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oxIDGE SURVEY FRACTICE

244 %

Present dajy hizhvaey traffic is tnceasinz in its demand for more
and better roads and vriages musable with safeuy and comfort at all
seasons and in all weathers. It is not sufficient that good weather
demands are satisfied. Bus 2nd trucking schedules and through traffic
of every kind depend on constantly usable roads and oridges.

The extent to which a2 completed bridge will meet tine reguirements
of strength, heizht, width of roadway, and waterway adegquacy will de-
pend on the amount and accuracy of the information obtained in the
preliminary survey.

It is the intention in this paper to outline for general use
thhe information that should be obtained in a survey for a proposed
bridge in order that it may be designed with a full knowledge of the
conditions it must meet satisfactorily in service.

The lKanuals herein are written for conditions that exist in the
kississippi Basin and particularly the Horth Central States but will
find general application with minor changes.

The manual for a major bridge survey is built up for a design
and construction practice as follows. A survey party of three men
makes a complete survey, subititted in the ordinary transit note field
ook, on a proposed center line roughly designated by the desponsible
EIngineer. The field book goes to the drafting room and a layout sheet
is drawn whose essential features are a detailed contour and topo-
grsphical map and a profile. With the field book and layout sheet be-
fore him, the Resvonsible Engineer makes the final detailed recommen-
detions reguiring study plans from the drafting room for economic and
other comparisons if necessary. From the final recommendations the
detailed plans are drawn and field checked, the contract for construc-
tion is let, and worl proceeds.

Tlie minor survey WManual is applicable to a two man party, small
structures end orzanizations where the cost of the preliminary survey
mitst be zent to the minimuwna. ‘e nesponsikle u"'neen will talke the
plotted profile and the field bool: into tae field snd af'ter a thorousgh
inspection of the site write his detailed recommendations.

The major survey manuzl best covers surveys for those streams
regairing from twenty feet of span up to tie szaller pavigzable streams.

It is not the intenkion in this paper to give any disecwssion of
the principles of bridse location, 1t being assumed tiiat the location
is fixed or that a decision will be made as to the line to be used
from comparisons worked iip from the several surveys. It is also as-
suned thet if a road survey is beipmg made, it is by a separate party.

Following the survey manuals will be giwven a -short discussiorn of
field practice not covered in the body of the manual and completing
the Barer, 2ome characteristics of stream and flogd flow tihat ame to

be noted as affecting bBrid-e survays and designs.
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1. PURPRSE ©@F SURVEZ., The pu¥posc of tne survey procedure out-
lined below is to obtain the bare essentials necessary far the prqrer
design a2nd constiruction of a bIidge When thz funcds available fo¥ sar-

&

vey a¥e limited and tiie resulting structure i

acecounl Work, on a lump. .sul bagitlelrsEtic juzitities of the various
items of the worlkk will Ye deteiained exasctly as construction proceeds.

i its ty e of suryey may alsor Ye used to lessen ther greliminaey
fie¥d worl ghnen 1L a5 intenled to eeinpere the bridse costs on several
proposed lines.

2. flesponsible Ingineer Tas the familisrity
woula be expected of g County Ensineer and
and roadimaps and the informatiomn as ho

essary to make an estimate of the cost of

W?ll HMave awvailable dr
labor and Material costs
the completed structurse.
SAL INSTAUCTIONG REGARDING JAQTES. The Chief of Party
872 iz mind the 1se to be made of tihe notes and saoald

1 [9) lAJ

o S

[ .I..JJ.I
siiould alwqy
use nis Jjudgmentu rachey than follow:the manual blindly. He should al-

ways be sure tnat tre notes, as far az they z0, are complete and under-
standable to anyj competent person.

Thie notes should be kept neatly angd above all legibly and in
natural se ;uence. Space should be left between surveys in the same
field Hool for additional information that may be obtained later.

The striacture designation, date, and tihe names of tiie men taking
the notes 3hall b2 shown on each Lage. e ChieZ of Party shall place

o |

nis name ané addregss on the front -ly leal of every ook used in the
fiveld s

Distances ané¢ elevations that are estimatec si:all Be followed by
the plus 9% minws. sign.

17 £ inTormation sho LBy 1 oo e i G o
Sources of information should be given unless self evident.
ko tenas shoull bHe Tie@ in to the cemter iins and-gdatum Plane
when i1f ils =hegaggar? for clearness.
J. 0 FPOSE O BRTES. The survey BREWl bHe ystpamaged uMomeday lisilong
4. i & == — J .- 5 Pl — - . o
as listed below,; it veirF neeecssary fer the Lidcf.go arrange rBhe .szace
Tire IHedd Pcok so Tliat,each diwigion ik compleot®m ehC B¥litseill
a. Index
D Gensral Information
c. Strezm Data
' d. Transit liotes
@. Levels
: Wwaterwa—s




legt Pi&s

B

n. Testimony of Local Peorle

firen it 1s necessary to depart fRen
may be nesdad and arran"ed as desired.

this form, the divisions

a4 NDEX . | The first ritht-nand paze of the survey notes for a

structure shall De an index made up 28 snown in the type form following.

s 4. Jonngon,.§alef of Party
A. B. HMoore

Survey started Oct. 14, 1927 Bpevey finished OGE. ™15

SIMPSON CRE:=ZK

on Section Line, Sec. 2 & 3, T24NRSW
Clinton County Indiana

Index

General Information
Stream Data

Ete.

5. GENERAL INFORMATION. The
2!

1 lowing
btained to locate the structure 5 'eall attention to
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inTormation should be

an; special

Ze Yoea-

i. &8pecial features glfecting the design OF construction,

such as tile lines, D=_€ lines, interference
structure, ané ovier dreinaze structure

make sketches potn in plen and elevation exr
ing the interfering festures.

e. Heruests and suggestions of local authoritie
ested citizens.

of present
If necessar,
etly locat-

s or Intters=

f. Give 2ny umnusual purpose o the survey, wiat worg nas

been done previously at the site, and refer
kXnown correspomndence O previous fielé deta.

to anjy
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in antic1
aked for
arrangemen

.. DATA. Information regarding stream action is

Drainage Basin.
(L) Area in acres.
(2l Roumtaivouvs] LIS, "Eoil! 19y - ok Timt.

(3) wooded, cutovaer, or open prairie.

important
what is necessary in a structure, and the other data

8 in determininp the Wwaterway} area required and the

2

(4) CGCharacter of soil and extent of cultivation.

Probable drainage projects such as dredging or
that will arffect stream flow and elevations.

Location and extent of scour in the banks and ved of the

stream in the vicinity and apparent reason for

Probability of trouble from ice jams and drift lodgement.
The follgWings information @#s"Fecuired for dredse
groisisimgsi
1) " ATE6ial hame of pHOFECt With case number,
and date Iiledl.
(2], Superintendent of Construction-name and ad e 1

B
o~“euu, D0 CPOSSSEE Geté of crosging

[4)  Conitfactor®'s inledAtsE about eressing t
maintenance or Ieglaceimeht of the prese
{2) " Data' from the Ditcihi Plans ag Tollows.
(a ) h(Bottor: widil
(b) Side slopes.
Le) Slope.
{d) Grade elevation.
(e) Bencn msrk or other datum plane t

(L) datisony off idicteh alt efoisisirms,

in) Station ol rosd at erossing

Pate of cont®dct,




7.  PTHaAHSIT NOTES. In esteblishing the center line, considera-
tion should e given to the 1ibility, of using thne present structure
Guring congtiuctiion, to ‘laLu“tWO to cost and auvantages of reloca-
tion, and K to right efvwa; d“-IlClluleS.

wmfes may or .Jnaj 107 be run in the field, pneferably not, as it
is only necessary to taiks tae tinle to turn the intersection angles,
ma.ze tiiz computations for cdezree ol curve, tangsnt distance, length of
eurve, and external d"stcnce. If these are satisfactory on the ground,
gnow vieml in the transit vooll as recomuended.

It wil! be sufficient to show a sketch of the refewrenced line
with The present structure, road, zng stream dravn roughly in place.
The center line sniould be run using snort pieces of lath at each sta-
tion marked witlhh the station nunber and offset distance in case thejy
must be driven a2t the siaz of Tthe road. The Engineer making the recom-
mendations will use thiese stakes in tracing out the line.

The sketch of the line should snow the following.
Intersection angles.

Control noint stations with references thereto.

Bearing oif' each portion of The line, looking in the direecs
tion in wnich the chraining increaseu.

Approximate location of the prese;t road, bridge, and
stream. Give the stotion and plus at ea ch edﬂe o; water.

e. Hecommended degrees of curve, tangent distance#s, length
of curve, and external.

f. Adjacent property owners.

. LEVZLS. Level notes will be kept in the ususl manner. oross
sections wzll not De talten unless specific instructions are Iiwen. The
notes shoulg!inecluade €ne following.

