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ABSTRACT 
IHRB PROJECT HR-376 

"Metric Training For The Highway Industry", HR-376 was designed to produce training materials 
for the various divisions of the Iowa DOT, local government and the highway construction industry. 
The project materials were to be used to introduce the highway industry in Iowa to metric 
measurements in their daily activities. Five modules were developed and used in training over 1,000 
DOT, county, city, consultant and contractor staff in the use of metric measurements. 

· The training modules developed, deal with the planning through operation areas of highway 
transportation. The materials and selection of modules were developed with the aid of an advisory 
personnel from the highway industry. Each module is design as a four hour block of instruction and 
a stand along module for specific types of personnel. Each module is subdivided into four chapters 
with chapter one and four covering general topics common to all subjects. Chapters.two and three 
are aimed at hands on experience for a specific group and subject. The modules include: 

Module I - Basic Introduction to the Use of International Units of Measurement. This 
module is designed for use by all levels of personnel, primarily office staff, and provides a basic 
background in the" use of metric measurements in both ~tten and oral communications. 

Module 2 - Construction and Maintenance Operations and Reporting. This module provides 
hands on examples of applications of metric measurements in the construction and maintenance field 
operations. 

Module 3 - Road and Bridge Design. This module provides hands on examples of how to use 
metric measurements in the design of roads and structures. 

Module 4 - Transportation Planning and Traffic Monitoring. Hands on examples of 
applications of metric measurements in the development of planning reports and traffic data 
collection are included in this module. 

Module 5 - Motor Vehicle Enforcement. Examples from Iowa and 1-ederal Motor Vehicle 
Codes are used as examples for hands on training for the vehicle enforcement type personnel using 
this module. 

Each of the modules utilizes visual aids in the form of video tapes and others that can be projected 
by an overhead projector or through the use of computer aided methods. The course can be self 
administered or is best done through the use of a group session and the use of a class leader. 
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This part of the workshop will introduce you to the basics of SI Metric. Topics covered will include: 

• A brief history of the metric system and SI 

• The seven ·sI base units 

• Derived units 

• Supplemental units 

• Prefixes 

+ Additional units to use with SI 

At the end of this unit you will have the opportunity to complete a worksheet which will help you 

demonstrate your grasp of the metric covered in this part of the workshop. 

Brief Metric History 

Contrary to many people's beliefs the metric system is not a "new" measurement system. The original 

metric system was developed in the l 670's by a French Clergyman. In 1795 France officially adopted the 

Metric System as their system of measurement. Even within the United States the metric system has a 

lengthy history. Thomas Jefferson and John Quincy Adams were early promoters of the metric system in 

the U.S. In fact, the metric system has been a legal measurement system in the U.S. since 1866. By 1893 

all standard U.S. measures were defined in metric terms. In 1902, Congressional legislation requiring the 

Federal Government to use metric exclusively was defeated by just one vote. At the General Conference on 

Weights and Measures held in 1960, a resolution was adopted which officially named the modern version of 

metric measurement to be the "International System of Units", abbreviated SI. 

Motivation to Use SI in the U.S. 

In recent decades there have been several efforts to convert the U.S. from the current measurement systems 

to the metric or SI system. Most of those efforts have met considerable resistance from the general public. 

However, the metric system has slowly progressed into everyday life in the U.S. Most people are actually 

already familiar with many metric terms. The following listing provides some examples of "everyday 

metric" that are already in use in the U.S. 

• light bulbs: 100 watt, 75 watt 

• electric bill: 800 kWh used 
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Unit 1 - History and SI Basics 

+ voltage ratings: I lO volts, 220 volts 

+ camera film: 35 mm 

+ beverages: 2-liter bottle of soda 

+ medicine: 500 mg aspirin 

+ nutritional label: I 0 grams of fat 

+ athletic events: 100 meter dash, IOK run 

+ automobile engine sizes: 3.2 liter, 3.8 liter 

+ radio stations: KGGO - 94.9 MHz, WOI - 90.1 MHz 

+ skis: 225 centimeter 

+ time: seconds 

The transition to metric usage in the U.S. has been very slow. However, there are several reasons why the 

U.S. should accelerate the shift to metric usage. 

International communication and competitiveness 

The myth that the U.S. is a self-sufficient, super-power country is quickly disappearing. We live in a 

"global" economy. In order to survive and prosper in this glqbal economy, the U.S. must be able to 

easily trade and communicate with other countries. The U.S. is the only industrialized country (and 

one of only three countries total) in the world which does not use SI. People in other countries are not 

familiar with the U.S. system of measurements which makes trade and communication difficult. Trade 

with other countries is hampered due to the need for translation of measurements, or other countries 

simply refusing to purchase our non-SI designed products. If the U.S. is to maintain its leadership in 

the global economy it must seriously consider a rapid change to SI. 

Increased Efficiency 

Many companies are reluctant to change to SI because of the inefficiencies that will result due to time 

lost in learning the new system, and getting up to speed with it. In Canada, which converted to SI in 

the l 970's, companies have actually shown an improved efficiency due to decreased design costs and 

simplified dimensioning. A few U.S. firms (Otis Elevator and IBM) have also reported similar 

benefits. 

Simplicity 

The structure of the metric system, with base units and prefixes designating powers of IO, is a more 

straight forward system than the English system used in the U.S. Whether a person is discussing 

length (meters) or mass (kilograms) the prefix names and meanings are consistent. For example in the 

U.S. there are 12 inches in a foot, 3 feet in a yard, and 5280 feet in a mile. Each factor has different 
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Unit 1 - History and SI Basics 

numbers, increasing the likelihood for error between translations. Using metric, when describing larger 

distances, everything is just a power of I 0: I 0 mm in a cm, I 000 mm in a m, and I 000 m in a km. 

Due to the simplified conversions, there is less chance for mathematical errors. In addition to the 

simplified conversions, because of the use of prefixes with base units there are fewer "names" to learn 

or get confused. There are also standardized methods for writing the terms, which leads to less 

confusion over abbreviations. 

Recent History of SI in the Federal Government 

On July 25, 1991 President George Bush signed Executive Order 12770 which provides guidelines for 

departments and agencies in the Federal Government to use metric measures to the extent economically 

feasible by the end of fiscal year 1992 or by such other date as established in consultation with the Secretary 

of Commerce. 

The Department of Commerce requires federal agencies to use metric and to establish target dates for full 

implementation of the metric system. 

The Department of Transportation and the Federal Highway Administration have established the following 

target dates for implementation of metric: 1994 - conversion ofFHWA manuals, documents and 

publications, 1995 - data collection and reporting in metric, and September 30, 2000 - all Federal lands 

Highways and Federal-aid construction contracts must be in metric. This last date is the date which is 

causing the Iowa State Department of Transportation to also convert to the metric system no later than 

September 30, 2000. (Note: Recent legislation has shifted the date from September 30, 1996 to September 

30, 2000.) 

Units of Measure For Construction Video - Goals 

Understand the base units and common prefixes 

Know SI seven base units 

Describe standard for length - meter 

Describe standard for mass - kilogram 

Learn about derived units 

Describe force - newton 

Describe pressure/stress - pascal 

Learn about additional units 

Describe temperature - degree Celsius 

Describe fluid volumes - liter 

Describe volume - m3 
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Unit 1 - History and SI Basics 

The following pages contain an outline/guide which should be used as you view the 

video entitled Units of Measure. Please write any additional notes from the video 

directly on these sheets. 

Units of Measure Video Outline 

Le Systeme International d"Unites 
(The International System of Units) 
Metric system adopted as international standard in 1960 
Commonly referred to as SI or SI Metric 

Seven Base Units 
Length 
Mass 
Time 
Electric current 
Temperature 
Amount of matter 
Luminous intensity 

met~r 

kilogram 
second 
ampere 
kelvin 
mole 
candela 

A closer look at length 

Base Unit - meter 

Definition of a meter - distance light travels in a vacuum in a time interval of 1/299,792,458 of a 
second 

Symbol for a meter - m 

Other length measurements used by Iowa DOT 

millimeter 
Definition of a millimeter - 1/1000 of a meter 
Symbol - mm 

kilometer 
Definition of a kilometer - l 000 meters 
Symbol - km 

4 



Unit 1 - History and SI Basics 

Area measurements 

square meters 
hectare 
square kilometers 
square millimeters 

A closer look at mass 

Base unit - kilogram 

Symbol 
m2 
ha 
km2 
mm2 

Definition - set by a specific physical weight (prototype) held at the International Bureau of Weights 
and measures 

Symbol - kg 

Other unit of mass 

gram 
Definition - 1/1000 of a kilogram 
Symbol - g 

Derived Units 

Definition of a derived unit - a unit which is a unique combination of base (or other derived) units 
which identify a common phenomenon. 

Listing of common derived units 
frequency hertz 
force newton 
pressure pascal 
energy joule 
power 
quantity of electric charge 
electric potential 
electric capacitance 
electric resistance 
electric conductance 
magnetic flux 
flux density 
inductance 
luminous flux 
illumination 
radioactivity 
absorbed dose 
dose equivalent 

watt 
coulomb 
volt 
farai 
ohm 
siemens 
weber 
tesla 
henry 
lumen 
lux 
becquerel 
gray 
sievert 
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Unit 1 - History and SI Basics 

A closer look at force 

unit is the newton 

replaces pounds-force in the English system 

force = mass x acceleration 
newton = kilograms x meter/(square seconds) 
N = kg·m/s2 

Example using "approximate calculations" 
(acceleration is used as 10, which is a rounded number) 

1 kg x IO m/s2 = IO N 

Other units of force 

kilo newton 
Definition - 1000 newtons 
Symbol - kN 

meganewton 
Definition - 1,000,000 newtons 
Symbol - MN 

A closer look at pressure 

unit is the pascal 

replaces pounds per square inch (PSI) in the English system 

pressure = force/area 
pascal = newton/(square meter) 
Pa =N/m2 

Other units of pressure 

. kilopascal 
Definition - 1000 pascals 
Symbol - kPa 

megapascal 
Definition - 1,000,000 pascals 
Symbol - MPa 

Additional Units 

Units that have been approved to be used with SI, even though they are not SI units. 

6 



Unit 1 - History and SI Basics 

A closer look at temperature 

degree Celsius 

water freezes = o<>c 
water boils = I oo0 c 

replaces Centigrade from older metric systems 

room temperature = 20oc 
nonnal body temperature= 37oc 

A closer look at volume 

Liter - used for fluid volume 

Definition - one cubic decimeter 

Symbol - L 

one liter is approximately 1 quart + 1/4 cup 

Other units of volume 

milliliter 
Definition - 1/1000 of a liter 
Symbol - mL 

Other volumes (non-fluid) 

cubic meters 
cubic centimeters 
cubic decimeters 
cubic millimeters 

NOTES FOR IOWA DOT 

Symbol 
m3 

cm3 
dm3 
mm3 

1) Angular measurements do not change and remain in degrees, minutes and seconds. Even though SI 
standard is the radian. 

2) Measurements made relative to ROW takings, railroad agreements and utility construction will be 
identified in both English an~ SL 
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Unit 1- History and SI Basics 

Visualizing Metric 

Length 

1 meter is just a little longer than a yard 

1 millimeter, which is 0.001 meters, is about the width of the wire in a paper clip 

Length of my hand=------ mm or ______ m 

My height= _______ mm or ______ m 

Dimensions of a 8-1/2" x 11" sheet of paper=----- mm x _____ mm 

One pace for me= _______ m 

Height Table (Converted to nearest mm) 

Ht nm 5' l" 1549 5' 9" 1753 6' 5" 1956 
4'6" 1372 5' 2" 1575 5' 10" 1778 6' 6" 1981 
4' 7" 1397 5' 3" 1600 5' 11" 1803 6' 7" 2007 
4' 8" 1422 5' 4" 1626 6' O" 1829 6' 8" 2032 
4' 9" 1448 5' 5" 1651 6' l" 1854 6' 9" 2057 
4' 10" 1473 5' 6" 1676 6' 2" 1880 6' 10" 2083 
4' 11" 1499 5' 7" 1702 6' 3" 1905 6' 11" 2108 
5' O" 1524 5' 8" 1727 6' 4" 1930 7' O" 2134 

Mass 

1 nickel (5 cents) has a mass of 5 grams 

100 pounds is about 45 kilograms 

A long ton is about equal to a metric tonne (t) which is equal to a megagram (Mg). 

My mass= kg 

Mass table (Converted to nearest 0.1 kg) 

wtOb) kg 130 59.0 190 86.2 250 113.4 
75 34.0 135 61.2 195 88.5 255 115.7 
80 36.3 140 63.5 200 90.7 260 117.9 
85 38.6 145 65.8 205 93.0 265 120.2 
90 40.8 150 68.0 210 95.3 270 122.5 
95 43.1 155 70.3 215 97.5 275 124.7 
100 45.4 160 72.6 220 99.8 280 127.0 
105 47.6 165 74.8 225 102.1 285 129.3 
110 49.9 170 77.1 230 104.3 290 131.5 
115 52.2 175 79.4 235 106.6 295 133.8 
120 54.4 180 81.6 240 108.9 300 136.1 
12.5 56.7 185 83.9 245 111.1 

8 



Unit 1 - History and SI Basics 

Temperature 

Degree Celsius 
177 
100 
37 
22 
IO 
0 
-12 
-18 
-30 

Pressure 

Equals 
350 degree oven 
Water boils (212) 
Normal body temperature of 98.6 
room temperature (72) 
spring or fall day (50) 
Water freezes (32) 
Typical Iowa winter temperature (I 0) 
Zero degrees Fahrenheit (0) 
Frigid winter night in Iowa (-22) 

Auto tire pressure of 28 (PSI) equals roughly 200 000 Pa 
or 200 kPa 
or 0.2 MPa 

Area 

A hectare is about 2.5 acres. 
A square mile is about 2.5 square kilometers. 

