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PREFACE

Air transportation in peace and in war has heached the
point in 1t's vrogress where syecial enzine=ring consideration
must be given the ground facilities which serve &s the connec-
ting 1link betreen surface and air transportation. Airpdrt
encgineerino must keep pace with the development of rlanes and
the rerid increase in the use of the zirways.

The author of tris thesis hes enieavored in the desizn
end rlanning cof this airrort for Fast lansine 2nd Yichiezn
State Colleze to mest the requiremant:z of the Civil Aero-
nautics Administration and to fulfill the nzeds ¢f the recion.

The author is de=2ply indebted to Professofﬁlllen, head
of the Civil Fnzinezrin~ TCepartment, Professsor C. B. Andrevs,
Yichigan State Higzhray TCerartment, and to the many other
instructors who have hz2en of creat zssistance.

The puhlications of the Civil Aeronautics Adxrinistration
end "Airport Enginesring", by Sharp, Shar and Cunlop have
teen consulte? Frequently and information from these publi-

cations has »=2en used throughout this thesis.

1825035
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PRELIYTNARY PLANVING

The planninzg of a new locetion for an airport should
include all the factors of regional rlanning and the po-

sition of the vroposed airvort in the national network.

1. Porulation of the City-

A study of the rorulation of Fast Lansing and ¥ich-
igan €tate Collere and their trends indicate that a
class 3 airrvort would e sufficient to handle 211 +the

aeron2uticzl activity in this recion.

2. Local Toposrarhy-

The torocrarhy of all sites and thzt of the area
surrounding each site within about 2 three-mile rasdius
has recelved careful study. The study included a com-
rarison of ease of dra2inage, rrobavle grading required,
and obstructions in the vicinity whizh would limit the
effective lenxth available for takeoff and landing in
each direction. Howxever, due to ths fact that other
thes#s have baen written on the plan of airvorts south
of Fast Lansing, it we2s suzrzsted that this airrort be

rlanned somewhere north of Fast Lansing.

3. Locz2l Flyine-
The amount of traffic hos been determined by investi-

gating records of other =zirrorts in the vicinity, or in



sinilar localities, 2and conculting existinz air line
records. Consideration also has bz2en ziven to the
rostel recelirts of the city, retail sales of the city
and trzdins area, and express rossibilities. The

rarid increase of enrollment 2t Michigan State College
and the return of many veterans who will be interssted
in flyvinz is a contributine factor to the necessity of
a loc2l airvort.

The recent trend and the future vossibilities of
aviation in the prevantion of crim2 should n2ke 2n air-
rort here a neczscity for the use cf the iichigan State
Pclice. It hzs rroven successful =lcsewhere and it
would matsrially increase the efficiency of orerstion

of.that orcanization.

4., Accessivility-

It is desireble that 2n a2irrvort ve located so that it
will b2 close -in time- to the destirnation, and to
those whe will use it. This airrort is loczated on a
well construct=d hichway which could handle the traffic

very easily.

5. National Defense-
This imvortant factor cannot te overlooked in rlanning

the locztion and sigze of any civil airyport.



FACTORS IXFLUENCING AIRPORT SIZE

The problem of determining the size of an airport to be
develored in any given loczlity 1e extremely complex, de-
rending not only cn the typres of aircreft which are to be
accormodated in the immediate future, but also upon some
estimate of the future requirements. The individual airrleane
mey be designed for a certain rerformance, however, this
performance 1s affected by temperature, barometric pressure,
and wind conditions which may vary from day to day, by the
condition of the surfaces of the airport or runway on which
the airplane is operated, as well as upon the technique of
the pilot who 1s flying the plane. It is, therefore,
arparent that in determining the airport size it is essential
to provide landing areas sufficiently large for the oper-
ation of the aircraft to be accommodated under the most un-
favoreble conditions likely to occur.

