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The hydraulic design of culverts establishes the
minimum pipe size which has sufficient capacity to dis-
charge a required flow within an allowable headwater
depth. In the hydraulic design of culverts where the out-
iet is not submerged, the two principal types of flow thai
must be considered are flow under inlet control and fiow
under outlet control.

For any given headwater depth and pipe size, the
capacity of a culvert operating under inlet control is de-~
pendent entirely on the inlet geometry. Since the geo-
metric shape of the socket end of a concrete pipe results
in less contraction of the flow ai the entrance than the
sharp edge of a corrugated metal pipe, with or without
a headwall, greater and more efiicient capacity is real-
ized with concrete pipe.

Under outlet control the primary factor limiling

HYDRAULICS OF CULVERTS: N e oare i ancH

culvert capacity is surface roughness, The relative
smoothness of concrete pipe enables concrete pipe to
handle substantially greater flow than the same size
corrugated metal pipe,

The significance of these hydraulic advantages of
concrete pipe is illustrated by the performance curves
presented in Figures 1 through 22, The curves correlate
headwater-discharge and are based on nomographs in-
cluded in Hydraulic Engineering Circular Number 5,
Hydraulics Branch, Bridge Division, Office of Engineer-
ing and Operations, Bureau of Public Roads.

The headwater depths for iniet controlled flow
are read directly from the performance curves. For out-
let controlled flow it is necessary to subtract the prod-
uct of the culvert length and slope (Sel) from the head-
water depth.

A more complete discussion on the hydraulics of
culverts is presented in Design Data 18. The following
example illustrates the proper use of the curves:

EXAMPLE
Given: A highway culvert 400 feet long is to be installed on
a 0.5 percent slope. The culvert will be required to
carry a design discharge of 400 cubic feet per sec-
ond within an allowable headwater depth of @ feet.
Solution: Enter Figure 1: 58 x 91-inch Horizontal Elliptical
Concrete Pipe and project a vertical line from
Q = 400 on the horizontal scale to the INLET CON-
TROL curve and the OUTLET CONTROL curve rep-
resenting L = 400 feet, At the intersecting points
read HW = 8.5 feet and HW + Sol = 11.0 feet on
the vertical scale,
The inlet control headwater depth is equal to 8.95
feet. To obtain the outlet control headwater depth,
subtract So x L from the outlet control! figure,
11.0 — {0.005 x 400) = 8.0 feet
Since the outlet control headwater depth of 9.0 feet
is iarger than the iniet control headwater depth of
8.95 feet, outlet control governs.
Repeat the same procedure for corrugated metal
pipe arch until a pipe size is found which will handle
the design discharge within the zllowable headwater
depth. From Figures 2, 4, 5, 8, 10 and 12, the fol-
4]6>\giJng headwater depths are obtained:

COMPARATIVE HEADWATER DEPTHS

20.7

AW Inlet

Pipe Equiv. HW Dutlet Contrel control

Size circular | Control Centrol Condition RW
59 x 8l 72 1550 | 422—-2.0=40.20 | OQutlet 402
63 x 87 78 1260 28.6—2.0=26.60 Outlet 266
67 x 95 84 10.10 22.7—20=20.70 | Qutlet 20.7
71x103 0 890 | 17.8-2.0=15.80 | Qutlet 158
75x 112 96 7.80 14.1-2.0=12.10 Qutlet 121
79x117 102 740 | 118-2.0= 9.80 | Qutlet 9.8

Since all of the controlling headwater depths are
higher than the allowable, fry the next larger size.

Enter Figure 74: 83 x 128-Inch Corrugated Metal
Pipe Arch and project a vertical line from Q = 4400
on the horizontal scale to the INLET CONTROL
curve and the QUTLET CONTROL curve represent-
ing L = 400 feet. At the intersecting points, read
HW = 6.75 feet and HW -+ Sol =10.40 feet on the
vertical scale.

The inlet control headwater depth is equal to 6.75

feet. To obtain the outlet control headwater depth,

subtract S, x L from the outlet control figure.
10.40 - (0.005 x 400) = 8.40

Since the outiet control headwater depth of 8.40

feet is larger than the inlet control headwater depth

of 6.75 feet, outlet control governs.

A 58 x 91-inch’ horizontal elliptical concrete pipe
(equivalent 72-inch circular) or a 83 x 128-inch cor-
rugated metal pipe arch (equivalent 108-inch circu-
lar) will carry the design discharge within an al-
lowable headwater depth of 9 feet. Both pipes are
operating under outlet control.

The difference in required headwater depths between
58 w 91-inch horizontal elliptical concrete pipe and corrugated
metal pipe arch in sizes 58 x 81-inch through 83 x 128-inch is
illustrated in the accompanying figure. This example shows
that a corrugated metal pipe six sizes larger than concrete
pipe is necessary to meet the allowable headwater require-
ments. Comparing the 59 x &1-inch corrugated metal and the
58 x 91-inch concrete pipe sizes indicates that the same size
corrugated metal pipe arch must operale at a headwater
depth 446% greater than horizontal elliptical concrete pipe.