Volume 

A quart is a little smaller than a liter. 
1 teaspoon is about 5 mL. 
A concrete mixer truck holds about 7 cubic meters of ready-mix concrete (about 9 cubic yards). 
A typical straight truck holds about 8.5 cubic meters' of gravel (about 11.5 cubic yards). 
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Unit 1 - History and SI Basics 

Worksheet Review 

I. Which of the following metric units is used to express fluid volume? 

A. 
B. 
c. 
D. 

liter 
cubic centimeter 
pascal 
hectare 

2. Which unit of measuring temperature would be used in construction situations? 

A. degree Fahrenheit 
B. degree Centigrade 
C. kelvin 
D. degree Celsius 

3. Newton replaces which unit in the English system? 

A. 
B. 
c. 
D. 

pounds per square inch 
pound force 
pounds per cubic inch 
pound mass 

" 

4. Iowa DOT drawings should use which of the following units? (Circle all that apply.) 

A. meter 
B. centimeter 
c. millimeter 
D. megameter 

5. On the Celsius scale, water freezes at what temperature? 

A. 
B. 
c. 
D. 

6. Which SI metric unit listed here would be appropriate to use for expressing the volume of concrete 
or fill? 

A. cubic decimeter 
B. cubic meter 
C. liter 
D. ton 

7. Which of the following is the same as 200 meters? 

A. 0.02 km 
B. 2km 
C. 0.2 km 
D. 20 km 

IO 



Unit 1 - History and SI Basics 

Worksheet Review 

8. Which is the same as 3 meters? 

A. 0.03 km 
B. 3000 mm 
C. 300 mm 
D. 0.3 km 

9. Which of the following represents the longest length? 

A. 3.0m 
B. 450 mm 
C. 0.05 km 
D. 20.0 cm 

I 0. SI refers to: 

A. The system interfaces necessary to implement metric in computers. 
B. The inJernationally accepted metric system used today. 
C. The governing organization that establishes metric rules and policies. 
D. The international strategies that created the first metric system. 

11. On the moon, acceleration of a falling object caused by gravity is about 1. 7 m/s2• 

proper metric unit, what is the gravity force of a two kilogram object? 

A. 3.4 pascals 
B. 1.7 pascals 
C. 3.4 newtons 
D. 1.7 newtons 

12. Which SI unit replaces PSI in the English measurement system? 

A. kg/m2 

B. N 
C. Pa 
D. N·m 
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This part of the workshop will provide a brief introduction to the basic of converting measurements from 

English units to SI Metric. The majority of the time in this unit will be dedicated to working sample 

conversion and SI metric road design problems. Topics covered will include: 

+ Hard vs. Soft Conversion 

+ Use of Conversion Tables 

+ SI Road Design Problems 

Types of Conversions 

Hard Metric Conversion 

original design done in metric (use metric standards) 

steps required: 
calculate measurement in metric (use conversion factors if "thinking" in English) 
select a preferred metric dimension that meets design performances needed 

Example: to design a product that needs a bolt. ... if this was originally designed in English units you 
would have selected a 3/4" x 4" hex cap bolt. Determine what standard metric bolt you will want to 
use in this new metric design. 

First determine "equivalent" diameter 
I inch = 25.4 mm 
3/4" => (3/4)(25.4) = .75(25.4) = 19.05 mm 
closest common (standard) metric diameter screw is 20 mm called an M20 

Next determine "equivalent" length 

1 inch = 25.4 mm 
4" => 4(25.4) = 101.6 mm 
closest common (standard) metric length is I 00 mm 

Metric screw to use would be M20 x 100 

Soft Metric Conversion 

original design in English (use English Standards) 

steps required: 
use conversion factors to translate English unit to metric measurement 
round measurement to intended precision 

examples: 

if English design calls for I lb use conversion factor and specify 454g (0.454 kg) 
if English design calls for 1 qt use conversion factor and specify 0.9463 L 
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Unit 2 - SI Applications in Road Design Activities 

Conversion Factors 

When converting English units to SI units you will need to use conversion factors. Conversion tables can 
come in many different formats. For this workshop we wil.I be using conversion tables that look like this: 

Quantit;:t From To Multinl:t b;:t 
Length ft m 0.3048 

in m 25.4 x 10-3 
yd m 0.9144 

Mass lbm kg 0.4536 

EXAMPLES: 

A. Convert 1000 yards to meters using the conversion table above: 

1000 yards x 0.9144 meters/yard= 914.4 meters 

B. Convert 5'7" to SI units 

First convert 5' to inches ... must have all one unit only to convert 

So 5 x 12 = 60" plus the 7" == 67" 

Now convert the 67" to meters 

67 inches x 25.4 x 10-3 m/inch = 1.7018 m => 1.7 m 

13 



Unit 2 - SI Applications in Road Design Activities 

Road Design Problems 

A. A horizontal curve is being designed for a relocated roadway. What it the minimum length of radius 
required for each of the following design speeds, a maximum rate of superelevation of 8% and a 
frictional factor of 0.11? 

Rm (min)= y2/127[(e max/100 + f maximum)] 

1. 80 km/h 

2. 100 km/h 

3. 110 km/h 

B. What length of spiral curve would be required for the 110 km/h curve radius in question A? Round to 
nearest 5 m. · 

L m = 0.0702(V3)/RC where C = 1 
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Unit 2 - SI Applications in Road Design Activities 

C. Calculate the Length of Curve, Tangent and External distances for the 110 km/h curve with a delta 
angle of 6 degrees. 

L = 3.1416 (R) (delta angle)/180 
T = R(Tan ( 1/2 delta)) 
E = R[(l/Cos(l/2 delta))- I] 

D. What is the minimum length of stopping sight distance required to provide adequate distance for design 
speeds of 100 km/h, a friction factor of 0.28 and a maximum grade of -3%? 
d2 = y2/254(f±G) 
d1=0.278tlV assume q = 2.5 s 

E. Passing sight distance is to be designed for a given highway. Calculate the total distance required to 
complete the pass safely from the equations below. 

D = dt + d2 + d3 + d4 
d1 = 0.278t1 (V-m+at1/2) d2 = 0.278(vt2) 
d3 = 30 to 90 m d4 = 2/3 d3 

15 
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Unit 2 - SI Applications in Road Design Activities 

F. The designer of a given horizontal curve desires to use a superelevation transition runoff. What length 
(nearest 5 m) is required for the runoff to accommodate a 100 km/h design speed, friction factor of 
0.4 and a C value of 1.0? 
L = 2.72 fVo/C 

G. Using the values from Table III-35 (AASHTO Green Book) for crest vertical curves, determine the 
difference in desirable length required to provide stopping sight distance for the following grades of 
+2.0% and -2.5% if the designer changes from a 100 km/h to I 10 km/h design speed? 

Stopping Rale or Verlical Curvalure, K 
Assumed Sight (len~lh (rn) per % or Al 

Design Speed for Coefficient Dishmce for 
Speed Condition or Friction Design Rounded ror 
(km/h) (km/h) r (m) Compuled Design 

30 30-30 0.40 29.6-29.6 2.17-2.17 3-3 
40 40-40 11.311 44.4-44.4 4.118-4.811 5-5. 
50 47-50 0.35 57.4-62.8 8.16-9.76 9-10 
60 55-60 0.33 74.3-84.6 13.66-17. 72 14-18 
70 63-70 0.31 94.1-110.8 21.92-30.39 22-31 
80 70-80 0.30 112.8-139.4 31.49-411. I 0 32-49 
90 77-90 0.30 131.2-168.7 42.61-70.44 43-71 
100 85-100 0.29 157.0-205.0 61.01-104.02 62-I05 
110 91-110 0.28 179.5-246.4 79.75-150.28 R0-151 
120 98-120 0.28 202.9-285.6 I 0I.90-201.90 102-202 

Table 111-35. Design controls for crest vertical curves. 

When S<L L = As2;404 
When S>L L = 2S - 404/A 
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Unit 2 - SI Applications in Road Design Activities 

H. A minimum length of vertical crest curve is usually defined by the equation: L m = 0.6 V. Calculate 
the minimum length of curve for a design speed of 100 km/h. 

I. Yo~ are being asked to revise the length of curve calculated in problem G to allow for passing sight 
distance for the 110 km/h design speed using the following equations and Table ill-36. 

Design 
Speed 
(km/h) 

30 
40 
50 
60 
70 
80 
90 
100 
110 
120 

Minimum Passing 
Sight Distance 

for Design 
(m) 

217 
285 
345 
407 
482 
541 
605 
670 
728 
792 

Rate of 
Vertical Curvature, K, 

Rounded for Design 
(length (m) per % of A) 

50 
90 
130 
180 
250 
310 
390 
480 
570 
670 

Table 111-36. Design controls for crest vertical curves based on 
passing sight distance. 

When S<L L = AS2/946 
When S>L L = 2S - 946/ A 
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Unit 2 - SI Applications in Road Design Activities 

J. An access road connection with the mainline design requires a sag curve be designed. The 
limiting grades in this case are -2.8% and +0.5% and the design speed is 90 km/h. Using the 
given information and Table III-37, compute the required desirable length of curve. 

Stopping Rate of Vertical Curvature, K 
Assumed Sight (length (m) (!er % of A) 

Design Speed for Coefficient Distance for 
Speed Condition of Friction Design Rounded for 
(km/h) (km/h) f (m) Computed Design 

30 30-30 0.40 29.6-29.6 3.RH-3.88 4-4 
40 40-40 0.38 44.4-44.4 7.11-7.11 8-8 
50 47-50 0.35 57.4-62.8 I 0.20-11.54 11-12 
60 55-60 0.33 74.3-84.6 14.45-17.12 15-18 
70 63-70 0.31 94.1-110.8 19.62-24.08 20-25 
80 70-80 0.30 112.8-139.4 24.62-31.86 25-32 
90 77-90 0.30 131.2-168.7 29.62-39.95 30-40 
100 85-IOO 0.29 157.0-205.0 36. 71-5().06 37-51 
110 91-110 0.28 179.5-246.4 42.95-61.68 43-62 
120 98-120 0.28 202.9-285.6 49.47-72.72 50-73 

Table 111-37. Design con.trols for sag vertical curves. 

S<L 
S>L 

L = AS2/(120+3.5S) 
L = 2S - [(120+3.5S)/A] 

K. What minimum length of sag curve would be allowed in problem J to meet the comfort criteria 
outlined by AASHTO? 
Lm =Av21395 
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Unit 2 - SI Applications in Road Design Activities 

L. A drainage site requires obtaining a permanent easement for storm water detention of 1 square mile. 
How many hectares of easement will you ask the ROW Department to purchase? 

M. Bridge clearances noted on last years' inspection record were identified as 14.5 feet. What is the 
clearance (0.1 m)? 

N. The needs study crew has indicated that an existing roadway consists of a 22 foot wide pavement and 8 
foot granular shoulders. What metric pavement and shoulder dimensions will you use to connect 
the existing roadway to you extension? 

19 



Unit 2 - SI Applications in Road Design Activities 

0. Sketch a typical cross section of a roadway that you might be designing. Include a cut situation on 
one half and a fill situation on the other side of the roadway. Identify each of the key horizontal 
and vertical dimensions on the sketch, including any subbase, base and pavement dimensions in 
international units. 

P. You have been assigned a project to design using international units of measure. The End of Project 
Station (English) from the previous project is 675+50.25. Convert the EOP station to 
international units and then express both stations as an equation. 
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Unit 2 - SI Applications in Road Design Activities 

Q. Utilizing selected portions of pages from a set of Sioux County Highway 18 plans answer the 
following questions: 

1. Sheet A.OJ Title Sheet - What is the total length of the project (Divisions I and II) in meters? 

2. Sheet A.01 Title Sheet - Assume that the project is extended through the city of Hull to the East 
Corporate Line. Estimate the revised End of Project Station for Division II. 

3. Sheet B.01 Standard Sections - What is the total volume of granular surfacing to be applied in accordance 
with Plate 2108? Assume a depth of 155 mm. 

What mass of material does this represent in Mg if the material has a mass of 4100 kg/m3? 

4. Sheet B.03 Standard Sections - What is the length of the granular subbase placement in Plate 2211 in 
kilometers? 

21 
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Unit 2 - SI Applications in Road Design Activities 

5. Sheet B.03 Standard Sections - What is the volume of special backfill to be placed in accordance with 
Plate 2209? 

6. Sheet B.03 Standard Sections - Calculate the m2 of concrete to be placed in accordance with Plate 2201. 

7. Sheet C.01 Quantities Estimate - Note the units of measure for the common items of work and the 
associated level of accuracy. 

8. Sheets C.01 and C.02 Estimate Details - Assuming that the seeding will be accomplished between May 
21 and July 20, calculate the amount of each seed that will be required for the rural portion of the project. 

9. Sheet C.04 Drainage Structures - How many meters of type 1601, 750 mm diameter pipe should be 
ordered? 

22 



ESTIMATED PROJECT QUANTITIES 

11111 C0611U:lllJI ITEH C0C£ llEH 
USE ll't.T 

2101· Clt1r1nn ind Gr~ln.n h• 
2102 Selected Back( 111 Soll o3 
tl02 B•ckr111 )Ofc111 ~ 

2102 bUTl\lon Cius ID Roadvn Ind Borrow o3 
2102 Ea:c1v.ll01 Cius 12 nouldtn o3 
2102 loU\lnQ Tiit Linn .. 
>108 Overtwiul o3os 
2 11 Lr AnUI 1r S\bbut o2 
tl21 Gri111Ul1r Shouldert. J..,.A ~ 

tl2J Shoulder r lnhhlna. Eirt.h . 
o2 2301 ~~~:,t·~i~~'!; s:: ;:,.. P.~. ~oncrrlr i..1111 C lbU 111 o2 2301 

2301 Porll-'CI Ctll'enl c-rete Pavrnnl 5.._.1rs LS 
2Jl2· Gr1m1l1r Surl1c:1nn on Road Clan A l"rushed Stone -LS 2101· ~~11:1 or hlstlna Struclurn • -2102· hckr 111 GrA1"AJl1r 

o3 2102· ~ldYl•Pl-Culml 
•1th 2116 .. 
•1<h 2416 ... 1350111 . 2416 CulYert. rele RCNdvn. Pin.- 21m .. 011. . 2416 Culver\ Concrrle Arel P 100. 2tw .,. • 1350 "' 
heh 2121 ADrcr,, \hcl1nlfltd u11. 

Kh tl22 .lnf"ons 1r1ClusHled 011. 
Ith 2121 .-.orans U'"ICl1n1r1r<1 u11. . 2122 Culver\ \hcl1nlfled nt.r.-.ce P1ae. 450 m 011. 