In order to determine whether or not an airport is
adequate in size for ths safe operation of a given airvlane,
1t 1s necessary to compare the distance required for the
airplene to tzke off and to land with the landing area
length available at that airrort. Among the various factors
which will influence the distance required for a given air-

rlane to take off and land safely are the followingz:

1. Alrcraft Performance-
The most imrortant factors affecting the rerformance

of airrlanes are wing loadinz, rower lo=dinz, pilot






technique, 2nd friction of runwsy and landing area

surfaces. Of rrinciral importance is tke winz lozding

end the prower lo=ding.
A. In general, as the wing lozdine of an zirrlane is
increased, the stelling speed of the airrlane in-
creases. Concsegquently, the sreed which must he
attained rrior to takeoff is greater, and the minimum
safe srezd which must be maintained in ¢1iding in for
a lardins is also gre=ter. Thus it is seen that =wing
lozadinz affzcts the flight charscteristics of the
2irrlzne and the size of the laniin~ 2area required.
The wine lo2din~T is obtained vty dividing the rermiss-
able ¢ross load in pounds by the total wing area in
squars fest.
B. The rower lcading of en airrlane 1s obtained by
2ividing the gross weicht ¢f the plane by the total
horserower avallable. This is anothzr characteristic
cf the airrlane ~hich affects it's performance and
consequ2ntly, the size of the airrort required for
it's safe opveration. As the power loading in rounds
rer horserower 1s increased, the rate (f climb de-
creases, and, consequently, the take off distance is
also increased.

By multirlying the wino loadine in rounds per

square foot by the rower lozdinc in prounds ver horse-
rower, 1t is rossible to obtain an index numb=sr which

in sen=ral, is indicative of the rerformance cf th



N

eircraft in landing -nd ta%ine off, 2n? »hich ~ill
indiczat=2 the lzndin? =res length necessary for the
safe creration of the sircraft. The lern2th in fez
of runway required for szfe oreration of sny 2irrlzne
gt sea level is a-rroxirztely fiftzen times the indax

nurhar.

Charzscteristics of the Tite-

)

w

¢

A, dsture of surroamiin~ orstructicns and torcrrarhy-
The rrecance of wartizal, nsturel =2nd rnznw=3s ch=-

estructions in th=2 2rrrozches to th2 2irrort results

R - ) P B B . [PTRUL R L IR, R ) ae e
In redusins th2 2f720%1iwvs Tono™ OF Mhe Tendine av-ez
P I R T R e e . 1
cgrellLrle Iyl etz rl L NN .2y ree than weuld

othervize e ner:szary if they d4id not exist. This
reduction in effz2ctive lenoth of uszhl2 landine erea
is comrut=1 on the b2sisg of arrrozches beinc clear of
vartical ohstructions mithin a 21i13e vath of 37 feet
horizontal to one foot vertical for a class 2 airrort.
An "arrroach zone" for norm2l usare runvays 1s a
trgrezoidal arez havinr a width of 577 f22%t 2t the
ends of the use®le lz2nding area and »rozdzning to a
width of 2,877 feet two miles away. The centar line
beine a continuation of *hz center line of the land-
ing strire.
B. Elevstion a2hove sea level-
Increased l2nzth must be prrovi?z2d at hi-~rer =1ltitudes

for the tzk%eoff run and the laniinc run, as airrleones






3.

ot

1213 =2nd t2%e off at hicher sr2249s =nd clir» =%

103

flatter

]

nTlzsg as the altitule 2hove s=22 level in-
crzases. Tris is 3ue to the norx2l decre=sz in at-

rosrhere Jdensitry and the cons2quent decre=ss in the

D

£f

o
Q

liftine t ¢f +the &ir on the win~s, =nd in

&4

certain

(V]

s of motors, resultinT in 2 decrease i

o3

yr
the amount cf horserorer delivered.
C. Charactzr ¢f l2ndinr “trir znd Runway-

Surfaceg= It is apr=2rent thst when an esirrort has
e soft sod or the runways are of loose gravel,
affording creatsr resistance an? friction, & longar
ground run will be neczgsary before sufficient speesd
is =2ttained for ta%eoff. Conversely, in the case of
smooth bituminous and concrete surfaces a shorter
eromnd run is sufficitnt to attain takeoff sresd, 2and
therefore, a2 shortzr l=2nding are=s may>be us24 by the
same tyre of airrlane under such con”?iticns, with the

seme derrce of safzty.