Answer:




ONGO3S ¥3d 1334 348NJ NI D IDYVHISIO LHIAAIND

mfmcm_ HSAIND B4DIP3WISLU] 0} uﬁo_on_._u__:_

ANGJ3S H3d 1334 318N N1 9 IDUYHISIA LH3AIND

006 001 00e 00¢ 001 Qosg 00L 009 00% 0ot Q0g 00¢ 001
- FRAEE RN Ti710 X . 14

|

£3)y U0 paseq 97|§
JBpnong uajeanby xoaddy

pediswignsup JBRng
19pu1 Bunyaalory

0'0=u adig sauo)

ey

oog 00/ Q09
AVENEREE RN .ﬁ i1
it ] 5
: THEHL =
ﬁ SR R il m -
ke Alaydiad uo paseq 971§ | i -
L fgpnon) uatesnby xoaddy |+ w -
padiawqnsun JPRNG _ - = i
NERNEEEN 19ju| Sunoatoid _ 2 = ¥
L eco0=u ae1d ng uow dWo ! a
1] NEN RN I =
- Hinksaniis sl b =
I - i —
3 R m
i i L -
1. - () .
L RS RES o [
- - = it
- 4 4
- Y]
- o
-]} — —
ERNaY =
E J -
. ; m
N i m
- - o
- - 3
¥ u . a
] T b
3 - - —
+ LA A =
L N RN m
- w
- o
=
- T
ol PR ] =
T T T RN +
: . N
- FRnuRRauNdh +
- - -i- m
[ FE T =]
-~ L . vl
| En 5 o]
- | [
‘ —
S [
- . m
N NENESS | -
3
: i A n ] O
, o il =
2 L E £ —
. L 0
i i REREER RIS a3
| 1] b I —
- ¢ = FARYER
- M RN ER
- Tl 11 .._.__”__ RE ARARTAy SV
paisnaiia = \

i

1334 NI 10¥INQD 1T1LA0 404 TS+MH 40 SINTVA PUB 1334 NI “0H.LNOD L3Nt HOZ MH 40 S3NTva

Lilyz

Hpz /

yo+y adid [eloly pe1ebnao) 18 X 64 12 3HNDIL

ad\d 91040u09 |ea3d{||3 BIUOZIICH YOU|- 16 X 85 | JHNDI

HYTINOHIO HONI-¢L



syjBuse| y1ea|n2 eypIpeWIBIL o) c._u_o%ﬁ:_

AaN0J3S ¥3ad 1334 218N NI D 3DUVHISIA LHIATND
008 00L 009 ooy o0oe 00g

fisyduad uo paseg azig SR EREREEE

1B|NDJIY) Juajeninby xoiddy _ .
paBrawgnsun eng 1l

| Sugaslong i |

STt eeoo=u meid 'ns yoy dWO

1334 NI JOYLNOD L31LNO 04 T§+MH JO S3MTYA PUB L334 NI TOMLNGD 13INI 404 MH 40 SINTYA

008

UNOD3IS d3d 1334 21910 NI B IDUYHISIA LHIAIND

009 00% 00y 00¢€ 00

R

Boly \I0 paseq oziS ST N

BN yalesnbd xouddy NSRS . +1

padiswgnsun yeng 11§ W il
e funoeford 1 T LW HEsy

A,

210'0=U adid 91913U00

+HpT

THH 9t

81

Hitoz

-ze

1334 NI 108INOD 137100 HO4 1S +MH 40 S3NTVA PUE 1334 NI TOHLNOD LI INI 404 MH 40 S3NTVA

Wy

yoly adid |ejlo|y paiebniiod £g X €9 :p IUNDIL

adid a1a10u02 |eopd||(3 |eIU0ZIIOH YOU|-86 X EF '€ JHNDIL

HYINOHID HONI-BL

18



syjbue] piaa|ns synipawiaiuy Joj a4pjodiaju|

GNOJAS H3d 1334 21800 NI B IDUVHISIO LY3AIND

008

00t

GNQJ3S H3d 1334 DG NI D FOHYHISIA LHIATND
005

009

00}

0001

006 008

004

R AL
: LR S H -
A A 0 BEEuN LS
E REma i mndBul .
- Kraydiiag uo paseg azig RS eany U0 paseq 9215 knAARSE
- 35 iginand usleanb xoaddy |1 IS [ Flpda -l aenang wsieanbd xoiddy S
L paBrawgnsup yepnQ |- ] : 1 pafiaurgasuq 19[nQ [
n 19u Jupsloud [ VT Fi-lis b ]g- 19ju| Bunjaslosg Pl .\“\\
1 ee00 = U Bleid NS UMY JWD | T L b Z10'0=Uu add aj@iauo) grar. \\
NEANEANEAR AN NN B . A P IES TE \\\\1
A SElR EE AT RN AR RN R I EEEEEREANN : - A A
N . dry:
Fri R 1 L T e %\m“
1 ‘ i s L bt ey 14 \
i TG H A
ot T T LR G e s VRS HEN Ry R . \“ .
15 -+ - BEREN uuu\uv“ \
i | R A Py
REERRENRRYEY i AR A ALY
- - - SAAGAEND i
EREREANAE U SRANNAN R EN RN RN RN S ..-KRJ\ ’
e H A A iy 6y
) NN / Fa
|- AEEE - “l-14- A4 FEFS

