL B, RCL 20 - (2 X RCL 04
X RCL 0B) =, GTO 093

End Programming, Press LRN

]

USING H.P. (15C) CALCULATOR

Press f CLEAR PRGM,

" 9 P/R (Sets LEARN Mode)
L LBL A (PI Sta IN STATIONS)
STO 1, R/S (Enter PT Elev)
STO 2, R/S (Enter G1), STO 3
R/S (Enter G2) STO 4
E/S (Enter Sta of P in STAT)
=TQ 5, R/S (Enter El of P)
STO 6, 1
R/S (Enter CHS if CREST)
STO .5, RCL 6, RCL 2 -,5TO 7
RCL 1, RCL 5 - STO & (M)
A, XY, 9 XY, £ €
£ LBL 1, S5To .8
RCL 3, RCL 4, —, STO 9 (A)
CHS, 4, ==, 5T0 .0 {a), RCL 9
RCL, .8, X, RCL'7, 2, X, -
STO 0, O, RCL 8, g x<v, £ B
RCL 6, 2, REL 3" X RCL B X, -
£°IBL2, STO i1 [b), RCL B
g %%, RCL 2
X, CHS, STO .2 (c)
& X R
X CHS, Het .2
q xzr +rﬁf 5TQ .3
RCL: .5 X REL ,1 i
2. BCL .0, %, =, 5T0 -4, R/s
£ LBEL ¢, CHS. &TD 1
f LBL B, RCL 0, 2, RCL 4 X%
REL.8, X, —; GTO 2
End Programming, Press g P/R

USING THEZ ASOVE PROGRAMS TO SOLVE THE V.C. THRU A POINT (Fage I-47)

USIHNG THE T.I.(59) CALCULATOR

USING THE H.P. (15C) CALCULATOR

Hith both calculators in RUN Mode: Enter PI Sta in STA (100)

Press 3

Press f A

(FOR BOTH CALCULATORS)

Enter PI Elevation

Enter G1 (3.5, =

(200) and Press R/5
or CHS)..Press R/S

Enter G2 ( 4.75) ... . .__... .Press R/S
Enter Sta of p [ bali £ ) EEE e Press R/S
Enter Elev of P (210,14)~+...Press R/S

READ "1" If this were a CREST, a ?+j-" or "CHS" would be
entered, since this is a SAG, simply Press R/S

WAIT & SECONDS

WAIT 7 SECONDS

READ: 9.7485 (Stations) OR 975 FT V.cC.
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TYPICAL EXAMPLES

6. CONCRETE VOLUME BY “SOLID OF REVOLUTION® (AREA TRANSLATED ALONG A THEQRETICAL
PATH WHOSE RADIUS IS DEFINED TO THE CENTROID (CENTER OF GRAVITY) OF THE CROSS SECTION.)

PROBLEM: COMPUTE THE PAY QUANTITY OF STRUCTURAL CONCRETE IN A “SPIRAL™ (ACTUALLY
HELICAL) PEDESTRIAN RAMP. THE RAMP'S CROSS SECTION IS DIMENSIONED BELOW. THE PITCH(h)
OF THE RAMP IS 11.52' AND THE NUMBER OF TURNS,(n), IS ONE AND A HALF. TAKE MUMENTS
ABOUT THE C/L, SO0 THAT “E" WILL EQUAL "R" IN THE EQUATION FOR THE LENGTH (S) OF THE
HELIX. THIS IS DONE AS FOLLOWS: DIVIDE THE CHOSS SECTION INTO TRIANGLES AND RECTANGLES
LABELED A, B, C, D AS SHOWN. PREPARE A TABLE AS BELOW AND CALCULATE THE AREAS AND "e"
DISTANCES FOR EACH SECTION. “e" (ECCENTRICITY) IS THE DISTANCE FROM THE C/L TO THE
CENTROID (CENTER OF GRAVITY) CF THE SECTION. (THE CENTROID OF A TRIANGLE IS 1/3 OF TUE
BASE FROM THE RIGHYT ANGLE, AMD TIHE CENTROID OF A RECTANGLE 1S HALFWAY.) MULTIPLY THE
AREA OF EACH SECTION BY ITS “e" DISTANCE AND HECORD UNDER “PRODUCT™.

“RY OR "E", THE COMPOSITE CENTROID OISTANCE,IS FOUND BY DIVIDING THE SUM OF THE PRODUCTS
BY THE SUM OF TdE AREAS. (259894.5 + 1864.5 = 139.391 INCHES *R")

[HE VOLUME OF CONCRETE IS CALCULATED BY MULTIPLYTNG THE LENGTH “S™, OF A MELIX WHICH
PASSES THRU THE COMPOSITE CENTROID, BY THE AREA OF THE CROSS SECTION.

FROM PAGE 140 , S =n \/(2TR)? + HZ

s = 1.5 (27x 139.391)® + (11.52" x 12")%; S = 1329.93 INCHES

YOLUME CONCRETE = (1329.99" x 1864.5 SO.IN.} =+ (1728 CU.IN. x 27 CU. FT.)
VOLUME = 53,150 CUBIC YARDS

e e = om

i e g s e

5 , | AREA | ECCENTRICI PROCUCT,
Tia,, DIMENSIONS | S5 1. 'E.”{N::ES]TT CAHEAX er)
A 2.75"x11'x12"/24 181.500{ 89"+(11'x12")+3=133"] 24139.50
B 6 5"xG'xl2"= 102.00 [113"+(9'x12"j=2=167" | 117234.00
C 24"x24"= 516.00 69“+£2'112“§%2=101“ 58176.00
D 7.5"x8'x12"/2= | 405.00 [113"+(9'x12")+3=149" | £0345.00
| T T0TALS ¥ 1864.50 [ | 7559854.50 ]
EE; = la7" 2 e
"R or "E =1339.391" : R

a1 Sioe

2 S T T ST
a1 D B A AT e ek |,
/Z iy g R 0,2 05) S
b o ,..'_;".'_.-- )
r. TF‘EJ, 2-0' ' ?’_dn :
[ i (= 83°) |
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TYPICAL EXAMPLES -

Begin Bridge € of Pror Ska 1542602,
Sta HHﬁﬁ?\ '
M

7. LOCATING PILING BY TRIARGUUATION

TWO KEY PILES IN A CHANNEL SPAN PIER OF A BRIDGE ARE TOQ BE AT STATION 15426.02. A
BARGE 15 ANCHORED IN THE APPROXIMATE AREA WITH 4 ANCHORS, SO THAT THE PILE DRIVER
MAY BE POSITIONED EXACTLY BY DIRECTIONS FROM TWO TRANSITS ON SHORE. ANGLES 1BL,

28L, BL), AKD BL2 MUST BE SOLVED TO ACCOMPLISH THIS. HERE IS HOW ONE ENGINEER
APPROSCHED THE PROBLEM: AT STATION 11+00 A TRANSIT WAS SET UP, SIGHTED BACK TO
10+00; PLUNGED, AND AN ANGLE OF 75° 20' 20" WAS RECORDED TO POINT “L"; (PREVIOUSLY
ESTABLISHED BY CHAINIHG EXACTLY 300 FT. FROM B.) SIDE BS = 426.02:

SIDE B1 (OR B2) =|{426.02)¢ + (10)2 ; 81 OR B2 = 426.13737 ANGLES 185 or 28BS =
ARCTAN 10/426.02 ;4 18S 08 28BS = 1°20' T™. 1IN TRIANGLE BL1, SIDE BL = 300’

SIDE B) = 426.13757AND 1B = (759207 20" + 1°20' 41"): 418L = Y6941 01"

SOLVE SIDE L1 BY COSINE LAW. 1IN REFERENCE TO Z 180 OPPOSITE SIDE SOUARED =

THE SUM OF THE SOUARES OF THE ADJACENT SIDES MINUS TWICE THE PRODUCT OF THE ADJACENT
STDES MULTIPLTED BY THE COSINE UF THE INCLUDED ANGLE. THIS APPLIED YO X TBL READS:
(LTJ2 =782+ (BL)Z - (2 x Bl x BL x (05 ([ & TBL)J. SUBSTITUTING VALUES: (L1)? =
(426.1373)* + (300)° - (2 x 426.1373 x 300 x COS 76°41° 01") L1 = 461.1964°

ANGLE BL1 MAY NOW BE SOLVED BY SINE LAW: SIN (BL1)/81 = SIN {1BL)/LT,0R

SIN (BL1) = SIN (76°41'01") x BIJLT; SIN (BL1) = .97311278 x 426.1373/461.1964

SIN (BL1) = .89913887; X BL1 = 64°02' 42". HAVING SOLVED BOTH & 1BL = 76%41'01" AHD
4 BLY = 64°02'42", A TRANSIT MAY BE SET AT "L“ ALSO; SIGHTED ON "BE™ AND TURNED

RIGHT 64902742, THE TRANSIT AT “8" MAY THEN SIGHT ON "L" AND TURN LEFT 76°41°'01".
THE BARGE 1S MANEUVERED TO LOCATE PILING "1", EXACTLY AT THE INTERSECTION OF THE TWO
LINES OF SIGHT. USING THE ABOVE METHOD, SOLVE FOR < 2BL, SIDE 2L AND ANGLE BLZ,

SO THAT PILING "2 MAY BE DRIVEN!
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USING GHLIQUE TRIAHNCLE PROGRAMS TD SOLVE PILING: LOCATION PROBLEM

ALL THE TRTANGLES IN THIS PROBLEM MAY BE SOLVED USING CASE 2 (SAS)
(Two sides and the included angle). Programs on pages I-11 - I-14

HEF (l15¢) IS USED FOR DEMONSTHRATION, BUT TI {(55) MAY BE USED
FOLLOWING SAME PROCEDURE. (Making- allﬂhaHCE for S5TO Mo, differences)

In Triangle BS1 (and ES?} Solve for Angle SBl & Side 1B
Enter 90°, Press f B, Enter 10 (Side 1S), Press R/S
Enter Slde Bs, 426.02, ©Press R/S
{9 secaond anSE -Read AREA (2130.10)..Not needed !)
Press R/S, (Read 907),..Angle BS1 again !
" RIS, (Fead 1t z20° 41"} Angle 581, (STO .9)
I B/S: (Y agnag” 19“) Angle B1S, Not needed .
BCL 2 (Read 426.1373, Side 15]--{STG -8)

In Triangle LBLl: (Solve for Angle LB1)
Enter 75:2020° (Angle LBS), g —-H, RCL .9, g —~H, +
(Read 76.6836%) Press f —=HMS, (Read 76%941' 01")..Ans.
{How solve for Angle BL1) =
(With Angle LBl on display): Press f B (Read 76.6838)
RCL .8 (426. 1373% side 1B), Press R/S
Enter 300'({51de EL}, Fress R/S..Wait 9 seconds.,
(Read 62,201.97 s.f. Arez)...Not required !
Press Rfs (Read 767%41' 01") Angle LBl again

J
" RS, (" 64%502° 43") Angle BL1 (ANSWER !)
" R/S, (" 39916°12") Angle B1L
RCL 2 { " 461.1962 ft) Side Ll

In Triangle LBZ: {Sclve for Angle LB2])
Enter 7512020 (Angle LBS) g —H, RCL .9, g P, =
(Read 72.9942%), Press f —HMS, (Read 73%59’ 39“j+,hns.
(How to solve for Angle BL2) a
(With Angle LB2 on display): Press £ B (Read 73.9942)
RCL .8 (426.1373, Side 2B), Press R/S
Fnter 100 °(Side EL} Press R/S..Wait 9 seconds.
(Read 61,442.65 s.f. Area)..Not required !
Fress RfS {Read ?1J59 33”] Angle LE2 again !
* R/S, (Read E5°53 07"} Angle BL2 (ANSWER !)
" R/S. (Read 40701 14%) Angle B2L
RCL 2 ™ 448.4336 ft) Side L2
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TYPICAL EXAMPLES

8. BITUMINOUS RECORDS

THIS HORIZOWTAL, CYLIHDRICAL STORAGE TANK IS 27'-6" LONG, 9'-7" DIAMETER,
HAS A 6 INCH DOME, FLAT HEADS, AND COILS IN THE LOWER QUARTER. THE RECORDS
FOR FIVE HOURS OPERATION (STATE WORK ONLY) ARE:

OPENING STORAGE TANK MEAS. (TOP OF DOME TO SURF.) 67 3/16" AT 295°F.
TRANSPORT 1 DELIVERS 6050 GALLONS AT 287°F.

TRANSPORT 2 DELIVERS 5796 GALLONS AT 230°F.

TRANSPORT 3 DELIVERS 4877 GALLONS at 243°F.

Mmoo W e

CALCULATIONS: SEE TABLE “CYLINDRICAL TANK IN HORIZ. POS." P IV 13-17

K = LENGTH [IN FT] x (D INEHESI x 12 + 231
K=27.5% ({9 x12) + 7)Z x 12 + 231; K = 22.5 x (115)*x 12 + 231
K = 18,893

B/0 RATIO [OPENING] ({3 + 16) + 67 - 6) + 115 = .53206521
(TABLE P IV 14), B/D LIES BETHEEN .533 AND .532

533 - .53206521 = 0009348 :+ .001 = .93479

USING 93479 AS THE “"RATIO": "
FIND COEFF.: {IHTERPGLATE AS PER PAGE 146) = .36065592
VOL. = K x COEF.; 18,893 x .36065592 = 6814 GAL. AT 295°F.

R. OPEM. STD. TANK: 6814 GAL AT 295°F. x .9740 = 6,296 GAL. AT 60°F.
B. TRANSPORT: 6050 GAL. AT ?B7°F. x .9264"= 5.B05 GAL. AT 60°F.
C. TRANSPORT: 5796 GAL. AT 290°F. x .9255"= 5,364 GAL. AT 60°F.
D. TRANSPORT: 4877 GAL. AT 243°F. x .9398"= 4,583 GAL, AT 60°F.
B/D RATIO [CLOSING] ((7 = 16) + 35 - 6) = 115 =
25597826

INTERPOLATE COEFF. (AS ABOVE) = 62665395
VOL. = K x COEF.; 18,893 x .62665395 =
1. 339 GAL. AT 233 F. #
E. CLOSING STO. TANK: 11,839 GAL. AT 288°F x .9261= -10,964 GAL. ﬁT 60°F.
PAY QUANTITY = 10,884 GAL. AT 60°F.

* SEE TABLE 1 PAGE VI,VOLUME CORRECTION FOR TEMPERATURE

1931 EDITION GUIDELINE PROCEDURE NO. (01-600-230-B
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TYPICAL DEPOSITS OF FLORIDA SOILS

# LOCATION | = WEST, (Distrlct 3; Countles 46 thru 61)

2= NORTH, (Districts 2 8 5; Countles 26 thru 33, T1-T74, T6,78,79)
3= CENTRAL,[Districts [,4,5; Countles ?CII,E,E,EL‘IG,BE,IITEE,TEIBZ,H‘IE,IE,TTJ

4= SQUTH,(Distrlcts |, 4; Countles 86,1,3-5,7, 12,17, B87,89,90,91,93,94.)

SOIL LOCATION | AASHTO E T ngﬁél[ﬁ:r LOOSE DRY h?grg'rmt?gg—
DESCRIPTION |% CODE  [CLASSIFICAT. | Lbs/Ca Ft. |Lbasou FL | Lo Cr Pe A
SHELL 384 A-I-a 100-110 5125 80-90 10-13
SHEL L 384 | A-1-b 100110 14 - 123 80-90 10-13
MARL a | a-m 103112 S- 125 85-95 a-12
LIMESTONE 1,23 | A-I-b 102-110 l-1ia 50-100 =15
LIMESTONE | 4 | A-1-b 102-110 | 120-130 100-106 =13
FINE SAND T B A-3 100-105 | 100-110 30-95 10- 16
TR 2 A-3 100-105 | 105-110 85-100 10- 14
\ "_3 A-3 100-105 98-1|5 85-90 10-18
FINE SAND | 4 A-3 | 100-105 | 1oi-108 92-97 1-13
CLAYEY SAND 1 | Amz-q 100-108 | I08-i22 85-80 E
A < 2 A-2-4 100-108 108-115 85-100 10-16
Z i 3 A-2-4 I00-108 | 116 -12] 85-90 =12
CLAYEY SAND & A-2-4 100 =108 HO=114 85-93 12-14
SAND CLAY | | A-2-6 100 - 115 107-120 BO-B5 10-18
R 2 | a-2-8 100-105 | 105-112 85-100 14-18
; T A-2-6 100-105 | 116-121 85-90 =12
SAND CLAY 5 A=Z2-86 oo-113 05-115 B5-95 1013
SAND CLAY | | A-2-7 100-115 103- 121 BO-85 13-20
SAND CLAY 384 A-2-7 100-113 108-115 85-95 g-12
SILTY CLAY it | o A-4 I05-108 1Og=112 80-E5 10-14
SILTY CLAY 2 A-4 105-108 | 102-114 90-100 | 14-13
SILTY MARL .4 L4 102 =110 1Ha-122 80-390 e
CLAY | A6 100-110 | 107-120 80-85 10-18
v 2 A-6 100 - 11O 100-110 90-100 14-18
a 3 A-6 100-110 H2-114 90 -100 t4-1i8
i e A-6 | fco-lo n2-ue 945-105 10-13
“ i A7 $5-100 03-121 80-85 13-20
B T A-T 95-100 98-105 B5-95 16-20
3 3 A-T 45-100 nz-i4 g85-95 13-14
LAY - | 3 A-7 95-100 | 112-114 90-100 | 12-14
MUCK l 1,2,3,4 A-8 40-50 45-55 40-50 70-100
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1ATERTAL

and for Concrete

:and for Bituminous

lixes

.imerock - Ocala

imerock-Miami Oolite

Key West

-rushed Stone-Live Dak
Ko.