« DescrimbBion, locetion, anda elevation of bench marks.

b, Profile the lengtm of the line and at le®st Ir *
jater miar'’s onn one side of the flood plalin to nLig: watar
mark on the otner.

c. Accumaie nrofile achos®: tae stream from edge oi wWater
to edze of watar.

d. Blesvztions oa thea pmesent sgructulke or on otier featufes
-'1

Yike iy . topaffect thie idesign,

e. jlaximm and average irizh water elevatlons with date and
sourca ol information. de smure to differentiatzs betieen

head end backwater. ®Blevakion of ths base of waterway
ordingten on the present structure.




f. Water elevation on cstea of survey aznd if thiz is not the
aporoximete low Maisr, ascertaip wikat lON wnter is and
show the elzvation.

@ - Blreviatlons Yol thel top outerops of
OF%

an¥ adiacent roclk

2. W Sn WAYS. As the dzte
arily be made frowm exmerisnce wit
ame sti*eam or thie use oP o wWaitor¥w

I service on the
i [T
p2-~date informmtion D2 octained At exi

DeRNireq span st ordim-

z T L)

;rla, it i: ver; Llnjortang that
’3

N

At trhe vresent striudctire, inTolmmatiofi- as to nigh wWater and water-
gy adecuacy sho:id Do othiﬁcu prefatably from tiree ‘opvgliore, and nod
lasg gtian %05 wedds Ta@e:z-mcd pDeoplen

Show the followin~ for >ach waterway at wnich information is obtained.
9., Hizchway or railroad bridge.

b. Distance upstream or dovmsti-cam from ths proposad site.

9

c. dApproximate greater or less drainage area than at the
proposed site.

d. Thumbnail sketch showing skew of stream and bridge if any.
e. Line diagram.

(1) Clear span.

(2) Ground, present.-water, and hizh water ordinates.

&

1igh wate® or low sugerstructurie if
y i

Vot

e Area bDelow extreme
tAe; lolbserdis el ow

x
" s
N wWater.

g LES Wighy waber 28 ojer. thel apsronches),
imate distance and average deptil.

rive the approx-

o Ay 4= S e = ~ J o 'S >y
terway too large, =de uate, or too small.

il
3
U

Tne Gief of Party -mst use Nis judsment as to the numbief of other
structdres at ¥hich to.obf2in information. It skould rarely e less
than two where thaf numMbe®™ ex st 2nd thre nunioer siowld incresse Wwith
Ehe sizz of the stritchuare. The resuirecment ig sati=ifiedl whren sufficient
information is obtained to determimne waterway which is Heither® too
la¥ice nor £oco small.

m'




10.. TESE PITS. ~IHe. detemmination of subsoil 1s ene of the
most important portions of bridge survey. The exact determination
Will allow the most economical design for .the conditions to be met and
will prevent costly chan~wes when the - -foundations are actually opened
un.

A sufficient nurber cof test pits, borings, or rod soundings should
be pht down .so 2s to determine the condition at trne possible fou“datWA
sites and to closeiy locate the top of any hard material,

An effort s!onld be made to get at least five Teet below the flow
line of the strean.

fihen the stream bed is dry, give the elevation a2t which water
stands in the holes in order that the tops of wood giles, if they are
used, can Dbe olacei bDelow tie water line.

4-

A sketch of each %<est pit should be made showing the information
listed below.

a. Loecation by #tation, plus, aRd diecance out to Flsht or
left.

15)5 Blevrations between which eacin kingd of material was en-
countera

Cx Blevations bDetween which eacn kind of tool was used.
d. Descrintion of each kind oI materizl, size of particles,

and classification of particlss from very soft and loose
to very inzrd -andy £izndypbonded:s

11. "EESTEIN0-: OF LOCAL PECOPLE. Much of %he informnation l1ist-
ed Delow iz mentioned elsewnere in the manual but is swmarized here
for ready reference. MNen living near The stream are to be interviewed
and questioned in regerid to each of the points meniioned. It is ad-

visable to ecall on tne County Bagineer rfox iniormation as to propozed
grainagse projzets, adiscent bench mariis, loczl bridie data and so forth.

aive eacn informant's name, place, and lenzth of residence.
Ihe followin oints are suggested.
4 o
. .‘..-_A Vvl e
- A - = 3 - = 3
(1) Maxinum end dGat:s.
(2) Averaze.
A4 F ~ A - Yy g - A~
(3) Does water go over tThe zrade.
o (W 4 A=erL KL = A= I e T O 4= 4= §
b. Flood conditions at. this and adjacent structures.
A - e o =~ - - iy ~ = 4 3 2 3¢
3« Are this and other structures ade uate. Opinion as to
recuired span for the new structure.




Drainaze basin chnaracter and ares.

LiaRilicyd of trofibillel MzomWics| sxittadri .

A - S A o 5 - - - ~ b " W et 3
Accidents due to narrow roadway or bad alignment.

O
,.
(9
3

Desgirability of relocation and right of way difficuliéies.

Fave*id)l in wells, Zravel diprings or solmdings, and any
other' excavations near.

Location of adjacent tile lines.
Ay past tendency to scour.
Bridze history.
(1)} Date built and by WOk
(2) Poundation condiktions encountered.
1

(3) 1Is there piling under the footings.

= o -

"

das a stracture at tiiis
or endangered by floods,

~—~
>
~-

ite ever been wasned out
ice, or drift.

mate span and ade-wecy of prewiouws structuwres
site.

L
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TASLE OF COWTENTS

Subject
Purpose of gmridge Surveys
jeneral Instructions hegarding Notes
Form of liotes
Index
General Information
Stream Data
fHecommendations
RKeasons for hecormendations
Topography and Transit Hotes
Level liotes
Present Structiire
Waterways
Test Pits
Testimony of Local People

Photos

Special Instructions for #Z. H. Grade Separations

Floor HRemlacamteni® znd Hepairs
Strenzth Surweys and ‘Burveys for Hepairs

Structures over Streams IListec as iavigable
wal* Department

abbreviations

2 - -
gquipment

=
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l. PURPCSE OF BRIDIE BUHVEYS. The principal purpose of a bridge
surveyj 1s to furnish the information which the office uses in the de-
sign and estimate of the cost either of a new structure or of repairs
fto an existing structure. ILxcept for a possible field inspection by
some member of the office force and any correspondence, the office is
entirely dependent on the survey notes for its knowledge of the pres-
ent condition and the ne=ds of tne bridge site. f“he notes are used adir-
ectly to plot the Layout Sheet consisting of a profile and topographic
mar, usually with a contonr interval of one foot. ¥This sheet, together
W|Th recommendations of the field men and others who know the location,
is the basis for determining the design of the structure. The contour
map may also be used for computing quantltles of excavation for the
structure and for cleasring waterway. Local information concerning the
length of haul, the shipping point, and the sources of material is used
in bhe es tlnate of Mie " Bost. 1T approach grading is included with the
structure, cross sections are plotted from the survey notes to deter-
Fiper Tuanvel taels” of T etioand fFills

2. GENBHRAL INSTHUCTIONS HEGARDING NOTES. The Chief of Party
should always have in mind the use to be made of the notes as partially
outlined in Article 1 and ahould use his judgment rataner than follow
blindly the detailed instructions of this manual. He should look at
nis notes from the standpoint of the office to see if they can be plot-
ted in such a way as to give an accurate picture of the conditions.
1t is well “to Pe on ®Ge SAfe side ITh m@Kvm@ notes very =dear ahd 66
give more rather than less data than, K seems mecessary. Vearious men plo%
the notes and they are not always familiar with the methods and practices
of the men taking the motes.

An effort snould be made to keep the notes nesat. Use sufficient
spece to avoid an appearance of overcrowding and leave some space be-
tween surveys for additional data if such should be necessary at some
later date. Cross references to other pages and to otiier books should
be in conspicuious places, usually at the top or the bottom of a page.

The Chief of Pariy shall mlace his name -and temporary address on
the inside of the froant cowver of each book used in the fielid. A struc-
tuge  desisuEENon,, dabe, mud the inioigilsssisithe  went ok ing Stho neitas

shall be shown on each paGEes

Dimensions will be LH ffeet znd tenths except in sketciiez ol the
preseﬂt structure vihmre [set and incnes should. be @sed. Distances or
elewvations which are estimmated shoula be followed b, the plus or minus
- g i.L’l.

In oxder not Ho hold uy the work while o part of the party is tas-
ing. the fleld book, smd t void copying note one or rwre note divi-

7 iF D

S’
sions may be completely aper, stitchrec together,

avoi
len om loose lea
and then gummed into tioe >

12 beok.

Sources of information should be given unless self evident.

All sketc“es shoulc Be %tied in To the suPvey line and for vertical
control either elevations should be used or vertical distances fron
ponte of knowmn elevatior.

Books containing noites, if transmitted by Tmail, shomnla Be Fegistered.