1333 NI T04LNOD L131LN0 ¥0d T°§+MH J0 SINTIVA PUe L334 NI J0HINOD LIINI ¥03 MH 20 S2NTVA

ENNRERR RN B I ,%uf :
ERkRRunial NN I AL nmne.‘ paf ’
At T - AL R
ExRabE \‘\w‘\l‘mmnﬁw il -+
AR A DRSS ]
EEREEERES AP v IS | i
T REpdun /RwARTarn :
RARR Ak ErdRpanray s / : ‘_: ‘
: LAl A Ay SEEEATEEARELL A"
e e e e o sigealRAE 1 i
MERAR AR : LA S AT b b e . :
R A \\ - b e i T L 11
AR paRy A P Ay R AR RER aRiEsR [ERHER T
Ak dpéavias \.Ni it L R P e i
i AN - A LA AL A1 A ne i |- A O O 1 T O O O -
F LR ipendrd ok | (et eAEREEyns Rkainpnag in INRESER
i LT Ry a 1 i ] K i HERNE | N -
I - . - e
= A7 A7 1 3 A e -
AL A LY : L H
LAY e e L i s e . :
m.*...\J__m. - i - - -

9¢

1334 NI TOHINOD 1ITLNG ¥04 1%+ MH 40 SINTYAPUR 1334 NI T0YLNOD LATINE 04 MH 40 S3NTVA

youy adid |eje palebniion youl-G6 X 29 9 IHNOIL

adig 8)210u09 [eand||(3 |BIUCZIIOH YOU|-90 L X 89 :§ THNDIS

HVINOHID HONI-v8




sy4Bus| HeA|NI 8ip|pawiaju] Joy ayn|odisju|

ANOD3S ¥3d 1334 2(8ND NI B ADYYHISIA LAIATND
004

0011 Q001

ANOD3S H3d 1324 21gND NI B ADYYHISIA LHIAIND

o
(=]
<t

0011 0001 006 008 004 009 00§

0.

iy

[

oz

i T H 5 4 EAREREESE L1 + A RN A ]
: | o EEnk RN T e s [ T SRR~ .\\mu\\
: T SETRELE < - , ,:.J.«WW\\\““““W«\“QNN -
1 i 1 i 11 - i \\wH| " ] V T V1 1. |l||||IA \\\“ \\1 \\\\\\\\ V
NN T Mg Enn : = o I A A e =
L SRR RS ™ mEE RERN RS S Al P grallssiii e .\«.\T;OH 5
HHA Laydiiag uo paseg aa1s | A Hs A+ i nO.a - vaiy uo paseq 325 | 1111 | | He iz i v v (0]
se[nang djeainba waaddy LTS LER L = HH seinong yusjeanby xorddy |- \\‘\‘\\m\‘\wx““\-\. 11 2
padisugnsuq 1IN0 - RS = - pofiawgnsun 18Ng 11 \\\-\.\ \m\\\A‘ « . o
NEEE. yajuj Bungoaload = - 19)u] dunoaforg \\N\w “\\\‘“\\““\ \\\\mN A3 =
A3 €200 = u aieid NS UDIY WD T 3 L Z10r0 =4 adig 8j910u0 2 A Von YA LT oy =
. EN ) RN NEEEENNENN L LA A4 L1 % 4 . AEES B
AT T - ¥ T 1 g8 i Shany i
EENRERERRRAREEaN Exd Ry § = 7 ] Z
- 2 di-f-1-4-1- B — m \_ .w —J-_
............. A e reek M B =
N RN ] EE RN N O Y HrT 8
T R e L e e =4 S
LD EREEN A n Iu.m -V i
T P e P R A 3 d¥ ) =
-] SR i N _l 4 i -~
S s End SN = : . i =
FEEER=E ] ERRRESY RN ul ERRREEF 13 HIO . 1ot -
- - EEREN it : m G LAY A AT : m
SRR : i m ..m\nywm».Nm. .\.\.N} m
b AN T T RN o ALY IA T apdydinri ! >
A .. 5 AT ! |-t LNN\ o — S
T ERRARS SEARbAR canbny nmnn's a PR ARRrans /AN ArapavdranNr AN’ ralEanRasn ek nannn SRR a
< Y 8l <
ST ST A = aREF A A £ LA EL T L } BN =
i Tk M ‘ ST A A e T s b b b e f e 5
e 2 T I T o RV D . 1 | "
na i eah suisaninpuakiy o ANNTA. A - Plhreipas o
R 1 ERRNE NN RN N Bl N . N E i -
SRR aERERRREEmE T ARARNARRamAREEREHRE x i - . oz
o " HERRE RN y = AT TEOT 1L 3
T e e A CATTASE A ] L ixi el 1 A
A | e ] .N%r.\w £ m.mw.ﬂ e REENY -
Eyman e Al RARRuAEyaRRr an a N AT R b R T HEL -
- H T T ) . A - 1zz 2
: T AT o : - : .
e e T AT c gays e NRENEN - =
HEN " ERREEN i 3 ind ERRRE N B ’ . i . 5
e A T R e - bt e e ~
TR R e = waRy nuARY L E 9
o
S 8
= b=
P =]
% )
S o
= z
r m
o i

gz

gy

AL NESEN 111 ;
Vi - 1= LRI = ri=i =

3¢

yory adid [elow pajebniio) yauj-gol X 1L 18 IHNOIL

HVYINDHID HONI-06

19



syjbue| p1aA|ND 8yp|pawsRiLl SO} sinjodiaju)