Ho.
Ho.
Na.
Ho .
Ho.

No.

B

9
10-A
11
15
16-A

16-B

jrooksville Area

Ho.
No.
No.

Ho.

“iami Area

No.

ho.

Key Hest Area

No.

54

&
g
11
15

AVERAGE
HEIGHT

PER CUBIC

YARD(WET)

2867 Lbs,

2279 Lbs.

2449 Lbs.

2843
2362

2550
2550
2510
2560
2490
2500

2430

2538
2610
2470
2497

2570 Lbs.

2511 Lbs.

2362 Lbs.

Lbs.

Lbs.
Lbs.
Lbs.
Lbs.
Lbs.
Lbs.

Lbs.

Lbs.
Lbs.
Lbs;

Lbs.

HMOISTURE
CONTENT

BASIS FOR WEIGHT
_UETERMINATION

REMAKKS

3z

5%

152

15%

8%

4.4%

4%
4%
4%

41

Dry Rodded Wt.

Dry Loose Wt.

Actual Truck
Heights

Dry Loose Weight

Ory Loose Weight

Het Loose Weight

L1} ul "

Ory Rodded Weight

Dry Rodded Height

" w -

Ury Rodded Weight

Generally the same
State-wide, Ortona
Mines vary somewhat -
up to 3100 Lbs./cu.yd.

Variable state-wide

Considerable variance
not only from mine to
mine, but within the
mines-ranges from 2100
to 2850 Lbs./cu.yd.

Considerable variance

Although wet loose
weights are used as a
basis for determining
weight per cubic yard,
the dry-rodded weight
gives a result very
close to those listed
{i.e.,No. 9 stope
2538 1bs./cu.yd. -
based on dry rodded
weight)

Other grades of stone
dre assumed to be with-
in this range.

Weights assumed to be
the same for other
grades of stone,
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AVERAGE

Assumed to be the same
for other grades of stone

Material is quite vari-
able-but assume no
varifance between grades

Only source in State

Information is from
source at Victor,Fla. -
Information on Slag
from Nichols not avail-

Considerable variance in
the stone from 1998 Lbs.
to 2916 Lbs/cu yd, but
not between grades of

Same State-wide.

Material weight varies
according to clay content

Quite variable

WE TGHT
PER CUBIC  MOISTURE  BASIS FOR WEIGHT
MATERIAL YARN(WET)  CONTENT DETERMINATION REMARKS
(Crushed Stone Cont'd)
Sunniland Area
No. 9 ¢ef1 Lbs, 7E Ory Rodded Wt,
Ft. Myers Area
ho, 9 2626 Lbs. 1% Ory Hodded Wt.
of stone.
Gravel
Chattahoochee Area
No, 9 2689 Lbs, 14 Ory Rodded Wt,
5lag-Phosphate
Ha. 11 2527 Lbs. 4% Ury Rodded Weight
Ho. 15 2470 Lbs. 43 nooo. i
able.
Birningham
No. 9 2246 Lbs. az Ory Rodded Wt.
Na. 11 2246 Lbs. 4% i i =
Ho. 12 2248 Lbs, 4% M ¥ B stone.
Ho. 15 2246 Lbs. 4% - " :
Solite Aggregate
3/4" to No. 4 1445 Lbs. 174 Dry Hodded Wt.
Screenings 2781 Lbs. b1 Ory Rodded Wt.
Fill Qirt
Sandy 2565 Lbs, P 3 Ury Loose MEt.
Clayey 2187 Lbs. 10.5% Ory Loose Wt.
Mineral Filler 2430 Lbs. 0% Actual Weight Uniform
Shell Base Material 2462 Lbs, 113 Ory Rodded Wt.
Cemented Cogquina 2916 Lbs. 10% Dry Rodded Wt.

QUT-OF-STATE !MATERIALS WHICH ARE FREQUENTLY HAULED BY TRUCKS WITHIN FLORIDA

Crushed Stone-Central Alabama

No. 11 2787 Lbs.
Ho. 15 2646 Lbs.
Gravel-Montgomery, Alabama
No. 9 2862 Lbs.
S.H. Alabama
No. 9 2943 Lbs.

P
2%

1%

1%

Dry Rodded Wt.
Ory Rodded Wt,

Ory Rodded Wt.
Ory Rodded Wt.
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Celculstion of the W gt sl
Stebilizing Mutirrad

thickness or n 318b11§zed Sulgrade or Bsse when add ing

Given:
(1) Dry loose density of stabllizing Muteriul = 95 Lbs./cu. Ft.

(3)

(2) Conpucted Subgrade dry Density = 105 Lbs. /cu, Ft.

Cumpucted dry density “BLEND" or the stebilizing Muterisl snd Subgrede
Materisl = 104 Lhs. fCu. Ft,

(L) Stabillzing Materiel To Be Added = 259
Required:
¥ = Thickness g Stabiilizing Metecisl to be added
¥ = Tickness [ fnctesn) of coinpaced subgrede muterisl 1o be Stebilized so thet tLhe
finiehied Stulilize | tibgrede will compact to 12-Inches,
“ = Depth (1nclies) Lelow thicoreticul grude to rinlsh the subgrade to, before the

Stabllizing nulerinl is vdded so that the stebilized subgrade when cospacted
will T'inish 1o tle regulred elevation,

H Theoretical Grod
x Z
¥

Eii zf jf{f
12 Cmmpactedffff;
Steb. Subgrade

W

Stebilizing Msterial Per Inch of Depth (Dry Wt.) per Sgquare Foot:

108 Lbs./cu. Pr. - 27 ibs. /cu. Ft.

95 Lbs.
12 Inches = T1-92 Lbs. Per Inch/Square Ft.

256 X 108 = 27 Lbs. fCubie Ft.

Yor 10-Tush Stebilizing:

%IEE = 3.4) Inches Per Squere Foot.

2
I < 1Z"/fL. = 9.26 Inches
105 Lbs./Cu. Ft. > / 2 &

12-Incties - 920 Ihehes - 2.7% Tuches

OR: Lbs. per cu. fr. Stub. Subgrade X Thickness X Width X Percent =

- Dry-Toose density of Stab. Material

equals: Cu. Fr. Stub. Matl. needed per linear ft. of roadway

NOTE: ‘fhis is an “approximate quantity busal on theoreticsil variables.

I
T

L will be the responsibility of those controlling the work to ensure
hat additional material is added 45 required.
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CUR RADIUS
DEG MIN ET
0.15 22918.31
0.30 11459.16
0.45 7639.43%
1. 0 5729 .58
1.15 1583 .66
-1.30 3819.72
1.45 3274.04
2. 0 2863.79
2.15 2546. 48
2.30 2291 .83
2.45 2083 .48
i. o 1909 . 86
3.15 1762.95
3.30 1637.62
3.45 1527.869
4. © 1432.39
4.15% 1338.14
4.30 1273.24
4.45 1206.23
5. 0 1145.92
5.15 1091 35
.30 1041.74
5.3 996 .45
6. O 554 .93
6.15 916.73
6.30 881.47
6.45 848.83
7. 0O B18.51
7.15 790.29
7.30 763.94
7.45 739.30
g. D 716.20
£.15 £94 .49
8.30 674.07
8.45 654.81
9. 0 636.62
9.15 619.41
9,30 603.11
9.45 587.65
10. O 572.95

-\'--.1. ..

-

T AH GENT

EXAMPLE : 10° CURVE

O F F

S E TS

: 1625
.5

y . =
fs] 109 i00 300 400

DISTANCES ERCM PC AND TANGENT OFESETS 1IN
100 200 300 100 500 6500 700
Q.2 Q.9 z.0 F.5 5.5 7.9 10.7
0.4 1.7 3.9 7.0 10.9 157 21.4
0.7 2.6 5.9 10.5 16.4 23.6 7.1
0.9 A5 7.9 la. 0 21.9 31-.5 2.9
: 10 ] 4.4 S.8 17.5 27.4 39,4 53.8
1.3 K2 11.8 21.0 32.9 47 .4 647
1.5 6.1 11.8 24.5 3B8.4 55.4 75.7
1.7 7.8 15.8 28.1 44.0 63.5 B6.8
L 7.9 ) i I J L g B 49 .6 Tl 98.1
Z2 8.3 9.7 % Lo 55.%2 T2.9 109.5
2.4 9.6 21.7 JB.8 60.9 8.3 1213
2.6 10,5 #3 .3 42.4 66.6 g98.7 132.9
2.8 11.4 25,7 46 .0 72.4 105.2 144.%
i 12.3 pif A N - o Y 78.2 113.9 157.2
A3 31 29,7 53.3 B4.1 122.7 169.8
3.5 14.0 il.8 57.0 90.1 131.7 182.7
3.7 11.9 ii.a 680.7 96.1 140.9 196.0
3.8 5.8 i5. 8 ed.5 102.3 150.2 209.7
3.2 15,7 37.9 8.3 108.5 155.8 223.9
2.4 17.6 0.0 72.1 Yla.8a 169.6 238.7
4.6 18.5 42, 5.9 1213 1749.7 254.1
1.8 19,4 34.1 79.9 127.8 190.1 270.%2
5.0 0.3 46.2 g3.8 134.5 200.9 287.3
5.3 21.2 48.13 87.8 141.4 212.0 305.4
5.8 223 50.5 51.9 148.4 223.6 374.8
5:7 b e S52.6 96.0 155.5 ‘23as_.7 345.8
5.9 23.9 54.8B 100.2 162.9 248.4 168_.7
6.1 24.8 57.0 104.4 170.5 261.8 3343
6.4 2557 59.2 108.7 178.3 2Z75.9 423.%
6.6 26.6 61.4 113.1 18&6.4 291.1 4SB.0
6.8 27.6 63.6 117.6 194.7 307.4 501.5
7.0 28.5 65.9 122 1 203.4 325.1 'SR4.7
I.2 29.4 B68.1 126.B 212Z.5 344.7
i jo.a 70.4 131.5 222.0 366.9
Tt 31.3 72.8 136.4 232.0 352.6
7.8 327 75.1 141.4 242.6 423.8
8.1 33.2 77.5 146.5 253 .8 456%.6
223 34.1 79:9 151.7 2B5.9 541.9
8.6 353 82.3 157.1 278B.9
g.8 J6.0 B4.8 182.7 293.2
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(EEET)
200

14.0
28.0
42.0
56.1
70.4
84.7
o992
114.0
128.9
l44.2
159.7
1755
192.0
208.8
226.2
244 .2
263.0
282.7
303.5
3255
349.0
374.5
402.4
433.5
4639.1
5313
5E65.1
645.4

57

S00

17

35

53.
71
89.
107
126.1
145 .C
igg .3
184 .1
204.4
225.¢
247.C
269.E
293 .z
318.3
344, 4
IF2.E
403 .:
436.€
4741
sl
568.¢
6357
T42.<

"
o T 5 S T S |
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VOLUME OF CONCRETE IN BUILD-UPS
OVER PRESTRESSED BEAMS

) A
240 O T
Eraca it o e gug e Py
e
vSY o= SLOPE (FT./FT ) %
“T'* = BUILD-UP (FT.) il s -
"W = BEAM WIDTH (FT.)
“LY = SLAL LENGIN (FL.)
SECTION "A-A"
o L .
CASE | Lot _TANGEINT GR4DE i |
(TANGENT) 'T'l == b S
: A, Top of Beam
A '_l'_"
ke . Baottom of Slab j
CASE 2 'T'J: “*@
(SAG CURVE] _ Top of Beam
e

Bottom of Slab
CASE 3 ‘%
{CREST) TI%Q ETGF of Beam
L
A Bottom of Slab
CASE 4 =
(CRESTY) . L

Top aof Beam

VOLIRG CONCRETE (CU. FT.)

CASE {263 _CASE 4
GENERAL FORMITLA: V= L{SW3/2+W[/3) GENERAL FORMMA: V= L(SWZ/2+2WT/3)
TYPE 11 = L(5/2 + T/3) TYPE 11 = L(S/2 + 21/3)
TYPE ITI = L/9(8S + 4T) TYPE 111 = 8L/9(S + T)
TYPE IV = 1./9(12.55 +5T) TYPE IV = L/9(12.55 + 10T)
TYPE V § VI = L({6.125 S + 71/6) TYPEV § VI = L(6.1255 + 21T/9)

MOTE: ‘The volume of concrete in the build-ups shall be included in the Concrete
(uantities an the Superstructure Detail Sheets. :

The depth of Diaphragms shall include the dimensien "T" when computing
concrete volumes.
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o

POST: eacH
D425 CY. CONCRETE
39.85 |bs. REINF., STEEL

(By 12" wide)

RAIL: PER FOOT

0278 C¥, CONCRETE
13.55 |bs, REINF. STEEL

.:I'—'—'—fllT

™ _‘g-
Y
Elk
" s POST: eacH
i 04735 CY. CONCRETE
L 51.87 Ibs. REINF. STEEL
I e
107 1l (By 12" wide)

RAIL: PER FoOT
.0507 C.Y. CONCRETE
226l Ibs. REINF. STEEL

Varies |

2 6 |2
B i
=
1% 7= |i
Il _l | W
| h |0
i
e ,JI,.,
.
% n i! !
b ] 1l
1:‘ il 1"
e :I o=
[

POST: EacH
0728 CY. CONCRETE
16.51 Ibs. REINF. STEEL

RAIL: FER FOOT

.024T7 CY. CONCRETE
B8.344 |bs, REINF, STEEL

PARAPET :

PER FOOT:

0926 C.¥. COMNCRETE
T.68 LBS. REIN. STEEL
% These bars not included.

2"

. 3—;3-: 7 V.
_ LA =

’ STD. GRAVITY WALL: ; |

it X-SECTION AREA= f
a 5.1475 SF. > it
: Lo A
27 i =1
CENTROID (HORIZ)= 5 b
741 from face o o H;il
BARRIER: S| || ["% ¢/1
- CONCRETE= PER FOOT il — —* "3'
0.1906 CY/FT. 0.07594 CY. /I
CONCRETE i Sy N

r 20744 Ib o fﬁ ro kg
' B. e ——— :
REINF. STEEL . (Wi | # ; "f
i I
= = = = J-#..'.—' e '{'
A% i .
4 1991 EDITION GUIDELINE PROCRDIRE NO_ 001-600-230-R



R

T F
Tl S
Shit] Bla
T | 2
o[ - _
Vaal [T [P
!f_dli
o 90° CORNER
&0 SHEET PILE
AN
v N 3
a y
AN, g,
? LA ,
— f = mﬁﬂ
F0°
f""" . fl%'f',_ o
f:/’a‘ Sl e
5~ S
S -
o R

et Cap J SHEE
—Ew%% T PILE

'—._1".‘_}
C

o
o, Wb | =

.
: '_“I "}..:TJ":;:'T '-'-l:"I ;."!f f“‘
| Ynehor Aje Cop

O

Bulkfieay Cap/ | :

= T

EE =

=

PILE IMBEDMENT

CONCRETE DEDUCTS for BULKHEADS, in cu. ft. (per pile)

LOCAT TYPEFSTANDARD| 90° 45° 30°

BULKHEAD| 073495 |066633|063163 |066T76

ANCHOR | 0.86032

NOTE: 6" Imbedment for Bulkhead Cap & 7" for Anchor Pile Cap.