Yeteoroclorical Conditionsg-

A. Barometric przssure-

In & few cas=2s the baronrestric pressurs preveiling at
the site, indz2renizsnt of the e2ffective elesvation
arove sea level, must be tzken in‘o coneideration.
B, Temperature-

In ad?ition to the effect of increased altitude zbove

sea level in reducing air density, there is also the



ef“ect of incre2ses in tempsrature. On 2 very hot
dzy an =zirrlane =ill require 2 consider=»ly longer
run before takine off as a rssult of decreased eir
density due to the temperature effect alone, and the
rate of climb will be decreased.

C. Tind direction and velocity-

"inds, if of more th=n neglicible velocity, have the
effect of decreasing the lzndiny -nd takeoff runs |
necessary. If 1s usuzlly not considered as a factor
in determininr the size of the alrrort required bve-
cause the wind does not blor with absolute regularity
and steadiness. The least favora®le conditions occur
vhen there is no wind, and this condition is assumed

to exist.
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TARLY #3

ATRPLANFS ACCOVMODATED BY CLASS 2 AIRPORTS

Company =nd Model
Designation

Abrams Fxrlorer T-2

Curtiss-Tricht A-12-R

Curtisgs=-Vright CW-22

Piver Cub Coupe

Pirer Cub frort

Pirer Cub Treainer

Ryan S-T-4 Srecial

Ryan €-C

Taco F K ¢

Boeing 747D

Fairchild 74

Taco E G C

Rellenca 14-2

Cessna C-145

Ifdex
¥o.

138

110

140

157
138

jav
V)
(0)]

[Av
0D
(9]

Sy}
o
(02

v}
[ay)
©

12.

Gross ™eicht Horse

4,000

2,837

1,200
1,300

1,000
1,600

2,150

Pomer

40

150

145

785

185

320

S0

145
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TARLE #3 (cont.)

Howard DGA-15P 228 4,350 400
Monocoupe S0-A 218 1,61C I°lo)
North 2merica AT-8 1e7 4,158 esc
Stinson SR I O F are 4,850 450

Class 2 Airrorts will esccommodate rlanes with index

numbers between O and 230,
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TABLE #4
RECOMYENDED STANDARDS TOR RIINTAY LAYOUTS

Recormaended Standaris Clesgs 1 Class 2 Class 3 Class 4

Minimum distance batwesn
center lines of parallel

runways. none gelol dolol 200!

Minimum distance betwresn
center line of runway
and airrort buildings.
Instrument landinz run-

way. none 75¢! 75¢! 750!

Minimum distance betwsen
runwey center line znd
apvrons and loading rlat-

forms. Instrument

landing runray. none 5201 500! 500!
Distance between center
line of runvay and air-
port builldings. desir- 50N 5¢0!0 570!

able

n

211 other runways. ¥inimum 352! 330! 350!



TARLE #4 (cont.)

Minimum distz2ncs batween
center line of runwey
and errons end loading
rlatforms a2nd perking
areas,

A11 other runways

Maxirzum landing strip
and runway c¢rades.

Transverse

Maximum landing strip
and runwvay ~rades.

Longitudinal

Grade breaks longi-
tudinal
Maximum algebrailc

difference

2%

250!

1}

=3
&

250!

fur)
o
PEN



TABLE #5

PECOMMENDED STANDARDE TOR TAXI™AY LAYOUTS

Pecomrmenided Standzards Class 2 Class 3 Class

Minimum width of taxiways. el g0! 50!