2422·1723024 Culvert. \hc1&u1r1ed tloldvn P1ae 600 m 011. . 
2422-1723030 Culvert lh:lnslhed KftM'.IY11' PIDfl 750 111 Dl1, .. 
2S02 5'bdre In Lann llud 1n1 I 100 m 011. . 

11n Dull•• As Pl'r PIM •-h 
51.0drlln Oullel llf·l~E [Ith 

J· In like RHO Each 
UUl ltv CCHS RA·4q heh 

3· Sever 100 D S\ora 37:> m u11. . 
10 Rrnonl or Old PIYtftftl. o2 
11· Renov1I or Stit.v1lk o2 
II S1dev1lk P.C Concrete. lw m o2 
IS· Drives P.c;. Ccncretr 150 m o2 
IS· Re110Y1I or DrlwH o2 
18 Rold Closurr Rural PerlNll"ltnt Rf ·)A Eich 

I leld l ··~- Each 
2S20 I le Id 011 Ice E1th 

Slit Fence . 
Slit Frncr for Ollrh Chl'ck1 . 

nt6 Con1\ruc. \Ian !iW"vev LS 
2Sll P1 ln\ed Pavrnent Mark Ina . 

28 tr1rr 1c Control LS 
LS J3 

~ ach ll " ... I· 1no ... I· I 
I· Sl.lbll Ulnn Cr..., 5t-1"dl1M1 and_t_rrtlll2lno h• 

2 I· St1blllzlno Cr- Serdlnn ~ ertlll'lnn Urbani ... 

For Addi uonal Estimate Rer. Info. For Standard Notes 
Refer to Sheet No. C.02 Refer to Sheet No. C.02 

For Trarr1c Control Plan For PolluUon Prevention Plan 
Refer to Sheet No. C.03 Refer to Sheet No. C.03 

DESICH IEAH Stendarduauon Commlt.t.ee KIRJC IOVA 001 1 11FICE rs CUU;N 

- .. - - - - - -

u•••• 'It> 
EST MAT D 

OIYi>IDI DIV SIOli 2 JnfAJ 
D.50 D D.50 

IJ631 0 IJ6JI 
0 IOJq IQJq 

'15qqJ 1116 q11Qq 
JS Q JS 
ID D ID 

JHIJI Q Jlt4ll 
20662 Q ~·~2 

1181 Q 4181 
2416 160 2636 

I> Q IS 
2Sl70 1sJq >61(1q 

0.'16 0.01 I 
Ill Q Ill 

I D I 
D II II 

lJ D 2J 
2 0 2 
2 Q 2 

Jl.8 Q 37.11 
2S.• Q 2S.2 
12 Q 12 
2 Q 2 
2 Q 2 

,4 . .1 0 q1.3 
11.6 Q 11 .• 
is.a D 2S.u 

2h2., 'IO.t 2782.> 
0 l ' JI 0 21 
0 I I 
Q I I 
Q 1q.z 1q.2 

11181 14QJ 1mo 
Q 2S 2S 
D 2q 2'I 
D 6J 6l 
0 2• 21 
I Q I 
0.'16 O.u.f. I 
D.'16 O.u4 I 

64 Q 64 
101 Q IDI 

o.q& O.u4 I 
S210 11 5221 

D.'16 0.01 I 
0.'16 O.DI I 
I Q I 
5 D s 
s 0 s 

IS.& 0 IS.6 
0 I I 

- - -

r-100-1a I 
L D'l-ZMI I 

AS BUil! 
_11Jy .... n I Dln>IOH 2 

SIOUX ~·' 
PROJECI Ml«R 

- -

ESTIMATE REFERENCE INFORMATION 

llEH C0C£ CfSCRIPllOH 

2102-11425050 Rohr la lib. IOJ·l on Sheel Ho. C.05. 

·2 iii2:2; iDiiiii. i: .. i;;.; ;:;; ·;.:;,; ;; ;;;;. ;;,; i :.;; "&iij" ;~:.;; ;;;;. ;; ..... 
·c-3•·"'sulUbl1 Ntrr111 to be used In the ro.dv1r 
rd:tanbcnt. 

a. Teq>ll\e quan\l\lts •ho Include- N\tr'lll ror earth 
shoulder r111 back or curb and ror obll\en\lan 
or \he old nllroad e.OMllulent rroa Sta. 8•25 to 
Sta, 17•25. 

c. Ile• 1ncli.dr1 2m cu. meters or Nletlll ror t1r\h 
shoulders 1dj1eent la Harrison Ave. pnnenl, but 
II not Included In tr119l1\e quanuues. 

·;;o;:;om· ;~;-;;~;~;:~;;·;;·;;;~~~-;·;~~;;·;;-~;;·;;-~;-··· 
borrow lrH. Cenler or NII loca~lon ror BorrOY ArH 
•1• 11 ,hovn on Sheet Jrfo. R.01. 

·;;;;:;;;;;00· [;;;;,;;;.;·:;·2:i;·;;;;;:;·;;;·;~:·;;;;;:············· 
·2;2;:;~250;0· ~:--i~·;;·;;·;~i~;;·;;~;;;·;r·i:~-;;~;;·;~i;;·--· 

and ]q&Q,I .eurs or 2.5 set.er shoulder. 
8. Ilea requlrn apprOllNtely .(5JI CU, n:ltrs or 

earth shoulder flll. Miler 111 IS lo be obtained 
rroa Borrav .,. or vllhln R.O.v. IS directed by 
the Eng lneer • 

·2i;;:;;~;o· .i:··;;;;·;;·;~·;;;;:;;·;;;;;;·;;·;:;·;;;;;·;;.;.:;;;·;; 
Harruon Ave. and 160 reten or 3.0 nler 1houlder 
bad. ar curb. 

8. the Hr\h shoulder r111 Nlerlal Is Included In the 
Clan 10 Exuv1llan bid Ilea. 

·;;oi:~;;m· ~:--i~;;-~;-;;;-~;;;;·;~-~~;·;~;;;;~~;-~;-~:s:;;··· 
'fl\h Harruon An. 

a. Granular backr111 placed benHlh the .edlan 
p1veaenl IS to be Included In the Cost af this 
Ilea. 

·;;j:5;;;;;0· i:--i~;;·;;;~;;;·:a;:·;~~~;:·····:···-····----··-----
e. rr.,svrrst JOlnl between existing 11% resurfacing 

O'ter PCt pavcnenl and proposed PCC pavemenl to be 
1 ·r JOtnt. fri1t1nerse Jolnl bc\veen existing 
Pct p1na:nt and praposed PCC pnea:enl la be 1 
"RD' JO!n\. 

C. Transverse Joints shill nal be skewed In Div. 2. 
O. Transverse graovlng viii no\ be _rrqulred In Div. 2. 
E. Clan l aggregate durlbll ll)' ~quired. 

----------··· ·---·---------------·--------·-·--------·--·--·----·---· 
2312-8260050 l. Item 1nclud11 .CS 11t9MJr,.. ror Pa1nu or Private 

Access Cllb. 102· I on Sheet Ho. C.06) n1 q3 
aegagr11111 ror local roads. 

a. Mlter111 shall be spread In accordance v1\h Sect.Ian 
2315 of I.he lcrcr5 Sl~rd Spec 1r IUUans. 

·2;ijj:;;;5550· ;;;·;;;;;;;;;·~·;;;;;;·;;;;;·;;·;;~:-iiii:;·;;·;;;;· 
No. C.06. 01spo11I Is per St«Miard Hol1llan 213·1. 

ROADWAY DESIGN 

0 
1w,..c...ur,.._,"",p1-, .. P'......,..,..... 
....................... ,...,.._ .... '"= ... - .... 
.....-d'-' ...... •9"'-·~~- ... bt• ..... ""'' "-"•--"' ,...r ... ,-1 ~· _..,....,. 1 .... r ... s ....... r.1 .... - .. 

•-Aeti•"'•u.,.Ho. ..~ 

STP-18-l(qqq)--2C-8-4 ffET H.HO 

.. - - - -
C.01 

: I 

-



- - .. - - - - - -
'"·ll·\C 20>·4 
The conlractor Is encouraged to take foll advantage of speclrJca
Uon 1105.15 • Value Engineering Incentive Propowl. A pamplet and 
conceptu.11 proposal form viii be available at. \he prrconstrvc:.tlon 
conr erence. 

Ot-JMC JIM 
Souidlng and trst boring data shown on plans vt"re 1ccut1ul1ted (or 
designing and estimating purposes. Their appearance on lhe plan. 
docs not constitute a guarantee lhat Condit.Ions other lhan thoH 
1rld1caled vtll not· beo encouiten:d. 

O't-:Uo\C ZIZ.Z 
Hatertal listed vlthln the plans as •ll'lsullable• Is Included In \.he 
template far class 10 excavation and It shown la Jnd1c1le \he loca· 
lion and dlslrlbu\lan. 

O'l·ZM4 ZIJ·I 
It shall ~ tM contractor"s rrsponslbllltr to provide v1ste areas 
or dlspowl sites ror excess material (excavated mater111 or broken 
concrete) od\lch IS not desirable to be incorporated Into the vo"' 
Involved on this project. Na pa)'CM'nt for overhaul viii be alloved 
for material hauled to these sl tes. No material thall be placed 
vi thin the rlghl·of-vay. i.nless specl(lcally staled 1n the. plans or 
approved by the engineer. 

Dll-27•1M 21J·2 
The contr1etor's attention II dlrttted to the (ollovlng consideration 
In regard to removal and replacement or topsoil In borrow are1u 

Quantities estimated (or topsoil are calculated on the bash o( a 
U1lfonn removal or topsoil to a depth or 0.3 meten. The material 
remved Is to be spread ll11formly to a mlnlinun depth ar 0.2 •ten 
over the borrow· area "1)on campletlon or excuatlon work. 

crn7·'4 Zl3·l 
All borrov areas. stockpile areH, haul road1 and areas used rar 
equipment on this project viii require slbsoll tlllage to an average 
depth or 0.4 meten to 0.5 mete"' prior to placement of lapscul IJl'rd/ 
or 1tablllZ1ng crop "•ding. Such tllloge shall be occompllshed on 
maxlrm.m ar one meter centen and at right angles to the finished 
•lope or the borrow. • . 

Equ1p111ent US<d \a accomplish \h• tillage sholl be equipped with an 
arro-.head·t)PC shoe so H to provldl' literal displacement and Um1t 
the movement of the s\.bsoll lo the su-hce. It shall be appnMd by 
lhe Engineer for the use intended. This work YIU beo considered In· 
clden\11 lo o\her vork on the project IJl'rd no pa)ftlent viii be aUoved. 

It Is Intended that follovlng s..Osoll tlllage. lhe area remains In 
• "loosened• conthtlon. AdcHtlonal compaction or the operation or 
heavy equipment. other U'"1l"I required ror topsoll placement and ,Jwp· 
Ing shall no\ be allowed on areas od\lch haYI! received si.bsoll tlllage. 

11'1-27·'M Zll-4 
The contr-actor shall apply necessary molstwe to \he constn.ctlon 
area and haul roads to prevent lhe sprrad or dusl. Rerer to Article 
1107.07 or the current Standard Spec1r1callons ror addlllonal delalls. 

O"l·27·'t4 221·3 
Estimated quantity rar nev concrete pavement ll'ICludes all Integral 
cuttl, all street returns and special areas ar repaln ta cornect1ng 
pavements. 

D"1·27·"14 221·4 
Jn order to avoid any l.IY'lecessary surrace breaks or premature 
spllllng, the contractor Is caulloned to exercise extreme care -.hen 
performing any or the necessary sav cutting operations (or the 
propoted poyement remoYal. 

1u11:11 IUH Standardlza\IQn Committee I 

03·21·'5 222· I 
Special care" shall be taken yhen fanning at Intersections so that 
1.he profiles shown on the cross secuons and the elevations ~own 
on \he Resident Engineer's 1:100 or 1:250 scale plans are obUlnrd. Short 
lengths or form or tlexlble fonns may be nrcessary at Lhtse k>c1uons. 

()11·27•114 223·17 
Exl•llng PCC pa .. mont shall be re<)Cled Into granular tlbba,., Excess 

:ri:,"~,st;~~n::~om:o,~: lal!i~''~.~,~~::.i;,·~:r, ~~ ,~,,:: 
for IJfly $hart.age or rec)<:led material required to reach the plan 
quantity rd shall be paid for al contract Ulll price. lhe Hllnwted 
quantity Is bHed en Zl50 kilograms per cLbJc meter In-place density. 

01·27·•4 ZJ2•5 
The contr1ctor shall not disturb desirable gress areas and deslrlble 
treH outside the consln.ctlon llmlls. The contractor viii not be 
pennn.ted to park ar service whlcles and equipment or use these 
1reH (or storage or materials. Slor1ge, parking and service 1rea(s) 
viii b• 11.bJect to the approval or the ruldont onglneer. 

011·27·14 232·1 
The top 150 mllllmeten or \he disturbed areas shall be rree ar rock 
and debru and shall be suitable for the establishment or vegeta· 
uon. nbJect lo the approval or the Engineer. . • 

ONM4 
Road contractor Is to use due caution In vorklng over and 1r0Uld 
all tlle lines. Break1 In lhe llle line due to the conlractor's care
lenness are to be replaced at his expense Yl°'°'1l con to lhe State 
or ·lava. Any Ule lines broken or dlslurt»ed by CM" cut llnrs viii be 
replaced as directed by the engineer In charge or constru:uon and 
at the State or lova"s expense. 

oet·Z7•114 2'Sl·l 
The contractor shall be responsible to maintain access to lndlYldual 
properties during construction. 

Relocated access shall be completed to lncUvldual properties prior 
to removal or existing access. 

Ir the permanent access camot be completed prior to removal or 
the existing access. the contractor shall provide and maintain an 
altemale access. Temporary Granular Si.rfaclng viii be paid for as 
1 contract Item or by extra voR.. 

Oll·Z7·"14 251-3 
A plan for stage construction or local accesses od\lch are required 
to rem11n open to trarr1c during constn.clJon shall be slbmll\ed by 
lhe contractor ror approval by the engineer. 