PRECAST CONCRETE SHEET PILING (8"x30")
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272"

%&_
|
)

5

ﬁr—.—ﬁu—. ] : 5 s

: E%J‘l'% S 3, L

"ﬁzﬂsl = d ;&-—m— T et ;I:
F 276" 1 glffﬁ' | 5u [0
STANDARD 10"x30" PILE SR - il SR

A 90 CORNER
4| SHEET PILE
- q"
1:, .
L T
W y
;
— - — qu -'.:"_,."'_V _\-.\H_- =
}“""
{L%f‘fixLE_E
L= EV*
45° CORNER 30°. CORNER
SHEET PILE S SHEET PILE
SSAPIp i cgp gt -
N 1 0 S (A
e et i g = L
SRR I SO 1 D S B
BT Cop {1 e WO 7L/ L
Bulkbza fﬂFI | i |§4ﬁ'5ﬁ&“ e Cap

PILE IMBEDMENT

CONCRETE DEDUCTS for BULKHEADS; In cu ft (per plle)
i STANDARD|[ 90° 45° 30°
BULKHEAD |091869 |079109 [082516 |08I859
ANCHOR |.07386

PRECAST CONCRETE SHEET PILING (10"x30")
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&,;;E ~ ] § & e
fﬁl W& & & m & A ____a ;:' i‘h‘ I 1—2—”
g
<= SOy o e Eap SR _}' 7
— k! Jfr
K\
STANDARD 12"230" PILE 47z }'—EL‘-%'
i s 9
5 90° CORNER
. < SHEET PILE
j:l - \"I.r
N ,§ \iﬁ
A }ﬂ.}
W,
5 /:, G I v
©
=- -
f"—{j” ! fﬁd-
45° CORNER 30° CORNER °
R TIRNR B oy e
i\] ! .
y \4\ _ E\ o
&2 , [ h [" T
Uul“-._ R W L !'r f,;”f“‘szf‘; ‘.
Bulkpzad Cap? | 1T | Chiior o7 Coo

PILE IMBEDMENT

CONCRETE DEDUCTS for BULKHEADS; In cu ft (per pile)

3 STANDARD| 90° | 45° [ 30°
BULKHEAD [110243 |0.90I86 |095972/094442
ANCHOR .29232

PRECAST CONCRETE SHEET PILING (12"x30"
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O

Methed of hooking bars as
recommanded by AC |

Folled in Round equol in orao 10 square seclion,

PROPERTIES OF REINFE STEEL AND STD.HOOK DIMENSIONS
SIZE | AREA |PERIMETER|LB/FT] P H X A
144" ¢ 045 | o.res loisz [ 1 va” | 1 3/4° | 78" | 3 3"
/g @ .110 i.178 |0.376 (778" | 2 s/8" | 1 3/87 5

| 1727 4] .196 | 1571 |o.6es | 2 2" | 3 12" | 1 3/a" | & 3@
we" ol 250 2.000 [08s0 |2 2" | 3 w2"| 1 324" | 6 3/4"
5/8" @| .307 1963 [1.043 |3 /8" | 4 3/8" |2 /78" | 8 38"
34" @] .44z 2.356 1.502 | 334" 5 114" | 2 5/8" | 10"
7/8" @| 60| 2749 2044 | a3/8" | 6 /8" | 3" | 1134
1" @| .785 3,142  |2.677 5" 77 |3 172" [133/8"
1™ a[i.000 | a.000 |3.400 5 7" |32 [133/8"
1 1/8"901.266 | 4.500 W.303 | 558" 7w |3 we” |15 i/g"
1 174" 9|1 .563 5000 5.313 |6 1/4a” | 8 3/9" | 438" | 16 34"

FRACTIONS TO DECIMALS
R EI N FOR CI N G BA RS 1732« 03125 | 17/32  »..s3jza
118 r 0628 afl6 =  %gzsn
o5/ 71| Omre® [one [ wo | ik Jremwerea | |22 = onss Lowse - oo
1/8 T 123 5/a : 625
167 | .250 |(o) 2 .05 786
afaz = 15623 21/32 s 82625
.376 A5 @ 3 .|l 1.178 36 = 875 /16 = _gars
.668 | .500 ()| 4| .20 | 1.571 /32 = 2ers | 2332 . niers
| 1.043| 625|&)| 5 | .31 | 1963 | [s - s 34« 13
1.502 750 @ =% 44 2 356 8/32 1 .z8I23 25732 s _TBi2s
Sy W et B o § n
2 044 875 7 60 2 749 5/16 3125 13/1 8125
B T =t = I1/32 = 34375 | 27/32 = _B43rs
2‘5?.9" ._.I'GDD _CI-) E_ -79 3.142 3/8  + ATd 7/8 & .873
3.400 | I.128 (1) 9 | 1.00 | 3.544 S i il
4.303 | 1.270 |("g 10 | 1.27 | 3990 1716« 4313 | 1spis = 9318
5313 | 1.410 () 11| 1.56 | 4.430 18/32 » .46875 f31/32 : .36875
7.650 | 1.692 |(#9)] 145| 2.25 | 5.316 E 4 08 i S1G00
13.600 | 2.256 |(2)| 18s| 4.00 | 7.088
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PROPERTIES OF GEOMETRIC SECTIONS

SQUARE A e e
d
Azls of moamanis Lhrough cantler ;e
L
T 1 e
L] -—-————————‘L dr
. 228676 d
R ——
12
=] d——H
)
2 -2
SOQUARE
Anls ol moments on base A = g
I c - d
d4
I o= -
I ' u 3
1 ! *
d
e a— r - '_ﬁ = L BT73%0d
A = da
SQUARE ’
Axls of momaents an disgonal = ﬁ = .Jo7Tie7 d
ds
b s
de
E = = = .117851 d¥
oy 2
r = Te—= = _ZHEGTS d
vz
o' o?
2 = — - - JIMETOZd?
3 vz
RECTANGLE s oha
d
Azls of momaents through canter e = 7
- I- § = bd?®
2 12
]
] ___._._._._.....___l_ 8 - bd

[
d
- == = BT d
J——.—u—- J 12

o |

Z - —
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PROPERTIES OF GEOMETRIC SECTIONS

RECTANGLE

Anle of miaments on bisse

F

b—— b

1
d
"f_i- = 877350d

RECTANGLE

Axls of momenta on dlaganal

bd
bd
Viiiar

B

T Fan
hl‘l
Ii b2 4 ds

bd

\OETD]

RECTAMGLE

Anla of moaments any linas
through centar af gravity

bd

balna 4 dcosa
2

bd (b® aln®a 4 d4 costa)

12
bd (b* sinta 4 d® costa)

§(bsina +dcos a)

‘,b'f slnfa 1+ d2 conla
12

HOLLOW RECTAMNMGLE

Axls of momante through centar

!
A

o

Ko
l | ] L

H—— b ——H

bd — byd;
-]

bd® — bd,?

12

bd?® — bydy?

Bd

bdd —byd 4
12A

bd? bydi?

4 4

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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PROPERTIES OF GEOMETRIC SECTIONS

EQUAL RECTANGLES

Anln ol momaents through
cantar of grayity

o
W

| T

T

b(d—dy)

d

rd

bodt —d,5)
12

b (d¥ — dy1y
6d

di—d1
12(d — dy)

L]
g o bt |

UNEQUAL RECTAMGLES

Axls of momants through
canlar af gravity

o e 1.
i am

H——— ——

- 8
]
¥
|
i
!

'-r—vL-H

-

bt 4 bty

Whobe® 4 bty (d — &5 1)
A

bLs it
BT biys + —:ﬁl“ F bty ®

6=
l

$- (42)]

TRIANGLE

Axis of momants through
centar af gravity

. i

T— = .238J02d
L BT}

TRIANGLE

Axle of moments on base

A
A

- AQAZ4L d

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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PROPERTIES OF GEOMETRIC SECTIONS

TRAPEZLCID

Axles of maments through
canter of gravity A ﬂl&#
I‘*"‘“' ; d(2b + by)
= = b + by
T 1 i A (bd 4 4 bby + b4y
= (b +by)
4
— __l_ 5 d¥ (b 4 4 bby + b4y
l 12 (Zb + by)
=3 . d S e S S i
1 Wb+ By Y2(b* +4bby + b,
dl.
CIRCLE A ',‘ = TRY = TESI0E df = 3141603 A2
Axle of mamenta o
through cantar £ - R
[ & A*
z = - TT" — .H9087 d4 ~ 785358 R4
d1 R
5 —'E- = f—‘— - 098175 d% = ,TE4308 A2
v Ak
4 2
T
I =
HOLLOW CIRCLE A =ikt HSE DTS {di — a,1)
Axig ol mamaents d
through canlar € =
(L —
I .E.L-.—.__i - HRIET (de — dg %)
widd —dyt) dd — o,
i 3= LT —————
¥dr 4 d,3
r e
d! !
£ o
HALF CIRCLE
A ol - 1.8707%8 R4
Axle of mamanta through 2 i
cantber of gravity
€ A (t ——") = L ETSSET R
ir
- a :
] R4 (T_-i:'_ = JI0TET A
AY  (fwd — 84)
3 i a ?—'“ul'—-ﬁﬂ = 1§084T RY
Bl — B4
. P M

ir
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PROPERTIES OF GEOMETRIC SECTIONS

PARABOLA
4
A ‘:‘- mk
= 2
T
18
3
s 176 ath
4
Iz -ﬁ-lh‘
-32
i = gp e
HALF PARABOLA A %.n
a 4
it m -zi"'l
. Apex
3
n — b
T l fa 75+
o 19
i
Ia abt
H _‘L 4§80
aX-- 1 B I T
iz 108
B ¥ 2
4 la ﬁ.hi
COMFLEMEMNT OF HALF
PARABOQLA 1
A — ahb
a2 a
h— n—d X
] i Apex m - e
il
1—- —_——— 1 3
n — b
sl i 3
m ar
l 3 L o= Zie 4P
Ia =— ab?
b
PARABOLIC FILLET IM i
. —
RIG:HT ANGLE 242
|-—--'-'H—1-
. b -"1_"
g o = Yz
1
Ly
A B 1
m n = -:—t
1 I
b h - At
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TEERET

PROPERTIES OF GEOMETRIC SECTIONS

" 'HALF ELLIFSE

Y -;— wab
i Ax
ir
E |
] | X RNy,
% Ay (a Ir
Iz -:- rabl
Is -—:— ralb
1
A Tnh
i o .
ir
45
4] Ir
T 4
t e - —
g ailinlh G ir)
4
t ] —
fa =t ( 8 Wr
Ia A ralh
s o
i ia
la -:-E-r:lhl
* ELLIPTIC COMPLEMENT A o (1_—)
2 F 3
; m

by b —— s

Ia

® Tg obleln proparties of half clrcle, quarter circla and clrcular complament subatitute s = b = R.
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PROPERTIES OF GEOMETRIC SECTIONS
AND STRUCTURAL SHAPES

REGLULAR POLYGON

Axls of moamantas -
through centar

Mumber of sides
e

n
2V R —R,2

Z-Z is dniz af minimum 1

g i 2eln g
a
Ml 2 lan ¢
A w Moutcatded-sR
3 Matee i—Tn sinpg =nfy % tang
fomly = RAEAS—ah)  AMZRE a3
1=l3 E7) T}
r'ﬁﬂl — al Y{r_f,ﬁ.l.;. ad
fy=ry = —_— - ot ol o S
I 48
AMNGLE N2 - o z_“l
Azls of momants through T
centar of gravity T :' + <t s At 4 ag
ek L] b +c) 2(b 4 c)
K = Productofl lnsrtla about X-X & ¥-¥
o b 2
€ ol i abedt
\ |- 3 + 4{b+4«<)
1
\ |y o= (et —ag )
h" ] o
‘l 8 ,..:-"‘H a 1 b ] dad 3
Tn_ 5 ||r - T il — n)}? 4 x—-q:x—u)
o 1 | P 7 G
3 PEe 1, = |l sln®a 4 I, cos?s 4 Kaln2s
ol [
L =l I, = [l conds 4 | slns— Ksin2s
s U \.1_ 1 Fols negatlve when heel of angle, with respect
Y to c. F" in In lat or Ird quadrant, pesitive
whan ln 2nd ec 4th quadrant.

BEAMS AND CHANMELS

Transvarse force obligue
through center of gravity

i‘ sln?g + | coa®y

I, eoaty 41 slng

¥ 1
[} (l—l-hu + "w tnu)

wiliere M i3 bending momaent dus Lo lorce F.

18
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SECTION 11

DRAINAGE
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I

STANDARD ENDWALLS FOR PIPE CULVERTS

- INDEX DCE-01 |
PiPE| CONCRETE QUANTITIES FOR ONE ENDWALL — Cu.’ Yds. X-SEC|CENTR] STD.
DIA[ONE PPE CULV'T [TWO PIPE CULVT. |THREE PIPE CULVT.[FOLR PIPE CULVT | AREA o h
|| CONCICMR |C L RICONCICMP |C. P [CONCICMP [CLIR |coNc]cmp] cip 5Q.IN.| FACE |cu. YD
|5L‘ le31 L24) 124169 162] I161]1.94] 199] 1.98] 2.30] 2.37] 2 36 66805409 0 08
18 | 1961 1591 158 1.99] 2.04| 2.0312.43] 2.51| 2.49] 2.86] 2 96 2.94] 7575l0.5721 0,13
Zf“" l.o7 852 106033| 0.18
24 | 2241229 2.28/ 282 2.91| 2.89/3.39| 352| 3.48] 397 4.14| 403 8g) Q6010 0.21
127 | 2.73 992 las322| 0.26
201 3.26 5341 3321 4.13| 4.28] 4.244.96] 5.20] 514] 564] 6,13 6051098 |ne635]| 034
36") 452 464| 461| 573| 595 s89] 692| 728 747] 813 8.57) 8461325 l07264 051
42| 632| 649| 645 11| 843] 8.35 990| 1038 026] 11 68| 12.32] 1216 1632 _[a7944] 074
48l s15] 8.28] 8.32 1049 1085| 1074 12.64] 13 34| 13)7] 1489 I582] 1559(1894.5/08858] |04
547 1171 1523] | 1877 222 2406 [10508] 1.2

o L= T :;—:uu t
FIFE ARCH CULVERTS - uantity of One Endwall SR EOA ALK Ay A

SPANIRISE [1 PIPE[2 PIPES]3 PIPES|4 PIPESISPIPE J6PIPES T PIPESBRIPES Dbt
2o"|18" | 67| 219 | 270 322| 374| a26| 477 529 sl a
36"| 22" | 221| 288| 3s4| a21| 487| 554 620| 687 CEIAER fi
| 43°)27"| 2es] 376| 464| 552| e40| 7.28] si7] 905 o i
50" 31" | 368| 4.81| 593| 705| s18| 930 1043] 1155 CRAVITY ~—1erd e
| 58"| 36"| 458l 60| 744 sass| 1023] 1172] 1315] 1457 St
65| 40"| 554 7es| soz| 1077]| 1251| 1425 1600] 1774 S
v2"| 44"| 749] o9sal12.18 | 1453] i688] 1923] 2157] 2392 htct
STANDARD ENDWALLS FOR PIPE CULVERTS-

Quantity of One Endwall | INDEX DCE-D2

PIPE] ENOWALL WITH 45° WING [ENDWALL WITH U-TYPE WINGS
D1AJCONC PIPE [C M. PIPE[C. |, PIPE [P HFE T B PRE 1T
2" Q901 057 1051105910511 g5s
157  0.58 0.6l 06l |osel| 069|064l 072 |063] 072
18" 076 079 079 |072] 081 |07s] 084 |076| 084

24" 103 tos | 108 | 103 113 | 108] 118 | 1.08] Lia
30" 1 34 142 141 135) 146 | 143] 153 | 1L42] 153
36" 1.74 L85 184 | 1.75| 187 | 186] t9a | 1aa| 198
42| 236 243 221 234 | 234] 247
48| 276 292 266| 280| 283 297 )

U-ENDWALLS FOR PIPE CULVERTS-

Quontlty of One Endwall mUEX DCE-0D3

PIFE [2:1 SLOPE-w/o Baffles | 2:1 SLOPE - w/Bafflas 4:1 SLOPE 61 SLOPE

DIA. JCONC.- ¢.y.|STEEL - Ibs |[CONC-cy|STEEL-Ibs.[CONCcy|STEEL-lbs JCONC - y|STEEL-Ibs
15" | o83 49 1.6l 99 154 95 219 138
18" | 05 60 189 142 184 109 2.63 145

(24" | 148 82 2.52 193 2.53 139 255 ] o227

SECTION IXII
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U-ENDWALLS for PIPE CULVERTS-
Quontlty for Ona Endwall [INDEX DCE-03
SIZE AREA |24 SLOPE w/Baffles” |21 SLOPE weh Baffles 44 SLOPE ~ 61 SLOPE ™
PIPE | OPENING ICONC-cy|STEEL-ibs, CONC—cy |STEEL-Ibs [CONC -y, STEEL-Ibs [CONC.-cy. [STEEL-Ibs.
15" .23 1.58 95 097 53 | 160 98 2.24 141
18" LT7 1.85 134 .14 64 1.91 1o | 269 146
24" 314 247 181 1.58 86 2.6l 143 366 23|
30" 491 327 223 2.00 151 3.43 238 4.88 334
Ao T.07 4.11 286 2.52 EE] 4,35 287 6.20 412 |
42" 9.62 5.06 335 301 240 5.40 401 7.71 572
48" 12.57 6.05 457 370 273 6.49 474 9.3] 673

| 54" 15.90 7.26 556 4.49 334 7.83 563 1119 B804

“NOTE: For Construction With Baffles, Ses Table Balow —

[ADDITIONAL QUANTITIES for CONSTR. wiih BAEFLES]