5. PFORM OF HOTES. 1r'or the average structure,
recorded in divisions as-outlined im Artiecles 4

Oed imaridays Dilv i sions a,

the photos placed last. The othsr divisions can Dbe
order.
a. Index
b. Genersgal Information i
c. Stream Dats
d. nRrecommendcdations
e. heasons for necommendations
f. Yopozraphy and ‘ransit Hotes
g. Level -Hotes
h. Present Structure
i. Waterways
J. ePest RBiEspand dSorings
k. Testimony of Local People
1. ‘Hour slanik-Pages
7. Photos
For very large structures or those involving unusual

special foerm showld be dewised by the Chief of Party to su

Cleigalioyol &)

4, I1NSEX; 4Mhe fipag.r

il Dage of
structure skell Be an ina=2x-mad o

tne

VN B = S
ki 0} < I=L v

2% A, Jolingon, 5
As Be @ooxre
e il - HosEison
Survey started Goks 14, & Survey finished

= Ewdi=aN 4+

ine, See. Z &%, TZ44AW
noy Indiana
Index

deneral Information

Stream Dacte

Sty

the notes will be
to 15 and listed below.
T, . Cy dyrand-e will be in,the Qrder giyem and
in any convenient

eatures, a
t the con-




o GH.
tained locsa
estimating

a.
b.
Cr
@i,
e.
&=

ol ST

1g
4
th

iHATION. The following information should be: ob-

7-and listed for use in exactly locating the structure,
e cost, ang assisting in the determination of the design.
..ame ol stream and local name of bridze.

State, Uounty, and Civil Township.

Section, Fownship, and Hange and the apgroximate location
in §ae section. A sketch of the 71cini ¥ may Dbe usad
showling the road, stream, snd possible detours for use
during conatruction.

Cowmraon nsme of road. The distance in miles and tentas
to tlze nearest towns and shippiaz points. The names of
railroads, the uUnloading facilities, and .the type of
road over which the wagon or trucx haul must be made.
iraffic of unusual nature reguiring:special strength or

clearance. Estimate of the norial and the maximum traf-
fic pewiddy s Probabili s of veny large Inereasie, in traf-
fic from any known or forecasted cause.

An7 accident record at tlhie site particularly due to nar-

row roadway or bad alignment.

3pecial reaturaes affecting thwe design or construction
sucxn as tile lines, pine l;Aes, and interference of pres-
ent siructure or other drainage structures. If necessary
n2lle skizicres both in plan and elevation exactly lopau_-_
the interfering featilres.
Reauasts and suggestions of loeal authorities or inter-
ssteduclhtizens.
Akl i wosSibla local sourCesSwerl mate@ialsand. Suppliics)
Syl names, -addPecses slleeiEivi o5l coslisy | analatin, afd
g oe 6 aga Llablies
] Piiing.
2) " Feleeworlt (Inder.
(3) Dimemsion lumber for Tofus-s:l.
L <] 11)in 1aterial, Give Dossible locations
anounts in borrow pits.
£ EC N\ 2 = £ =
L&) el and Eravel =2Md vhotiver ©he same lB5h Be ob-
tained locally washed 2nd screedeg oF in such

iarm as to pass $ie Specificatcions ‘used.

(6) Crushed stons.
(7) Cement.
[7]) Labor; teams, snd trucks.



Cr
antre )
below

nwwgn

ive any unusual purpose of th:2 survey, what work has

)
prev1ouslf baen done at the,sllie, and refeyp tomeny known
correspondence or; predious {121l datsa.

OGRS DATA. infodrlacion e arding stfeenr action is dnportant

€. Mg
~ P
as@glave i Mielh e miineas

Qe

whi i @a nelcies S el piRmbnt o s;;;cbu‘c and the other dats list-
the waterway srea and the arresngement

-~

Prainage pasin

(L) 'dfea In screswk

(2 Moutainous, nilly, rolling, or flat.
(5) @ooded, cutover, or open prairie.

Claracter of «Solllsanc Sxtent ©f Wl bis7eiEiion..

—
1S
~

1

[

ng

-

Probable drainage projects sucih as dredging or ©
thet will affect sticam filow and elevations.

Location, extent, and apperent reason for any scour in
the panks and bed of the straam in the vicinitjy

Prooability of trouble from ice jams and drift lodgement.

cicilall informa tion J siEesiirrediforl” The, CROSISins soi
ar sxistlag or propocer dregse ditch. ijinen a structure 1is
in olsce that conld remain after the dredge Res pasced,

2 Chief of Party may bDe sz2g<LecC to submit a Feport cower-
ngs the details that are listed beloi. If a new gtxugture
s Lo be" Bilils, elithel BLETONS Or af TAr The Dagaing. of e
raégs, the same information is regulired togetiher witk the
sug

& 52, L
S SUrvey. Item (&) WAid 1ot aBply in this edse. Ei
tite shfve# s Tor 2 new ssEadfEiurc ove®™ an exlistlineg ditedee
ditch,; thas usual suPvey widl Le .aace and the 1istac dredge
intofuetion obeained omibtllE Ttems (2), (<3, (T), =zmd ().
LEric agspmed, Tn the ot wko Jgeses theal the -data onlithke
r¥esent structure will Be oovtained as detalled Hn Article 1
() )fficial name oi project with case numper, court,
an ate filed
and date filed.
(2) Hafie 20l address ol the stiperinkencent of sonesinuc-
€ Llon.
(3) Gontractor'’s neme engd adidress. Date of goniract,
wosrese, and grobabie Gatée ol erossing the rozl.

(L) Contitacton!s ihtentiom sbont cressing the rodi gi
mesintenenge orFr replacewmedt of thz pkesent struccture.

(&) Sufficient data on the present structure for =lens
of all the work prO-oOsedi. See pariticllarly. Arti-
clawfll 9. and 13 rooting eleowat.oms anc conidl
tiong awe egpecially SesiPad.

.




(8) Data from ditch plans as follows.
(a) . Bottom width.
(b) 8ide slopes.
{ ¢ Ywvrieie DB

d _/J._(au_oA--
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(e¢) Serch mark or othep cdatum plane tie-in.
(L Btationgefsditch, atetrosaihg.

03

Station of road at crossing.

—
)
’

~

Angle offiemosging.

7. RECOMIENDATIUNS., The Chief of Party shall make detailed rec-
ommendations that will be used as a zuide by the iHesponsible Engineer
when the final recommendations are made. Hecommendations should be
clear and concise and if intelligently made will reguire considerable
time anda thought on the part of tihe Chief of Party. He should be fa-
il LS gt tqe standards and praculceo ofivni s orgdani zation*se that
his recomriendations are practicavle of application.

Recomrtapdations should include tie following points and any othaers
pertinent to the design, estimate, special provisions, or construction.
fleferencz siould be made to any imoportant information or sketches in
some otiler division of tre notes.

a. OStation of prososed center liie of span. Provosed cen-
ter line of roadws; if i% is different from the sarvey
line.

b. Bize znd type or structurs= a2nd if sguare or skew. Wwidth

of clear roadweV.
e Blevation of crown of roadway.

71 awrat 3 ¥ - 4~ . 4= 4 ey
. Hlevation O1I DOLLOIl O1 100tGlnzs.

C. Lkecesslity for foundation:piling and approximate length.
+ -ailowavdle foundatiocn bemring pressure oan tize subsoil in
tons .perF s-uake root. HHe rTollowing table onttlines safe
besring vaiues for the @il ferent soils but otiver values
be recommiented LI the test pits or spundings make
se i




Soft or wet clay
Fine sand or medium clay

) B

2 to 4
Hard, dey clay, gravel, oF egoarse sand 4 to 6

6 8

8

O

to
5L (0)

Hard pan or very dry clay
Cemented gravel

Rock (Poor brick masonry) e 19
Rock (Best brick masonry) 10 6820
Rock (Best Ashlar masonry) 20 59,30
Very hard bed rock 30 to 104

Blevations of spring lines of arches.

(6]

Angles of wings to faces of the abutments and any unusual
lengths recuired.

F

i. Riprap. Amount, place, and method of placing.
j. Dikes, mattresses, or other bank protection.

k. Channel change or clearing waterway and specific lines
and grades for the work recommended.

1. OChanges or repairs to be made to any other adjacent
structures. Alterations in any natural features.

m. Check up on the other drainage features in the vicinlty
-and how they will be affected and taken care of.

n. Hecessity for special borrow to complete the grade or
the backfill over @ arches.

o. IHlecessity for a temporary bridge and approaches during
or prior to construction. Give the best location, sketch-
ing the alignment if it 1s necessary for clearance.

D. Detours ox other features of maintaining traffic during
construction. See detour sketch under Article &. Give
the approximate width, kKind, and condition of metal on
the rrojrosed detour.

1t oftem napieng fthat a Yace of abutment or somz other point
pules the locecmtion of w2 structure and this should be given 2s well as
thhie centz2r line of span. Wii.ere tire distance below tiie flow line de-
termines the top of .footing, toth tap ang, vottom of rooting ,should be
given., Binilarly when low suparstritcture clearance sbove nigh water
determines the crown of roadway, the recommended clearance should be

given.

It is found in practice thnatt 2iling is cheepsr: protection against
washh than deep footincgs im most cases. @Gravel and sand have good bear-
ing values wien confined but have poor resistance to wash. Tney often
boil badly when 2 cofferdam nmust be pumped dry much below tiie water line.

Any concrete or stone from the old structure should be disposei
of as riprap and acditlional material may sometirtes ke reguired.