0"1·27·"14 2'51·5 
On all new or- reconsln.cted p1vements, th~ locallon or "NO PASSING" 
zone llne1 shall be localed In the rteld. The locat1ons or the pro· 
posed "NO PASSlliG• zone llnes sho..n on the pavement marking tab
ulauon 11 (or esllm1llng quantities only. 

lt:IRIC I IOVA COi • CJ'FICE fE Cl'.Slc.H I 

- - - - -
ESTIMATE REFERENCE INFORMATION ~ 

ITEM COil: DESCRIPTION 

2402·CMZSOJI A. OuMllly IS ror stor• Uytr Lf'ldtr PIYC'llleftl. 
8. For loullon lt'ld dtlllls rder lo T.tb. 104·58 end 

• Det• 11 IO-q on Sheet Ho. H.01. 

2422·0360018 l\e11 It ror entrance pipes. 

2502·8212014 for lonllon itld dt\1lls rehr lo Tab. 104·111 on Sheet 
250M220105 Ho. C.05. 
2502·82201'16 

2502·8220105 Rder lo lnt.i.e Outlet Del•ll on StlOd•rd Rood Pl1n 
Rf·l'IC. 

2503·HSOOJO Reier lo l•b. !OMA on Sheet Ho. H.01. 
250H&252'l0 

................. -··-----··------------ ·------------·-·---~---·--·----·· 
2503·7275006 Reier to Toll>. 101·58 on Sheet Ho. H.01. 

2510·6745850 A, for loc:ltlon refer to Tab. 110·1 on Shcel Ho. C.06. 
8. hem requires JS.& 11elers af rull dep\h H'ICUl. 
C. he• requires conplete relOval ar A.C.C. to P.C.C. 

. turrace. 
D. Al I A.C.C. shall be ulv1ged ll'MI used en \he 

project H gr10Ul1t shoulders or special backrlll 
ror s~rade trul.ft'nl. 

E. Old P.C.C. p1vennt shall be UIY19td Ind used on 
lhe project H gr1t1Ul1t s~ase. 

2Sll·6745llOO A. For location rehr to Tab. 110·5 on Sheet No. C.06. 
e. Dlsposal shall be II per Stll'Kllrd Notation 213·1. 

2511·7526004 For loullon refl'r to De\111 6105 on Sheet No. C.06. 

2515·2475006 For loullon Ind det1lh rerer to Tlb. 102·3 on Sheet 
Ho. c.o&. 

2515-6745600 A. For loc:1l1en and dtl1l11 rehr to lib. 110·8 an 
Sheet Ho. C.06; 

a .• D1spo11I shall be IS per Standard NaUtlon 213·1. 

2518·68«KXJJI Ile• II to be pl1ced on Hrruon Awe., 27 seters Lt. 
ol Sta, 1020•15 10.R. I. 

·;;;s:;~i~iO- i;;·;;;;;;.;,;·;.;.;·;;;;;;;·;;;;;·;;·;~;:·;&c;:;;·;.;.;·;ix;.,8 
2525·2638031 on Sheet Ho. C.06 IOd StlOdord R .. d Pl"' RC·I&. Euc\ 

loc:ataons to be as directed b:r \he engineer to •lnl•lle 
eras Ion Ind .Y•ter pol lu\ 1en. 

2527·ctl&lllD Far loc:1\lon and de\alh refer to Tlb. 108·22 on Sheet 
Ho. C.01 IOd. lyplnh on Sheets Ho. C.01 IOd C.08, . .................................................................... . 

2S38·&q75110 he• u ror ~ell located 20 n:ters ll. or Su. llt05. 
For dt\1lh, rerer to Design Ot\all Sher\ 560·1 en 
sheet no. u.01. 

.............. ··················-----··········-------·--·--········· 
2601·2631100 fertlllm.1 R11r·SOO kg ol 13·13·13 or equ1 .. 1 .. t 
2601·2642100 che•IC1ll7 conlllnrd comerc1al hrtllUer per hKt1re. 
2601·26'2120 

2601·2632110 Areas dhturbed but not seeded with sUbll IZlng crop 
2601•2G3UOO by Sepled>Cr 30 1-hlll be 1ocar1Ued to 1 ~ na depth, 

hrtll Ued Ind -..c:hed. All A1lch ta be consol ldl\ed 
Into the soll vllh \ht Nlch stlbll lur. 

2601·2634100 Mulch Rite - 3.5 reg19rams or dry cerul stflY per 
hect1re. 

- - - -· 
ESTIMATE REFERENCE INFORMATION 

ITEM COil: 'llESCRIPllOH 

2601•2642100 Included for 111 runl 1reH IS desl!1'•led b:r lhe 
engineer. 

Seed Klxturea IRurllf 
Spr 1"9··11;orch I to ""r 20 

O.ts • 
Anrua I Ryegrus 
Red Clayer 
T1mlhr 

5.-r--ll;oi 21 to Julr 20 
01ts 
.W.U.I R~ran 
Red CIOYer 
T1m1h1 

hll··Julr 21 to Septeli>er JO 
0.tl 
Annul I Rytgr1ss 
Red CIOYer 
llmlh1 

72 kg per hec tire 
21 kg per hcc Ure 
6 kg per he<Ure 
6 k9 !'r he<tare 

108 kg ptr hectare 
3111 kg per hectare 
6 kg per hec lare 
6 kg per hectare 

72 kg per hec \.Ire 
28 kg ptr hec Ure 
6 kg per hectare 
6 kg per hectare 

2601·2642120 Included rar 111 w-bM lrHI or the r1pt or var IS 

designated by the engineer. 

Seed H h:\ure 1 IUrbln J 
5pr 1ng··ll;orch I to ""r 20 

Annual R:regran · • 
BluegrHs. K:r IP1rk) 
Perem11I R7egr1u 

s.....,r··ll;or 21 to Julr 20 
Mnull R)'l'grau · 
Bluegr1ss, Ky CPark) 
Perrmlal R)'l'gran 

hll··Julr 21 10 Septelber 30 
Annual Ryegrau 
Bluegran, K:r IP1rk) 
Pe rem 11 I Ryegr1ss 

28 kg per hec Ure 
17 kg per hectare 
17 kg per heel.Ire 

28 kg per hectare 
17 kg per hectare 
17 kg Pl'' hectare 

21 kg per hec tire 
17 kg per hectare 
17 kg per hectare 

SIOUX CMIY I l'llDJECT IUtlER STP- IB- l(qqq)--2C-B4 C.02 
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Unit 2 - SI Applications in Road Design Activities 

10. Sheel D.01 Plan and Profile - What volume of class 10 and unsuitable material is identified for 
excavation in the balance represented on this page? 

11. Sheet D.O I Plan and Profile - What are the elevations of the beginning and end of the special ditch (left 
side) between stations 5+00 and 6+00? 

23 
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Introduction: 

The bridge structures area is one that can cause serious problems in the conversion of existing inch-pound 
(English) values to international units. The problem stems from the fact that the conversion can seem 
deceptively simple because most measurements have implied, not expressed, tolerance. Many of these 
products are identified in easy-to-use nominal sizes, rather than actual sizes. Designers working in 
structural design have an intuitive knowledge of allowable tolerances in measurements that they use daily 
and know how the difference between nominal and actual sizes effects the product. Remember the following 
points when converting and rounding to metric units. 

1. Conversion should be performed by experienced professionals. Any Automated conversion 
program should be used with care. 

2. Understand the allowable tolerance for the measurements you are converting. 
3. Always convert with the end application or us in mind. Remember, dimensional tolerance on 

the job are rarely less than a few millimeters and that it is considerably easier for field 
personnel to measure in IO mm increments. 

4. The most common conversion error is under-rounding which implies more precision than is 
inherent in the inch-pound number. If your linear conversions are accurate to 0.1 mm or 
even l inm, you are probably doing them incorrectly. Any dimension over a few inches, 
can usually be rounded to the nearest 5 mm and any dimension over a few feet, can be 
rounded to the nearest IO mm. 

Hard Conversion Concerns: 

Concrete strength is one of the areas that can result in design problems associated with hard conversion of 
values. Some agencies have converted 4000 psi concrete to 30 MPa. A 30 MPa concrete soft converts to 
4350 psi concrete - nearly 9% higher than the old design strength. The rounding results in concrete that 
may not have the same strength properties as originally tested. This type of problem is under consideration 
by the ACI organization. A compromise is the use of at least two and more commonly used three 
significant digits to create the value of 3.45 MPa. 

Example Problems 

A. A three span bridge was originally designed in English units with span lengths of 30'-6", 39'-0" 
and 30'-6" for a total length of I00'-0". 
I. Determine the length of the bridge by soft converting each span and by converting the 
entire length. 
2. Is there a difference in the results and.if so what is the significance? 
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Unit 3 - SI Applications in Bridge Design Activities 

B. Concrete was originally designed for a compressive strength of 4000 psi. If this is hard 
converted to international units and the concrete is redesigned, will the strength 
requirement increase or decrease and by what amount? 

C. A reinforced concrete section requires 4.0% steel area per m2. Using the tables on the 
following page, determine: 

1. Number of IOM bars to be placed per m2: 

2. Number of 30M bars to be placed per m2: 

D. You are being asked to design several culverts for an upcoming project. Utilizing culvert 
standard MRCB-1800-1-95 determine the following quantities: 

1. Volume of concrete required to build the barrel section of culvert 20 min length, 1800 
mm in width and 900 mm in height and under a fill height of 4300 mm. 

. 2. What mass of steel is required for the culvert barrel identified in question 1? 

3. If the height of fill is increased to 6500 mm, what difference will result in the mass of 
steel required? 

25 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-I 
I 

Inch-Pound 
Bar Size 

Designation 

#3 
#4 

#5 

#6 
#7 

#8 
#9 

#10 
#11 
#14 

#18 

Metric 
Bar Size 

Designation 

10M 
15M 
20M 
25M 
30M 
35M 
45M 
55M 

ASTM A615 CHART 
FOR REINFORCING STEEL BARS 

Nominal Dimensions 

Nominal Weight Diameter Cross Sectional Area 
lb./ft. (kg/m) in. - (mm) in2 (mtn2) 

0.376 (.560) 0.375 (9.5) 0.11 (71) 

0.668 (.994) 0.500 (12.7) 0.20 (129) 

1.043 (1.552) 0.625 (15.9) 0.31 (200) 
1.502 (2.235) 0.750 (19.1) 0.44 (284) 

2.044 (~.042) 0.875 (22.2) 0.60 (387) 

2.670 (3.974) 1.000 (25.4) 0.79 (510) 

3.400 (5.060) 1.128 (28.7) 1.00 (645) 

4.303 (6.404) 1.270 (32.3) 1.27 (819) 
5.313 (7.907) 1.410 (35.8) 1.56 (1006) 
7.65 (11.39) 1.693 (43.0) 2.25 (1452) 

13.60 (20.24) 2.257 (57.3) 4.00 (2581) 

ASTM A615M CHART 
FOR REINFORCING STEEL BARS 

Nominal Dimensions 

Nominal Mass Diameter Cross Sectional 
kg/m mm Area mm 2 Comparison To A615 

0.785 11.3 100 20% < #4 
1.570 16.0 200 SAME AS#5 
2.355 19.5 300 6.8% > #6 
3.925 25.2 500 1.3% < #8 
5.495 29.9 700 9% > #9 
7.850 35.7 1000 0.6% < #11 

11.775 43.7 1500 3.5% > #14 
19.625 56.4 2500 3% < #18 
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Unit 3 - SI Applications in Bridge Design Activities 

E. The allowable working stress compression for douglas fir, coast type wood piling, parallel to 
the grain is 1200 psi according to AASHTO. What stress value will be used on the 
metric plans to obtain this same compression capability? 

F. A hooked bar requires that the outer radius of the bend be 4 x bar diameter for the 15M bar. 
Using the information on the following page: 
1. Describe the length of inner and outer radius in terms of mm. 

2. The same specification requires 4 bar diameters of length from the end of the 180 
degree turn to the short end of the bar. In this case, identify the length of bar 
represented by this requirement. 
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CONCRETE REINFORCING 
STEEL INSTITUTE l!BiEJI 
933 N. Plum Grove Road, Schaumburg, IL 60173 E2:2:3 

Phone: (708) 517-1200 ....... 

STANDARD METRIC 
HOOK DETAILS 
In accordance with ACI 318M-89 

Al Grades D - 6 db _for t 10M through t~5M 
D - Finished inside band diameter D- 6 db tor t30M and 35M 

db - Nominal bar dla!!19lar D - 10 db for t45M and t55M 
Oe1aihng Hook De1a.hng 

' Dimens.on I l AorG 

' Dimension l ~-----_, 
t l ci~n-

db AorG - 12db 
4dbor. tSOO 900 I ....L BO mm Min. 

RECOMMENDED END HOOKS, ALL GRADES 

BAR 
D 180"HOOKS 90"HOOKS 

SIZE AorG J AorG 
#10M 70 140 90 180 
#15M 100 180 130 260 
f20M 120 220 160 320 
#25M 150 280 200 400 
130M 240 400 300 500 
f35M 290 460 360 600 
f45M 440 660 520 780 
f55M 560 860 680 1020 

NOTE: AU dimensions are in m1lllmeters (mm). 

STEEL BAR SIZE MINIMUM MINIMUM 
TYPE RANGE GRADE YIElD, MP1 l!NSIU:, MP1 

Billet #10M·f20M 300 300 500 
A615M f10M-t55M 400 400 600 

f35M-#55M 500 500 700 
Rail #10M-f35M 350 350 550 

A616M #10M-#35M 400 400 600 
Axle f10M-f35M 300 300 500 

A617M f10M-#35M 400 400 600 
Low-Alloy 
A706M f10M·f55M 400 400 550 

OCTOBER 1993 

:- . 

~--. · 

. ·.:.· .. 
:· .. 

. .... 

.· .. 

I 

I 
.1 

COMBINED ASTM A615/A615M CHART 
FOR REINFORCING STEEL BARS 

Nominal 
Bar Size Wei\hl 

Designation lb./ • 
13 0.376 

1DM 0.527 
14 0.668 
15 1.043 

15M 1.055 
16 1.502 

20M 1.582 
17 2.044 

25M 2.637 
18 2.670 
#9 3.400 

30M 3.692 
110 4.303 
35M 5.275 
#11 5.313 
#14 7.65 
45M 7.91 
55M 13.19 
#18 13.60 

91015M3 

Nominal Dimensions 

Diameter 
in. 