AN0DAS ¥3d 1334 219n3 NI B 29HVHISIQ LHIAIND

ANODIS ¥3d L334 219N NI B 3DHVYHISIA LHIATND

00ct 0011 0001 006 008 004 009

0021 0011 000T 006 008 004 009 005

T LR e e e s 1 R R : 2
—t- - 0 O O OO0 - O O N O a1t _| [ i - .
T o EnpuaniER SRR c - - A
REN m H
RNRARK Gaydiag Uo paseg azIg v ENERnt Baly uo paseg 3715 SARENNED
L 2 aenog jusieaindg xouddy |- L= LEEre]  Jemoa uaeainby xouddy ). T
EENENRNS paBiswgnsupy 1I9PNO |- T . PaEipWIANSUN AR o | ¢ -wnm“\ “
ARRENE 1) Bugoelorg | = 1T R Aupeslol 4% gls \\_\
- £E0°0 =Y 9jEld NS UMY dWD | 3 - c100—4 odid Aiau0 508 4
- SNERNNEREEREEREEANN I ERNS RN = S P vdPaih 58
RANAER N RN RNAR NN i - o pp L s T Y A 1
B A e AR = ERSEaRENE) SN AL A 4
LR T e~ ERARSANE ANREARRSRAN N NA " e g A 14
el | m I SEENp ans g 2 g7 4 s /
iS5 - : - -| — il s B e _\\\\ AW : \
L LR i o neRiaak] ARERD r A0
i i O m —}5-1-[ 1] g pprd |\ L A i -
REEsmuab SHH = S L A T A y A
HEERNE AW : a L L D A g
AR ERA RN B ANk NEN — REER ‘JN\‘:‘\‘\ ..\ \“\W‘f\‘fi 3% -
R - E L i I = EER NS \\‘NN B% {\.%\.N\._ A .
ARETANN ) JOZLH T 7
" - NE NN 3 -
g 1t RN - | L L A ARy AR
o T HEAN M \mmm\x M LA y:
3 i1 JERRRNS ] T s I AT
e ™ Epagny ) e: 4y A -
EEE RN I N N 3 b L NS Apun ) ny
HREN ma N R 2 L L et LY
AmRRN P b -
ARENRAEERAREEAN AN i — 4 -
] - L TR R c - :
- | M m -
: : »
N |5 ] () .
L]l sl -
[ . H r
aRRESARRRERRANN] = i
: S 4 - P
1 i i = ¥ - -
.......... S A TR - bk
: S R T e e A 1 3
e e A it SRl
....... el N L m P
TERE : ERNss TS S
1] _ - " B : Y N [
SAn | T m - !
i N ! ey —
H- G
TS 1 LA E o =+ [i-
...... 3 | [ = - -
T T A 3 AT T :
MENRE R agl e Fadiyasky ey runnmninen Jidr .
pEA R m AT e ]
S | m 4} A L e i
" — L X I BN
) g . VIS 5 HAEA e T N fRs
i i ,..hml.r.hmm