8. REASONS rOR HECCHMEKDATIOLS. Give the reasons for each of the
recommendations as outlined in Article 7. The recormendation might be
based on some information or condition that is known to the man in the
field but not apparent in the notes. '

Ahien the waterway area of the present siructure cannot be used in
determining the length of span recuired, the profile on the proposed
center line should be plotted on cross section paper and the span length
to give the reguired waterway area is then found. The sketch should
be made to a small scale and placaed in the photo envelope.

©.  TOPOGRAPHY AMD TRARSIT NOTES.  In establishing the proposed
center line, consideration snould be given to the possibility of using
the present structure during the construction of a new structure, to
cost and advantages of, and guantities involved in, relocation, and to
right of waysdifficwulties.

Stations shouldiidnerease frofl sepuith: to morth or: frpns wegt Eoieast,
according to the general direction of the road. This directs the north
point up or to the rizht wnen the notes are plotted from left to right
in the usual manner.

All curves should be staizc out in the field using the tables for
a one degree curve.'  There should be at least fifty feet of tangent
between the PC or PT ana the end of the proposed structure and at least
one hundred feet of tangent between curves. 1Under ordinary conditions,
seven degrees should be the maximum curvature. Circumstances may raise
or lower any of these limits.

Wotes snall be taiten with stations incrzzsing from the bottom of
the page up so that the various features shown on the right or left
of the center line are in their true relation. The usual method of
data on the left page and sketches on tieraight should be followedswith
remarks or stations in line with the representation on the sketch.
deparate sketches can be used for the line and references, large scale
map of the immediats bridce site or other featurss whenever it is desir-
pmble. Topography notes will usually be neater if tne feature is sketch-

4

ed on the rizht-hang psge and the notes locatinz iw:on the left,

The notes should include the following.

a. Permanent points properly referenced, at least. one sucn
poind lying on each s8ide of ths promosed structure. Tie-
ins sHlonld be approximately at niaety degmEees: to jeach
oLier, dlzetches of the referenced po_.nts can be show

on tire left-hand page giving the objects to which the
ties are wmmde, distances, station, and whether control
point is an iron pin of weed hub.

b. Suryey of sufficient length to establish & grade, to
locate 2ll lewel notes tagken, and to connect with the
present road or with the original surveys in case of re-
locations.

c. 3Sufficient width of survey to take in any structures or
natural features affectinz the proposed structure or its
a-proaches. Detailed topography accurately taken should
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be as wide as the proposed right of way and cover the
main features out to one hundred feet each way. Within
the 1limits of the Layout Sheet, which usually represents
a width of two hundred feet and a length of four hundred
feet plus the provosed structure length, detailed topog-
graphy should be taken.

Comipass bearing of the survey line looking forward and a
north point on all sketches. Compass bearings should be
used as a check in turning angles.

Present road, edges of metal, 'siétard rails, and a note about
the kind and condition of the metal.

Fence and property lines and the names of the property
owners.

Pipe lines and pole lines with the number of wires and
the character of the line. Note the oWwner's name and
address as correspondence may be necessary in case the
pipes or poles must be moved.

Intersecting public or private roads, gates and drives
to fields.

Location of the present structure. (Detailed under Ar-
ticlie, i)

Location of the stream and the angle upstream and down-
stream if the channel is well defined. In case of a
proposed channel change, a traverse should be run to
locate the center line of the channel change and the
stream at least one hundred feet beyond the ends of tiie
channel change. In any case either transit or level

notes should locate the flow line, the edgzes of the water,
and the bank lines within one hundred and fifty fez=t of
the center 1line.

rent and the direction and lo-

Points where scour va
lood currents.

is ap
cabiong®t ordinary ang
Arrowed, continuous lines showing the water courses now
dgry but acting during a_rain.

Location and descrivption of culverts, tiles, and other
drainage features.

Total of the angles in a closed circuit to check anj ap-
precimablie enROF.




10. LEVEL NOTES. Transit and level notes should supplement each
other and an effort should be made to see that they are consistent.
Unless otherwise noted, it will be assumed in the office that offsets
recorded in transit notes are the imore gc¢curate and will govern in
case they aiffer from level notes.

If no survey has previously been made, a bench mark or bench marks
will be established at some point near the stream and along the center
line in such positions that they will not be disturbed during construc-
tion. They should be clearly described for future identification. An
effort should be made to use government bench marks or other sea level
data, and the bench marks of other surveys of roaas or drainage projects.

The columns on the left-hand page will be used in the usual manner
of Station - Plus - HI - Kinus - Elevation. It is a good practice to
use two lines in making turns, one for foresight and one for backsight.

Station numbers should be spaced every other line. On thé right-
hand page the rod readings should be placed above the line and the dig-
tance out below the line. Any note such as EW or TB is placed below
the distance out and computed elevations are later shown over the rod
reading.

Readinzs shall be recorded on the left or right of. the line repre-
senting the survey line, corresponding to left or right on the ground
looking in the direction in which the chaining increases, regardless
of whether stations run from the bottom or the top of the page. In
cases where it will help in making the direction clear, notes of Korth
and South or East and West may be used at the top of the pagze.

Wien the stream is nearly perpendicular to the center line or the
drop from the top of the bank to the water line is large, it is usually
best to cross section from a base line or base lines approximately par-
allel t@ thesstream. ., PTais is savying of time both in the field amd im
the office and will better establish the bank contours.

Dirt shots should be taken to C.l1l', bench and turn readings to
C.01l%. Yilet¥el e¢ircuits should ckecH to 0.0L* per turn up btoé four turmns
and not evew Q:10) erwer per mile but IN" The -latter case the HI"s
srtonld be adjusted.

hotes should include the folloWwingm,

a. Profile of sufficient length to establish a grade line
with a minimum of two hundred feet each way from the endas
of trne groposed structure. liote the approximate grade
percent beyona the limits taken.

©. Cross sections as far each side of the structure as is
necessar; for computation of arproach guantities and of
width sufficient to show the contoiirs out to the natural
ground on each side of the present road and for any cut,
£fill, or borrow necessary. The minimum is one hundred
feet on eacn side of the center line, two hundred feet




each way from the ends of the proposed structure, and
whatever additional is necessary to locate the stream
out to one hundred fifty feet. Heyond the limits just
given, it will be sufficient to take sections at the
even stations and at breaks in the ground. Within the
limits of two hundred feet of the proposed structure,
sufficient sections must be taken for an accurate con-
tour map. The minimum is a section across the ends of
wings, the back of abutments out to masonry line, the
face of abutments on the ground, and at the center line
of the stream. Some notes such as EM, TB, EWL help to
explain notes. At every section shots should be taken
at the center line, the crown of the present roadway,
the edge of metal, the right of way line, forty feet,
and one hundred feet in addition to the breaks in the

ground.

Cross sections on the center line of any proposasd chan-
nel change should be taken in order to estimate the earth
quantities involved.

Profile of the stream bed five hundred feet each way
and the water elevation at the five hundred foot points.
Distances can be paced, but all variations in the deep-
est point of the bed should be taken.

Elevations on the present structure such as the base of
waterway ordinates, tne floor at each end, the bridge
seats, the tops and ends of the wings, and the top and
bottom of the footings if possible.

Elevations on other structures or natural features affect-
ing the design.

Maximum and averace high water elevations with the marik
on which the elevation was taken, date of the hizh water,
eand the source of the information.

water level on the dzte of survey with a note as to
wnether tais is an average iow water., If not, ascertain
what aseragzse low wate® is ana show the elevablion.

Slevation of the topn of the test pits.

Eleyations on any adjzcent bridpes, railroad tracks,
flow liinesi of - culvestdtanil ti%l es,

Tie-in of datum plarie for any stream zauges.
Elevetions of low water and nigh water of any other
streams near. oe sure to differentiate betieen hend

and beck water =t the proposed site.




m. Blevations of any other proposed work with ecuation of
bench marks and chaining.

n. GClose every level circuit checking back on the bench
mark even though no turn has been made.

o. In rare cagses a good contour map can be drawvn from
elevations on the controlling points located by angles
turned from an instrument set up on center line and
measured or stadia distances.

ll. PRZISZHT STRUGTURE. 'The amount of detall in sketching the
present stricture will denend on wWhether or not consideration should
be given to leaving it in place for some time.  'I'he decision as, to

whether such consideration shonld be given will be based on the width

of clear roadway, the estimated strength of the floor system and’ super-
structure, the adeguacy of the waterway, the alignment of the approaches,
and if the road is hard surfaced or hara surfacing is definitely pro-

jected.

Sufficient sketches and notes snould be given for a drawing of
the present structiire on 'the Layout Sheet and for a marking diagram
of steel strictures. See Articles 17 and 18 for special information
for a floor repair and strength survey. Bnough information should be
given to show the condition of the present structure, the necessity
for its immedlate or future replacement, and its interference with
the construciion of 'a new structure.