SIZE |CONCRETE |REINF. ST
PIPE | cu. yd. Ibs.
15" .03 4
18" .04 8

| 24" .05 12
an" .07 I8
3" .09 22
42" A2 30
ag" 4 33
54" 18 41

()

2
I"\uup-j
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51ZE — DIAMETER

l

-

STANDARD PIPE PLUGS- 8" THK..
SIZE || Sulcuncan) orinsuce] PLUG VOL-Cy.
12" 2" 0.785 | 0.0194
15" | 214" | 1.227 | 0.0303
18" | 2w2" | 1.767 | 0.0436
21" | 234" | 2405 | 0.0594
24" 3" 3.142 | 00776
27" | 314" | 3976 | 0.0982
30" | 32" | 4908 | 01212
36" 4" 7.069 | 0.1745
42" | 412" L9621 | 02376
48" 5 |i1z2566| 03103
54" | 52" 115904 | 0.3927
60" 6" |[19.635| 0.4848
66" | ele2" |23.758 | 0.5866
72" | 7" |28274 | 06981

# Thickness are for Concrele Plpe, Closs TIL- Wall 8
A5 TM SPECS Co7e &' Phllas W

PIPE ARCH CULVERT - 8"Plugs
SPAN|RISE | £8%+ |PLUG VOL-c.y.
29"| 18" | 28471] 0.07Q3
36" | 22" | 43197 0.1067
43" | 27" | 6.3323]| 0.1564
50"| 31" | 84533 0.2087
58" | 36" |[1.3883| 0.2812
65" | 40" |14.1808] 0.3501
72" 44" [1T7.2788| 0.4266

SECTION I1I CARTER KEY MANUAL AND CWBASIC




SEE PAGES I 57 , T.T. 59 PROGRAM 0. & "nrs PITCH EXCAvATION

FLOW IN PIPES

PIPE MEASUREMENT

PIPE __ SIZES Minimum Wall Thickness for Concrete Pips| C.&.P.
TN AREA LOW-HEAD Class TIL | Class IV | Class 3L Lau-vH'l.u.drH':A::E:h
Dlam| 3aft. [ EoEcE] SEEELETw [ie|afa T8 ¢e Eilptieat | oL etal
12" | 0.785 * 3"l 2" w a2+ ] 2" = = * |
15" 1227 [19x12 |1ex i Jimle v « limlove] « [2vi] « | « .
18| 1.767 |23x14 |22 x i3] 2'|2%| « |2 "e%) » |2%] x| 2 %" 16
21"| 2.405 |26 x 17 |25x 16 Java"lave| = [ew|ewd] & |2¥d] » R 16
24" | 3142 [30x19 [29c18fer"] 37 & pre"] 33w 33| 3" 14
27| 3976 |33x222 |32 221 |2 f3ve] « l2wwlan] 4 {3p] a”] 3 ® i 4
30" | 4.909 |38x24 [36x22 [2¥"[3 V] « |23 rta 3w an| 3 V" I 4
36"| 7.069 |45x29 [43x27| 3" 4 "[4%] « | 4 |aW| 4| 4 ye ™ 12
42" | 9.621 5334 |50z 31 |3w"av|5y] = |4r|sy"|4vilsn’| 5" |2
ag"|12.566|60x 38 |58z 36]4 " 5|5 « | 5'154 5']5%| swn” |12
54" [15.904 |68 43 |65x a0|avs|s vi|evi| » |swfen| = |ew| 6" | 12
60" [19.635|76x 48 |72x 94| 5" 6"|6%] | 6"|6n"| » |6¥| 642" 10
66" |23 758 |83z 53 " sve'le v |Tw| w [eve 7w « TV T "
72" |28.274 |91 x 58 ,. 6" 7Tw| w| THIN"| £ || TRT =
78" |33.183 |98x 63 = v |7 i 8] | » 188" & | & g " *
84" |38.485 |l06x 68 * 78" e w| % Jon| » | x| 8" *
30" |44.179 |[U3x 72 * T YA w | w | B % g " x
se”lsozes]izix v7] =# 8" oo Al # | x| % | % | sna” %

D-Lead 1,350 2,000 3,000
O-Loed,ut. | 2,000 3,000 3,750
® No Standard = Set on each individual design
NOTE: The DOT. Specs call for concrele pips: meeling the requiremenis of

Class II. Special concrele pipe shall meet the requirements of Class I3,
excep! where the plans specifically designale Class . plpe. Standard

wall used is “Type B".

1991 EDITION GUIDELINE PROCEDURE NO. 001-600-230-B
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— Stondord Corrugotled Steel

¥

Pipe Wall —

Ty T-PITEN

b -

ST CYR e o
7 ;

NOTE
Pipe Diameler Is measured to

the Inside crest of corrugations.
(ARMCO Drainage Handbook)

STANDARD CORRUGATED STEEL PIPE X-Seclional Areas. ]
DA 16 GAGE 4 GAGE 12 GAGE 10 GAGE 8 GAGE |
treomiis | vacantnn | ACAT LR | nnneaa] tomcantna | Angaan | tnconcis| roveintsa) maper e |t it ] e PACANELE | eCAntas] Laer
| 8700558 |05598| 0.40 0074705747 [ 0.40 |0.1046|06046|0.40 |o04345 06345 |0.41 01644 |0.6644|0.41
o™ ° = 0.El " " | osi k2 " losl - " |o.s2 = E 062
2 i 0.88 4 " |oss Z T loar s = losr i i, 0.87 |
i ) 32 i i 13z | " .33 4y " 1.33 ] i 1.34 |
o f |88 " ! .88 = = .89 . = 1.839 = # 190
o - * lasa | - " 254 i " |ass ) © |25 s R I
2qk] - *- 3.2% g " |328 = " |330 o " jasi iy " 3.32
2T 4.14 4.5 4186 4.7 40T
Ig" " ] £ 09 " = 2.0 5 511 ' i 5.2 " n 5.3 I
a5 6.14 6.13 6.16 6.7 6.8
sg”| - " 7.29 | " " friee % B 7.30 B " 7.32 = S o
] - 5.88 ¢ k] 9.89 2 " $.30 = = s i " 953 ||
sl " |ez.ee | C N L 12,88 i " h2.so b - e
sqn| = - 1623 - * lig24 i = 16.2 6 = " 16.28 = *  lis3o
ea"| - " Jenoo | C 20.01 " lzoos 5 " Jzoos o B -
6| " * e LY R TR N Y ez | * * ledzz | " " lea2s
2] " " leerz T |2873 " l|zars " " lesa7 = " l2aso
y &l I " |3zse £ * lazey " = {33ro - v 3373 " " |3ars
ga”| - = |agoo | * |20 i T |azo4 i el T 7 (P * lasso |
g
896"
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VITRIFIED CLAY P|PE

Conforming to ASTM. SPECIFICATIONS C-13 ond C-261 for STANDARD
STRENGTH PIPE, and C-200 ond C-278 for

EXTRA STRENGTH PIPE.

BARREL THICKNESS
SIZE
STANDARD | XTRA-STH.
Tl " 5"
5" % " Wi
8" S "

[ A0 Ve " je2
[2" By | %"
= Tl [ 1 s
18" |1w" | %" |
< ol U T A TR
24" 2" 2% " |
5 i - e I o
200 J2e" 3™
F30 | /piag IV"
36" | a3" 3"

Lo
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GENERAL TABLES
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MATLS,

F.
(HOT VOLUME)

COEFEICIENT OF EXPANSION (.00035 )
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ALLD L =91
(L0 LGl
LELO L=n|
Lo i=it
Q610" Lag]
po2nti=LlL
RUEQ " L=0L
go20"L=8

2Lén L=

Lic0" L=

|20 L=9

5220 Lmg

A220°L=n

tE20 " Lag

gEEntL=2

Eng0" L=l

HUOD dWIL
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MATLS.

1

+*

{HOT VOLUHME)

WHERE
(PAY VOLUME)

IN DEGREES F.
1/K(T-60)

1,

+

AT GO

TEMEERATURE
VOLUME AS MEASURED.
COEFFIC(ENT OF EXPANSION (.00025 )

Vv J/E(T-60)
VOLUME

CORRECTION FACTOR

W
v
T
V
K

FORMULAE FOR VOLUMNETRIC CHANGE 1M BIT.

LO06 " 0=n0s
EQ06 " 0=E08s
5006 0=20%
LO0E ' 0=105
6006 ' 0=00%
LI06 0=56h
CL06 " D=Réh
SLO6'0=L6h
LLDE " 0=95R
GLO& 0=54k
L2056 '0=hER
E206 " G=f6h
G206 0=26n
L20E ' 0=16n
G206 "Q=06n
LTS '0=s9n
TE0&6 ' '0egan
G0 " DmLghn
BLO6 0=90R
On06 " 0=5@h
2H06 ' 0=n@R
hHOS *D=LRYE
GhiE "N=ZQk
FLEL RO LAR L
NEN&"Q=nen
E506 0=bLE
hGA6 " B=aLn
9506 " N=LLh
BE06"0=9Lh
0906 0=6LNn
2306 "0=nlh
neNG ' 0=fln
996 '0=aLh
o086 "0=LLh
QLOS Q=0
2L06 ' N=69n
hLQ6"0=/9h
QLOL Q=T
HL06 "N=T9h
LEO6 " 0=59%
LHOE"0=n9h
Galb "N=Eon
LenG N=29n
G¥n6 " 0zL9h
LEQS " D=09h
CED6 " N=6G
GEUG "N=R5h
L8606 " Nalgh
G606 11=90h
LOLG"Nas5h
taL6 " N=h5h
GOLA NeESH
LOLa N=25m
LI 'D=LGh
2LL&"0=0%h
LLE " O=5hh

HY0D dHIL

=Gk
Z2L6 0=5hy
hel& " O=nnn
GZLa"0=Ehh
U216 0=Zhh
OfLG O=Lhh
2ELG 0=0hh
GEL& OeGTH
LEL6 0=RER
GLLE O=Lin
LhL6 ' 0=98R
Ei6 ' 0=Gn
SRl O=hin
Lhlé Owiin
GhLG Om2in
LGLE°0rLER
EGLS O=nEn
G5L&"0=57h
W5 L6 0=EZn
Q916" 0=L2n
2916 ' O=g2h
ROLG'QeGEn
9LE O=h2h
g9L6 ' O=E2n
GLLG 0=22h
ZLLS O=L2n
hilé O=02h
GLLE Dusin
ALLE D=GLm
LB O=LAh
P14 "0=9Ln
GELG O=5Lh
LEL6 O=hLn
63L& 0=CLh
L6LE O=2Lh
LELE O=1lim
G5Le 0adin
BELE D=SON
a0z n=gan
Z02& n=L0n
nds ! N0y
0026 0=508
QU246 " N=n0Y
ora6e n=ton
FLgoi0=20n
n1Z6 0=10h
L1226 A=00n
GLEH =668
226 N=R6E
£226'N=068
G226 N=95L
LE26 =668
G226 °0=nsE
Lt26"0=t6t

HHOD JWIL

hE26'0=261
DEZ6'0=L6E
BEZ6'D=06E
Ohee ' Omait
Zhas ' 0=Rat
nh2s'0=L0L
InZE " O=99E
Gh25 0=40E
LE26'DehRt
L2656 0=198
G826 0=ZRC
Le26 0=l BE
6526 0=00¢C
1226 0m6ll
nI2E 0mdLl
9926"0eLLt
eRZ6°0=FLE
OL26'O=GLE
ZLZ6 Omyfi
nleh‘onflf
QLEs'omals
6L25°0mLLE
L9226 Um0LE
26" 0ab9L
SHE6 0=09¢
L6 N=L9E
SU26 " N=79¢
ZEZ6 "0=591
hE26 " 0=h9E
9626 0={9¢
B625'0=29¢
QL6 "0=19tC
2016 0=09¢
ROEG QubGE
LOE6"0=96L
S006"°0=LGE
LLE6 0=95¢
ELEA " N=G8T
GLES "0=hGT
LLEG A=EGE
EAY I E FAA Y
22E6 0=150
neEs " 0=05¢
DZE6 0=6NE
REL6 0=9nC
LEL& D=LnE
LEEG mang
SEE& N=gnt
LETA N=nnt
BELE NagEnt
Lfé " n=int
hfe U=Lnt
GhLa ' N=0h{
aniau=5Et
NGE6 ' N=gEt
2eL60=LET

Y33 JHIL

GeL6 ' 0=95¢
Leié'0nGiE
GG06 " 0=nEE
LG 0=(1E
E9E6°0m2LE
SOE6"O=LER
§9E6 " 0m0LE
DLES'Ow6RE
ZLEG D=RET
nLf& " OmiZT
FLEE 0u92E
6L06°0mG2E
L¥EG " OmhdE
LOS5'0mERE
GaE56 " 0m=ZEL
LEEE 0=l 2k
Q686" 0=02¢F
2HE6°0=06LE
hOLs O=aLE
F6E6'QaLlL
L6 N=TLE
LonG " 0=gLE
fons " O=hLE
CORG " O0=(1T
LohE ' O=2i¢T
DLhe ' 0O=L1E
ZihE " 0=01L%
nihG ' 0=608
TiLh6 ' 0=R0E
GLhGe"0=L0%
LEhG " 0uAf
[2ng '0=60¢C
G2n6 0=n01
LenG*0=£08
0ihE*0=20%
2ERGTN=L0E
nEnrg " 0=N0L
FiR6°"0=662
BLRE " U=962
LhhG D=L62
ChrG" 0=262
shng*0=g62
InhG Genbe
USheG "O=E62
25h6 " 0=262d
Nen& N=162
FanG " 0=062
S6N6"0s6BE
LOh& O=gRe
fong " g=L82
§ans" =082
Lang ' nagde
QLng a=nke
LG 0=t9e
RiRG =232
OLhG  UmLYe

YHOD JWIL

GLhG"0=082
L@hs O=6L3
fehd 0=l
GENG O=lLZ
AONG "DugLZ
0688 "0=9L2
Z6h6"0mnld
hERE " O=(LE
LahG " Omgl2
G6hE 0wl LE
LOSSs " 0=0LE
f066 N=592
906602992
A0GA " Owi92
QLS6 " 0n992
ZL56 0uggZ
LS8 " 0mnR2
LLG6 " 0=t92
—5L56 " 0=292
ZEZ56°0=192
hZS6 0=092
9256 " 0=652
BEGH "0IWGE
LESS "Om5E
£E56°0=962
GGG 0=552
LESG D=2
GhE5°03E52
enGE " 0=g52
nhGE 0=152
LhGh 02062
GhGE"0=4hd
L5566 0=gn
T566°0=Lh2
G556 °0=9he
w366 0=6h
Q9Gea ‘d=hhl
66" 0=Cha
N956 Naghd
L9G6 Q=R
965" =0nE
ZLG6"0=612
HEGE T O=NEE
FLSAH 0=LER
GLEHT0=912
L9GE"N=6ET
E956 "0=nEd
o TR BTl
3966 °0=202
G6G6 0= E
26S6°0=0nE2
GHGE N=622
LAG6"D=820
GGG D=L
e =92
BO9G'U=522