LA

Hoz

A

91

81

0c

Hze

e

8e

1334 NI I0%LINOD 131100 Y04 TS+ MH 40 SINTIVA PUB 1334 NI TOHINOD 13IN| HO4 MH 30 S2N7IYA

yoJy adid |B18W pe1eBNIo) Youl-ZLL X §2 (0L IHNDIA

adid a}a40u0) |eandy||T |2IU0ZIHOH You)-{2] X 22 :6 AHNYIH

HVINIJHIO HONI-96

19



0081

0091

sy4Bus| tiea|nd emipowssiul o} eypjodiaju|

ANO0J3S ¥3d 1334 219ND NI B IDYVHISIA LYIATND ONOD3S H3d L334 JHEND NI O IDUYHISIO LHAAIND

00v1 00zt ooot 008 009 0081 0091 00wt 00ct 0001

B H A i < -
‘ £ TR e h g
= - AR m i ikt m
m TLi w
Kianyd w I EEREREN EEERY N 01
duad uo paseg 3zi§ - s s B3y U0 paseq 9215 ] ..)W\ Sy o
L seinong useanba wpuddy SESRERERAN] 2 seinong welemnb voddy [ A T4 ! il
padiawqnsun yopn0 i1 U x pafialugnsun PNNg [ - \“\ x
13ju| Buppoefoad |5 144 = L 1oqu) Bugaaloag [ 11 ‘\\_\\.\\\“\\ A4l M
£E0O=U Aeld NS YUy JWD H-Hi L) a Z210'0 = u adid 91840U09 SR 24 \.k\ i . m
I " S| [HH L L T e W\ . =
i J 0 A O O =2 I e W N BERERRN N A4, 74 A N 3 _N.
..... SNN | — N -t RyRpA’ \\\ f N h
N NEE N aukan T l\\m\\“.“m \‘\\‘\h i 3
o 1 (o) H B A Y4 i Af . 8
o HH A 12
- b dg - [ =z F i i 1/ \\\. -t o]
m :::::: = .I.-ul..-Hulqu\_.‘-\\‘\,. \- . I 3 -
AREESRAN N xH.. N - ERINE = . NN _\Nu\ w_\”.;... 11 Thrpat =
T T o | R HHIDENASAT] FETREE R
shicdaea e agheadnanplcayReaa et A L B iHih 8
. B0 O -1 ATA 3 [+]
E ERES - \ / - 4
wENN 2 - ExkunnnnnErAnE _\r\w‘ 1 i | a
AL R o 4 Sty : il s
- Z mnm AN W AFRr anariva’, T i F
BN R o e = SRS A o - H [
-| - I FSEES ..xl Iy BESRE = : [}
N NEEN EEERNN RN AN - Wy RET Ay ard aryeniidd 5 S - w
RAmRA s uEdnuddRnaan o T Rarer Shs ris SRRk : 1=
st T = -+ bi50s : T - HorHoe X
x A y
R e R e SR TR T = ) AT SR . =
- oL R - - na A4 L NN i
HHRHE SO 2 (e el ST i e
SNl NN MNP ETIeE S Eah \Tm w 3 LA As ARV i M
a A AN u B AT 1 o
1 e e - o i s iyindnar ieiny Byl eenie; : 2
[ hn 7] 3 N - & [l / AW AN VR AT Wl N 1 RN
e s 5 Bl i lerehaaininidhaaq G i =
/ I - B w_m 1.7 fi | m
N % m |- N B ERARAN - - - 3 A l
A 2| — AT AT rarsigiciiRe=slpEnage o
Z O - WAL ENRAN NN ’ Hibe 8
SANEE RandRiE FEfHAL + S / A LT - z
AMEY RN AREN inma as = il syphiEns ] =
DU 0 I O REET/REYS a e w ! i LY/ .-‘ e » .\Hu.uuw B I REA %
3 - 1 1 AN ja - N . X RIRERE i N -
T e the = A . riez 2
1 —+1- i l-i-L g R ; I\ mn 4 - i I | l\‘ —I_l-
A R NRRNY AN m yaurps . : i n
N - - NES ‘ 1 B - i =n e . i —
Nijanyanr - i S =8¢

youy adid 1e}9iN peiebniio ydul-ZLL X 62 :21 3HNDIA

adid a1810u09 |BodI||3 IBIUOZMOH YOUI-BZL X Z8 (L1 JHNDI

HYINJUID HONI-C0L

19



m_._.-mzo_ HaA|ND @jolpawigiul 404 0—.5—0&._0.—-._—

aN0OAS ¥3d 1334 01919 NI D ADYVHISIA LHIAIND aN093S H3d 1334 218ND NI B IDYVHISIA LYIAIND
0081 0091

00¥1 0021 00t

Q01 002t 0001 008 0081 0091 0001

nmadis Febe A RuANEs it i EETiNY Eail r | I 8
CL NEWEREER U R T R ¥ T PR TR 11”9
- A fisydpag uo paseq a2iS |- - S L L B3N U0 Paseq 8zg g4
i Jejnong Jaeainby xorddy |- -5 F A )L 1| reinang usjeainb3 xoiddy i ]
HA padawugnsun PINQ H i A4 paBItIQASL) 191IN0 1L “w ]
-+ 1wl Bupafold |-H-D Y e L . -H (u) Buposford -t A7 sARESRRSE N
S eporo =y sierd 0 uay dWO |3 k| e & 210:0 =4 Bdig ANUNGY 1+ L1 \“ EREELIARILTR
SERARER NN R RANA N NN R RN ) ARpRES NN D O A R L SERARE BRNNRY g i) - 3
Rnippusdgurahhs s pun Rk sgini -\ e e e R “‘ A/ v\‘\\ y i B
i i - NEE I R N PR i 3 L 1 A g oy AN RN g bl S |- S e A, 4 | B
. A B e e e s e R ERNRE AN R R THrE 74 k
L T it A A SaREAnan AR RRR R ‘..‘\.\.‘“‘\\ x\_ 1ot
NN ENNENERERN AN NRNRRERY §7F §F (77 ,. ANEN
T A A .\.\\ w.\\\ :
i el T Q\ YA AN E
] M= .|u. B N Y A .\%\\\ M K |u- _ N - X
C i AEEN ¥ . y A \ »\ 5 ||.|®.H
T puv i AREnR d NG M»:h\u\_‘\.. ] k3
Erdnnaniinn ¥ ALA LA el AL 1L L ¥ dEy
MEndn X ’ / .x\m xt.\; e A e S
X : ‘N AR L e A

N
L
)
|
L
)
b,
=
T
]
T
i

Ha1

FH R REsgRaElNEN - :Wu mJ \‘\N@.\u.w W w P - 1RGN

: RARRaan RNRRRRRRanyAnsAD4nNy Lol ds AU A R e o e e e e T

- ARHERud 1 A \lmw i { wu.i. Vs \; L A e T e

RN AR 1 F 1] | \ ¥ \llv - - . -t\ vd’ | £ * | 0 ; - ON
EAEEAS padsasRRRERRERy SRy APAREPARRARF <)< RHANA \ o HH AT ‘_-mm\. QOO AN s LR 1t