The following details are sugiested when consideration should
be given to leaving an exieting steel strueture._in place and fof all
concrete and masonry structures.
a. Pean ol supesrstructire and substructure tied in with the
progosed cemeer ine Hith sEabion zndl offSecvc & anales
ey eiiEre aniglelsl 8o thialk iy [cemgvie) pllgEESle ueelT SREbIOE R
all =nd cdetailed dimensions chec:.
Dy agetior ‘gf Tsubserucifre’, lilf pecessery,” stowiag- rooting
e;evati“n? i Dossiple.

% v n of sunerstruct and subgtractud 1 LN the
leng f-gl¥enr span, "t aistance czanter to center of
Desrinis, e len of the Iloor, the distance end o
end of ¥ Bilioen panes Emsns, LHe Sitasigle 'cen
tor to centar of chuordds aad whnecreY tThe Tirases ghe iy
connacoeil, mll ‘Plictsel, o sl cop Peyepsil @il ') el
boltiad. Urouad, Ul SeRg St a el oTdiates shieill 3

2 BRo®n oA tie zkabeh 'wlth "al refcoreiice Eh" Tz pée=e ik
tTae - " aterwsis” wiltere Dilier taformation may
2. found.
(419 Section of supsrstructure showin the substructure ele=
vation, the width of clear roadway, 2na tie distance




center to center of trusses.

e. For trusses in "c" above, a line diagram with'ldtters

L for lower chord and U for upper chord and panel points
L sub-zero, L sub-one, and so forth with accompanying
table of sizes and composition of members is easier to
draw and clearer than an ordinary elevation.

f. 1In taking steel sectionm, give the depth of the section
and the width of the flange and if possible the web thick-
ness so that the section may e identified in the steel
hand books.

o) For arches make an elevation and a transverse section
showing the springing line, crowvn of arch, clear span,
points to establish the arch curve, and the thickness
of the arch ring if possible. PFor other concrete or ma-
sonry structures give the same sketches and applicable
dimensions as in a, b, ¢, and d above with the addition
of the dimensions of the various concrete sections and
whatever information is available as to reinforcement.

h. Hote the nature and quality of all materials. Gilve the
average size of stone in stone abutments. State if there
is any possibility of using any part or the whole of the
structure in a new structure, in a temporary structure
for a run-around during construction, or for reerection
elseayhere.

i. .Hote any heavy loads carried safely by the structure.
j. Sxetch an7 specigl or important features,

ere is a possibility* oFdits being' economical <o

2 a new superstructure on the @ld substructure, the

ver should be detailsd with safiiclent accuracy to
1312 the feasibility im- thie ofiice and to plan any
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It is advisable to devote a page or pages to trne information as
ogtlined in h, i, 1, m, and n abowvwe.

When the strepgth of the present steel structure is not a factor,




or the removal of the structure in the immediate future is probable,
less detail 1is requires in sketching and the following is suggested.

a. Plan of superstructure and- substructurL as in "a' above
with the addition of the width of clear roadway and the
distance center to center of trusses shown.

D. Elevation of superstructure and substructure showing the

clear span, the distance center to center of bearings,

the panel lengths, the distance center to center of chords

and whether a low or hizn truss, pin connected, full

riveted, or shop riveted and field bolted. Show ground,

water and high water ordinates, and footing elevations
possible. The superstructure elevation will ordinar-

ily be a line diagram as outlined in "e" above but with

no tabulation of members.

c. nieasure the floor beams and stringers in detail and give
the following -information.

(1) StFlimger span and spacing.
(2) Size and length of each floor beam if different.

(3) Humber, size and length of each corresponding size
and length of stringer.

(4) Give number, size, and length of any othner free
I-beams and channels.

d. State whether truss should be classified as heavy, med-
iun, or Adight.

El Give thednifoprmation ag dadet il iosle,. .o .m _gand  Dugalbeme
bt nerhans in not so much detail except as to the condi-
tion o WEhe shrmictules.

. If the front elevations of the zoutments are such that
a slstchh is necessary to maie ciear some important fea-
wure, this jhay De .shaowmn.

R2RROVEl there i3 s cosE Tl lds 2y 21eW Op y@-tLS;_a new struc-
ture Will Be jioined to an existin_ on aidljacsfit structure, i1l details
in plan, elevestaicn, and sectizm of the exaisting or ad'acenu structuse
at and nea® the probable roint of Jjihietioa shou.d be given. ‘Jzasilie
accurately Uine plan gdimensions at the top: of wall or underneatin the cop-
ng anc Ene walllPaital 11 priesiense

12. #aiZxaAY3. As the determination of reguired span must ordin-

arily be made iPom a study of  Giie Wata:.way adeguacy of structures over
the stream in cuestion or the use of some waterwmay formula, it is very
important that adequate waterway information e obtained at existing
structures.




For the structure nearest or at the proposed- 'site, information as
to high water and waterway adequacy should be obtained preferably from
three or more and not less than two well informed people.

A resume'! of the pertinent information in Articles 11 and 14
should be given here for the present structure. The following listed
.information is suggested for all other structures at which informa-
tion is obtained.

a. Highway or railroad bridge.

b. Distance upstream or downstream from the proposed site.

c. Approximate greater or less drainage area than at the
proposed site.

d. A thumbnail sketch showing skew, if any, of stream and
bridge.

e. Line diagram.
(191 | Gliesr span.
(2) Ground, present water, and high water ordinates.

f. The area below extreme high water or low superstructure
if the latter is below high water.

g. If high water gets over the approaches, give the approx-
imate distance and average depth.

. ©  Infeormation firom 1loecalinecoplies
(1) Informant's name, place, and length of residence.
(2) High water marks and dates.
(3) Does water go over the approaches.
(4) Is the waterway too large, adequate, or too small,

The Chief of Party must exercise his judgment as to the number of
other structures at which to obtain information. It should rarely be
less than tuwo where that nunber exist and the number should increase
with the size of the structure. The recuirement is satisfied when suf-
ficient information is obtained to determine a waterway which 1is neither
too Hakge neor K tee Small.

3. E3T PI?S. The determination of subsoil conditions is one of
the most important parts of a bridsge survey. 'fThe exact determination
will allow the most economical design for tiie conditions to be met and
will prevent costly chanzges when the foundations are actually opened uyu.

cd 1T

A sufficient number of test pits, borings, or rod soundings should
be puitt dovm tc determine the condition at the possible foundation sites




i)

and to closely locate the tbp of any hard material within the 1limits
of the bridge in plan. An effort should be made to get at least five
feet below the flow line.

Wien the stream bed is dry, zive the elevation at which water
stands in the test holes in order that the tops of wood piling if they
are used, can be placed below tne water line.

A sketch of each test pit, boring, or rod sounding should be made
showing the information listed below.

a. Location by station, plus, and distance out to right or
left.

05 Elevations between which each kXind of material was en-
countered.

c. Elevations between which each kind of tool or eguipment
Was used.

d. Description of each kind of material, size of particles,
ar.li cle@esification of material from very soft-and deesse
to very hard and particles firmly bonded together.

liote here any information from local people as to subsoil condi-
tions or mefer .to this if it is ziven in She division "Pesfimony oF

Local People".

If rock is probable or visible above or near a reasonable assump-
tion as to the approach grade line, a rock profile along tne proposed
centar line should be ovtained. This profile may be elevations on out-
crops or test pits oF a combination of both. Ordinarily a standard
cut section in rock is veny different from the cut section in earth and
2 prover balance of Zuantitiss cannot be made or an econoniical grade

=

line laid without some knowledze of the depth of rock cut.

U LOgGAL PEOLLE. ruch of the informacion listed

14, TESYEIEHOQONX
below: i3 mezntioned Blscwhere in tiie mandal but is swmmari 284 here for
ready I=2ierence. Men living near thz stream are to be intsrviewed
and  ,uestlioned in regard to ezch of the points mentioned. It is advis-
able to eall on the Countiy Bnzings¢¥ FoF Llafermation as to projosad
drainage 9o jotit®, "sedlacenti bencH memik®; loecal bypidze datz anf@l: so
Torth., Mo pctaon in charge of tTEe jadntenance of  vhe roazs wilExgsuwallj
Dave obseryed High'Water condliicns "eloselys

Give each informant's namze, placs, and length of residence.

e followin oints are sugsested.
a, algn water,




(3) Does water go over the approach grade.
h. Flood conditions at this and adjacent structures.

c. Are this and adjacent structures adeguate. Opinion as
to the required span for a nev structure.

d. Low water.

e. Property owners. Pole and pipe line owners.

f. Drainage projects or other proposed work.

g. Character of drainage basin and apgroximate area.
Liability of trouble from ice and drift.

i. Accidents due to narrow roadway or bad alignment.

j, Desirability of relocation and right of way difficulties.

k. Material in wells, gravel dippings or soundings, and
any other excavations near.

i Local stream name.

m., Location of adjacent tile lines both at the bridge site’
and in the vicinity of a probable channel change.

n. Any past tendency to scour.
o. Distance to to¥ms and shipping points.
Availability of local materials mentioned in Article S.
. Bridge history.
(1) Date built and by whom.
(2) Foundaticn conditions encountered.
(3) Is there pilinz under the footings.

(4) ias a structure at this site ever been washed
ot or endangered by floods, ice, ofF drift.