Minimum dist=nce betwre2n run-

way center line ~nd rarallel

taxiway czsnter line. 273" 275! 275!

Minimum Aistsnce from

houndary fencz, obstructions,

etc. to taxiw=y ca2nter line. 17C! 150! 15¢!

Vaximum lonzrituiinal ersie. 27 311 23%

Maximur transverse crade, 137 14 17
= < 12‘ 1.::

Minimum an~le of taxiway.
intersection with runvay

ends. 80 80 60



TARLE #6

17.

FFFECT OF ALTITUDE ABOVE SEA LEVEL ON AIRTPORT SITE

Elevation
(in feet)

Cea level

1,700
3,nne
3,000
4,000
5,700
6,000
7,000
2,070
s

~
, 000

10,000

Run lencth
(in fe2t)

Class 1

Run length Run length
(in feet) (in feet)
Class 2 Class 3

2,500 3,500
2,660 2,73C
2,840 3,280
3,040 4,250
3,250 4,550
3,490 4,887
3,740 5,230
4,020 5,640
4,350 8,070
4,620 8.550
5,790 7,120

Run length
(in feet)

Clzss 4

4,500
4,870
4,880
5,050
5,250
5,480
5,870
5,910
6,150
8,550
7,130



TARLE #7

ATRPORT LIGHTING STANDARDS

Minimum Recommended
Facilities

Airport Beacon

Bounding lishts

Obstruction lichts

I1luminated wind 1line

Contact lichts

I1lluminatzed wind tee

or tetrahedron

L2nding area

floodlights

Apron floodlichting

Ceiling rrojector

Taxi lichts

Arvroach lights

Class 1

incluie

include

include

Class 2

include

incluie

include

include

Class 3

incluie

include

include

include

include

incluie

inclule

include

include

Class 4

include

include

include

include

include

include

include

include

include

include

include



TARLE '8
TIND DIRFCTICN
“tetion---=-Ez2ct Lancing Teather Bureau

Latitude----42° 43' 50" N. Longitude----84° 28' 54" W,

Flevation, Cr. 856 feet.

Pirect- Jan. Feb. Yarch Arr., Yay June July

ion rours hours hrours “hours hours hours hours
N 7”2 1107 1,17 1,254 1,237 ce3 1,317

NE Bes £21 1,013 1,278 c47 774 e3c

E €48 721 87 1,°6e 1,017 eee €24
Se 1,130 814 1,735 €45 1,12¢ 1,187 g7l
¢ 1,571 1,261 1,783 1,41F% 1,01¢ 1,657 1,720
i 2,RC0 2,182 1,888 1,5¢8 1,¢24 1,771 2,1C7
™ 1,023 1,451 1,74¢ 1,332 1,727~ 1,754 1,714
Nw 1,443 1,987 3,78C 1,874 1,307 1,388 1,560

This data covers the reriod from 1©31-1¢45 inclusive.






Pirect- Au~.,

ion. hours
N 1,435
YE 1,035
E ©82
o°w 1,085
e 2,731
oW 1,888
w 1,321
W 1,234

This deta covers the reriod from 1S31-1945 inclusive

Cert,
hours

TABLE #8

(cont.)

Oct. Nov.
hours Thours
1,040 €26
£34 558
6825 578
1,762 ©23
2,135 1,888
3,747 2,820
1,80 1,782
1,502 1,446

Dec.
hours

Totzl
Mo. of
hours



TAZLE

TIND Vw

ftation----Fast Lancine Weather Burezu

Tztitule====420 473" 5on o

Flevation, Cr.

Direct- Jan. Febh. farch
ion.

N 118.1 127.1 132.8
NE 115.4 123.2 13¢.8
E 177.7 0 112.5 123.2
SF 132.0 145.3 144.5
c 137.5 120.1 13A.5
aw 159.8 158.2 158.7
v 174.8 18”.,5 1f6.6
N 155.7 15A.82  158.2

This d~ta covers the reriod fror 1931-1945

4o

LOCITY

Lonritude--=--£42 281 s4n T,

85R feaet.