EERR FRNENES EEgmpARNn EEN Y AWy =i .\m AT ar AL A T | R : g T

2R S/ L SO 1 VA LisHRNRRS TR T
i BAREERR AR Y \ mmmmﬂm Nl 11 Wy *w

T e I
H.w‘ RRAERS 1 N f \.\. N Par A iy .I.u_ull,HnNm\H\.mM.‘mMMu.|.HH‘.|.H| R wwlm LG .Hmmu .‘.:. .‘..‘.‘ vz
| RERURURRENEY W.‘\* .Hm_‘xﬁ.ﬂw.m B w.\.NW_. ikvaVisapiies TH B R e R
ST e R e e e R R R R a¥apss A AR R R L
A .-“\“N.@Lﬂ AR LA _ RAkns mm_ AT ARP AR \.m.‘ A HEH e R e e T
T T \ ..._\. \ FFH AT M\“\ wm\‘\,_\ o H T TR T THH e

(334 NI TOHLNOD 131100 H03 TS+MH 40 SINTYA PUB 1333 NI TOMLNOD LIINI HOd MH 40 83NTvA

1334 NI TOYLNOD 131LN0 ¥04 T +MH 40 SINTVA PUB L334 NI TOYINOD L3N 404 MH 40 S3NTVA

1 ! - -1 - ‘w\m-N \I -1 | - B SR BN R S A BEERS wN

Yoty adid |ejow pelebniiod ydu|-gzi X £8 ¥ IHNOI ad|d 91240u0 (eoNdilI [BWOZUOH YOul-9€ L X L8 €} FHNDI

HYTINOHID HONI-80}

i)




syibue| jieA|no sipipawaeul Jof eip|odisiu]

+z2

19z

itdgz

101

A

81

1102

124

1334 Ni TOHLNOD 131LN0 ¥0d 1% +MH 40 SINTVA PuE 1334 NI TOYLINGS LI TINI 4O MK 40 SANTVA

aNOD3S ¥3d 1334 J14NJ NI B JOUYHISIA LAIAIND GNOD3S ¥3d 1334 219N N1 D IDUYHISIT LYIAIND
0002 b08I 0091 00FT 0021 0001 008 009 0002 0081 0091 00P1 002t 0001 Q08 009
- H- b HHFTERIEI T JREARER N 1o AR S ;
Lk 1 i b + < M EREn A anE kS MR
R £ | L 1 L L s 77
PP ) Lt m 1T EEaggnaRRREagiey” -~ \\\\H
- £1ayduad uo paseg azIg AEEaNENEl O ERiy Lo paseg 9nIg |- H A H I aam il L -
] T enang juateanby xouddy 45T SINNE T T semong usjennby xorddy [ AR ¥ ““&\\\“m\.\m\‘\_ -t
AN AN padiawqnsun o0 {34 ) - EENNR M W . paBrawgnsun 1eng  HH (5| L 7% A
Rusan 1aju) Bupelend T FRAER N HND y - yejup unoeford  HH- - n A
- EE0'0=U 3jeld 1S Y dWD [HH EHHER S| & 210’0 =, ad|g Fjaiouny T s
BRI - = | g e e
A = ‘ a1
rrrrrr r -]-] o - \ - 1
RERREE : m e RERRARRRR AN BN s unnzis 207 % jals Ediiss
o A A 1 - I ] i N\\\‘\\w_.\. e :
RERdEAL NS S | HHoH Setaatiiie 4 Araiis SELILSE
S R e 3| P i Az T
i) - o \N LA LAY, RERR RN
............ e S e e A S A A A A
- - T Srder/ 4 y. N AN EEREAL
T = RAE H A A A A |
i m W JOHINOSAIING A A A T EXaRhAN R 91
in AL o + L A A A A P REEAREuAY
1 BRAEER o Tl \\ e Eanu
a ihe /v i i EEl
I} < L Ld y 1 3
= way a AR -
o e c mARERE RN R wri ey AV e A e
Reapanskusedndrasan O | HE S !\«w\.m_ 1 T4 Ik
THHE 2 | HE VA, i
xin “ HH i en” cf m 4 SRS
£ = / _\r@ o i
A + ] & SR
AN R R e seae A AN eI NNEHE & LA :
o o . A AL LA {Anun - .
REEE o A A SR R Th554s
Y AN 4 =3 .
- . o - 74 A A A S SERE=] A
R T {RLY Ar R 7 Nps - i1k il
= AL ‘Q\_. gulard L LT ]
NiEEd ThE T il 0 in A ko e b b i
z Q i anr - Hiyl aliunREEn + i
B g | R T e e e
o R s e LR ) A b o A-HE L - sidiiuNnaviun s
EEn o AT NEEE din -
- - - - LTI Ny EERNN — SRENS X
a5 - " & A \.nx‘\}: s
+ oz 2 1 LA ADA e
BRRSEREINA IR RSN i irafant .M\‘\wﬂ.‘.m”;\u‘ bl b
m N SRR ERN E - b
- NERERNE — Ay T e AER RS 1SN N
EE= I : Sl lasat g
-y - Ix _ | 1. i - -1
..... wN | 7ARFi ¥i ri 1
Yoy adid 1e1a i paiebnuio) g1 X 28 191 JHADIA adid @1a10u0 [eand|3 |RIUOZHOH YIUj-S| X 26 151 JHNDIA