(%) Aoproximat
S gkt s

span and adenuacy of previous struc-
a Sp 19

=
ni ite.

rios& of nhotos is to suppnlement the other
ce force an accurate idea o1 the bridge site.
ds of the present structure for publicity
ninzg to non-techinal men the deficiency of

s
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notes in giving the off
Trhey also serve as reco
purnoses, and for expla

.
L2
2l




the present structure and the requirements of the proposed structure.
Very ofiten &Lhey supply intormation 1T&@€kihg im the notes or Wl eon' up
inconsistencies. The number reguired is variable bBut should include
views of the present structure with special attention to defects,
views of the stream, and of the proposeud center line of roadway.

Bach prin%t should be marked with the date, sitructure designa-
tioy, the location from which the photo was taken, the direction in
Wnhic.: the camera Was polnted, and a note of what the photo is intend-
ed to ghow. InXx lines shéWing tite 'ProPosed ‘Temnter lIne 2Te EWEEivable.
A post card size cemera should be used if possible. Prints and films
should be placed in an envelope which has been glued to the Tast
right-hand page of the notes.

16. SPECIAL ILSTHRUCTIONRS FOR HAILROAD GnRADS SEPARATIONS. All

of the dats in Articles £ to 15 apwpl.cable to these surveys will be
supnlied. In addition tie folloWwing points are suggested.

a. Informetion sbout dangers and accidents at the present
grade crossing or structupe.

b. Character and amount of traffic on both the highway and
the railxroad.

Ce IHhame of railroad company, division engineer, and the
division hezdguarters.

d. Any surwe; records, plans, or proposals of the rail-
#oad  Copieiatyt.

e. Burvei of the site including alignment and profile saf-
ficient for any possible track chsnges in connection
with the »nroposed work, the elevation of the top of
esch rail 2t the centser line of roaz, the weight and

Eeizht of "rail, the exsct™anzle between ' the cemser line

of traclt and tne center line of roszaway, right of way
211d f*nce lines, cross sections nesr» the structure and
wherevar Juantities will e gesired, switch points, mile
P SEa,. aneeoitthicr points ShiZNE can e igEentit L cd Tont rakil=
Moad mal®. 2and squatigns of datum rlane and chaining.
IF btixe croafinag fells om g broeiz—cuiye, thra off a base
line and teke ordinztez from it to the centsr line of
the track or to a gange IlIne in ordezr.tast tae curve
mnay be Ploctad.

f. Qros jccnions PF Deoztfolipit:s oW f11 IR SRe ver el Hf

their | locztion is knopsn.

I ] congitions imgluding adjecent high waters,
ting outlegs, and locebtie® sntc praiile of exist-
ing éitcihiesz., When a 'subway is to be drmgined to a near-
by strepm, the flow lins;, low, hich, an =Wslage hiZh
wot2r shoiid be determined at each vossible outlet
il onz the BIream.




17. FLUCE REPLACEMENTS AND REPAIRS. Occasionally an old steel
superstructure may be retained in service Tor many years by replac-
ing the entire floor system or a portion thereoi. W#When such a pro-
cedure is contemplated the entire structure sihould be closely exam-
ined in order to determine its probable life with a new floor. Some
field investigation of the adecuacy of the waterway should be made
inrorde® that -an'undesirablle eondition is not perpetuated. This gues-
tion of the perpetuation of undesirable conditions should be applied
to any bad features of alignment, grade, and width of roadway.

#All the information suggested in the first part of Article 11
should be zgiven with special attention to tize detalls of the connec-

tion between the substructure and the present superstructure and
floor system.

Some necessary details are suggested below.

a. Sufficient details in plan, elevation, and section of
the substructure and floor system at abutments and piers
so thiat necessary changes in expansion joint details
and in masonry stringer and bridge seats can be made.
Vertical dimensions should be tied in to some definite
horizontal plane such as that through the center line
of pins or the tops of floor beams. Likewise, horigzon-
tal dimensions should ve given with reference to the
center line of end pins, the center line of shoe, or
the center line of the end floor beam. ge sure to ob-
tain the horizontal relation of the ends of the end
panel stringers to the reference plane as above.

0. Detalls of present floor bears anrd stringers with the
connection of the floor beams to the intermediste and
vatter posts and of the stripzers to the floor beams.
5how the size, spacing, and condition of rivets.

c. Hetails of expansion joints of tite superscructure.
d. Hangraill eonnectlions, and the Height of the frandrail
cied in to the fefervuce pllane.

<. 'BY¥I laterXsl clearances of the floor such zs between
g t'ter znil intermesiiate powis.
F.- ANy small defects that should be Pepaired, witn siaffi-
cient detells for thHe coanecu.doa 5F tde new Woik tTo
e old
S - Ltion of the paint and <he necassity for repaint-
Ineg gt Bhe time the -mew fioor i1s put oMi
12, STHAEAGEE SUnVBEYS ARD SUAVEYS FOA KREPAIAS. 1In zZenerel a
strength aurvey will recuire sufficient drawings and details such

that tihe original plans can Be reproduced in thz office in thelr en-
tirety. 1In aiddition, full infoPmation must be Iiven as to the zusi-

ity of the materials and the extemt of rust, disintegration, and dete-




rioration, and an approximation of Lhe pexcenta e which the present
strength of each part of the structupe is of the original strength.

The same principles apply to tie portions of a structure that
are to be Trepaired with special care in the detailing of the connec-
tions between the portions to be repaired or replaced and the remain-

der ol the 3t:uc+ure.

when the original plans are available, the work is simplified

to ayrengklifiedldl check of the plans ©to the structure as built, znd
the information as to strength and deterioration.

A manual covering the details of strength surveys would be too
lengthy to include with this general survey manual and will not Dbe
attempted.

19. OSIRUCTURES OVER STHEA.US LISTED AS HAVIGABLE 3BY 1tE WAR DBE-
PARTHERNT. Wren the proposed bridge is to span a navigable stream,
the ordinary survey must be made and supplemented by special 1nform-
ation required in thie application to tize ifar Department for a permit
to cross suci» a strean.

Follewing is listed the additional data To be obtained in €he
field.

a. Location of the stream for a mile both above and below
the pronosed crossing and soundings across the stream
at eachh one thousand oot 1nterval over the two mile
dlsGarcer. Bach sounding across the stream shall show
cie elevation of the st”eﬂﬂ bed at not greater than

one hungdred foot intervals. fihe soundlngs may be referie

to the datum plane used or more easily to the water
level 2t The point With th= elevation of the water ob-
tained simul taneously|as tire point of eroszing. If the

taxdmum deptiz of the ©2d variss widely, s¢_f1c1ent sound -

inzs siwculd be taken 2t the deepest point in the bed
at intermediate po.nts, so thst a stream bed profile
can De dawm.

. Endreni veloeitiss at izl andg low watcr at the point
Oi croesing 'ald 2T onme:-rMila up and one mMile Jdownstream.
c. Direction of low and Migh wgtzr currents in the vieinit
oif e polint of ecrossins=.
G. Data on other strictu'es s@jacent and sometimes on all
strne tures- downetFedn to tHe mouth of the river. IAis

» igontal clégﬂances, and
vePtical clesrance @hove Dish end low waler. MWaterway
hformation @s odtlined in Article 12 should be obtained
at the same time g2s the avowe. Dgta on mowable spams
siioulid be given.

a%eo showl?® sBow Lekeation,. -hor




0]

. #&urvey must be tiad in to a government bench™Rark such
as Coazt and Geodetic, Geolozical Surve;, or U. 8l.Corps
of Engineers.

5=

f. Stream gauge readings with reference to the plase where
the records are Xevut.

. Character and amount of riveyr traffic.

20« ASSASVIALZ N Ihe followinzg abbrev.ations should be used

it @

as stande®d in order that confusfion wili not result frominenconform-
SGF «of pracbice.