HUOD dWll

Q094 0=h2E
Q096 0=22
LL95"0ag22
P96 0=12g2
51960022
PL96"0=EL2
D296 'N=@Lle
2296'0=L12
29602912
L2096 0ngL 2
G206 Umki2
2E94'0mE12
hEFS OnZLE
JE9E 0= L2
SL96 0myLE
Lh96 Q=602
EnFs"0=R02
She6 0= L2
Fha6 ' Neg0e
D36 0wG0E
=(S36° 0=h02
GE96'0mL02
LG8 0=20E
D995 0,02
2904 0=002
nF98 " DebEL
LR96°0=R&1L
6996 0mLAL
LL9& " 0=051
nEge 0sssl
QLOs O=n&L
BLO& D=L
LE96" =25
(296 0=LEL
CE0& 0=061
PEDE N=6T
0696 0=0g1L
2695 D[Rl
A4 D=9%)
LEDE D=001
G508 N=NT|
eOLs nsfal
AOL&E D=gRL
goL&0=LR
GOLGO=REL
SR AL TAS
ELLE Q=901
LLg 0=LLl
LLa 0=9L1
2LE O=sCLL
glh=hil
GEL6 N=LLL
BELe " 0=2LL
OtLe"0=LLL
2LLa"N=0LL
GELE'O=60L

g
7
L
£

WHOD dWdL

LELE O=TFL
GELG " DmL9L
ZRLE"0=991
= hnls " DugRL
Lhi6'D=nD]
EnlG 0=0[91
LG5L6 " 0ugd Tl
nGLE OmL9L
F5Le " Om09L
FSLE " O=6G1
L9LG6 0=R51
9.6 0=L81
9906 0=95]
UILE D=GGL
OLLG DsnsgL
LLLE O=ESL
SLLE D=Z5L
PLLG6 OELGL
~0ELE"0=051
ZRLE 0=4nL
LRLG 0=TNHL
LALE D=L
DGLE ' O=FhiL
26L6 " 0=5hL
n&LE O=nmnl
L&L6 " DaEnl
E5L6°0=2nl
2086 0=1hi
=hyEs 0=0hL
9085 0=6E1L
A0U6° 029EL
LLRE 0=LEL
RLBE =9EL
QLEE 0=5EL
gLea 0=hEL
Leg6 =T L
{296 0s2EL
296 N=LTL
Aza& N=0LL
DERe =621
TERE Nagal
CERG NELZL
AEA N=72L
TEE TR E LA
Tha " O=hdl
SHES"M=1al
Lhg6 " 0=221
0gEa 0Ll
25096 °0=021\
C5R6 0=61
LGREG " N=/LL
0986 0= L
c20UAT Q=L
RGR& =501
L1906 N=nllL
G706 UsT L

HHOD dHIL

=54 10vHD LIVHdSY HOJ SyOLIvJ :a_Pqucnu

ZLRE 0=ELL
RLES 0=LLL
LLRE 0=00L
GLAE O=401L
LRES D=001
heR6 D=0l
996 "0=901
89602501
LERS"QannL
hERS " O=EOL
SERS ' 0=20L
4684 O=LUL
L0857 0=00L
E066°0=458
IN66"0=§E
BOE6 0=LE
LLES 0=2958
TLA6°0=9G
FLEL " O=nd
BLEG D={E
Leb6 " 0mes
L2656 0mLS
9266 0=U8
9266 0=6%
0T84 0mgl
CEs6 Naly
GL66°0m08
BEES N=GT
On&6° D=ng
EWSa " 0=1(%
Sh&6"0=28
n&hH N=Lh
0SAG " 0=08
ESSEG"=hL
58660201
Bod6 " 0=LL
N96E N=0L
£966°0=5L
CR66 N=nL
FIGE N=TL
ULa6"0=2¢L
fLAE N=1L
GLEH =L
FLEL6 =T
NE&s " N=49
P984 =LY
SRE670=299
FREL " 0=59
0666°0=hT
LEA60=1%
COAG N=22T
HEEG D=9
2000 L=09
TO00* L=68
GO0’ (=35
TOR0 " 1=LY

WHOD JdHIL

QLN ” =95
ELDO" L=5%
CLDO" Lahs
BL00 " L=fG
0200°" L=2%
200" LwLg
G200 L w0g
G200 L=hh
0E0D" L=gh
CCOD " Lmin
SE00"L=2h
RE00 " L=%h
GhOD " L=hh
thoo " L={h
ChUL " [ =Zh
RhON " L=Lh
0500 Lugh
L4500 L=6L
00" L=t
BL00" L=l
0900 La9f
£900 " L=5(
G000 y=At
B900° Laff
QLDO" | =2f
ELOU T L=LE
QLo =ng
BiN L=62
Lenn T =32
e L =ta
9800 " =52
GO0 =52
1600 " L she
600" L=1E
JENA" L=22
RE00 " L=l
LD L=02
ROLD =61
GULDLaRL
GO1N°i=sLL
LLintL=91
HELOT1=gL
gul0ti=nl
GLL L=EL
L2Lo' L=21
i L=l
L2vd” v=1h
G210° Len
21U k=i
RE LYY
LErninesg
stL0tL=g
JrLdti=n
Grig*i=g
Lhi} =2
OGEUT L=y

HH0D dHWIL
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MATHEMATICAL AND PHYSICAL TABLES

TABLES OF CONVERSION FACTORS,
UNITS OF WEIGHTS AND MEASURES

Leagth [L]
Hult ply
Number
al L
%slicn g | 7 5
1a A - .|
Obisia’ \_.( 3 2 :: 5 3 Fola 2 % 3
3] i < = iz x = = = b=
Centizuts s 1 e | 7540 o | sy | tee | 2540 | 1808 D0 | 9144
wi o xU0- | M0
Feet 3.281 | B.333 | 38l 5080270 3.Z80 | 8333 | 5280 | 3.1B1 3
wlg-t Al o 0=
luches oM 12 1 3937 | 7396 | 3937 | oot | £3% | 1937 | 2
woe | g ®Ie | xire
Kilumetern 10 | 3 oan | 7540 1 1853 | o.col | 2540 | 609 | 10-F | 5. 044
XKIg=4] ®ug-t ® g Al
Kuuti=] miles |.845 05396 1 5,394 0. 8684 4,914
®lg-d F [t 10
Eletern 0.61 |o.3048] 2540 | 1000 | 1853 I 1609 | 0.000 | 0.9144
i ®ig-a
Mils G 0 Ul (Y 1000 |-3.917 1817 I 33,37 | 36
A1 wia w0 0
Mila 6214 | 1 emg | 1sre | oosand | 1116 &.204 I 6,204 | 5.042
KA0-t | XK1= ] xi0-s Xig=4 I0-T | w10-«
Millimeter 10 | 048 | 2540 | 108 1000 | 1.540 1 9144
Wig-T
Vards bt Jo3aas| 27re | o | 202 | vose | 2ame | e Jrow | o1
W0 w10°% winek win-t

Metrie Multipler
104 mnicrons = 10% maillimeters = 10 centimeters = 10 decimetere = 1 meler
= 10°! dekameter = 1077 hecloneter = 1077 kilometer = 107! myrismeter
= 107" megauieter = 10'° Anpstrom Unils,

7092 inches = ] link Land Measure
25 finks = 1 rod = 16.5 feet = 5.5 yurds (1 rod = 1 pole = 1 perch)
4 roila = 1 chain (Guniher's) = GB feet = 22 yardy = 100 livks
10 chainae = 1 fuslong = O feet = 290 yards = 1000 links = 40 rods .
E furlungs = 1 nile = 3930 fiet = 17060 yards = S000 linka = 320 rods = EO chains
Ropes and Cables
a yards == 1 luthuw 120 fathorae: = 1 ealde’s leugth
Meulical Measure
GOSO,2T feel = 1 guvtical mile = 1.15156 stalule miles | i
3 puutical miles = 1 league (UL 5.) 3 stutute miles = 1 lengue (Gr. Britaio)

(Nore. A munticol mile is the length of 3 minute of Jongitude of the eurth at T:hﬂ
cquator at sea level. The British Adoiiralty uses the round Bgure ol G050 feet. The
word " knot " i3 used to denole " ouutical miles per hour.'})

Miscellineous

3 inches = 1 palma % inclies = 1 span
4 ickies = 1 bisnd 21y feet = 1 mililury puce
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R

WEIGHTS AND MEASURES

Area [LY)
Malilply
HNumber 5... _5 E
| 5 g g H
a a8
i 7 3 & i tlg |3
? 8 X = = - | a2 o
i 3 | 32 g : = El8] 81485
o+ - &) g o & E & & & E
et 1 1.196 M7 | 2471 | 640 1.064
g 1) w10 X0
Circular mila 1 1.973 | 1833 | 1.1 1.973 1973
o X1 | xios wiE
Square ecolimelors Joly 1 9I18.0 | 6.452 ([11L] o ) 2550 0.00 | K
xlo- wigw
Square lext 4386 | 1,074 1 944 | 1o7h | io7e |27 os]| 9
e o ] M= | sl 107 | wn-e
Syuare inclics G271 7 B4 | 0.1550 144 1 I 5% 1550 | 4.00% | 1550 1356
w101 & 1o W w0
Square kilometen 4047 10=1% 5 % & 452 1 10°% | 2.5%0 | 10=12 | & 351
wig-1 b TRl B [ R ®x1o-1
Ed
Square melers 4047 0.0000 | 9.290 | 6452 | o 1| 2.590] 10 (o838
ol LR Bl bl
Equare males 1. 582 .84 EREE) 03551 | 3. 840 1 3.esl {3 s
wlo-i - weqg-e wig=1 M0 w197
Sqeare millineicrs 3 Dol 100 9 M0 iz loee e 1 §.35)
=g oA L) e
Square yanls 1840 PASG | oottnn | 2706 | 1096 | 1196 | 3 098 | 1,198 1
2004 WAL | wine WIE | w0

Land Messure
301/, square yarda = 1 squnre rod = 272 1} square feet
ld sguare rodds = 1 square cliain = 484 square yurds = 356 square feet
2 s square chaing = 1 rood = 40 squate rods = 1210 squarae yards
4 roods = 1 sere = JU0 syuaie chains = 160 square tods
€40 nzrea = 1aguere mile = 2560 roods = 102 400 square rods
1 gcction of lande= 1 square wile; 1 quarter section = 180 RCTES

Architect's Measure

100 square fect = 1 square

Circular loch snd Circulas Mil
A circular inch i the wres of & cizcle 1 iH_I;h in dizmeler = 07654 square inch
1 square inch == 12732 cirevlar inclics
A circular ol is the area of & eircle 1 mil (or 0.001 inch) in diameler = 0.7854 squsre mil
1 equare mil = 1.2732 cireular mils ;
1 eircular ineh = 10" circulur mils = 0.7554 * 10" squars mils
1 square inch = 12732 % 10 circulsr mils = 10° square mils

Metric Muliiples
1 squiare o ber 0 1 centisre = 1072 ars = 10~ hectarc

= 1074 square kiloructer = 10 squars mytiawmeler
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MATHEMATICAL AND PUYSICAL TAHLES

Volume [L7]
Multiply
Humbaer ﬁ
= ¥ g g =
= .
T (O S 3|2 i e
= g 2 2 F - a £ ]| =
Obtain = 2 2 2 2 x 5 - =
3 = =5 o = _5 = -
+ 2 ls | & e lag s 3| sls
Buasbels (dry) | O_BXMG | 4,451 | 1834 1838
xip= xig=2
Culic ecatimetenn 3.8H 1 2832 | 63 | 1w | 7eas | vees ] voma | 4737 | 9es4
W AH W w1
Cleliie feet 2445 | 3.5 i 5767 | 35.3) 27 |oo3a7 ] 3an | 1e71 | 3342
W=k g 01| 31071 | sc10=2
Cubie inche Ny 4 | eorax | 1728 I 6101 | 4gads | 231 | e1.0 | 2847 | 57.7%
w10-2 >
Culbic meler 382 | e | 2oz | 1w 1 0 7osb | 3785 | 0 ool | 4 732 [9.464
x 10 ®1073 | X107 H>iom oA il &4 1
Culbis yarda 1308 | 3704 | 2143 § ).303 1 des o asa e e | 123
W04 | xci0-2 | g HKH0-h fciund | wipme pacind
Gallons (liguid) 2642 | 7480 | 4239 | 242 | 2.0 || 0.2sdl| 0.125 | 0.15
vl w104
Litirs 35.14°) 0.00) | 1832 |.L38 1000 J64.6 | 3.785 i 04732 | 0,944
1072
Pitits (lquid) 203 | seEe | 33 | 213 1616 g |2 1 2
ol | R ®102
Quarts Mquid), ... 1.057 .91 (WY 1047 BI7.% q 1.037 ] @.5 ]
4 [ w10-3

1 cord of wood

10 ruilliliters
10 centiliteras
10 decilitera

10 liters

10 dekaliters
10 bLectcliters

Metric Muolliples

= 1 centiliter
m 1 deviliter
w1 Jiter

=1 dekuliter

= 1 hectuliler

= (J.339 Buid ocunce
= 0.545 liquid gill

= 10507 liquid quarla
= 26417 liquid gallons
= 26375 U. 5. bushela
= 1 kiloliter (or ature) = 28.375 1. 5. busheln

Culic Measurs

ground = 128 culic feet
1 perch of stane = w quantity 1 13 feet thick, 1 foot high and 16 1f; fect long

= 24 3 cubic fuut

= g pile cut 4 fvet loog, piled 4 feet high and 8 feet on the

{Nore—A perch of stene is, bowever, often eoinputed differently in different localis

tics; thus, in most il ool all of the States and Tecritories west of the Misslssippi, slone--

masony Gpure rublle by the pereh of 16 13 cuble fect.  In Pliladelphia, 22 cubie fect ara

called & perch.

ghould be meds spwinst local practice.)

Io board measure, bonrde sre sezamed 1o be one inck in thitkness,

Bourd Messure

In Chicsgo, stone is messured by the cord of 100 cubic fevt. Check

Thervlore, fect

brourd measure of & stick of syuare ticmber = length io feet % Lremdth ia feet X thickoess

in ionchea.
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WEIGHTS AND MEASURES

Linear Velocity (LT}

HMultiply

“
Numbe 3 e
umbe _._;. : =
‘:'1"} : 2 ¥ q E g 5 E
[ = E o ] a
== S g e o T == B
ta o L8 a & ol 3
Obai £2].% 2 i | @ = | 5| E|l:
taio ] ks < b g3 - 5 n -
- t A = = a3 3 B = -z
(5] T [ = = = = = = =
Cenlimctacy 1 05083 | 343 | 2778 | 167 | sias | rser | oo |4 | i
per szeam]

Feel per punule TR 1 &0 54 64 EFLT] 100.3 | 3.231 | 196 1.1 140
Feet por secoud 32 ) LE= I 0.9113 | H.3 | 1639 | 5488 | 3280 [ 147 | &8
pou L e o T wig-2
hilnmztors por e | O 0% | 1 B39 | 1097 | & LESY | o6 | 36 |1 e |95

: 0=
Falsactcry 0 Dedt | 3.G43 1829 1,657 i Jod | oon | 0.0d | 285k 1.409
per miGuly Wit w03 w10t win= » 0t
Knota * 1 43 | 9 BLA | 05921 | 0.5395% | 3233 1 3238 | 1940 0.kas | 5200
FIE 4 w102 ®ig-z
Meters por munule 0.6 &.3e13 1 13,29 & L7 Fieva 33,88 1 & 16,81 | 1609
Meters per scesnd oor | 5ot | o3| o2me| eer |osie | 167 1 loamo| .
0 wio-1
Wil poer baur 118 F-136 | O-C305 | O.8204 | 3728 | 1952 [3.728 | 2,97 I ]
KI0-= | Xik=2 wig-= .
Mita per miiule g gt o TR O T P03 | Ooalld | 1919 | & 204 | 3.724 | 1,887 1
Ll B Ll Bl i X023 10— ] X107 | wga-e

* MNautical miles per Lour,

The Miner's Iach
(Used in Messuring Flew of Witer)

An Act of the Califurnia legislatues, Moy 23, 1901, mukea the staodard mines's ioch
1.5 cu {1 por minuwte, niecsured throogh any apertures or orifice.