HYTINOHID HONI-ti L

16



s

syibua| JeAjna oyp|powisiul oy gu_oa._mﬁ:_

aNOD3S ¥3ad 1334 2HEND NI B ITUYHISIA LYIATND ANO23S 43d 1334 31802 NI B IDYYHISIA LHIATIND
00ec 000< 0081 0091 oovl 00et 0001 oowﬁ 00ce 000¢ . o.owH oof ]
TR TR R T A e L T oy SRy
NERENE RSNy < 5 - . <
FA e 1T m B T o m
P ——— pigE me_q:oumwmm azig M
N - Aigyd aseq 92} L |
EENRNENE hm__._u._w”n_u ﬂ._wn__m_“w:ﬂu .xmoaﬁ_w i m HilE Jgnong Juajean by -xoiddy n
HIERRE "pafiagnsir 13RN0 M b padiaugnsun Jaing m
191U Bunoafond | a 51 o Bundaford -
| et s ¢ |l i sbies. 3
EAEuEAuRRRAARARNRARRERRERANE = =
..... N |3 an — -
....... g g
N . N —.1-| N O O
[ : B 38 a8
RSN N =z z
NE = =
REgN =3 o
EENNES I 21 AL 2
i ERENEN = =
R = | T =
AERN z =
RSN NN m ]
ERERAN RERNRAN H H
ST ik - © -
T4z u 9 B
EEunprnEsd RN 1 an = [=%
. -} 44 N ”M um
= - ] fien E
[ c
_ m m
il 7] ;)
Raanauniy N o o
Eeniiaids = @ =
e e T
| - _: M M
FH 1EC n =
“““““““ _ﬁ ﬂ
I - .
HH T S vz %
AN A N . : o e
Fid-ci Fi N c <
ERAp Fl HE S E = =
3 - I jo o — —
- k ! m
- FRNREEREsEREaEA® 8 92 g
-] " L — prd e
—t 3
Huy . | RANE o =
R LTl ¥ o o
] | — . —
H17 L = -182 =
1 i i H -n
- ik m m
i T g m
TR i e
yosy adid [ejay pajebniio) youl-zy X 16 81 IHNDIL adig a1es0u0) |eandijid [EWO0ZIOH YIUI-1GE X 26 L1 JHNDI

HYINOHIO HONI-0ZL

10



aNO0J3S ¥3d 1334 318N2 NI D ABUVHISIA LEINTND
00ve 00ce 000¢

0081 0091 00F1 00ct

syfue| pPeA|nd wypipauiaju) Joj Jjnjodieju]

oove 00é¢e

000¢

. 00

00v1

ANOJ3S ¥3d 1334 21EN3 NI B 3DYYHISIA LHININD

0081

91
T

0021

¥l

a1

81

0c

9g

BERNRENNNEEREEN ERE3EED T TiE I
: LR e 5 | gy P )
...... S i — - - p =
- HEE RN - m . R N 11 _E - 7
o b B R A w Euapmanyl et
-~ i fsyduay uo paseq azlg I EREARE AR TR R s @] - ealy U0 paseg az215 111 ;
AR senang usieninby wouddy pi-H 4R E] M T{4 ] aenon) uajeanby xouddy ||
i uom.mEnsm::E_y:o ] TS = EREAR SRR paBratuqnsuyy 12|30 i
mydnukih Joqu) Bunosfosd piv by e R o JuRnNAE wu| dunaslolg |1
EEQO=U uleld NS Y1y dIND - ARERE S 21070 =u adig ajaiouay
J G A N - -] i Goid il 1) B BER T
— 45h B
o N S C B
A T e e s e Eapi ik SR _| . iy
RAERNNNE BN [} - 4. ...|.\\\\j .
o RAARRR AR A Tyl - £ TR A
il Ril 2 ARRENRS RN ERRARNRSRE By .\.»“N\v‘“\\..
A I 99
A A
REaRT T s O A
15 =2 ¥ \\“\\
— I VA Y p
A /
RRARSRARRRE AN RS z .‘\N\‘“mw\.\\_ g
N T m \v m Br Ay
A€ I 4 m yATAA,
— A L
ENE EEENNE 8 A iy
SHEAR & L AT
..... — 4
...... c -
HEN SN m . in
ENEN 2 8
MR NN AN o "
—i- = -
x - o
S = oL
NERNE + NAEASNNRNENE
.............. ﬂ .\“\ \w\ .w‘w.\.‘ & G4 1 i i} - - |
Wi sl e
.............. il 1-14-1-1-7 1 K - - .VN
REBEAR o P b D A e Fpbbigilit
0 0 R O A O N O m LA 14 PaRPEar N . . _
m A LA AV B e R G R
-+ § 9 A A uNERERAN il
AL 2 AL LA A WRsRE AN SN AN !
2| WA T e s THF
1 - R RR AT s ARtk i il :
1T = 7 ~\ ; g Y R il RERAES
RN n 1 mN n z b _ 3 m SREE wN
1 i NES ] R
: mn S S TEE - H
N N 9 — RAERNE ] M
whs AT n.,..w NANEARANaNARSIRSERNEA i
Hoe : ﬁ L _

og

[

1334 NI TOHLINOD 13TLNO 04 1°¢+MH 0 SINTYA PUB 1333 NI TORLNOD 137NI 404 MH 20 SINRIVA

yoay adid |elew perebniion Yyouj-pG X

001 :02 3UNOI4

adid 91940u09 [eandI|13 [eIUOZHOH YDU[-991 X 901 61 THNDIS

HVYINOHID HONI-e£l

11

o

g



.