B gdge of metal CrP CGorner fence post
) Center line : Dif; L5%. bridge seat
iB Ton of bank BL Property line
s Toe of slone 3ec. Section
Bt Bdge of watesr right b Township
(facin: downstream) R Range
Bal Edge of water lef: HWw digh water
(facinz downstresn) Rdwy. Hoadway
¥ Fence RR Hailroad
FL Miow:line n Right
R/ Hight of way L Left
TR Televohone pole i North
FP Power 9nole 3 Zouth
PC Point of curvature & East
B Point of tengency W West
Bl Pointt- of* interseection 18] Page
il Polint on tanzen® g Pages
FPCSY Point on subtangent cc g@mter to  cenéer
B Bencasmakk o to o gut to out
i) Rurnins point in to in 1Inside to incide
Bi= Elevation o) Foot or feet
Sta. Shakior = &l TRcH or  iaecilas
Abut., Abiitwient RIS Mile or milss
P Fence zest
" B UIPRENT . The following eguioment should ‘b carried.
drarkale, EPINeE, and acgcessories
Level ainp izimoa (transit may be use ! level)
T#o #a@ie Moles
PosT Rmolzs smzer with- five three-fofds shank extenalons an% chiizdinge
®T 1




building lath

Boat spikes

deavy hinge nails

lfub tacks

Two-inch nub stalies

Aed cambric

Regdy ) yélbowy ~and 1blve Keel

aterproof cover fox instrument: when set up
Camera

The Chief ofsParty showld-rrave the following suppliess

Survey -nanual

Scales, strilanglicis) Bpencil s, fprotagcitorisanea soriorth
Field and officeitables (curve tabhles ‘and so' forth)
Dabyl athonof ithe-gFgaenization Lsysgndard designs
Tabulation of waterway formalas
County road maps
Any drainage maps available
Stationery as necescary for reports ane correspondencsa

The Chief of Party should watch constantly the car: of the equip-

ment entrnisted to him. Each niece of eduipment should have its proper
place and always beireturned ;to it after uwse. Levels ana transits
should be kept dry, clean, and in adjustment. 3Steel tapes must be
cleaned and oiled after each da_s's worlk if the; have been wet and
snould be cleaned ana oiled periodically in sny case

A 'level or transit wihven set up dn the traveled roadway musthave

sorieagne with it 11 ke Time

12 wilouil L VU Al L UL il T e

v}

Bweply ‘piece of eg@ipment shoald be sbalcen ‘in ‘each nngnt, and the
last thims before leawiing the job in therevening, the parity ishould
epumnsrate all tilre ecuipmendt us 1at those pleces
used and all ths other esaithe

2d that day to se= th
revili=rd. Mol plgcv.




DISCUSSION OF FIBZLD PHACLICE

the Major 3Bridge Survey lManual has been evolved durin
sears'! experience and the nractices outlined haye been built up to
supply the necessary rnformation to the office and to be practical of
aprplication in the field. Certain procedures and methods -have been
develoned that may not be clear in the manual and some explanation of

these will now be given.

Al ssransitiand leizel, noetes axes pliaiced. in eone field boold iamdl bt
will be found thet to avoid copying of notes ani a rush of notes into
the book at the end of the survey, it will be necessary to keep notes
of some kind going into the book all through the working day. The
book should be chnanged after each survey in order that the Chief of
Rapty qaj ee 1 darinz the bezinmingaol the nexlk, surVey For whiPing

the recommendations anéd for a final general check of the notes.

Specific information has been plzced under indented heads so that
when the survey is completed, the notes can be nuickly checked azainst
tite manual for omissions of important information.

After the center line has been chained out, two processes will
ordinarily be kept under way at one time by one man working separately.
IThe Chief of Party will often wish to outline the work to be done at
the begilmning of a half day and then W'k en the notes of gthe previeus
survey or obtain the general and waterway information. It is best that
ne, so far as is »ossible, obtain waterway and hizh water information
nt the present structure and be present when the subsoil investigation

is made.

The Chief of Party should have haa some experience in design and
construction of bridzes or considerable survey experience. ile should
Have one man Wio 1s capable of taking charge in the Chief's absence.
Taegrjork ds surficiently variegated that it is possible in. a.well or-
zanized party to lzeep each man busy at worx nsax the limit of his ca-

pability.,

Drainacze ar2z up bo twentj-five sgmars 1i3iles are actually traced
out in the fPelll by, criviang sround Ciedl Cornt: oz okiel maps slhigwing
e sireasts are usad £ che soppoximsle 1imigs il o3 stafing just
within o¥' i thhowt thes Jd2alnage a¥e%m apd aoting Tile direcilon of TioW
in thg siall wateFeconrsks ehi T Ekoumd eontour, a line PFepressmting
tihre dpainsze area bounltisry can be closely drawn on tiie zad.  EBraingge

s twenty-fiwe square miles are taken fzgiz any available drain-
a-e maps, as im usin: the usual tyme of watewwaj Tormula, the profable
2rror im the draingze area by tilis procedure hss less effect than a
sall error in the geliaction oL & eonatant.

Wwateryays are ot usdally cleared ' below ofie “Bok abowe low water
and nevear so that the clearing merely mekes & gpocket under the structure.

In wery rouch counsr /' where a few feet variation in the alignmens
gery yatePrially changes #artnwork #usntities and maxizmim grafdles and




curves, it is desirable to make a contour and topographic map in the
field and lay the final line on this map. ‘The map line 1s then run in
the field in tnae usual manner.

The contour map can be drawn in the field by taking the profile
on a preliminary line and any necessary additional traverse lines, and
then finding the contours on the ground at right angles each way fr
the lines by the hand level method.

Center line stations are set with slhort pisces of mariked lath ex-
cept in the traveled roadway. In t:e latter cace, heavy¥, two and one-
nalf inch hinge nails are driven to mark the stations. Short pieces
of lath are then driven by the roadside opposite and marked with the

station and offset distance. DBefore being driven the hinge nails are
run tlrough three or four thicknesses of red cambric formlng a tag about
two inches square. The red cambric acts as a marker in case the sta-
tion is to be recovered exactly but for the ordinary purposes of topog-
raphy and cross sections, thne offset lath is sufficiently accurate.

Control points are wood hubs o Doat spikes:wish not less thaxg
three relerec:ic--. HJails with a square of red cermbric driven in fence
posts, stumps, trees, and polzas are the usual reference points.

When unustal sceuracy in locating structures or other features
is desired any of the three following metnods may be used to locate
the desired points. (a} Two angles from known cente" line transit
poan bt (b) Angle and distance from a. known center line transit peint.
(e) Accurately measured tie lines from two known centéer limne pelifts.

Boat spikes d@iwen in tree roots, poles, and large fence posts
are tne ustial bench narks although a:v efinite and permanent point
phiich’™ can be sacurately located may b° used

The hang level method of extendiims sections from a cemtaXl line
or bgse dihe proftls iz wocods, brusn, OFEery rofisn countryryill save
Cime ant 't BN Ticlontky accurate, Yo @SuEh o:eg countsery, the Ttrans
sit ray be set u xactly twelve Ffeet Delo; the level and used as a
level %o obtaln iEy-four* foolt" vari@titn in :-he ground contour.

P
2

“n a stream bed have & tendency ta s
diesivaolsl o A a P 2s by Che stream bad pro

Deen rlaces S
hoekhe -giick
of Tive hWm@red £ o

feet ec=
Ehe Lhief of Far:- will oxdimarils establisi - a code of
govering all copmdnicsziinns Aecessawry Detwoen memibers of %

ile working beyond hearing distance of ecch @ther. If The o
zation Mas moFe thzn one party, the same code anolid De usikwd by all so
tirat-if 20 Igropchanee” off ,e“sonnel is made, There Will be no Tlecessit;
for any Wember of 2 pa¥ty Lo Become Tamilias' with a new code'.

In tHho us@yal cgse) of) |2 SiErcam "aviqg a fload plain ang tlhe maxi-
nug hich watzr abgve tile JanAfvl Staze, tHhe rezuired waterway area is
first determinsd and then the span 1e“: h fouynd that will gmiwe tie re-

al'ea is vpounded by th®d zround profile along
y tihe T'aces of the adbutments, and tihe actual
+ The ground profile is plotted to a small

uaired area. e waterwaj
the center liane of TFoadw a
vor +

or assutheil D1, water 11

\'Dk £
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scale on cross sa2ction paper and the horizontal line representing the
maxinum high water dravn. The faces of abutments are then so placed
that the re tired waterway area is obtained. If more than one span
is rejuired, a suitable and economical-arrangement of spans 1s deter-
mined, shifting the abutments as necessary but leeping the waterway

about the same.

The required waterway area is determined b¥ a study of the water-
way areas of the existing structures and the reuulred area as given
by one or seveal of the common empirical form ulas of which Jalbott's

is perhaps the best known.

At existing structures, the total span and ordinates from some

‘ base on the superstructure, such as the top of the floor, to the ground
line and to maximum high water are measured. The span length multi-
pPlied by the average ordinate between the ground line and maximum high
water will give the waterway area with no great error. Ordinates are
usually taken at the panel points of steel structures and the spacing
between them in- any seme span is. always meade equal, If thsé graund line
varies greatly, the waterway may be separated into spans or parts of
spans for the purpose of computation. |

The waterway adecuacy of any existing structure must be deter-
mined by an inspection of the site and the opinions of local people.

For skew structures it is assumed that the actual waterway area
‘ is the waterwa; ar=2a measured along the center line of roadway multi-
| plied by the cosine of the skew angle. 4ihis applies also to water-
ways measured, and allowances must also ba made when the bridge is
stuare and tnhe stream is skewed for both sikew and projection of abut-
ment corners. Interference of piers must 21so be considered when they
are present.