Arr.,

13C.8
134.8 .
178.7
141.0C
137.4
157.7
180.C
184.0

June July
103.8 6.8
1032.1 Ce.2
87.5 72.0

-
—
—
4%}
[{e}
=
Ll

~2

102.3 gc.¢
112.4 103.2
124.5 114.¢

123.8 1°1.C

inclusive,



Pirect-
ion.

N
NE

<

w

This

Aug.

data

Sept.

124.2
38.0
g1.0C

covers

TAELE 49
(cont.)
Cct. Nov. Dec.
127.8 127.3 111.7
8.5 111.4 1032.8
€5.3 113.8 17¢.8
118.8 143.7 134.3
124.2 1850.4 12%2.%
133.1 1€2.9 14¢.9
124.0 158.0 183,72
13¢.5 151.0 1%52.5

Total
Veloecity

Averaze
hourly
vel®l-
city
(¥PH)

the period from 1921-1S4F5 inclusive.



POPUL

ATINY <QTUDY

FALL TTRY RRGISTRATIOY AT ¥.<.C.

No. Year
1,811 121
1,402 1932
1,873 1233
2,314 1234
2,534 1235
2,870 1238
2,813 137
3,M1° 1038
2,211 1939

No.

3,299
3,139
2,744
3,333
4,008
4,827
5,212
5,835
8,850

Year No.
1940 8,766
1941 6,356
1943 6,331
1943 3,484
1944 3,831
1S45 5,284
1946 8,200
1946 g, n"0
(Sprine
estimated

Uniform Percent Rate Of Growth

583¢ 1450_-2 17
-4384 438¢
1450 Change

8039x.3%1=19233

7772x.3%31=2573

Chance

S83C+41¢23w7772=1250

7772+2573=17,3%55=1¢€60

[&V]
A
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25.

80IL STABILIZATION

The character of the soil profile, including such
factors es ground water level and drainability, subgrade
surrort for runwesys under 211 weather conditions, sultability
¢f *trh=2 soil for runway s*z»ilization, and avallability of
construc*tion materials, will be a dominant factor not only in
the firet cost, but zlso in the adequacy and permanence of
many imrrovements. This 1s esreci=lly true in the case of
raved runwavs and landing aress.

The existence of Carlisle mucK on part of this area for
this airrort will result in mecre earthwork bheczuse it has to
be removed 2nd earth from other areas of the airrort used to
£i111 ur to crade.

The rest of the area, which cornsists of Conover, Brook-
ston egrnd Miamil lozm, is very suitarle to be used as subcrade

suprcert.

DRAINAGE

The yrurrose of the drzirage system undsrlying the land-
ing ares is to maintein the soill in a stable condition in 211
¥inds of weather. The drainage system also prevents the
rondinz of water on the l=2nding area to such an extent that
the runways become useless for landines or take-offs during

or followiny heavy reinstorms.
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Treinnee (cont.)

The Arain=ce svstzm should thesoretically be zble to
carry off the watar af the same razte as thet at which 1t
fa2lls uron the area. This is not sccom~lished in practice.
Some amount of vonding in the vicinitr of the inlets to the
drainare syster 1s tolsrzted. The usual criterion in airrort
rractice 1s to require *the drains to carry off the water from
a civen storm in one to two hours after the end of the stor:.

On the bzsgls of the ghove conditions an sjuation has
hean written exrrzssinT the relzaticonshir of the quantity of
w2ter falling on the area and the rire caracity of the under
drains.

N=-Capracity of nire neceasery, exvrzassed in cublic f22t
: rer szcond.
T--Tre duration of the rzinfall in hours.

t--tir=, iIn hours 2llow=3 for removal of w~t=r after storm
hzg gtorreld

I--Fainf211 in inches rar hour (intensity)

R==Per ca2nt of runoff frcm the tyre of surfsce covesrinc the
airrort.