syiBue| paa|na sjoipawiaiuy Joj ap|odisiul

ANO23S 434 1334 218n3 NI 8 39YYHISIA LYAAIND ANODIS ¥3d 1334 218N NI B IDHYHISIA LY3ATND
0092 00F 002z 0002 0081 0091 [v]0] A OONNMH oove 0022 000z 00RT 00T 0¥l oonwH
, | T TN
- 3 i H_AV B ERERRERNE NN 1. “\\N\\\\“ ; \“““\__\ =
‘ B i : | Wt Lt | b
| -3 - c . i B T N U0 O I N O . 2 ! \\\\““N\\ \\ _ —
] RRNSRERN TL ; m AR nn il JEE L ez hetyiar it itk c
B fi3ijdiiag uo paseg azIg w valy 10 POsEq 921G || FEREE \“u\\\“\\\\,\ L5 ; e 8
C3lEET 1enonD usjeanb3 xorddy |- = senong juseanba xorddy |3 LSS 4o5rzabaky \n\“\\ i o)
: [ paRIBLIgRSUN 1IN0 | x padiswaqnsug 1RINO |- Ll A ML S -
: 1 yeu] Burjoafong | = 18U Bunoslold § 0 \hnuuun“n“ \»mum\.\\“y\ il . M
- Tleg00o=u aeid 1S Y21y dWD ¢ 3 Z10°0=u adig 8)a.0u0) u‘mwm“W\“\a““\. L \“\ - | g1 X
il B H.m n\\ \I\ o B N H T STt \\\\\\v\n\-l\m\V\\\.\.v\\ \\\‘\\\ 195 MRS EEENEEY R w
Ik Hith et = AR A W Nl
NNEERES ARARNE N m 1T A A 1 =z
it | T mwuxw“\\m‘\\mw‘\.\\.... A1 ] REE i m
| L g X “\\.u__\\\\\\\ A ,\\\..N_\.. ERN X gt M
ARy B RE RS 11 = n 3 4 \.w._.m Al 2R P4 It - ST =]
BRgsn ui =] E RO 4G Enral i S e - =
EEN - |- X RRV4le SV dyY dJ:ERRAR NS ENRRNNEESNE =
- N = O rdEh F ANV 41 R B = X
. F e - Al 7 - ©
i3 a iyt = el PRI AVARLER RN RSN RN RN RN i —
s ; = AP LA 1 =
b 0z =
REEREEES - : T u e RZAr ARr Sy A RNERNRNERERN SNN R XN
49 SENEENANEEEEEESNNAN m 7 LA~ b G ] . M
] HERRR FEARS M 14,4 } " Fjf el AN .- m
ATy R R AT S = “ry e EERNEAN HuwnuRRaARERN RS ] M
- RETRES - o A1 N SONENE i - |
el nnynnl 3 ¥ " NNERS T [
e Tl ARy nEninanaNuks o dh gl / A L L e e s e e a
+ oo e 5 A - - A 28 <
: . EE A [ " . Ak Y 1L B
1 REEREERRRNn gV c 5y RERERRSB RN RN paaad RNk RRREEN R —
RIS RAEN T AR P AL i TE ERNARY ’ N <
. | O L mo N w il ERas HT 1 : » _.o".._u
E RERRRNA N RN B 3 xw ,‘ o w\\ ARENANERSE NS RN ANED ...w‘.ux |... : ‘ o
i BN -] - N — i1 H l\ 1. 1 3 . - i - - =41 -E]§ 51 —k-§-q -3 - e piag-l #N =
wanukwks AT m aBn s sxlfns LRl § A it 3
i SENRNEEEEE RN i i MF AR yAnnn - - - +
£ oA PR e TR O] & ¢
I S s et SO RRABEEREaul RARRRREEEE -
- ] . - - 19¢. ©
H- o - i ARENE R O U a
= RERNRRANNNARD EERWARE nupEn T Q
— B L ) i ¥ L] RENNN 4T c
- - HRal 3 ’ Tl =
{F T R L LR ., &
it Q| FHi s EdxaniRaii x . : 8z o
N =z T RERNN - Lt - y et o]
- NN -l AT n i 4l A BN NE RN NN EAN =
X - H- =
. a : TH =
= g 0E =
i -n i = 7 i 1] =z
7 Hill THE T -
- - SRERAN HEERRRN RN m
s EERBERN] “ FAREEEANN L
RS : S 45
yoay adiq |ejo pajebnuiod yaul-12| X L0} (22 AUNDIS adid @1240u0) jeondi3 1BIUOZOH YOU|-081 X 911 1 IHNOI

HVYINDHID HONI-PPL

Technical data given herein are considered reliable, but no guarantee is made or Yiabiltty assumed.

PRINTED IN U.S.A.

12

1e

May 1987