The termw hiner's Lueh is were or leaa indefinite, for the reason that Celifernin water
cotapanics do vot oll use the sume head sbove the center of the aperture, nad ths inch
varies from 1.30 to 173 cu It por misute, but the most common mensurement is through
o aperture 2 in. high and whatever length i required, and through a plank 1 1/, in. thick.
Tle luwer edye of the vperture should be 2 in, sbove the bottom of the meaturing-box,
snd the plunk & in. Ligh alove the aperture, thus making a 8-in. head above the ceoter
of the streamn. Each square doch ol tlis openiug repressots s miner's inch, which is
equal 1o a fow of 1,3 cu ft per nuinute, '
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WEIGHTS AND MEASURES

Kess [A] and Weight *

Muliiply
Nuember

[=]
“fs

B Ae
/
Crsins
Grama
Rilcgtame
Mithgrama
Ouness |
Pounds !
Tons (long)
Tom {melris)
Tons (short)

Graias I 15.43 (15 1513 4175 700
e b [ Bl
Cintes 6, 48] 1 100 & oul 18 35, N 1 oé [Ed 9..9?1
xig= ! 108
Eilegrana & 46l 0 ol | ja-¢ 1035 | 04334 | L0I6 100 | %07.2
wilo— »i0-1
hhlligremy i B 103 [V 1 1.4 454 | 1O 1 §.071
5 1A w0 Wt x[ni
Cuneet | 113 s B0 35,17 |35 1 1 3 584 3527 I ]
o [ ) .00 A0k o 1] = i
Faued: | - 143 1 103 1.5 1205 & 130 1 240 120% 2000
o=t w A0 win-s w101
Tews (leag} 9 Ll 94 9 B4l 10 4 464 I 09642 | 0.£929
i) | oseanci | osctei3 | oi0th | oaclaed
Taes {wetriz) g+ | oo e | 285 | 4sa | 108 1 | o0
wind | wigm
Toox (sbort} (k] | BRTES 1 jaz Yo} pocouy | 1,1 .o 1

wxiah w1007 x g wih
* Thede anme conversion lortare 2 ppdy toilie gracibitianal units ol furce haviog the corriapending
Fetned  The dunensives of chese units wbhew used sa gravitasional winis ol Lurve sro AELT =R wee
tall: Tor Farce
I Aveirdupuis pounads sad s

Mletric Multiples
108 microproms = 107 milligreia = 10° centigeams = 10 decigretss = 1 gram =
107% dekagram = 107% bectogram = 1074 kilogrum = 107! myriagren = 107% mega-
Evam
Avoirdupeis Weight
(Used Commercially)

27.343 cTains = ] drachm
16 drachms w ] ounce {oz) = 437.5 graios
16 ounces = ] pound (Ib) = 7000 graina
28 pounds = 1 quurler {gqr)
4 quariers 1 hundredweight {cwi) = 112 pounds

20 hundredweight = 1 gross or leng toa ®
2000 pounds 1 net or short won
{* Nore.—Tle Jong ton is used Ly the U. S. custom-houses in collecting duties upon
foreicn goods It is siso used io Treighting coal aod selling it wholesale)
14 pounds = 1 stooe; 100 pounds = 1 guinial

Troy Weight
(Uscd in weighing gold or silver)

24 graina = | pennyweight (dwt)
a0 pennyweights = 1 cunce (oz) = 450 prains
12 gunces = | pound {Ib} = 4760 graina

The graiv is the sawme in Avoirdupois, Troy and Apolbecaries’ weighta A earst, for
weighing diazsonds = 3.056 graing = 0,200 gram. {Interoationsl Stacdwerd, 1913.)
1 pound troy = B7279 pound avoirdupuis
1 pound avoirdupein = 1.2153 pounds tioy

I99] EDITION CHIDRLINE PROXNTRINIRE M. 001-600-230-B



R

Plane Angle | Ne Dimenzions)

Revolu-
Dezrees hivutes | Quadracts | Radiana » IE‘E::;- Seconda
't[anccl]
Di:lrtll i 1.687 a0 ir. M 30 1.128
xig-=2 S ]
Mizutes 60 | 5400 3438 206 N i
1o * 1g=3
Cuadrants 111 1. 851 1 0,636k 4§ 3 087
wio-2 b X104
Radiane 1,743 2,909 1.571 | 6.233 4,848
o ip-1 0=t 104
Nlevoluticis = 1.778 4 630 0,15 6,159 I 7.716
lf.‘:l'q'n:umftreu:ﬂ] * 103 b wip-=t
Freands a0 &0 FoTAMA0E |2 0EIR 0% | 1,298 % 100 1
2 radiang = 1 cwrcuinlerence = 3uldegrecs by detpiLive,
Solid Angle | Ne Dirensiona]
Muliiply 3
" Number
of =%
;| Splicrical .
£ Hemizpheresl Spheres = Hight sngice Stersdizos §
Obiais
<+
Henusuheoroa ] 1 0.23 0, 1391
Spbcres = 0.5 i 0,125 7.958 5 103
Spberical right sugles 1 . 1 0.e3es
Stermdions 1 b 153 1¥ 37 1.3 1

- ™ Aaphere e the wisl subd sugle abuut 2 poiat. -

I« steradiane = 1 gphare by deBnitiog.

Time [T]
idultiply
Numb..r
"
Lraye Hours EliGaniue lontlia Lecpnds Waeks
laverage)*
Diayss 1 4 147 G744 W42 1,157 7
o [ PRl »-10-3
Woars B 3 [ 1ied LR 2.778 164
Aoz » 10
LT Y 1443 oD I 4320 1, 67 I.008
> o H Q-1 w0
lontls (averaged 3 an8 1.370 1,283 I 3 BOG 0.1302
= 10-3 w103 xio-t » a-?
Hecuuds E &1 Jéao (1] 1 628 I 4. 048
i w108 1 s - e los
_'u.'cch N 0. 1429 5951 9.921 4.344 1,654 i
wlg-3 wolgee w g

*Une cotunicn yoaf = dbd
P #4 TTTTHL 8 PR S o

ays; One bap year = 368 daya: Gns Average icuglh = 11z of &
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B 1 (pise)

AR EA OF

EXAMPLE:

e f

B = 305
READ: CTOEFF =

RCUTLA-R

D = 15,

S EG M E N Lon
FOR RATIOS OF RISE / DIAMETER
AREA = DF X COEFFICIENT

.153545.

B/D =.250.

| DIAMETER RREA = (15F X .153546 = 34.55 S_F.
B/D COEFF B/D COEEF B/D COEFE B/D COEFF
.Qo1z .0ooosg L0637 .021046 1262 .057493 .1887 102921
.0025 000167 .0850 .021860 L1275 .058325 .1900 102900
0037 0003056 .0662 .022279 L1287 .059160 L1912 .lo4g82
L0050 LJO000d7T72 LOGTS LO22903 1300 059999 L1925 L 105867
L0062 .DDGESE L0687 .0235373 S131z .0608B42 .1937 .106853
L0075 0008654 L0700 .0Z24168 1325 .061688 1950 . 107843
.0087 001088 .a7i2 .024B09 || .1337 062537 .1982 .108834
.0100 .001328 Q725 .D25455 i .13so LO0B3389 .1975 .109829
L0112 . DD1S8s 0737 .bz6105 Y| 1362 -| .064245 . 1987 110825
L0125 001855 .0750 .026761 1375 . 065105 . 2000 .l11824
_0137 .002141 L0782 .027423 .1387 085967 L2012 .112825
.0150 .002438 .0775 028088 . 1400 .DBERA] L2025 .113828
L0162 .002748 .0787 .028759 412 067702 L2037 .114834
.0175 003070 .0800 .029435 1425 .068575 L2050 .115842
.0187 .003404 .0B12 LO30116 L1337 _069450 L2062 .116853
.0200 .003749 .o825 - 030801 . 1450 .070329 L2075 .117865
0212 .004a104 .0837 .031491 .la62 ok o e 5 .2087 .l18880
.0225 .004470. | .085%0 .0321B6 .1475 0720496 .2100 .1l19898
.0237 .bD4agas .0862 032886 . 1487 072984 L2112 .120917
.0250 .005231 .0875 .033590 L1500 073875 .2125 .121938
.0262 .005626 .bsa7 .034299 L1512 .074769 .2137 122962
.0275 .006030 .0900 .03s012 . 1525 .075666 .2150 .123588
.0287 006443 .0912 .035729 .1537 .0T6586 .2162 .125016
L0300 .OCB8EE .0925 .036452 .1550 077470 .2175 .126047
.0312 007298 .0837 .037178 L1562 .078376 .2187 127079
.0azs “00773s .0850 .037909 L1578 .079285 L2200 128114
.0337 .0oB183 .0952 .038644 .1587 .0B0O197 L2212 .129150
.0350 .008638 .0975 | .o3g3isa .1&00 | ..081112 L2225 .130189
.03sz .005102 .0987 .040127 L1612 _082030 22237 .131230
0375 .0038573 .1000 . 040875 L1625 .0B2951 L2250 .132273
.0387 .010052 L1012 041627 L1637 .0B3B75 .2262 -133318
. 0100 .010538 .1025 .0423B2 . 1650 .0B4801 2275 .1343865
L0412 .011031 .1p37 .043144 .1662 .085731 .2287 .135414
.0425 .011532 . 1050 .043908 L1875 .CHEGED _2300 .136465
L0437 .012040 .1os2 .044677 L1687 .087598 L2312 137518
.0aso .012555 .107s L045449 .1700 .OBB536 L2325 -138573
.0462 .013076 .1087 .046225 1712 . 089476 .23237 .139630
L0475 .013605 L1100 .047006 1725 .020419 .2350 . 140683
.0487 .014140 1112 .0a7790 L1737 .091385 .2362 .141750
.0500 .014681 .1125 .048578 .1750 082314 .237s .142813
.0512 .015230 L1137 .049370 L1762 .093265 .2387 .la3a7e
.0525 015784 *1150 . 0501865 L1775 .094219 .2400 .144945
.0537 .016345 1162 050965 1787 .095%175 .2412 .146013
L0550 .016912 .1175 051768 . 1800 .096135 .2425 .laj084
L0562 .017485 .1187 .052575 1812 .ga7096 L2437 .148156
.0575 .D1BOG4 .1200 .053385 .1825 | .098061 . 2450 .149231
.0587 .018649 L1212 .054200 .1837 .0%9028 L2462 -150307
.DB00 .019239 L1225 .055017 .1850 .099997 .2475 .151385
.0612 .019836 .1237 .055839 .1862 . 100969 L2487 .152465
.0625 .020438 .1250 .056664 .1875 .101944 _2500 153546

1o
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A R E:K

ER 15E)

T B

1 DIAMETER ,

L2 2
FOR RATIOS OF RISE / DIAMETER

CIlI1RCULMAE

SEGMEMNTS

AREA = D® K COEFFICIENT
EXAMPLE: B = 3.75. D = 15, B/D =.250.

RERED: COEEF = .153546.
AREA =(5)% X .153546 = 34.55 5.F.

B/D COEEFE B/ D COEEFE B/D COEFF ‘B/D CDEIEF

- :

2512 L154630 o B I 210851 .AT762 JETOZ224 .2387 3316803
-2525 | .155715 | .3150 | .212011 | .3775 | .271436 | .4400 | .332843
.2537 | .1ses02 | .3182 | .213173 .3787 | .272648 | .4412 | .33408s
L2550 i) B vy B S = B S e ;2143358 - 3800 .27318b1 L5425 .d353286
-2562 | .158981 | .3187 | 215501 | .3812 | .275075 | .4437 | ‘338568
.2575 | .160073 | .3200 | .216666 | .3825 | .276290 | .4450 | .337810
.2587 | .161167 | .3212 | .217833 | .3837 | .277505 | .s462 | _3390%3
.2600 | .162263 | .3225 | .219001 | .3850 | .278721 | 4475 | [33029%
.2612 | .1633€1 | .3237 | .220170 | .3862 |-.279938 | .4387 | ‘341519
.2625 | 164460 | .3250 | .221331 | .3875 | .281156 | .1500 | 342783
.2637 | .165561 | .3262 | .222512 | .3887 | .28237a2 | 3512 | _344026
.2650 | .166663 | .3275 | .223685 | .3900 | .283563 | .4525 | 345271
.2662 | .167767 | .3287 | .224855+| .3912 | .284813 | .4537 | _34es1s
L2675 .168873 .3300 | .228034 | .3925 | .286033 .4550 | .3477&0
.2687 .169981 P B £ -227210 | .3937 | .287254 | .4562 | .34500s
.2700 | .171090 | .3325 | .228387 | .3950 | .288475 | .4575 | .3s0250
.2712 | .172200 | .3337 | .229565 | .3962 | .289698 | .4s587 | "35140e
.2725 | .173313 | .3350 | .230745 | .2975 | .290922 | .e600 | 352742
.2737 | .174427 | .3362 | .231925 | .3987 | .292145 | .4612 | 353988
.2750 | .175S42 | .3375 | .233107 | .4000 | .293370 | .4625 | .35523a
.2762 | .176659 | .3387 | .234290 | .4012 | .294595 | .4837 | .3584m1
.2775 | .177778 | .3400 | .235473 | .4025 | .295821 | .4850 | _357728
.2787 .| .178894 | .3a12 | .236658 | .4037 | .297047 | .4662 | _2s8493<
.2800 | .180020 | .3425 | .237841 | .4050 | .298274 | .4675 | 360222
2812 | .181143 | .3337 | .239031 | .4062 | .295501 | .3687 | .3614e9
.2825 | :182268 | .3450 | .240219 | .4075 | .300729 | .4700 | .362717
.2837 | .183394 | .34s2 | .241408 | .2087 | .301958 | 4712 | _3839ss
.2850 | .184522 | .3475 | .242598 | .4100 | .303187 | .4725 | .3e65213
2862 | .185651 | .3487 | .243789 | .4112 | .304417 | .4737 | .3es4as1
.2875 | .186782 | .3500 | .244980 | .4125 | .305648 | .1750 | .367710
.2687 | .187914 | .3512 | .246173 | .4137 | .306879 | .4762 | _3emgsa
.2900 | .189048 | .3525 | .247367 | .4150 | .308110 | .4775 | .370207
2912 | .3190183 | .3537 | .248562 | .4162 | .309342 | .4787 | .3714s5
.2925 | .191319 | .3550 | .249758 | .4175 | .310575 | .4800 | .372704
.2937 | .192457 | .3562 | .250955 | .4187 | .311808 | .4812 | 373953
.2950 | .193597 | .3575 | .252152 | .4200 | .313042 | .4825 | .3752014
2962 | .194738 | .3587 | .253351 | .4212 | ,314276 | .4837 | .376452
.2975 .195880 .3600 .254551 .4225 | 315511 .4850 | .377701
.2987 | .197023 | .3s12 | .255751 | .4237 | .316746 | .4862 | 378951
.3000 | .198168 | .3625 | ,256952 | .4250 | .317981 | .4875 | .3g0200
.3012 | .199315 | .3637 | .258155 | .4262 | .319217 | .4m87 | _3s14s50
.3025 | .200462 | 3850 | .259358 | .4275 | .320454 | .as00 | 382700
.3037 | .201611 | .3662 | .260562 | .4287 | .321691 | .4912 | .3m3sso
.3050 | .202762 | .3875 | .261767 | .4300 | .322928 | .4925 | _3ssisg
.3062 | .203913 | .3687 | .262972 | .4312 | .324186 | .4937 | 3885449
.3075 | .205068 | .3700 | .264179 | .4325 | .325405 | .4950 | .3s7es9
.3087 | .206221 | .3712 | .265386 | .4337 | .326642 | .4962 | .3mB9ag
.3100 | .207376 | .3725 | .266595 | .4350 | .3278e3 | .3975 | .3s50199
.3112 | .208533 | .3737 | .267804 | .4362 | .329122 | .4987 | 391429
.3125 | .209691 | .3750 | .269014 | .4375 | .330362 | .5000 | -392699
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12

AREARS OF CIRCULAR SEGMENTS FCOR RATIOS OF RISE/CHORD
- (AREA = C X B X COEEFICIENT)

DEG DEG RATO COEF|DEG RATO COEF
1 .0022 .6667| 46 .1017 .6722| 91 .2097 .6B896|136 .3373 .7239
2 .0044 .B6E67| 47 .1040 .6724| 92 2122 .69011137 .3404 .7249
3 .00B85 .6667| 48 .1063 .6727| 93 .2148 _B907|138 _3438 _7260
4 .00B7 .6667| 49 .1086 .6729| 94 .2174 .6912|139 .3469 .7z270
S 0109 _6667 S0 1108 .5732 95 (2200 .6915(140 .3501 .7281
6 .0131 .6E68| 51 .1131 .6734) 96 .2276 .6924|141 .3534 .7292
7 .0153 .6668| 52 .1154 .6737| 97 .2252 .6930|122 .3566 .7303
B .0175 .6668| 53 .1177 .6740| 98 .2279 .6936|143 .3599 _731a
9 .0196 .6669| 54 .1200 .67431 93 _2305 _6942 (144 .3633 .7325