A=<prea of surfoce draineld

n-AIR
T+t

The maximum prz2circitstion for this loczlity was 2.08
inches for 2 Auration of on=2 hour which w-s5 used in thess
calculstions.

The tire interval followin~ a storm durinc which the

surface w-~ter 1is carried aw=y by the intsrcertin~ drains will



PRAINAGT (cont.)

vary with the slcres which carry the surfzce water to the

dAr=21ins.

A, For averzee slores of 0.5 rer ca2nt or l=2ss, the
value of % most cormonly us=2? 1s two hours.
R

« Tra valuz of t us2d for areas where the averszsse

slorzs lies batwe=2n 7.5 end 1.0 rer cent is 1.5 hours.

hours.

Surface Runoff in Per Cent

terti
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1)

ht

[F)
M

SR
(0] ('D [9]]
w
w

|
«
(@)

Agrh21lt ravem=znts

Cravel roadravs =nd walks

|
[av )
wn

Parks, lawns, m2230ws

AIRPORT TURF

The purrose of cr=ss =nd other rlents on airrorts is the
surfacinT of vrl=zne traffic areaa.for control of dust and
driftine sands, rreventicn of erosicn, =nd bezutification of

lirited erezs.

%]

It should »2 4enc=2, lowx srovin~, w=22r ra2sis*tin~, and

rust b2 28t3bliched in the shortast tire rossinls., Yaxirum




D)
0]
L]

ATIRPORT - TURF (vont.)

- covara~e ig “dssired with a minimum of yield, which if dis-

tinct from the acricul tural viewroint.

AIRPORT PAVFMWNT

Tre desicsn of standard hichway ravine takes into con-
gidsrz2tion the number of vehicles rer dar, or the frequency to
which the pavin~ 1s surjected to loz2ds, as well as the maxi-
mum lo24d et any one tixre. The reretition of the loz2d uron a
runvay is much less frequent thoan uron even a secondz=ry
hishwew, and the factor of faticue is not so imrortant in
runwaey desi~-n., Therefore, the ravine tyres which require
the kneesdingz and comr=ction of trz2ffic to m2int<in their
dengitv 2nd 1ife =2r2 obviously not so sultahle for runways.
To comrensa*e for the =hcenczs of the comrmz~*tion furnighed by
frequent traffic, softer asrhslts 2nd some~vhat richer mix-

tures, comhined with dense zraded arrrerates, 2re necessary

S 4

to insure the density of the ravement =nd rrovide character-
istics which resist the detewioreting effects of wezther and
climate. In this rezard a ticht, well hond=3, ani sezled
surfzace is of essential imrort=nc=s.

The prafereble finiches for concrets surfzc=s are those

arrroechine 2 swooth trowel=2 finish. Rourh non-s¥id w=ar-

ine surfac2s are to be avoided because of tha excessive tire
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AIEDPART DAVEVTYT (gont, )

wear which such surfaces inrose uron lzndine 2ircraft.

Crowns z2nd trensverse zradients should te gufficiernt in

)

ritch to ewvredite surfeac

W

w

tsr run-off where freeszin-

cccurs bvecauce of rosecirle ice dam=z2 %0 the surfaces.

[\)

1

Reconranded Fun~zy Crowns

Runway 7idth Cro~n
100! S
18C! cn
270! 13"

Reconrrended Standaris Class Clzss Clzess Class
1 2 3 4
Static desi~rn lozds no
for runwavs, taxiwav, ravings
and erron ravineo recon.-
bazed on rrazent nend24
day aircrafs 3n,onn 74,000 127,2°C

Prohatle future

(17 yrs.) msxizux
static cross lo=z3s
to re considered in
the desien of runwar,
taxiway end arron
ra2vin> 2n? drainzace

structures 20,7 c0e /C,CCC 187,770 37C,C00
Probstle rance of 10 1= 2A 50
static eirrlene o N o o
tire rressurss 25 =0 ”g s
1bs. 1bs. 1ts. lbs.
rer T2T. rer rer
Sq. =3 Sq. S,

in. in. in. in.