0.375 
0.445 
0.500 
0.625 
0.630 
0.750 
0.768 
0.875 
0.992 
1.000 
1.128 
1.177 
1.270 
1.406 
1.410 
1.693 
1.720 
2.220 
2.257 

Cross 
Sectional 
Area in~ 

0.11 
0.16 
0.20 
0.31 
0.31 
0.44 
0.47 
0.60 
0.78 
0.79 
1.00 
1.09 
1.27 
1.55 
1.56 
2.25 
2.33 
3.88 
4.00 

:I 
' . .. . 

~, .. 
'· 

.1 
:·.1 

I 
:.:· CP16A I 

... 
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Unit 3 - SI Applications in Bridge Design Activities 

G. An existing culvert site (as built plans) has identified flow line elevations of 842.50 ft. and 
840.00 ft. You have been asked to convert the elevations to metric and lower the inlet 
25.4 mm and the outlet IO mm. What are the design elevations to be placed on the 
plans? 

H. The Iowa DOT Specifications indicate that a prestressed, precast unit may not vary in length ± 
6 mm per 8 m or± 25 mm maximum. A 28.01 m beam is measured at the casting yard. 
Is this beam acceptable for shipment to the project? 

I. Specifications indicate that the Engineer shall compute the mass of the structural steel elements 
to be incorporated into the structure assuming masses of steel at 7850 kg/m3 and cast 
iron at 72 IO kgtm3. Compute the mass of the following rectangular bar stock: 
1. Cast Iron bar - IO mm by 5 mm by 30 m 

2. Steel bar - 22 mm by O.IO m by 25.50 m 

J. A bridge deck is to be built as part of a superelevated curve. The centerline elevation at Station 
25+65.00, in full superelevation is 474.25 m. Assuming an 8% superlevation rate, what 
will the elevation be at each gutter line 5600 mm from centerline? 
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Unit 3 - SI Applications in Bridge Design Activities 

K. A wood deck is to be placed on a residential drive access bridge. It will consist of a double 
layer of 0.075 m thick wood planking. Specifications indicate a need for nails that are 
not less than 2.5 times the nominal thickness of the dec;king. What length mm nails will 
you specify for use in this work? 

L. Concrete bridge floors are to be placed only when the temperature is below 32°C. The 
contractor has misplaced the Celsius thermometer and the Fahrenheit thermometer 
indicates a temperature of 95°F. Should you allow the concrete to be placed in the bridge 
floor? 

M. Bridge decks are to be covered with curing compound at the rate of not more than 3.3 m2/L. 
It the deck dimensions are 55.40 m by 13.50 m, what is the maximum volume of curing 
compound that is acceptable for use? 
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Unit 3 - SI Applications in Bridge Design Activities 

N. A two slab bridge, 40 m in length by 13.5 m width, is to be built on a +2% longitudinal grade 
with a cross slope of 2% from centerline. If the finish elevation of the center cap is 
248.60 m and the depth of deck is 250 mm, what will the elevations of be at each gutter 
line at the four corners of the deck? 

0. A roadway crosssection consisting of a 13 m width, 3: I foreslopes and a centerline grade 
elevation of 848.50 m at Sta 49+00 is the location for a culvert. The 2700 mm diameter 
culvert is to be placed with an invert elevation of 838.00 m and an outlet elevation of 
837.50 m. What is the length of the culvert in meters? 

P. Specifications indicate that multiple pipe culvert structures must be spaced at 50% of the pipe 
diameter and not more than 1 m apart. Two 1200 mm diameter pipes are being placed. 
What spacing will be specified? 
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Unit 3 - SI Applications in Bridge ·Design Activities 

Q. The bearing capacity for gravity hammers of a piling (wood, steel Hor shell pile) where the 
wave equation is not required is computed by the fonnula: 
P = [2.5WH/(S+8.9)][W/(W+M)] 

where P =The bearing value in kilonewtons 
W = The mass of the gravity hammer, or the ram of the air hammer or diesel hammer in 

kilograms 
H = The height of free fall or the hammer or ram in meters 
M = The mass in kilograms of the pile plus the mass in kilograms of the cap plus (for 

diesel hammers) the mass of the anvil in kilograms. 
S .= The average penetration in millimeters of the pile per blow for the last 5 blows for 

gravity hammers and the last I 0 blows for air or diesel hammers. 

Assuming the mass of the hammer is 2500 kg, the height of free fall is 600 mm, mass of pile and cap is 
1200 kg, and the average penetration per blow is 0.022 m. What is the bearing capacity of the piling? 
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This part of the workshop will introduce you to the basic reading and writing rules of SI Metric and some 

of the standard conventions used in the Iowa DOT. Following these few simple rules will make it easier 

for us to understand each other, and lessen the chance for errors or misinterpretation. Topics covered will 

include: 

• Proper notation • Separating digits 

• Prefixes • Intended Precision 

• Spacing • Rounding 

• Capitalization • Estimating 

• Spelling 

• Singular/Plurals 

• Decimal markers 

• Powers of ten 

At the end of this unit you will have the opportunity to complete a worksheet which will help you 

demonstrate your grasp of the metric concepts covered in this part of the workshop. 

The following pages contain an outline/guide which was extracted from a video entitled SI Metric: Reading, 

Writing, Rules. Although you will not be viewing this video as part of this workshop, the information in 

the outline may be helpful to you in the future. 

Reading, Writing, Rules Video Outline 

Reasons for correct usage 

avoid mistakes 

eliminate need for translation 

SI Symbols 
most are lower case 

exceptions - when the symbol is derived from a proper name 

no periods - these are not abbreviations! 

no plurals or "s" on symbols 
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Unit 4 - SI Applications in Record Keeping 

unit names 
meter 
kilogram 
newton 
pascal 
square meter 
cubic meter 
liter 
degree Celsius 

Prefixes 

symbols 
m 
kg 
N 
Pa 
m2 
m3 

L 
oc 

no space between prefix and unit 

no hyphen between prefix and unit 

all prefixes below 1,000,000 (mega) have lower case symbols 
all prefixes from mega and above the prefixes are uppercase symbols 

never mix with abbreviations 

examples: 

name 
kilogram 

meganewton 

kilo pascal 

symbol 
kg 

MN 

kPa 
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Unit 4 - SI Applications in Record Keeping 

Prefixes continued: 

only one prefix allowed 

No -- kMN or Mmm 

Spelling, Capitalizing, and Plurals 

Unit names when written out are all lower case ... even those derived from proper names such as pascal 
and newton. The only exception is degree. Celsius 

In the U.S. use meter and liter (not metre and litre) 

Plural may use an optional "s" don't need it 

kilogram or kilograms 

between the prefix and the unit: 
no separation (not milli meter) 
no hyphens (not milli-meter) 

millimeter is correct 

degree Celsius or degrees Celsius 

For area or volumes .... square and cubic are written first in name, but shown as an exponent in symbol 

name 
square meter 
cubic meter 

(Not meters square) 

Spacing 

symbol 

leave a space between the numerical value and the SI unit symbol 

Examples: 

35 mm 

7.63 kPa 

NOTE: The video is wrong when it discusses degrees Celsius. There is NOT a space between the 
numeric value and the degree symbol. 

Example: 

Wrong---- 37 °C 
Correct--- 37°C 
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Obsolete Metric 

Old Correct SI 

lOK lOkm 

K kg 

KPH km/h 

kilos kilograms 

grm or gm g 

Newton newton 

cc, ccm cm3 

Decimal Points, Commas, and Groups of Three 

if number is a decimal less than I, use a leading "O" (Example: 0.1234) 

outside of the U.S. many people use a comma instead of a period to indicate the decimal point. 
this can be confusing · 

1.33 us = I ,33 Outside US 

rather than grouping every three numbers with a comma, as we do in the US, SI uses a small space 

old US English system 
SI system (using decimal point) 

1,365,020.034589 
I 365 020.034 589 

group all numbers in three except when it is only a four digit number 

Correct: 
Incorrect: 

4567.987 
4 567.987 

NOTE: The Iowa DOT will continue to use the standard English system method of grouping. The 
period will still be .used for the decimal point, and commas will be used to separate every three digits. 

Powers of Ten 

sometimes people prefer to represent values as powers of ten of the base unit rather than using the 
prefixes 

Examples: 
power of I 0 representation 
123.4 x 10-3 m 
12.34 x 106 N 
1.234 x 103 Pa 

equivalent SI prefix 
123.4 mm 
12.34 MN 
1.234 kPa 
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Unit 4 - SI Applications in Record Keeping 

Intended Precision 

"Wat does the number really reflect, and how will it be used" 

Example of a quart of oil 
l qt = 0.9463529 L 
however, when you add oil to your car ... would substitute 1 L for I qt 
(you are not going to measure to 0.000000 I L to get 0.9463529L) 

All conversions must reflect an intended precision of the original quantity which can be implied by 
significant digits (and/or tolerance) 

Examples: 

1.54 quarts has 3 significant digits 
intended precision is +/- one-half of the last significant digit 
1.54 ..... +/- 0.005 
1.535 ... 1.54 ... 1.545 (true measurement somewhere between 1.535 and 1.545) 

given number 
5.14 
645.117 
10. 
10 

probable intended precision 
+/- 0.005 
+/- 0.0005 
+/- 0.5 
+/- 1 

range number between 
5.135 ... 5.145 
645.1165 ... 645.1175 
9.5 ... 10.5 
9 ... 11 

Be cautious with decimals ... could represent fractions and mislead you on the number of significant 
digits. For example: 3.1875 could mean 3.1875 or 3-3/16. Would have different "intended precision" 
with these two. 

Be cautious of numbers with no decimal places ... "5" could mean approximately 5 or could mean 
5.0000 

Knowledge of the circumstances related to the measurement are important 
understand accuracy of measuring equipment 
origination of the measurement 
purpose of the original measurement 
purpose of the conversion 
(all of the above give you information about the intended precision) 

Rounding Rules 

If number after last significant digit to be saved is less than 5, drop the numbers 

4.763534 round to 2 after decimal place= 4.76 
234.8732 round to 3 after the decimal place = 234.873 
87632 round to nearest hundred = 87600 

If the number after last significant digit to be saved is greater than 5, add one to last number 

4.763534 round to 1 after the decimal place= 4.8 
234.8732 round to I after the decimal place = 234.9 
87632 round to nearest thousand = 88000 
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Rounding Rules (continued) 

If the number after the last significant digit to be saved is exactly equal to 5 (with nothing after it) then 

... Make the number an even number ..... 

If the last significant digit is odd ... round up 
If the last significant digit is even ... do nothing (drop 5) 

476.55 round to l after decimal = 476.6 
445.25 round to l after decimal = 445.2 

Importance of Estimating 

When doing conversion calculations, it is easy to hit the wrong key on the calculator therefore it is 
important to do two things: 

I) double check the answer (punch the numbers again) to see if you get the same answer 
2) verify your answer using estimations and common sense 

For example if you are converting 25 miles per hour to kilometers per hour .... 

Your answer should be 25 x 1.609 = 40.225 km/h => 40 km/h 

However if you typed 16.09 instead of 1.609 your answer would say 402.25 or 402 km/h 

When you get your answer stop and think ... use your visualizing metric rules of thumb, does the 
answer seem logical??? 

We know that a kilometer is a little more than half a mile (about .6). Therefore in the same amount of 
time (one hour) we would expect to go almost twice as many kilometers as miles (or 50). An answer 
of 402 is obviously not the correct. The correct answer of 40 is reasonable. 

The more familiar you become with SI metric units, the easier it will be for you to recognize when you 
have made a m~thematical error. Until then ... double check your work! 
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Unit 4 - SI Applications in Record Keeping 

Worksheet Review 

I. What is the correct symbol for megapascals? 

A. Mpa 
B. MPa 
C. mPa 
D. mPA 

2. What is the correct symbol for cubic millimeter? 

A. cu. mm. 
B. mm3 
C. cmm 
D. mm 3 

3. Which of the following is not a correct SI plural? 

A. 44.65 m 
B. 5.4 kilopascal 
C. Eighteen cubic millimeters 
D. 149 MNs 

4. Which of the following is the correct representation of temperature in degree Celsius? 

A. 
B. 
c. 
D. 

42.5°c 
42.5 °C 
42.5 OC 

42.5°C 

5. Which of the following is correct? 

A. 19mm3 
B. 448 cmm 
C. 18Mn 
D. 55.7 kPa 

6. Which of these expressions is a proper expression for kilometers per hour? 

A. 75 KPH 
B. 75 Km/H 
c. 75 km/h 
D. 75 km/hr 

7. Which of the following expressions is equivalent to 1 x 104 square millimeters? 

A. 
B. 
c. 
D. 

10 000 mm2 

1000 mm2 

0.0001 mm2 

0.001 mm2 
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W orksheef Review 

8. Which of the following pairs of symbols and unit names is correct? 

A. 
B. 
c. 
D. 

17 MPa 
3434.6 N 
1.67 kg 
2.3 mm 

17 Megapascals. 
3434.6 Newtons 
1.67 kilograms 
2.3 milli-meters 

9. Which of the following is a correct sentence for temperature? 

A. The temperature outside was ten Degrees Celsius. 
B. The temperature outside was ten degrees celsius. 
C. The temperature outside was ten degrees Celsius. 
D. The temperature outside was ten Degrees celsius. 