10 .0218 .6669| 55 .1223 .6716|100 .2332 6948|145 .3666 .7336
11 .D0240 .6570| 56 .1247 .6749{101 .2358 .6954 (146 .3700 .7348
12 .0262 .6670| 57 .1270 .6752|102 .2385 .6961(147 .3734 .7260
13 .0284 .6671| 58 .1293 .6755[|103 .2412 .6967|148 .3768 .7372
14 .0306 .6672) 59 .1316 .6758|104 .2439 .6974|149 .3802 .7384
15 .0328 .6672| 60 .1340 .6761|105 .2466 .6980[150 .3837 .7396
16 .0350 .6673| 61 .1363 .6765|106 .2493 .6987[151 .3871 .7408
17 .0372 .6674| 62 .1387 .6768[107 .2520 .6994|152 .3208 .7421
18 .0394 .6675| 63 .1410 .6772|108 .2548 .7001 153 ,3942 _7434
19 0415 .6676| 84 .1434 .&775[109 _2575 .7008(15%3 .3977 .7447
| 20 .0437 .6677| 65 .1157 .6779(110 2603 _70151155 ,4013 ,7460
21 .0359 .6678B| 66 .1481 .6782|111 .2631 .7022|156 .4049 .7473
22 .0481 .6679| 67 .1505 .6786|112 .2659 .7030(157 .4085 .7486
23 .0503 .65A0| 6B, .1529 .6790|113 .2&687 .7037|158B .4122 .7500
24 .0526 .6681| B9 .1553 .6794(114 .2715 .7045|159 .4158 .7514
25 .0548 .66B3| 70 .1576 .6797]115 .2743 .7052|160 .4195 .7528
26 .0570 .G66B4| 71 .1601 .6801(116 .2772 .7060|161 .4233 ,L7542
27 .0592 .6685| 72 .1625 .6B05|117 .2800 .7068|162 .4270 ,7557
28 .0614 .6687| 73 .1649 .G6B09|118 .2829 .7076|163 .4308 .7571
29°.0636 .668B| 74 .1673 .6814|119 .2858 .7084|164 .4246 .7586
30 .0658 .6690| 75 .1697 .681B|120 .2887 .7092|165 .4385 .760] |
31 ..0680 .6521| 76 .1722 .6822|121 .291& .7100|165 .4424 .7616
32 .0703 .6A93| 77 .1746 .6B27|122 .2945 .7109|167 .4463 .7632
33 .0725 .66595| 78 .1771 .6831|123 .2975 .7117|168 .4502 .7647
34 .0747 .6696| 79 .1795 .6B36|124 .3004 .7126[1692 .4542 .7663
35 .0770 .6698| 80 .1820 .6B40]|125 .3034 .7135(170 .4582 .?EBD_
36 .0792 .6700| B1 .1845 .6B45|126 .3064 .7143(171 .4622 .7696
37 .0814 .6702| B2 .1869 .6B49(127 .3094 .7152(172 .4663 .7712
38 .0837 .6704| B3 .1894 .6R54|128 .3124 .7161|173 .4704 .7729
39 .0859 .6706| B4 .1919 .6859|129 .3155 .7171(174 .4745 .7746
40 .08B2 .5708| BS .1944 .6864|130 .318S .7180|175 .4786 .7764
41 .090%2 .6710| 86 .1970 .6869|131 .3216 .7190|176 .4828 .7781
42 .0927 .6712| 87 .1995 .6874|132 .3247 .7199|177 .4B71 .7799
43 .0949..6714| 88 .2020 .6879|133 .3278 7209|178 .4913 .7817
44 .0972 .6717| 89 .2046 .6885|134 .3309 .7219|179 .4957 .7835
45 .0995 .6719| 90 .2071 .6890(135 .3341 .7229[1B0 .5000 .7854
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VLN

.I'i

AL . (/1]

i

16| I

L

LAY

g

i BB R LN P LU 111N d Iy

[ T VTS 8 = | Baldbil

g

CONSTANTS FOR
SPANDREL AREA CALCULATIONS

- A A [
K= T-:an +GotE

01 £

If R=

Areas

R ( THn;"'-+ Ccf—g——g—}

R' then
A 4B =

A K A K i K A
90° 0.4292| 79°12'0.4653 | 74°42'l0.5027 | 70° 12
89° 0.4295 06’ 59 36" 37
8g° 0.4304| 79° 66 30 47 | 70°
87°30' 1| 78°54' 74 24' 57 | 69°5¢' 84| &6° 56" 30
87° 20 48' 80 | 8' 67 52' 94 52 41
86°30' 29 g2 88 |12' 77 48'/0.5603 48' 52
86° 4| 36 95 06’ 87 44 |2 44 62
85°30' 54 30'|0.4701 | 74° 98 40' 2] 40' 73
85%10' 63 24' 09 | 73°54'|051 09 36 30 36 85
85° 68 3 16 48' 19 32 40 32 95
84°50' 74 |12 24 42' 30 28 49 28'|0.61 06
40' 79 0s' 3| 36 40 24 58 24' | 8
30' 84| 78° 39 30 5| 20 68 20 29
20' 90| 77°54'| 46 24’ 62 | &' 77 18’ 39
10’ 96 48 54 |8’ 72 | 2' 87 12" 51
8 4° 0.4402 42 62 12' 84 os' 96 08' 62
83°50' 09 36' 69 06’ 95 04'|0.5705 04' 73
40 15 30 78| 73° 0.5206| 69° 15| 66° 85
30 21 24 86| 72° 54 17| 68°5¢6" 24| 65%°5¢ 96
20’ 28 18" 93 48’ 29 52" 34 52'|0.6208
e} 35 12'|o.4802 42 39 48 44 48 19
83° 42 os' 10 36 51 44 54 44' 30
82°50' 49| 77° 18 30 62 40 63 40' 42
40' 57| 76°54" 26 24 74 36 73 36 54
30’ 65 48" 35 | g’ 86 32' 83 32’ 65
20' 72 42' 44 12' 97 2g' 93 2g' 7
I o' 80 36’ 52 06'(0.53 10 24'10.58 03 24 89
g2° 89 30 60| T2° 21 20 13 20'|0630]
81°50' a7 24 69 | 71° 54 33 |6 22 | 6 13
40'|0.45 05 BN 78 48' 45 |2 33 |2 24
30 15 |2 86 42 58 og' 42 os' 36
20' 23 06’ a5 36 69 04' 53 04' 48
|0 32| 78° 04904 30 g2 | 68° 63 | 65° 60
81°. 41| 75°54 | 3 24' 94 | 67°56' 73 | 64%°5¢6' 72
80°50" 51 48 23 18'|0.5407 52' 83 52' 83
LT 1 6l 42' 32 12 19 4g' 94 48' 95
30 70 36 4] 06 32 44'|05903 44'|0.6408
20 80 30 50 | 71° 44 40 | 4 40' 20
|0’ 90 24' 59 | 70° 54 57 36 24 36 32
80° 0.46 01 |8’ 69 48' 70 32’ 35 32' 45
79°52' 09 12’ 78 42' 83 28’ 45 28’ 57
44" 17 o¢' 88 36 96 24' 55 24 69
36 26| 75° 97 30| 05509 20' 66 20 81
28 35| 74°54' [0.5007 24’ 22 | 6 76 16" 94
20" 43 48' 17 18’ 35 12' 87 12'|10.65086

IAE])



CYLIMDERLICAL TAHE I HORTZ., POSITION

YOLUME COEFF FOR RATIO OF DEPTH TO MATL / DIA,

VOL. {GAL)=K X CCOEFF: WHERE K=L(ET) X D(INE X 12/231
EXAMPLE: D=123",L=25.5,H=4;MEAS TO MATL= 104 5/16 "

Bs/D=.815549; COEFF=,099571,K=20041;V0L = 1996 GAL
B/D COEFF | B/D COEEF | EB/D COREF | B/D COEEF
1.000 | Loocoooo | o.950 | 0146814 0.900 | .040875 | 0.850 | .073875
0.999 000042 0.949 .015119 | ©.899 .041477 0.849 074590
n.gas | .cooll9 || o.9as | 015561 | 0.B9R | .042081 | O.B848 | 075307
o.a97 | .oooz19 || 0.9a47 | .016008 ) 0.897 | .04z687 | 0.827 | .076026
0.996 | .000337 | 0.946 | 016458 | 0.896 | .042296 | 0.846 | 076747
g.g95 | 0004710 0.945 | 016312 ) 0.895 | .043908 | 0.845 | .077470
0.994 | .000519 || 0.944 | 017369 | 0.894 | .044523 | 0.844 | .078194
o.593 | .on0779 |l 0.943 | .017831} 0.893 | .045140 {0.843 | .078921
p.gaz | .oooss2 [ 0.942 | 018297 )| 0.892 | .045759 | 0.842 | .079650
0 991 | .o01135 0 0.941 | .018766 § 0.891 | 046381 | 0.841 | .080380
0.990 | .001329 |l 0.940 | .019239 | 0.820 | .047006 | 0.840 | .0B1112
# o.989 | .001533 || 0.939 | .019716 | 0.889 | .047633 | 0.8B39 | .081847
0.4988 LO01746 || 0.938 .020197 ¢.888 048262 0.838 082582
0.987 | .oo19e9 || 0.937 | .0206B1 | 0.887 | 048894 § 0.837 | .083320
0.986 | .002199 1 0.936 | .021168 | O.886 | ,049529 § 0.836 | .084060
o.oas | .ooza3e | 0.935 | .o0z1e60 | 0.885 | 050165 § 0.835 | _0B48BO1
o.984 | .o026685 0 0.934 | .022155 4§ 0.884 | .050805 | 0.834 | 085545
0.983 | .002940 § 0.933 | .022653 0.883 | .051446 | 0.833 | .08B6290
o.aa2 | .op3zoz | o.e32 | 023155 0.88z | .oszo0%0 |o.832 | .oB7037
0.981 | 003472 § 0.931 | .023660§ 0.881 | .052737 | 0.831 | .087785
0.980 | .003749 | 0.930 | .024168 | 0.880 | .053385 | 0.830 | .088536
o.g979 | .opa032 | 0.929 | .0za4a680 | 0.879 | .054037 | 0.8B29 | .0B9288
o.a78 | .o04322 Y o.928 | .025196 ] 0.878 | .054690 [ 0.828 | .090042
o0.977 | .onas19 | 0.927 | .02571al|l 0.877 | .oss346 Y 0.827 | .090797
0.976 | .o04922 8 0.926 | .026236) 0.876 | .058004 | 0.826 | .091555
0.975 | 005231 | 0.925 | .026761 | 0.B75 | .056664 || 0.825 | 092314
o.974 | .oo0s546 1 0.924 | .027290) 0.874 | .057327 Y 0.824 | .093074
o.g73 | .oosea7 | 0.923 | .oz7ez1 ) 0.873 | .057991 { 0.823 | .093837
o.gs72 | .oo06194 4 0.922 | .028356 ) 0.872 | .058658 | 0.822 | .094801
0.971 | .006527 | 0.921 | .02B8%4] 0.871 | .059328 { 0.821 | .095367
0.570 | .006866 § 0.920 | .029435% 0.870 | .059995 | 0.820 | .098135
0.969 | 007209 | 0.919 | .029979{ 0.BA9 | .060673 | 0.819 | .096904
o.968 | .007559 ) o0.918 | .030526) 0.868 | (061349 | 0.818 | .097675
0.967 | .007913 | 0.917 | 031077 | 0.867 | .062027 | 0.817 | .098447
0.966 | .008273 | 0,916 | .0316830) 0.866 | .062707 | 0.B16 | .099221
0.965 | .oo8e3sfl 0.915 | .032186| O.B65 | 063389 | 0.815 | .099997
0.964 | .cogoo0af 0.914 | .032745] 0.B64 | 064074 | 0.814 | .100774
0.963| .009383 || 0.913 | 033308} 0.863 | .064761 [ O.B13| .101553
0.962 | .ong762 | 0.912 | .033873) 0.862 | .065449 | 0.812 | .102334
0.961 | .010148 | 0.911 | .034441 ) 0.861 | .066140 § 0.811 | .103116
0.960 | .0l10538 (| 0.910 | .035012 4 0O.860 | .066833 | 0.810 | .103900
0.959 | .010932 || 0.909 | .035586 | 0.853 | .067528 1 0.809 | .104686
p.958 | .011331 (| 0.908 | 036162 0.858 | .06E225 | 0.808 | 105472
0.957 | .011734 | 0.907 | 036742 0.857 | .068924 | 0.807 | 106261
0.956 | .012142 | 0.906 | .03732a] 0.856 | 069626 | 0.806 | .107051
0.955 | .012555 || 0.905 | .037909) 0.855 | 070329 } 0.B0S | .107843
p.954 | 012971 || o0.90a | 038497 0.854 | .071034 || 0.804 | .108636
p.953 | .013393 || 0.903 | .039087 ) 0.853 | 071741 J 0.803 | .109431
D.952 | .013818 | 0.902 | .039681 ) 0.852 | .072450 { 0.802 | .110227
0.951 | 014248 | 0.901 | .040277| 0.851 | .073162 || 0.801 | .111075
= — = — ——— -
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CYLINDERICAL TANK IN HORIZ. POSITION

VOLUME COEFF FOR

VOL. (GAL)=K X COEEF: W

EXAMPLE: D=
B/D=.815549; COEFF=.099571,

123", L=25.5,H=4; MEAS TO

RATIO OF DEPTH TO MATL / DIA.
HERE K=L(FT)

X D(INR X 12/231
MATL= 104 5/16 "
K=20041;VOL = 1996 GAL

1 i T —
B/D COEFE| B/D COEFF| B/D COEFF | B/D COEEF
0.800 | .111824 | 0.750 | .153546 | 0.700 | .198168 | 0650 .244980
0.799 | .112625 || 0.7149 | 154213 n_aag .199035 g.g:g .3:2;33
0.798 | .113427 [ 0.748 | .155281 0.698 | 200003 | o !
0.797 | .114231 | 0. 747 .156149||n.59? .200922 | 0.647 | 227845
0.796 | .115036 | 0.746 | .157019 [ 0.696 | .201841 | 0.646 | 248801
0.795 | .115842 || 0.745 | .157891 || 0.695 | .202762 0.645 | .249758
0.794 | 116651 | 0.744 | .158763 | 0.694 | .203683 | 0.642 | 250715
0.793 | .117460 || 0.743 [ .159636 || 0.693 | .204605 | 0.643 | 251673
0.792 | .118271 | 0.742 | .160511 [ 0.692 | 205528 | 0.642 _zsigaf
01750 | 1119898 | o740 | (163395 ]1 9-691 | 206452 § 0.641 S
0.790 | .119898 || 0. 740 | | i . 6 :
0.789 | .120713 | 0.739 | .163141 lu.aag .208302 | 0.639 | .255511
0.788 | .121530 (| 0.738 | .164020 || 0.688 | 209228 | 0 e3a .255:§§
0.787 [ .122348 (1 0.737 | .164900 || 0.687 | .210155 | 0. 637 ,22?395
0.785 | [153988 | 0,730 | ‘ie3781)1 0.686 | 211083 | 0.636 Sasins
0.785 123988 0.735 . 16666 - = z :
0.784 | .124811 || 0.734 ,167526 13,233 '5%3331 g,ggg .gg?ggé
0.783 | .125634 || 0.733 | 168431 o, ; : E
0.762 | 126458 | 6955 1 igaais 0.682 | .214802 || 0.632 .2522T9
0.781 [ .127286 || 0.731 | .170202 || 0.681 | 215734 n.ggé .ggii?g
0.780 | .128114 || 0.730 | .171090( 0.680 | 216666 | 0. 264179
0.779 | .128943 In,?zg 171978 || 0.679 | .217600 | 0.629 | 285 il
0.778 | .129773 || 0.728 | .172868 || 0.678 | .218534 | 0.628 .zggé?g
el e Eor 173650 oooal| a9 c2 T 250018
3 0. : = = : X
g:;?? f}§;§7g 0.325 .175542 ‘G.G?S .221341 || 0.625 | 269014
0.774 | .133109 (| 0.724 | .176436 || 0.674 | 222278 o.az; .;ggggf
0.773 | .133946 || 0.723 | .177330| 0.673 .2232;5 E'Eﬁz 210582
oire | e [k 'iggﬁggi g'ggi 'gggéei 0.621 | .272891
3:33& ;132322 giggé 1180020 1nfs?n 226034 | 0.620 | 273861
0.769 | .137307 || 0.719 | .180918 || 0.669 | 226974 o.g:g .g;gggi
0.768 | .138151 || 0.718 | .181818 (| 0.668 | 227916 3'517 - 275804
0.78687 .138996 || 0. 717 .1B2718 || 0.687 .228B8B58 D.Elﬁ -27??48
0.766 | .139842 |u.?15 .183619 || 0.666 | .229801 0616 | 277748
0.765 .14&559| 0.715 | .184522 || 0.665 .zaaggg 0.615 | 276721
0.764 | .141538 | 0.714 | .185425| 0.664 | 231 0.614 | 279695
0.763 | .142388 || 0.713 | .186329 ln.ssa .232634 Qn o1t 2eoees
0.762 | .143239 |[ 0.712 | .187235 || 0.662 .233532 b 51z ] 2e1edd
0.761 | .144091 || 0.711 | .188141 || 0 661 .2345?3 931 | -auapLe
0.760 | .144945 || 0.710 | .189048 | 0. &80 .235421 0.610 | .283593
0.759 | .145800 |m,?ug .189956 || 0.659 .235459 0.609 | .284569
0.758 . 146655 0.708 .190865 || 0.658 .237319 G_BDT .236521
R e e ‘191?23 g'gg; 'gggzaa 0.606 | .287499
3'332 'i:gggi g';gg .13529?\1Gj655 :240219| 0.605 | .288476
: ; - i .289454
0.754 | .150091 || 0.704 | .194509 || 0. 654 .24;%;3 g.ggg §g0432
0.753 | .150953 u.;gg .iggggg g.gég .3330?4 Us501 | -a904 0
0.752 | .151818 || o . ; . y :
0.751 152681 0.701 197252 || 0.651 L244027 || 0.601 L292390
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CYLINDERICAL TANK IW HORIZ. POSITION

VOLUME COEFFE FOR RATIO OF DEPTH TO MATL / DIA.