AIPPAET PAVFVENT (cont. )

Concrete Mix
teoreoate should be sound end durable and stored so
th=2t it =ill drzin out for uniforr moisturs content. The
cozrse =zc~reo~te should b2 survlied in 1 inch size 2nd 1 to
2 incr size. Ahout 507 of each size is used. The fine arg-

-~

reozte should he well orald=d with 1T rer cent minimum rase-

(O]

in> a S50 megh sieve and 2 rer cent roceine a 17" mesh sieve.

A 5,770 1b. rer sq. in. concrete is to bz Jesired.
Usinz a cerent factor of 6.25 s=cks rer cubic vd. and =
water-cament ratio of 5% gals. ver eack of cerent, the ab-
solute volures are comruted.

Cexent: E;Eéfgég 3.03 Cu. Ft.
2.1 x€2.5

€.25=C2ment fector in sacks

©4=Teizht in vounds of one sack of cenent
2.1=Frecific cravity of cerert

A2.5 = vounds ver 1 cu. ft. of water

Tater; 6.235x5.25=4.27 cu. ft.
7.5
2.25=number of ¢=2llcns per sack

7.5=Gallons of water in 1 cu. ft.

For usu2l szorecates, 34 to 38 rer cent of sand is

receonrenied,
Volume of ascr2ret2e27-7.47=21C.8 cu. ft.

Volum= of sand= .7%24x19.6=R./8 cu. ft.

Volume of coarse srereczteal?.f7-8,38212.C4




Concrete Mix (cont.)

Teirht of sand=2.85x82.5x6.56=11C3#
Teicht of stone=2.65x62.5x123.84=314-#

Yield for above volumes is:
Cementa 3.03 cu.ft.

Water = 4.37 cu. ft.

Sand = 6.65 cu. ft.

Stone =12.24 cu. ft.

Arount of water=5.25x8.25=32.8 gallons of water.

The consistency as indicated by the slump test is

usually 1} to 2} inches.

31.




CNET  ESTIVATT
Fycavation
432,43" cu. vis. 2 *.an #175,780.7°C
Runrays znd Apron
Cratinz - 272,792 cu. yis. % %.r¢ 25,000.e3
Construction and Vat=rial-
27,898 cu. yis. 2 3.8 247,734.24
Trenchine
22,452 linerzal feet 2 #.15 4,287.50
Cravel or Crushed Stone-
4,395 cu. yds. 2 #2.00 g,720.00
TPrain Tile
Perforatsd Steel
g",..14,852 ft. 2 ¢ .58 8,315.C0
10 4,200 ft. 2 .83 2,8C4.00
13".., 4,832 ft. 2 .74 3,441.¢CC
15",.. 1,052 ft. » .94 1,833.00
1en,.. 175 ft. 2 1.13 1¢7.75
21"... 45" ft. A 1.28 573.20
24m 75 ft. 2 1.84 122,70
27", .. 475 ft. @ 2.14 1,018.50
30M,,.. 825 ft. @ 2,23 1,22%.35
3ANn co0 ft. ® 3.88 7,474,170
*22,01°.6"



CNST ESTIVATE (cont.)

Cz2tch Pzacirs

6 2 %25,0¢C ¢ 212.77
Y=2nholes
Prep type... 5 @ $17°0.09 5CC.70
g0 A  B82.C0 4,800.00
Hancar
170 x7st 2 #2380 /54, ft. 18, 750.00
Adrinistration Building
501x40' two story @ $.20/cu. ft. 12,000.00
Lichtire B ~
Beecon Licht 144.7
"ind Indicator e4.42
Flood Lichts
2 » #320,70 go0.Cco
Cretructicn Lichts
3 2 $£14,40 43,20
Bounderi Lic¢hts and Cone
22 7 ¥179.00 5,191.CC
Arrroach Lichts and Corne
4 2 f172.00 4,080,720
+10,122.60
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CNeT TFSTIYATE (cont.)