10. Which of the following is correct? 

A. .78 kg/m2 

B. 3.9 L's 
C. 4.539 KPa 
D. 3.87 ha 

11. Round the following numbers as specified 
Round to 

a) 34.876 2 after decimal place 

b) 87.565 2 after decimal place 

c) 1234 !O's place 

d) 876.52 whole number 

e) 0.2347 3 after decimal place 
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SI Metric Tables 

SI Base Units 

Quantity Name Symbol 
length meter m 
mass kilogram kg 
time second s 
electric current ampere A 
temperature kelvin K 
amount of substance mole mot 
luminous intensity candela al 

SI Supplementary Units 

Quantity Name Symbol 
plane angle radian rm 
solid angle steradian sr 

SI Derived Units with Special Names 

Quantity Name Symbol 
frequency hertz Hz 
force newton N 
pressure, stress pascal Pa 
energy, work ioule J 
power watt w 
electric charge coulomb c 
electric potential volt v 
capacitance farad F 
electric resistance ohm n 
electrical conductance siemens s 
magnetic flux weber Wb 
magnetic flux density tesla T 
inductance henry H 
luminous flux lumen Im 
illuminance lux Ix 
activity (radio) becquerel ai 
absorbed dose gray Gy 
dose eauivalent sievert Sv 
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In terms of Other Units 
s-1 

kg·m·s-2 

N/m2 

N·m 
J/s 
s·A 
W/A 
C/V 
V/A 
A/V 
V·s 
Wb/m2 
Wb/A 
cd·sr 
lm/m2 

s-1 

J/kg 
J/kg 
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SI Metric Tables 

Acceptable Units to Use with SI Units 

Quantity Name Symbol 
temperature degree Celsius oc 
volume liter L 
mass tonne (metric ton) t 
time minute min 
time hour h 
time day d 
angle deirree 0 

angle minute I 

angle second II 

area hectare ha 

Commonly Used Prefixes 

Multiple of 10 Prefix Symbol 
I 000 000 000 = 109 giga G 

I 000 000 = J06 mega M 
I 000 = 103 kilo k 
0.001 = 10-3 mi Iii m 

0.000 00 I = I o-6 micro u 
0.000 000 00 I = I o-9 nano n 

Additional Prefixes 

Multiple of 10 Prefix Symbol 
1024 votto y 
1021 zetta z 
1018 exa E 
1015 oeta p 
1012 tern T 
102 hecto h 
101 deka cb 
10-1 deci d 
10-2 centi c 
10-12 pico D 
10-15 fem to f 
10-18 atto a 
10-21 zepto z 
10-24 vocto v 
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In terms of Base Units 
K (t°C=t K - 273.15) 
10-3 m3 

103kg 
60 s 
3600 s 
86 400 s 
(7t/180) rad 
(7t/10800) rad 
(7t/648000) rad 
IOOm x IOOm or 104 m2 



SI Metric Tables 

Conversion Factors: English to SI Metric 

Quantity From English To SI Metric 
Unit: Unit: 

length mile km 
yard m 
foot m 
inch mm 

area square mile km2 

acre m2 

acre hectare 
square yard m2 

square foot m2 

square inch mm2 

volume acre foot m3 

cubic yard m3 

cubic foot m3 

cubic foot L 
100 board feet m3 

gallon L 
cubic inch cm3 

cubic inch mm3 

fluid ounce milliliter 
mass lb kg 

kio (1000 lb) metric ton 
ton (2000 lb) megagram 
ounce gram 

force lb· N 
kio kN 

pressure, stress pound per sq. ft (pst) Pa 
pound oer so. inch (Psi) kPa 

bending moment or ft-lb N·m 
toraue 
density lb per cubic yard kg/m3 

lb oer cubic foot k11:/m3 
velocity ft/s m/s 

moh mis 
mph km/h 

oower ton (refride:) kW 
BTU/h w 
ho (electric) w 

volume flow rate cubic ft per sec. m3/s 
cfm m3/s 
cfm Lis 

ane:les deirree radian 
temoerature op oc 

I Note: 39.37 inch= 1 m (For US Survey foot, 12 inches per foot) 

41 

Multiply by: 

1.609347 
0.9144 
0.3048006 (See note) 
25.4 
2.5989998 
4047 
0.4046873 
0.8361274 
0.09290304 
645.16 
1233 
0.7645549 
0.02831685 
28.32 
0.2360 
3.785412 
16.39 
16387.06 
29.57353 
0.4535924 
0.4536 
0.9071847 
28.34952 
4.448 
4.448 
47.88 
6.895 
1.356 

0.5933 
16.02 
0.3048 
0.4470 
1.609 
3.517 
0.2931 
745.7 
0.02832 
0.0004719 
0.4719 
0.01745329 
(t°F-32)/1.8 
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Metric Training for the Transportation Industry 
Module 3 - Road & Bridge Design Answers 

Unit 1 

1.A -Iner 
2.D • Degree Celsius 
3.B • Pound force 
4.A • meter and C mllllmeter 
5.C • ooc 
6.B • cubic meter 
7.C • 0.2km 
8.B • 3000mm 
9.C • 0.05km 
10. B • Metric system used today 
11.C· 3.4N 
12. C ·Pa 

Unlt2 
C. Curve Lm, Tm, Em lengths 

Lm = 3.1416 (R) x delta/180 
= 3.1416 (601.45) x 6/180 = 52.51 m 

Tm= R(Tan (delta/2)) 
= 501.45(Tan(3°)) 
= 601.45(0.05241) = 26.28 m 

Em= R[1/cos(delta/2)-1J 
= 501.45[1/cos(3") ·1J 
= 601.45((1/0.99863)-1] = 0.69 m 

Unit 2 

E. Passing sight distance 

d1 = 0.278 ti(V-m+at1/2) 
= 0.278(4)(80-5•1(4/2)) 
•77.22m 

d2 "' 0.278 t2'V) 
• 0.278 (10)(80) = 222.40 m 

d3 = assume 55 m 
d4 • 2/3(d3) = 213(55) =36.67 m 

Total 11 391.91 m -395 m 

~ 
ti =3-4.5 s 
m=5km/h 
a=1m/s2 

t2 = 9.3-11.3 s 
V=BO km/h 

Page 1 

Unit 2 

A. Minimum radius value 
R(m) = (V kmfh)2/[127 x (e+f)J 
1. = B02/[127x(0.08+0.11)J = 265.23 m 
2. = 1002/[127x(0.08+0.11)J = 414.42 m 
3. = 1102/[127x( 0.08+0.11 )J = 601.45 m 

B. Spiral Curve length to nearest 5 m 

Lm = 0.0702 V3/RC (C = 1, R radius In m) 
Lm = 0.0102 x 1103 1(501.45)(1 I 

= 186.33 m -190 m 
(round up) 

Unit 2 

D. Stopping sight distance 

d4 = 0.278 t1 V assume t1 = 2.5 s 
= 0.278 (2.5)(100) = 69.5 m 

dz= V2/[254(f;tg)J 
=10021254(0.28--0.03) = 157.5 m 

Total distance = 227.0m 

Unit 2 

F. Superelevatlon transition length 
Lm = 2.72 f VIC assume C=1 

= 2.72(0.4)(100)/1=108.8 m -110 m 

I 
I 
I 
I 

I· 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 



I 
I 
I 
1. 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I 
I 

Metric Training for the Transportation Industry 
Module 3 - Road & Bridge Design Answers 

Unit 2 

G. Desirable curve length difference between 
100 and 110 km/h 

Given g1 =2% g2 = -2.6% V1 =100 km/h 
V2 a 110km/h 

A = [(gz-g1)= [-2.6-2) a 4.6% 
S1ao a 206.0 m S110 = 246A m 

K1ao = 106 m/%A ~10=161 m/%A 
L =KA =106(4.6) L =KA= 151(4.6) 

= 472.6 m = 697.6 m 
Assume S<L L = AS2/404 

S100 =/472.5(404)14.5 S110 .J 697.5(404)14.6 
= 205.96 m ok = 250.23 m ok 

Difference= 697.6 - 472.5 = 225.0 m 

Unit 2 

J. Desirable length of curve 

A = [0.5+2.8)) = 3.3 
assume S<L 
L= AS21(120+3.6S) 
= 3.3(168.7)2 I (120+3.5(168.7)) 
= 93916.9771710.45=132.19 m -132 m 

K90 =40 m/K 
L=KA=40(3.3) = 132 

Use 136 m 

Unit 2 

N. Pavement and shoulder widths 
Pavement 22 ft x 0.3048 mlft = 6.7 m 
Shoulder 8 ft x 0.3048 mitt = 2.4 m 

0. No particular answer 

P. Station Conversion 

1. 67660.26 ft X ll.!!!....X l..!!!._ = 205+89.36 m 
1 ft 39.37 In 

2. 676+60.25 (E) = 206+89.36 (m) 

Page2 

Unit 2 

H. Minimum curve length 

Lm = 0.6 Vm =0.6(100) = 60 m 

I. Length of curve In "G" for V=110 km/h to allow 
passing sight distance? 
Assume S<L L= ASZ/946 
L = 4.5(728)21946 = 2521.07 m 

Unit 2 

K. Minimum length of sag curve in "J" 
Lm = AVZl395 = 3.3(90)Zf395 

= 67.67 m 

L. Drainage area In hectares 
1 mi2 x 640 aclmi2 x0.4047 halac = 259.01 ha 

M. Bridge Clearance (nearest 0.1 m) 
14.5 ft x 0.3048 mlft = 4.4196 m - 4.4 m 

Unit 2 

Q. Lengths of Div I and II 

Div I 2269.50 Div 11 2350.00 

~ ::mult 
2025.66 80.60 

1. Total= 2025.66+80.50 = 2106.16 m 

2. Revised EOP Sta. Div 11 
1.5 ml x 1.609 km/ml= 2.4136 km 
Sta 2350.00+2413.50 = 4763.50 

=47+63.50 (m) 



Metric Training for the Transportation Industry 
Module 3 - Road & Bridge Design Answers 

Unlt2 

Q. Continued 

3. Granular surfacing plate 2108 
volume=> 101607.63·101530.00 = 77.63 m 

77.63 m x 0.156 m x 6 m = 72.20 m3 

mass=> 4100 kglm3 x 72.20 mJ = 296,020 kg 
=296.02 Mg 

4. Granular subbase plate 2211 
2269.60 

• 243.84 
2026.66 m 

Unit 2 

Q. Continued 

8. Seed quantities (May 21 • July 20) 
Oats 15.6 ha x 108kg/ha•1684.8 kg 
Rye 16.6 ha x 39 kg/ha = 608.4 kg 
Clover 15.6 ha x 6 kg/ha= 93.6 kg 
Timothy 16.6 ha x 6 kg/ha = 93.6 kg 

9. Length of type 1601, 750 mm pipe= 25.0 m 

10. Volume of class 10 and unsuitable 
Class 10- 6819 m3 

Unsuitable - 1921 m' 

Unit 3 

A. Bridge length 

2@ 30'6" => 30 ft x 12 In/ft+&= 366 In 
2 x (366 In x 25.4mm/In)=18592.8 mm 

1@39'0" => 39 ft x 12 In/ft x 25.4 mm/In 

B. Concrete strength 

= 11887.2 mm 
total = 30480.0 mm 

4000 psi x 6.895 kPa/psl = 27580 kPa 

=27.68MPa 
Rounded to 30 MPa overstates by +9% 

Page3 

Unit 2 

~Continued 

6. Volume of speclal backfill plate 2209 
2350.00 • 2269.50 = 80.50 m 
80.50 m x 0.3 m x 6.7 m x 2 = 276.31 m3 

6. Area of concrete plate 2201 
102900.00 

·101618.33 
1281.67 m x 7.2 m = 9228.02 m2 

7. See quantity sheet 

Unit 2 

Q. Continued 

11. Speclal ditch elevations 

Sta 5+00 elev = 443.1 O m 
Sta 6+00 elev= 441.10 m 

Unit 3 

C. Rebar 
4%/m2 = 0.04 x 1000 x 1000 = 400 mm2 
1. #10M 400/100 = 4/m2 
2. #30M 400/700=1/m2 

D. Culvert Quantities 
1. Concrete volume 

1.610 m3/m x 20 m • 32.2 m' 
2. Steel mass 

176.4 kg/m x 20 m = 3528.kg 
3. Steel mass change 

183.3 kg/m x 20 m = 3666 kg 
3666 kg • 3528 kg = 138 kg 

I 
I 
I 
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Metric Training for the Transportation Industry 
Module 3 - Road & Bridge Design Answers 

Unit 3 

E. Formwork stress 
1200 psi x 6.895 kPa/psl = 8274 kPa 

=8.27 MPa 

F. Rebar dimensions 
1.0uterR 

4 x 0.63 In x 25.4 mmlin = 64.01 mm 
lnnerR 
64.01 mm - (0.63 In x 25.4 mmlin) 

=48.00mm 

2. Bar length 
4 x 0.63 In x 25.4 mmlin = 64 mm 

Unit 3 

H. Beam Acceptablllty 
28.01 m /8 m = 3.5 segments 

3.6 x 0.006 = 0.021 m 

28.01 < 28.021 beam Is okay 
21 mm<25mm 

Unit3 

J. Gutter Elevatlon 

0.08 x 6.60 m = 0.448 m - 0.46 m 
Elev • 474.26 - 0.46 = 473.80 m 
Elev= 474.26 + 0.46 = 474.70 m 

K. Nall length 
2 x 2.6 x 76 mm= 376 mm 

L. Concrete temperature 
(96°F-32)11.8 = 36oC > 320C no, reject 

M. Curing compound amount 
66.40 m x 13.6 m 13.3 mz/L = 226.64 L 

Page4 

Unit 3 

G. Culvert Inlet and outlet elevations 
Inlet 
[(842ftx12 In/ft)+ 6 In) (25.4 mmlin)- 25.4 mm 
= 256770 mm = 256.77 m 

Outlet 
(840 ft x 12 In/ft) (25.4 mm/in) -10.0 mm 
= 256020 mm = 256.02 m 

Unit 3 

I. Bar mass 

1. Cast Iron 
0.01 O m x 0.005 m x 30 m x 721 O kglm' 
= 10.82kg 

2. Steel 
0.022 m x 0.10 m x 25.5 m x 7850 kgfm3 
=440.38 kg 

Unit 3 

N. Gutter elevations 
Top of slab centerline elevation 

248.60 m + 0.250 m = 248.85 m 
Centerline elevations at each end 

248.85 m + 20 m (0.02) = 249.25 m 
248.85 m - 20 m (0.02) = 248.45 m 

Gutter elevations 
249.26 m -6.76 m (0.02) = 249.11 m 
248.45 m - 675 m (0.02) = 248.31 m 



Metric Training for the Transportation Industry 
Module 3 - Road & Bridge Design Answers 

Unit 3 

o. Pipe length 

L = 13 + (848.M38.0)(3) + (848.M37.5)(3) 
= 13 + 10.6(3) + 11(3) 
=77. Sm 

P. Pipe spacing 

1.2mx0.5=0.60m 
0.60 m c 1 m use 0.6 m spacing 

1) B 

2)B 
3)0 
4)0 
6)0 
6)C 

7)A 
8)C 
9)C 
10) 0 

Unlt4 

11a)34.88 
b)87.56 
c)1230 
d)877 
e)0.235 

Pages 

Unit 3 

Q. Pile Bearing 

P = [2.5WH/(S+8.9)][W/(W+M)J 
= [ 2.5 (2500)(0.6)/(22+8.9)][2500/(2500+1200)] 
= 121.359(0.67567) 
=81.9986 kN 
-82kN 

I 
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Introduction to SI Metric 
Module 3 

Created by: 

Karen Zu n kel & 

Jim Cable 

Iowa State University 



Workshop Overview 

+Unit 1 - History and SI Basics 
+Unit 2 - SI Applications in Road Design 
+Unit 3 - SI Applications in Bridge Design 
+Unit 4 - Record Keeping 

2 

- - -· .. - ·- - - .. - - •· .. - - - - - -



--~--~-~-----~~--~-

Why Use SI Metric? 