VOL. (GAL)=K X COEEF: WHERE K=L(FT) X D{IN}E){ 12/231
EXAMPLE: D=123",L=25.5,H=4;MEAS TO MATL= 104 5/16 "
B/D=.815549; CDEFF=.D‘3'§IS?1,K=_20041;UOL = 1996 GAL

B/D COEEF|| B/D COEEF| B/D CGEFFF E/D COEFF
0.600 | .293370|| 0.550 | .392783| 0.500 | .392699 [ 0.450 | 442616
0.599 | .294350| 0.549 | .343778 0.499 | .393699 || 0.445 | 243611
0.598 | .295330| 0.548 | .344773] 0.498 | .394699 || 0.445 | . 444605 |
0.597 | .296311l 0.547 | .345768 0.497 | .395699 || 0.447 | 445600 |
0.596 | .297292 || 0.546 | .346764 0.496 | 396699 || 0.446 | 446594
0.595 | .298274 [ 0.545 | .347760 0.495 | .397699 || 0.445 | 447588
0.594 | .299256 | 0.544 | .348756 0.494 | .398699 || 0.444 | 448582
0.593 | .300238 [ 0.543 | .349752 | 0.493 | .399699 || 0.443 | 449575
0.592 | .301221  0.542 | .350749 0.492 | .400699 || 0 222 | “450569
0.591 | .302204 || 0.541 | 351745 0.491 | 401699 || 0.441 | .451562
0.590 | .303187 || 0.540 | .352742| 0.450 | .402698| 0 440 | J452s5s
0.589 | .304171 [ 0.539 | .353739( 0.489 | 403698 | 0.439 | (453527
0.588 | .305156 | 0.538 | .354736| 0.488 | .404698 | 0 438 | ~454540
0.587 | 306140 0.537 | .355733| 0.487 | 405698 0.437 | “45553>
0.586 | .307125 || 0.536 | .356730 0.486 | 406697 || 0.436 | “ases24
0.585 | .308110 0.535 | .357728( 0.485 | .207697| 0.435 | 457516
0.584 | .309096 || ©.534 | .358725| 0.484 | .408696 || 0.432 | 458507
0.583 | .310082 || 0.533 | .359723| 0.483 | .409696 || 0.433 | 459498 .
0.582 | .311c68 || 0.532 | .360721| 0.482 | _410895 | 0 432 | J4e04a9
0.581 | .312055 (| 0.531 | 361719 0.481 | .411695 | 0.431 | [462479 |
0.580 | .313042 | 0.530 | .362717 || 0.480 | 412692 | 0.230 | 482470
0.579 | .314029 | 0.529 | .363715| 0.479 | 413893 || 0_429 | (23460
0.578 | .315017|| 0.528 | .364714| 0.478 | [a14692 || 0. 428 | (462449
0.577 | .316005 || 0.527 | .365712 | 0.477 | 415691 || 0_427 | 465439
0.576 | .316993 || 0.526 | .366711 | 0.476 | .416690 | 0.426 | 466428
0.575 | .317981 ) 0.525 | .387710| 0.475 | .417689 || 0.425 | 467417 |
0.574 | .318970| 0.524 | .388708 | 0.474 | .418687 || 0.424 | 468405 |
0.573 | .319959 || 0.523 | .369707 | 0.473 | .s19e86 | 0.423 | 469392
0.572 | .320949 || 0.522 | .370706| 0.472 | _420684 | 0.422 | 270382
0.571 | .321938| 0.521 | .371705 | 0.471 | .421683 || 0.421 | 471369

" 0.570 | .322928| 0.520 | .372704| 0.470 | 422681 || 0.420 | 472358
0.569 | .323919|( 0.519 | .373704/ 0.469 | 423675 || 0.419 | (473323
0.568 | .32a909 || 0.518 | .37a703| 0.488 | 424677 || 0.218 | 273330
0.567 | .325900| 0.517 | .375702| 0.487 | 425675 || 0.417 | (475318
0.566 | .326891 | 0.516 | .376702| 0.466 | .426873 || 0.416 | (276302
0.565 | .327883 || 0.515 | .377701 | 0.465 | 427670 || 0.415 | _a77288
0.564 | .32887a)| 0.514 | .378701| 0_46a | 428668 || 0.414 | 478273
0.563 | .329866|| 0.513 | .379701 | 0.463 | 229665 || 0 413 | g792%a

| o.s62 | .3308s8|| 0.512 | .380700| 0.462 | .a30662 || 0.412 | (280223
0.561 | .331851| 0.511 | .381700| 0.461 | .231655 || 0.411 | (481227
0.560 | .332843 || 0.510 | .382700| 0.460 | .432656 | 0.410 | 282211
0.559 | .333836 || 0.509 | .3837001) 0.459 | .433653 | 0.405 | (483194
0.558 | .334829 0.508 | .384699 | 0.458 | .a34650| 0.408 | (484177
0.557 | .335823 | 0.507 | .385699 ] 0.457 | .4356456 | 0.407 | 485160
0.556 | .336816 || 0.506 | .386699 | 0.456 | .436842 || 0. 406 | [4se142
0.555 | .337810|| 0.505 | .387699 | 0.455 | 437638 | 0.405 | 487124
0.554 { .338804ll 0.504 | .388699} 0.454 | 438634 | 0 404 | (288106
0.553 | .339799|| 0.503 | .389699 | 0.453 | .439630 | 0.403 | 485087 |
0.552 | .340793 || 0.502 | .390699 | 0.452 | .440625 | 0.402 | 430068
0.551 | .341788 || 0.501 | .391699 | 0.451 | .241621 || 0.401 | ‘491048
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CYLINDERICAL TANK IN HORIZ. POSITICON

VOLUME COEEF FOR RATIO OF DEFTH TO MATL / DIA.

VOL. (GAL)=K X COEFF: WHERE K=L(FT) X D(IN)2X 12,231 j

EXAMPLE: D=123",L=25.5,H=4;MEAS TO MATL= 104 /16 ™ -
B/D=.815549; COEFF=.099571,K=20041;VOL = 1996 GAL

B | el [
/D COEFF| B/D COEFE| B/D COEFF| B/D COEEF

.400 | .492028
.399 | , 493008
.398 | .493987
.397 | .494968
.396 495944
.395 | .a96922
.394 | .497%00
.393 | .498877
.392 | .499853
.391 | .500829
. 390 .501805%
.389 | .502780
.388 . 503755
.387 | .s04730
.386 | .505704
.385 | 506677
.384 | .507650
.383 | .508622
.382 | .509594
.381 .510566
.380 | .511537
.379 | .512507
.378 | .513477
.377 | .514447
.376 | .515416
.375 | .s16385
.374 | .517352
.373| .518320
.372 | .s19287
373 520253
=270 .521219
L A69 .522185
. 368 .5231439
387 524114
.366 | .525077
.365 | .526040
.364 | .527003
363 | 527965 ||
.362 | .528926
.361 | .529887
.360 | .530848
.359 | .531807
.358 | .532766
.357 .533?25|

.300 | .587220
.299 | .588146
.298 | .589061
-297 | .589975
. 296 | ,590889
.295 | 591801
<294 | .592713
.293 | .593624
.292 | .594534
291 | .595442
.290 | .596350
.2B89 | .597258
.2BB | .59B164
-287 | .599069 |
286 | .599973
.285 | .600876
.284 | 601779
.283 | .602680
.282 | .603581
.281 | .604480
.280 | .605379
279 | .606276
278 | 607173
277 | .60B068
.276 | .608983
.275 | .609856
274 | .610749
273 | _611640
.272 | .612531
.271 | .613420
.270 | .614309
V269 | L 615196
.268 | .616082
.267 | .B16968
.266 | .B17852
.265 | .618735
.264 | .619617
.263 | .620498
L262 | _621378
.261 | .B22257
.260 | .623135
.259 | 624012
.258 | .624887
L2537 | .B625762
-256 | .626635
.255 | .627508
.254 | .628379
;253 | .b629249
252 | .630118
.251 | .630985

.250 -.631852
.249 | .B832717
.248 | .633582
247 | .834445%5
.246 | .B35307
.245 | .636168 “

.350 .54D415|
.349 | .541371

.348 | .542324
.347 | .543277
.a46 .544228
.345 | .545179
.344 | .546130
.343 | .547080
.342 | .548029
341 .548977
.340 | .549925
.339 | .s550872
.338 | .551818
.337 | .552764
.336 | .553709
.335 | .554653
.334 | .555597
.333 | .556540
332 .557482
e i .558424
.330 | .559364
.329 | .560305
.328 | .561244
.327 | .s82182
.326 | .563120
.564057
.324 | .564994
.323 | .565929
.322 | .S66864
.321 | .s67798
.320 | .568732
.319 .5E69664
.318 . 5705986
.317 | .571527
.316 .a72457
315 | 573387
.314 .a74315
.313 | .575243
.312 | .576170
.311 | .577096
310 .578022
.303 | .578946
. 308 . 579870
.307 | .580793
.306 | .581715
L3205 . 582636
.304 | .SB3557
.303 .584476
302 585395
301 | .586313

.244 | .637027
.243 | .637885
.242 | .638743
241 .639599
.240 .640453
.239 | .641307
2an .542159
L2377 | .643010
.236 | .643860
s . 644709
.234 | .645556
.233 | .646402
.232 | .647247
S231 . 648091
230 .648933
.229 | .649774 e
.228 | .650614 =
227 .651452
.226 | .652289
.225 | .653125
.224 | .653960
.223 | .654793
.222 | .655625
.221 | .656455
220 | .65728B4
.219 | .658112
.218 | .658939
.217 | .659764
.216 | .660588
215 .661410
.214 | .662231
.213 | .663050
.212 | .663869
.211 | .664685
.210 | .665501
.209 | .666315
.208 .667127
.207 | .667938
.206 | .668748
.205 | .669556
.204 | .670362
.203 [ .671168
.202 | .671971 ||
.201 | .672774 |

sl eleNallsaoleloll=NaloloBoRaliaofiefslslolafofiololefololiclisRaolslalalaliolisfloNolofolalololo s lsilsalolelel o

-356 | .534683
-3455 | .535640
<354 1 536597
.353 | .537553
.352 | .538509
-351 | .539463

[sfelielalicfelsRolasfNelafliafislsliafiafaBalisfalinsflesfofeofclolialclisRellsfallsfolalelof=lofcliclalals ellsloN oo
L
i
(¥, ]

COoOOo000000000C 0000000000000 00 00000 COCoD0O 000000 LO0O
[ofislullcleloNoslelololi>HalolisfafofaiasllofoslolnisfiafisfsliololclolaelsfiofofafiafelaleloleleNeNolelolalolals)
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|

YVOL. (GAL)
EXAMPLE:

CYLINDERICAL TANK IN HORIZ. FOSITION

VOLUME COEFF FOR RATIO OF DEPTH TO MATL / DIA.

=K X COEFF: WHERE K=L(ET) X D{IN)X 12,231
D=123",[=25.5,H=4;MEAS TO MATL= 104 5/16 "
B/D=.815549; COEFF=.099571,K=20041;VOL = 1996 GAL

. : e
B/D COEEE || B/D CDEEE“ B/D COEFF!| B/D COEFF
0.200 | .673574 | 0.150 | .711523 | 0.100 | .744523|| 0.050 | .770717
0.199 | .674374| 0.149 | .712237( 0.099 745122l 0.049 | .771151
0.198 | .675171 || 0.148 | .712948| 0.098 | .745718|| 0.048 | .771580
o0 197 | 75988 | 0.147 | .713657 || 0.097 | .746311 | 0.047 | .772006
] 0.196 ,5?5?62“ 0 146 | .712364| 0.096 | .746901| 0.046 | .772427
0.195 | .677555 | 0.145 | .715069 || ©.095 | .747489 || 0.045 | .772843
0. 194 | .678347| 0.144 | .715773 | 0.094 | .748074 || 0.044 | .773256
0.193 | .679137| ©0.143 | .7163474| 0.093 | .748656| 0.043 .773664
0. 192 | .679926 | ©0.142 | .717173 1 0.092 | .749236 0.04z | .774087
0:191 .aan?lsﬁ 0.141 | .717870|| 0.091 | .749813| 0.041 | .774466
0.190 | .es14%8 | 0.140 | .718565 | 0.090 | .750386 | 0.040 .774860
l 0. 189 | .682282 | 0.139 | .719258( 0.089 | .750957} 0.03% .775250
0.188 | .683064 | 0.138 | .719949| 0.088 | .751525 0.038 | .775635
0.187 | .683815 | 0.137 | .720638 || 0.087 | .752090] ©.037 | .776015
0.186 | 684624 || 0.138 | .721324 || 0.086 | .752653 || 0.036 .7763580
| o 38s | .eas401| 0.135 | .722009 | 0.085 | .753212| 0.035 | .776760
0.184 | 686177 || 0.134 | .722691 (| 0.084 | 753768 0.034 | .777125
’ o 183 | 686951 || 0.133 | .723371 | 0.083 | .754321} 0.033 .777485
0.182 | .687724| 0.132 | .724049 (| 0.082 .754872 | 0.032 | .777839
o 181 | 688294 || 0.131 | 724725 || 0.061 | .755419§ 0.031 .778189
6. 180 | .esa264ll 0,130 | .725399 | 0.080 | .755963 ) 0.030 .778533
0.179 | .690031 || 0.129 | .726070 || 0.079 | .756504 g.o29 | ~778871
0.178 | 690797 || 0.128 | .726740| 0.078 | .757042 p.028 | .779204
0.177 | .691s561 || 0.127 | .727407 || 0.077 | 757577 0.027 | .779531
0.176 | .692324 || 0.126 | .728072 || 0.076 | .758108 0.026 | .779852
0.175 | .e93084| 0.125 | .728734 ) 0.075 _758637|| 0.025 | .780167
0.174 | 693824l 0.124 | .729394 (| 0.074 | 759162 0.024 | .780477
0.173 | .eg2601 || 0.123 | .730053 || 0.073 | .759684 0.023 | .780780
0.172 | .695357 || 0.122 | .730708 || 0.072 .760202 || 0.022 | .781076
J 0.171 | .696110 || 0.121 | .731362 || 0.071 .760718 | 0.021 .781366
| o 170 | .eaees3 || 0.120 | .732013 | 0.070 | .761230 0.020 | .781650
0.169 | .697613 || 0.119 | .732661 || 0.069 .761738 |l 0.019 | .781926
o 168 | .698362 || o.118 | .733308 |l 0.068 | .762244 0.018 | .782196
0.167 | .e99108 || 0.117 ‘737952 || 0.067 | .762745|| 0.017 | .782458
o 166 | .e998sa || 0.116 |.734594 || 0.066 | .763244 0.016 | .782713
0.165 | .700597 || 0.115 | .735233 || 0.065 .763738|| 0.015 | .782960
| 0.16% 201338 || 0.114 | .735870 || 0.064 | .764230 p.01a | 783199
0. 163 | .702078 || 0.113 | .736504 || 0.063 .764717]| 0.013 | .783430
0.162 | .702816 || 0.112 | .737136 || 0.062 .765202 || 0.012 | .783652
0. .161 | .703552 || 0.111 | .737766 || 0.061 765682 || o.011 | 783865
| o0.160 | .704286 || 0.110 | .738393 || 0.060 .766159 || 0.010 | .784069
0.159 | .705018 || 0.2109 | .735017 || 0.053 7666321l 0.009 | .784263
0.158 | .705749 || 0.108 | .739639 || 0.058 .767101 || 0.008 | .784446
0.157 | .706477 || 0.107 | .740259 || 0.057 767567l 0.007 | -784619
0. 156 | 707204 || 0.106 | .740876 || 0.056 | ,768023 0.006 | .784780 ]
0.155 | .707928 || 0.105 | .741490 || 0.055 _76B487 || o.005 | .784927
0.154 | .708651 || 0.104 | .742102 || 0.054 .768941 | 0.004 | .785061
0.153 | .708372 |} 0,103 | .742711 |1 0.053 | .769391}j 0.003 .785179 J
0.152 | .710091 || 0.102 | .743318 (| 0.032 769837 || 0.002 | .785279
0.151 | .710808 || 0.101 | .743922 || 0.051 .770275 || 0.001 | .785356
1
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INCHES Ano FRACTIONS vo DECIMALS OF A FOOT
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