Fire Fgquirment 2,8C00.20
Fencing

588 rods ? %2.25 1,3281.80

Seedingy B6S.67

Total $535,418.18

Fnoineers Fee S5 /A 27,790.81

95.2,186.97
The calculated costs rerressnt the conditions that

exist=d in 1972¢
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853 85.2 8%9, 848 8#6 &83.7 &0.9 &.9| 8.7| &1.4 8.3 88 82,0 &Bz#| 8&36 &% 9 &¥3| 623 825 &8=z25| 833 832 &34 &37| 839 84.2 2T
7[295 |+, 2/5 |v[ 095 #,005 (+320 | +220 | -60 |-/30 |-285 ~?75 |-945 |4 /35 |~/ 380 |-/.#30 |~ 865 |1, 830 |/, 855 |-/, 480|-/ #95|~/,6F5 |-, 365 : :
S5¢0| 750 | 085 | 1s25 | /365 | 1,660 1645|1660 | 1925 1,335| 1170 | 9ss DEFARTAIEN T OF
&€8 649 &5./ &4S5 8F%.0 &3z &2.9 &2.¢ 82.3 &2.5 f2.9 828 &ze| &57 83.7 82.7 &¥s5| 820 822 &2.3 &.8 82./ &/.9 82.2 8£2.7 833 872
4330 \+L735 |7/, 820|+/,605 [+ 755 |¢ 35 |+55 |7r720 |» &5 ~785 |-825 |-/025-/0%5 |~/ 260 |-LFF0| /580 |-/, 530 |-/, 630 |-1555 |-, 225 ~/, 050 C/V/L ENG//VE_ER//VG
&5.7 &5.7| &6 869 87 2 79.7 795 &23 &2.1/ &/ 9 &8/ 8 82.0 823 ez.¢+| &3s 837 840 82.0 8.9 823 624 &9 8L7 I 2%-4 820 &3= 38
72,020|tZ.075 |+/,995 |+/530|r #95 |+ J2& |» $/0 |#//5 | #220 |#235 |+220 |- 70 |-335 |-285 |-220 ~/35 ‘803_5' ~9F5 |-/ 040 |-L/s55 |1 230|,/65 |+£525 |\-1 460|-/, 290/~ 925
- 65 #30 8o 530 #70 | 9430 67 780 &35 995 | 4L/55 | L O#0 | [O6F |[/65 | /,005| &30
' i EARTHWORK MAP OF EAST
85.7 &67| &zo 87/ &3.7 &30 &4.3 822 &8¢ &8 &2.0| &2.6 &2z &Z3 &30| 8E3#4 VEX 8’9 &2.0 82.2 &L2 8/ 5 813 &9 2o 832 rYe 4 /
? Z/25 (#2275 |*2,//0 |+/565 |+ 995 | #4035 |+ 765 -285 |-255 |-5/0 | -430 |-640 |-775 |1 025 |-,280 |-/ 255 |~4020 | -40/0 |-9g¢ LANSING &€ M.S.C A/IRPORT
355 | 330 555 | #6060 655 | 520 765 | 935 | 995 | 565 | 985 | o5
85 ¢ 8¢3| 864 865 &7/ 84/ 832 &2/ &/5 822 825 &3z &2.0 8z.0 &2/ 825 823 82.2 82./ 8.9 &L/ &/ 8 8.6 &5 8/ 4 2.0 :
#//90|t4270 |#/205 |»990 |¢#/0/0 |7»595 -2%5 |-240 | -270 |-255 |-280 |-330 |-¢#55 |-465 |-#80 | 535 |-550 -,;‘5'3 DRAWN B : %4%«@,
A A A 270 235 375 275 230 250 350 375 2% 220 320 285 CHECKED BY:
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