3 

+To join the global marketplace (only 3 
countries don't use SI metric) 

+We already use many SI units 
+ International communication 
+ International competitiveness 
+ Simplicity I Efficiency · . 

+ Sept. 30, 2000 - all highway/lands 
receiving federal aid must be bid, 
designed, & constructed using SI 



SI Basics 

4 

Topics Covered 

+Seven base units of SI 
+ Derived units 
+Supplemental units 
+Prefixes 

+Additional units to use with SI 

---~-~-~-----~~-~~-



--~~~~~-----~-~-~--

SI Base Units 

Quantity Name Symbol 
length meter m 
mass kilogram kg 
time second s 
electric current ampere A 
temperature kelvin K 
amount of matter mole mol 
luminous intensity candela cd 

5 



Mass versus Weight 

6 

We are familiar with "weight" 
We say ... "I weigh 130 pounds" 
Pounds are actually units of force (lb1) 
Force = mass x acceleration of gravity · 
Acceleration due to gravity varies 
Easiest diet ... move to the moon! Even 

though I have the same body, I weigh 
less (about 1/5 as much). 



- - ...... - - .. - - .. - ... - - --- - -
Mass versus Weight (cont.) 

7 

English 

lbt = lbm X 32.2 (where 32.2 ft/s2 is common 

acceleration of gravity) 

SI Metric 

newtons= kilograms x 9.806 
(where 9.806 m/s2 is common acceleration of 
gravity) 



Mass versus Weight (cont.) 

8 

To ease the ''transition'' ... conversion 
tables will list "from pounds force" 
to ''kilograms'' 

1 lbt = 0.4536 kg 
(force) to (mass) 

This conversion uses the standard 
acceleration of gravity on earth to 
translate a force back to a mass. 



--·-~--~~----~~--~--

SI Supplementary Units 

9 

Quantity 

plane angle 

solid angle 

Name 

radian 

steradian 

Symbol 

rad 

sr 

Note: Iowa DOT will continue to use 
degrees for surveying. However, other 
angular measurements will likely be in 
radians. 



SI Derived Units 

10 

+A combination of base units and 
prefixes 

+Example: meters per second = mis 
+Some derived units have special 

names {Ex: newtons => force) 
+See table in handout for a listing 

---~-~~--~--~~--~--



---~-~-~----~~--~--

Other Acceptable Units 

Quantity Name Symbol 

temperature degree Celsius oc 
volume liter L 

mass tonne(metric ton) t 

angle degree 0 

angle minute ' 
angle second '' 

11 



Other Acceptable Units 

12. 

Quantity Name Symbol 

time minute • min 
time hour h 

time day d 
area hectare ha 

Note: hectare is shortened from square 
hectometer . Hecto is prefix for 100 ... so a 
hectare is 1 00 m by 1 00 m 

---~~~------~~--~--



--~--~-----~----~--

Common Prefixes 

Prefix Symbol Power of 10 
• G 109 g1ga 

mega M 106 

kilo k 103 

mil Ii m 10-3 
• 10-s micro µ 

nano n 10-9 

13 



Prefix Example Conversions 

1000 mm= 1 m 

1000 m = 1 km So for example .... 

1 km x1000 m x1000 mm =1,000,000 mm 

1 km 1 m 

Ex. 1) 250 mm x 1 m = 0.250 m 

1000 mm 

Ex. 2) 35 km x 1000 m = 35,000 m 
1 km 

14 

-----~-----~----~--



-------~----~------

Visualizing Metric 

15 

Sample answers 

+Height: 5'6'' = 1676 mm = 1.676 m 

+Pace: 53 cm = 530 mm = 0.53 m 



Worksheet Answers 

1) Which of the following expresses fluid 
volume? 

A. liter 

B. cubic kilogram 

C. pascal 

D. hectare 

16 

-------~-~----~-~--



----------------~--

Worksheet Answers 

2) Which. unit of temperature is used at 
construction sites? 

A. degree Fahrenheit 

B. degree Centigrade 

C. kelvin 

D. degree Celsius 

17 



Worksheet Answers 

3) Newton replaces which unit? 

A. pounds per square inch 

B. pound force 
C. pounds per cubic inch 

D. pounds mass 

18 

----------------~--



. . 

~--------~------~--

Worksheet Answers 

4) Iowa DOT drawings will use which 
measurements? (circle all that apply) 

A. meter 
B. centimeter 
C. millimeter 
D. megameter 

19 



Worksheet Answers 

5) On the Celsius scale, water freezes at 
what temperature? 

A. 32°C 

B. 100oC 
C. QoC 

D. 0 K 

20 

-------------~-----' 



··---------~--------

Worksheet Answers . 

21 

6) Which SI Unit listed here would be 
used to express volume of concrete or 
fill? 

A. cubic decimeter 

B. cubic meter 

C. liter 

D. ton 



Worksheet Answers 
L 

7) WhiGh of the following is the same as 
200 meters? 

A. 0.02 km 
B. 2.0 km 
C. 0.2 km 
D. 20.0 km 

22 

--------~-~--------



-------~-----------

Worksheet Answers 

8) Which of the following is the same as 3 
meters? · 

A. 0.03 km 

B. 3000 mm 

C. 300 mm 

D. 0.3 km 

23 



Worksheet Answers 

24 

9) Which of the following represents the 
longest length? 

A. 3.0 m 
B. 450 mm 

. C. 0.05 km 

D. 20 cm 

3.0 m 
0.45 m 
50m 

0.2 m 

-------~-----------



----------~---------

· Worksheet Answers 

25 

10) SI refers to: 

A. The system of interfaces necessary to 
implement metric in computers. 

B. The metric system used today. 

C. The governing organization that 
establishes metric. rules. 

D. The international strategies that 
created first metric system. 



Worksheet Answers 

26 

11) On the moon the acceleration of 
gravity is about 1. 7 m/s2. What is the 
gravity force of a 2 kg object on the 
moon? 

A. 3.4 pascals 

B. 1 . 7 pascals 

C. 3.4 newtons 

D. 1.7 newtons 

----------~----~---



----------~--------

Worksheet Answers· 

27 

12) Which SI unit replaces PSI? 

A. kg/m2 

B.N 
C.Pa 
D. newton-meters 



Unit 2 - Road Design Topics 

Topics Covered 

+ Conversion Types and Factors 
+ Road Design Problems 

28 

-------------------



~---------~--------

Soft Conversion 

29 

•Use factors on English units to get 
metric equivalent - 1 step 

•Often will lead to long, "strange" 
numbers 

•Going "soft" on us ... use new 
measurement system, but don't 
change physical value 

•Example: 16.0 ft == 4.88 m 



Hard Conversion 

30 

•Use factors on English units to get 
metric equivalent ... then round to 
''reasonable'' metric number - 2 
steps 

+Going "hard" or tough on us ... use 
new measurement system, and 
probably even change physical value 

+Example: 16.0 ft == 5.0 m 

- - - - - - - - - - - - - - - - - - __ ,. 



- - ·- - - - - - - - - - - - - - - - -:·· 
Hard Conversion 

31 

Pipe dia~eter 30'' == 762 mm 

hard conversion == 750 mm 
Lane width 12' == 3.6576 m 

hard conversion == 3.6 m 
Pavement thickness 10'' == 254 mm 

hard conversion == 260 mm 



Long Form 
Feet to Meters 

0 .1 .2 .3 

0 0 0.03048 0.06096 0.09144 

1 0.30480 0.33528 0.36576 0.39624 

2 0.60960 0.64008 0.67256 0.70104 

3 0.91440 0.94488 0.97536 ••••• 

Example: 2.2 feet equals 0.67256 meters 

32 

-------------~-----



-------------------
Short Form 

Length 
• ft m m 1n -

m 1 39.370 3.2808 1.0936 
• 25.4x10-3 1 83.333x10-3 27 .0778x10-3 · 1n 

ft 0.3048 12 1 

yd 0.9144 36 3 

Example: 1 foot = 0.3048 meters 

2ft x 0.3048 =· o·.6096 m 

33 

0.3333 

1 



Conver-sion Factors 

Quantity From To Multiply by 
Length . ft m 0.3048 

• 25.4x10- 3 1n m 

yd m 0.9144 

Mass lbm kg 0.4536 

Example: 2ft x 0.3048 = 0.6096 m 

34 

-------------------



-------------------
Rounding Rules 

Less than 5 - Drop the numbers 

35 

Number 

4.763534 

234.8732 

87632 

Place Rounded 

2 after decimal 4.76 

3 after decimal 234.873 

hundreds 87600 



Rounding Rules (co·nt) 

Greater .than 5 - Raise (Add 1 to) the nuniber 

36 

Number Place Rounded 

4.763534 1 after decimal 4.8 

234.8732 1 after decimal 234.9 

87632 thousands 88000 

--------------.-----



- - - - - - - - - ·- - - - - - - - -- -
Rounding Rules (cont) · 

Exactly equal to :5 (With nothing after itl) 

- Make the number even 
If last significant digit is odd ... round up 
If last significant digit is even .. drop number 

Number Place Rounded 
476.55 1 after decimal · 476.6 
445.25 1 after decimal 445.2 

37 



Rounding Rules - standards 

DOT establishing standards for · 
"rounding"/precision for many items 

Examples: 
+Reinforced concrete boxes - to tenth 

of a meter (1.8 x 1.2 x 9.8) 

+Horizontal· alignments, tie-ins, ,etc. -
to closest 0.001 m (tolerances ± 3mm) 

38 . 

- - - - - - - - - - - - - - - - - ·- -



-------------------
Rounding Rules - standards 

39 

·More examples: 

+Entrance locations - closest 0.01 m 
+Culvert locations - closest 0.1 m 

(Note: many other standards, such as 
scales on plans, etc ... see DOT 
metric conversion guidelines and 
AASHTO green book. etc ... ) 



Verifying Answers ·. 

40. 

+Humans a··ren't perfect 

+·Double check your answers 

+Use common sense and estimates 

-------------------



-------------------
Verifying Answers (Cont.) 

·Example: Convert 25 mph to km/h 

Correct Answer: 25x1 .609 = 40.225 
40 km/h 

What if you mistyped 1.609 as 16.09 on your 

calculator??? 25x16 .. 09 = 402.25 

402 km/h 

41 



Station Conversion ·. 

492+00.00 ft x 12 in x 1 m = 149+96.190 m 

1 ft 39.37 in 

42 

-------------------.. . 



- - - - - - - - - - - - - - - - - - ..... 

Station Equation 
. . 

Sta 149+96.190 (m) This survey/sta 492+00.0(E) as 
built 

OR 

Sta 149+96.19 (m) = Sta 492+00.0 (E) 

43 



US Foot Conversion 

39.37 in x 1 ft ·. = 39.37 ft . = 3.28083 ft/m 

1 m 12in 12 m 

. 44 

--------------------



---·------------·----
Unit 2 

45 

A. Minimum radius value 

R(m) = (V km/h)2/[127 x (e+f)] 

1. = 802/[127x(0.08+0.11 )] = 265.23 m 
2. = 1002/[127x(0.08+0.11 )] = 414.42 m 

3. = 1102/[127x(0.08+0.11 )] = 501.45 m 

B. Spiral Curve length to nearest 5 m 

Lm = 0.0702 V3/RC (C = 1, ·R radius in m) 

Lm = 0.0702 x 1103 /(501.45)(1) 

= 186.33 m - 190 m (round up) 



Unit 2 

46 

C. Curve Lm, Tm,· Em lengths 

. ·.Lm = 3.1416 (R) x delta/180 

= 3.1416 (501.45) x 6/180 = 52.51 m 

Tm = R(Tan (delta/2)) 

= 501.45(Tan(3°)) 

= 501.45(0.05241) = 26.28 m 

Em= R[1/cos(delta/2)-1] 

= 501.45[1/cos(3o) -1] 

= 501.45[(1/0.99863)-1] = 0.69 m 

-----·--------------



- - - - ·- - - - - - - - - - - - - - -
Unit 2 
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D. Stopping sight distance 

d1 = 0.278 t1 V assume t1 = 2.5 s 
= 0.278 (2.5)(100) = 69.5 m 

d2 = V2/[254(f±g)] 

=1002 /254(0.28-0.03) = 157 .5 m 

Total distance= 227.0 m 



Unit 2 

E .. Passing sight distance · 

d1 = 0.278 t1(V-m+at1/2) 

= 0.278(4)(80-5+ 1 (4/2)) 

= 77.22 m 

d2 = 0.278 t2(V) 

= 0.278 (10).(80) = 222.40 m 
da = assume 55 m · 

Assume:: 

t1 =3-4.5 s 
m = 5 km/h 
a= 1 m/s2 

V =80 km/h 

t2 = 9.3-11.3 s 

d4 = 2/3(d3) = 2/3(55) =36.67 m · 

Total= 391.91 m - 395 m 
48 

-------------------



- - - - --- - - - - - - - - - - - - -
Unit 2 

F. Superelevation transition length 

Lm = 2.72 f V/C assume C=1 

= 2.72(0.4)(100)/1 = 108.8 m - 11 Om 

49 



Unit2 

G. Desirable· curVe length difference betWeen 100 
and ·11 0 km/h 

Given g1 = 2°/o 92 = -2.5°/o V 1 = 100 km/h 
V2 = 110 km/h 

50 

A= [(g2-Q1]= [-2.5-2] = 4.5o/o 

8100 = 205.0 m 
K1oO = 105 m/0/oA 

L = KA =105(4.5) 

= 472.5 m 

8 110 = 246.4 m. · 

K110 = 151 m/0/oA' 

L = KA = 151 ( 4.5) 

= 697.5 m 

- - - - - - - - - - - - - - - - -· - -



-------------------
Unit 2 

G. continued... .. 

Assume 8<L L = A82/404 

8100 ='1472.5(404)/4.5 8110 =J 697.5(404}i4.5 

= 205.96 m ok = 250.23 m ok 

Difference= 697.5 - 472.5 = 225.0 m 

" 
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Unit 2 
·. 
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H. Minimum curve .length 

Lm = 0.6 Vm =0.6(100) = 60 m 

I. Length of curve in "G" for V=110 km/h to .allow 
passing sight distance? 

Assume S<L L= AS2/946 

L = 4.5(728)2/946 = 2521.07 m 

-------------------



- - --- - - - - - - - - - - - - - - -
Unit 2 

53 

J. Desirable. length of curve · 

A= [0.5-(-2.8)] = 3.3 

assume S<L 

L= AS2/(120+3.5S) 

= 3.3(168.7)2 I (120+3.5(168.7)) 

= 93916.977 I 710.45 = 132.19 m - 132 m 

Kso = 40 m/K 
L=KA=40(3.3) = 132 .... use 135 m 



Unit 2 

54 

K. Minimum length of sag curve in "J" 

Lm = AV2/395 = 3.3(90)2/395 

= 67.67 m 

L. Drainage area in hectares 
1 mi2 x 640 a·c/mi2 x0.4047 ha/ac ~ 259.01 ha 

M. Bridge ·c·1earance (nearest 0.1 m) 
,• 

14.5 ft x 0.3048 m/ft = 4.4196 m - 4.4 m 

---------~---------



~------------------

Unit 2 . ·. 

N. Pavement and shoulder widths 

Pavement 22 ft x 0.3048 m/ft = 6. 7 m 

Shoulder 8 ft x 0.3048 m/ft = 2.4 m 

0. No particular answer 

P. Station Conversion 

1. 67550.25 ft x 12 in x 1 m = 205+8.9.36 m 

1 ft 39.37 in 

55 2. 675+50.25 (E) = 205+89.36 (m) 



Unit 2 
Q. Lengths of .Div I and II 

Div I 2269.50 Div II 2350.00 

. -243.84 -2269.50 

2025.66 80.50 

1. Total ~. 2025.66+80.50 = 2106.16 m 

2. Revised EOP Sta. Div II 

1.5 mi x 1.609 km/mi = 2.4135 km 

Sta 2350.00+2413.50 = 4763.50 

ss ·=47+63.50 (m) 

~--------------·----

• i 



-------------------
Unit 2 

Q. Continued 
3. Granular surfacing plate 2108 

volume => 101607 .63 - 101530.00 = 77 .63 m 
77.63 m x 0.155 m x 6 m = 72.20 m3 

mass => 4100 kg/m3 x 72.20 m3 = 296,020 kg 
= 296.02 Mg 

4. Granular subbase plate 2211 

2269.50 

- 243.84 .· 

s7 2025.66 m 



Unit2 
.. 

Q. Continued 
5. Volume of special backfill plate 2209 

2350.00 - 2269.50 = 80.50 m 
80.50 m ·x 0.3 m x 5.7 m x 2 = 275.31 m3 

6. Area of concrete plate 2201 

102900.00 

-101618.33 

1281.67 m x 7.2 m = 9228.02 m2 
I . ' 

7. See quantity sheet 
58 

--------------------
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Unit 2 

·. 

Q. Continued 

8. Seed quantities (May 21 - July 20) 

Oats 15.6 ha x 108 kg/ha = 1684.8 kg 

· Rye 15.6 ha x 39 kg/ha = 608.4 kg 

Clover 15.6 ha x 6 kg/ha = 93.6 kg 

Timothy 15 .. 6 ha x 6 kg/ha = 93.6 kg 

.. 9. Length of type 1601, 750 mm pipe= 25.0 m 

59 



Unit 2 

60 

Q. Continued . 

10. Volume of class 10 and unsuitable 

Class 10 == 6819 m3 

Unsuitable== 1921 m3 

·11 . Special ditch elevations 

Sta 5+00 elev = 443.10 m 

Sta 6+00 elev = 441 . 1 O m 

-----------·--------



---~---·------------1 

Unit 3 - Bridge Design 

+Topic Covere·d 
+ Hard COnversion Concerns 
+Practical Bridge Design Application$ 

61 



Unit 3 
A. Bridge length 

2 @ 30'6" => 30 ft x 12 in/ft+6= 366 in 

2 x (366 ·in x 25.4 mm/in) = 18592.8 mm 

1 @ 39'0" => 39 ft x 12 in/ft x 25.4 mm/in 

= 11887.2 mm 

total = 30480.0 mm 

B. Concrete strength ~ .. 

- 4000 psi x 6.895 kPa/psi = 27580 kPa 

= 27.58·MPa 

s2 Ro~nded to 30 MPa overstates by +9°/o 

- - - - - - - - - - - - - - - - - ·- -



-----~-------------

Unit 3 

63 

C. Rebar 

4°/o/m2 = 0.04 x 1000 x 1000 = 400 mm2 

1 . · #1 OM 400/100 = 4/m2 

2. #30M 400/700 = 1 /m2 



Unit 3 
·. 

64 

D. Culvert Quantities 
" 

1 . Concrete volume 

1.610 ma/m x 20 m = 32.2 ma 

2. Steel mass 

176.4 kg/m x 20 m = 3528 kg 

3. Steel mass change 

183.3 kg/m x 20 m = 3666 kg ·. 

3666 kg - 3528 kg = 138 kg 

-----~-------------



- - - - - - - - - - - - - - - - - - --
Unit 3 
E. Formwork stress 

1200 psi x 6.895 kPa/psi = 827 4 kPa 

= 8.27 MPa 

F. Rebar dimensions 

65 

1. Outer R 

4 x 0.63 in x 25.4 mm/in= 64.01 mm 

Inner R 

64.01 mm - (0.63 in x 25.4 mm/in) = 48.00 mm 

2. Bar length 

4 x 0.63 in x 25.4 ·mm/in = 64 mm 



Unit 3 

66 

G. Culvert inlet and outlet elevations 

Inlet 

[(842 ft x 12 in/ft)+ 6 in] (25.4 mm/in) - 25.4 
mm 

= 256770 mm= 256.77 m 

Outlet 

(840 ft x 12 in/ft) (25.4 mm/in) -10.0 mm 

= 256020 mm = 256.02 m 

- - -· - - - - - - - - - - - - - - - -



- - - - ·- - - - - - - - - - - - - - -
Unit3 

H. Beam Acceptability 

28.01 m /8 m = 3.5 segments 

3.5 x 0.006 = 0.021 m 

. 28.01 < 28.021 beam is okay 

21 mm<25mm 

67 



Unit 3 
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I. Bar mass 

1. Cast Iron 

0.010 m x 0.005 m x 30 m x 721 O k.g/m3 

= 10.82 kg 

2. Steel 

0.022 m x 0.1 O m x 25.5 m x 7850 kg/m3 

= 440.38 kg 

- - - - - -·- - - - - - - - - - - - -



-------------------1 
Unit 3 

69 

J. Gutter Elevation 

0.08 x 5.60 m = 0.448 m - 0.45 m 

Elev·= 474.25 - 0.45 = .473.80 m 

Elev= 474.25 + 0.45 = 474.70 m 

K. -Nail length 

· 2 x 2.5 x 75 mm = 375 mm 



Unit 3 

L. Concrete temperature 

· (95°F-32)/1.8 = 35°C > 32°C no, rej-ect 

M. Curing compound amount 

55.40 m x 13.5 m /3.3 m2/L = 226.64 L . 

70 

-----------·--------



-------------------1 
Unit 3 

71 

N. Gutter elevations 

Top of slab centerline elevation 

248.60 m + 0.250 m = 248.85 m 
Centerline elevations at each end 

248.85 m· + 20 m (0.02) = 249.25 m 
248.85 m - 20 m (0.02) = 248.45 m 

Gutter elevations 

249.25 m - 6.75 m (0.02) = 249.11 m 
248.45 m - 675 m (0.02) = 248.31 m 



Unit 3 

72 

0. Pipe length .. 

L = 13 + (848.5-838.0)(3). + (848.5-837.5)(3) 

= 13 + 10.5(3) + 11 (3) = 77.5 m 

P. ·Pipe spacing · 

1.2 m x 0.5 = 0.60 m 

0.60 m < 1 m use 0.6 m spacing 

- -·- - - - - - - - - - - - - - - - -



---~---------------

Unit 3 

Q. Pile Bearing 

P = [2.5WH/(S+8.9)][W/(W+M)] 

73 

= [ 2.5 (2500)(0.6)/(22+8.9)][2500/(2500+ 1200)] 

= 121.359(0.67567) 

= 81.9986 kN 

-82 kN 



Unit 4 - Record Keeping 

74 

+Topics Covered 
+Notation 
+Prefixes 
+Spacing and Capitalization 
+Spelling and :Pluralization 
+Decimal markers and Spacing ·· 

+Powers of Ten 

---~---------------



-------------------
Rules review 

75 

+name vs. symbol meter m 
+prefix mega or bigger 

J symbol is capital, name is small letter 

+combine pref ix with name or symbol 
J no hyphen or spaces 

+plurals at end of names not symbols 
+spacing: 37.5 km 



Rules review contin·ued 

76 

+volume and area 
J square meter(s) not meters squared 

· J symbol use superscript number m2 

+decimal and commas 
J Iowa DOT will use period for decimal and 

commas to group by threes 
J Examp.le: 123,456. 789 

(Note: SI w~uld be 123 456, 789) 

-------------------



-------------------
Rules review contin'ued 

77 

+powers of ten examples 
1300 m = 1.3 x 103 m = 1.3 km 

17,500,000 Pa= 17.5 x 10& Pa= 17.5 MPa 

0.075 Mg = 75 x 1 o-a Mg ·= 75 kg 



Multi;plication and Division 

78 

Mu·ltiplication 
.t use dot in middle of 

symbol 

.t use hyphen in written 
text 

+Example: 
N°m 
newton-meter 

Division-
./ use slash in middle 

of symbol 

.t use slash in written 
text (or per) 

+Example: 
m/s 

' 

meters/second 
meters per second 

-------------------



-------------------
Practice Writing In Pairs 
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Write in both number symbol and 
number written name format: 

number 
34 and 1/3 
75.3 . 

237657.5 

107000000 
o·.0016 

unit of measure 
KILOMETERS 

millimeters cubed per sec 

PASCALS 

GRAM in MEGAGRAMS 

LITERS in terms of 

MILLILITERS 



·Practice Writing Sol.utions 

34.33 km · · 34.33 kilometers 
75.3 mm3/s 75.3 cubic millimeters per 

second 
237,657.5 Pa 237,657.5 pascals 

237 .6575 kPa 237 .6575 kilopascals 

107 Mg 107 megagrams 

· . 7.6 ml 7.6 milliliters 

80 
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Worksheet Answers 
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1) Which is the correct symbol for 
megapascals? · 

A.· Mpa 
B. MPa 
C. mPa 
D.mPA 



Worksheet Answers 

2) What is the correct symbol for Cubic 
millimeters? 

A. cu. mm.· 
B. mm3 

C. cmm . 
D. mm 3 

82 
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· Worksheet Answers 

3) Which is not a correct SI plural? 

A. 44.65 m 

B. 5.4 kilopascal 

C. Eighteen cubic millimeters 

D. 149 MNs 

83 



Worksheet Answers 

4) Which of the following is the correct 
representation of degrees Celsius? 

A. 42.5oc 

B. 42.5 oC 

C. 42.5 oc 

D. 42.5oC 

84 

- - - - - - - - - - - - - - - -·- - -
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Worksheet Answers 

5) Which of the following is correct? 

A. 19mm3 
B. 448 cmm 
C. 18 Mn 

D. 55.7 kPa 

85 



Worksheet Answers · 

6) Which is the proper expression for 
. kilometers per hour? 
A. 7·5 KPH 

B. 75 Km/H 

C. 75 km/h 
D. 75 km/hr 

86 

-------------------



-------------------
Worksheet Answers 

7) Which of the following is equivalent to 
· 1x104 square millimeters? 

A. 10,000 mm2 

B. 1ooo·mm2 

C. 0.0001 mm2 

D. 0.001 mm2 

87 



Worksheet Answers 

8) Which of the following pairs of symbols 
and unit names is .correct? 

A. 17 M Pa 17 Megapascals 

B. 3434.6 N . 3434.6 Newtons 
C. 1.67 kg 1.67 kilograms 

D. 2.3 mm 2.3 milli-meters 

88 
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. . 

Worksheet Answers 

9) Which of the following is a correct 
sentence for temperature? 

A. The temp ... ten Degrees Celsius. 

B. The temp ... ten degrees celsius. 

C. The temp ... ten degrees Celsius. 

D. The temp ... ten Degrees celsius. 

89 
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Resources 
·. 

92 

+George Sisson, DOT Metric 
Coordinator, 239-1461 

+ AASHTO Green Book 
+DOT· Interim Metric Guide 

+Conversion Calculators 
. . 

+Numerous books, industry magazine 
articles, etc. 

. . 
~~~~~~· ~~~~~~~---1~~~~ 
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Worksheet Answers 

9) Which of the following is a correct 
sentence for temperature? 

A. The temp ... ten Degrees Celsius. 

B. The temp ... ten degrees celsius. 

C. The temp ... ten degrees Celsius. 

D. The temp ... ten Degrees celsius. 

89 



Worksheet Answers · 
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10) ·which of the following is correct? 

A .. 78 kg/m2 . 

B. 3.9 L's · 
C. 4.539.KPa 

D. 3.87 ha 

-------------------



---~---------------

Worksheet Answers 

11) Roundirig 

a) 34.876 34.88 

b) 87.565 87.56 

c) 1234 1230 

d) 876.52 877 

e) 0.2347 0.235 
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Resources 
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+George Si'sson, DOT Metric 
Coordinator, 239-1461 

+ AASHTO Green Book 

+DOT Interim Metric Guide 
+Conversion Calculators 
+Numerous books, industry magazine 

articles, etc. 

. . 
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