3ubsoil co=nditions are none tos accurately determined even with
the extensive.ejquipment re uired for gash, churn, or core 4rillings.

b deav; ezuipment 1is impractical for a small survey party and for this
reason a post.Bole jaligee and twe, 388l ¥9ds have been found to Fiwe
the best recsitlits Ior lith egliipment.

ie post Woke auger with shank exfensicns is used as fdeep as 1s

' nraciical. IftREer IWelive ifoel, wHleH Wil] Ue the ecase 1% safid agbg
gravel, Tha rig-ise oriven and Trom ils criviag: =nd the f@el when turn-
ed 2fla puliled with pime whencoies, a Taip joem ol the subsoil conditions
is ovtaine: . Loage™ Tods can be o2taingc For special ecases but canmoet
be colvenidcntlsicatsriog:. FMe stxafomi rod!ig usedlTor hesd driving
near ths surfgee and 0 start a Bole Wor ithe twelwe-foot ros.

fn £he lakzer joba it Will BB mecessa?®y T8 supplemeant the above
‘ infoPmation Wif™ Torfe exfensivie invesilipatign wilh Méavigy eguipmaat
‘ off i bo¥ingg ajc s oy, vheg dishial methgis.,




STREAL CHARACTERISTICS.

Followins are given some sfream and flood flow characteristics
thhat have been noted during bridge surve; s, a number of which are
very important in any consideration of propos=24d bridge layouts. There
nas been no attempt to maize a connected discussion except as related
characteristics of certain types of streams nave been grouped together.

NATURAL STREALS

It a3 been noted that tThe rise from water elevation on the aate
of sux vej to the, maximum high wslem ol eyecion, onre: stdeam withyflood
plain not completely spanned, does not vary greatly at the different
bridre sites in a vicinity unless at some site the approach fill has

not been built up above the level oif tie flood plain or there is some
clorls Lra sl

If a departure from this characteristic is found at any bridge

site, suspicion is aroused that the information as to the maximum
high water is incorrect or that there is a constriction at or near
the bridge site.

This characteprdsitilec of constant risesallowssan jassumption to be
made as To the high water elevation at a Bridge site mhere ne infemm-
ation is 2vailable or on a relocation where information cannot be ob-
tained. It should be remembered that in most cases a bridge is a con-
striction in a greater or less degree and a rise transferred from a
high watzr mark where Bhere is no b“-d“e rust be increassd by say fif-
veen percent for.prgscEical use. wileply, on a reloecstion With me
bridze sites near but a® accurzzte n water marik available, an assump-
tion must be made that with a bz in place, egqual flooc flows can-
o, 7 o

_W

At am Oridze crossing wheye tite Flo9d plain is partially clesed
by apchoach rill, it must _be expeeded that some backing up of floed
yater wili occur. If the water ware the samie zlevation on the two
sides of (tee Zidl _gi* Drigae, tnsre weoglidge e low.

Iin this commection it .shounlid be noied that the dififersrice in
alevetion of the water on the two siges of a s¥ade, say five hundred
feet from ihe oridge cit is Mot & true measure of tite alzolint of back-

ing Wo a8 the 1W"drall e ﬂrauwent between the two points by wa; of the

brid;e ofiafiiag i 1nvoWVed Thie flobii plain novwally offers econsid-
erable resistance to free flow because ol timber, fences, and other
obstructions ana uwnless there are well defined flood channels the flood
water velocntf i8 ,low and the Tlooed plein stokage is a material factor
in han€iing filgod Fllow. gften it ca; bel ‘Amoted LHAL Bhe Eliow in bige

vord Tne edges of the fifoed

flozd plain dimtimaess Bice s iomtw &
npel and during sne fall is

plain at a ma.erial angle ,to ths m9|ﬂ ¥
rannel. i-e resiElt is that the flow in the
lel to tihre main ghannel is not the only assistance

e
inward towarfd the main e
flooad *’a‘n oaxnal




the flood plain gives iW passing the flood flow and the"step in the
hydraulic gradient at the edge of a flood plain due to an amproach
fill does not fa¥We the importamce eftem givéen it.

Flood flow alonz 2 stredm e uslizZes by greater fall causing
greater velocity and less rise

Bridze discharges equalize by greater rise a2t a short span bal-
ancing the less rise of a lonz span. As between adjacent bdridges,
the storage and additionzl runoff between them is involwved.

As before stated, the bridging of a stream having a flood plain
is nearly . alwamsiEtiicons triic tilon shitece Sanproeky Laililr Gl s Souts
into the norma¥ NEen water T1lO0dd 'PasSsageway. The reserilips constries
tion czuses the water to back up and a head is created with conseguent
arecater velocity. Flood neight 1s raised and the waterway area per
Iineel foot of opening:is increased.

However the discharge will never ejual the original free flow
condition and the difference between the old and new discharge is
forced out into the flood plain as storage. Hence the result of the
constriction is felt for some distance upstream in a higher water
stage, especislly at the edges of the flood plain, and in the greater
time that is reguired for the flood waters to recede.

Imis tendency to acdditional storage helps to explain the oft
repeated contention of interestel parties some distance upstream that
walter .is being backed ¥Wp and *leld on thelir 12nd by a new bridge. T
would be possible in any particular case, to determine all the fac-
tors involved and compute treoretically the upper limit oI the back-
water curve.

Runoff is complicated by many locz2l topographical amd

cal featumes thaait ars too numerous to mention here. Diralina areas
vary from,mountalnoms, roecky slopes to flaf sandy plains witi i
variation of vegetation apc cultivation. Btreams show an e

iation from heavy f2ll over Fock oeds Lo flat hydraulisc zradicfts in
sandy, siifoihg Dergl | pndstal  Cond¥ PieRs "ay'e "cons tan®ly et wiltk, sueih
as the sizifhol albdafe o7 [l rmesBeone Bicas aac sEFeam® that in efi-

fect sue e spiPlie
toc small is evidenced . Tas presence

A OFidzD LTS
£ puedizstely domrittrewnm, ond OF excessive differ-
a

WEter u
of scour, especdigil L' i
snece in-elevatifuras TEool sSUs

- & e S
downsitr=2om siflez o

of Thie wat2r on tne upstFeax and
uiting excessive vélocity.

Scour at picee o2nd abiichents is not Necessarily sn evidence of
incufTicient weiPrasos Scoult gt foundatiotis will be causerk by drifd
lodcement, @ELY- clratits abodl tHe stems, dnd eXxcecssive eddy and eross
currents fro=, foulrdations Bl Being Parsllel to the tireaft ol the

streamn 2t f1oodidcondi Eiomis

Clearing under tha approach spans to gain additional waterwajy is

onply eff2ctive dowm o Xl oY LS soietely adjacent

-




on either side except as side ditches may be cut some distance back
on both upstream and dovmstream sides to act as feeders and dischargers.

A de2p, naryow valley wrth 1ittle or no flood plain and heavy

thhe streszm bed will reguire much less bridge wateryway area
ids, flat valle; with comparatively large flood plain and

light fall in the streamn bed viouzh both are on the same stream and

- =

only a short distance aparc.

Special attention in determining the totzl span reguired must be
Ziven when it is »ronosed to cross a strean with a wide flood plain and
lighe fall in tHe sStrean ded.,, The rich ibottom lands'are undePsenl ti-
vatien and flood heights should not be raised materially or flood water

held up any app“ecnaOW greater length of time tian under the condition:
existing previous to the crossing Damage to zrowing crops and other
property increases withh the time of immersion. 4 crop in the back-
water area msy ve completely lost by a few hours of immersion in stag-~
nant or nearly stagnant water under a hot sun.

Maximum flood flows on small drainage area are the result of
short duration, hign intensity rainstorms. The averagge maximum rain-
fall over any period will decrease with the size of the drainage area,
and for larzce areas periods of general rainfall cause the maximum
floods. -‘Hence the slize, shape, and topography of drainage areas af-
fect flood heignts. Aifull disemussion of the relation of runoff,
drainage area, and rainfall is impossible here,

Carsful study must be given the advisability of a channel change
on swift streams on gravel, boulder, and loose.stone beds. These have
teadency to pile un tiiis large nater1a1 as well as drift amd.dilees ko
form a low dam and the stream vveks the 0ld bed or an entirely new

cnannel.

o

The Law usually will hold the person mekiin;: 2 cirannel change
resrensible for any damage resulting from the eltering of the natural
channel. It sho:ld than be certsin that the new channsl will not

HALT onag e

Tge scopFielBhciv npsclkeam O downstiresfr ¥s yoT: alTfe@dd Lin
SR diFodiEion | D n9t3;“all increaced.

1"0?—:

Q
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Judsthna® frot aGs Come) oI e plie heve! Lized atildisg bilcl =l onks
some stiresm With =0 0 tiBhePes Gratne e avem,' TENOLT Dasses
;s ree gStefesEwdbhlcho i®crioydl  ont ¥he Tl=bek.
During the Timbered siz'zs, ik - e shd:Prunof
e siow and farrly steeir, afte L ionbir ig
las and mMuel scomr over tas W 1 the strea
bed and Danks o¢enrs=,  Sradunlly cultivation
LiES - I agROEmTIcH Al Pebe: 3 Loy op §ay
ouzh probrRoLAEam W= £o thel cs 3tenze, Junoif
RECHI iz JRCOME i=3c TROW o thz timbels
> except as the dranars area s sulfiiciently
dvanc2d along Ifs 1lifs stage to'd




It is conceivable that increased flood flow in many large
streams is largely due to the dredge ditch systems that may be
found along the tributaries.

DITCLHES

L
pley different characteristics from natural
m wrese

Dredge ditches
& ents different problems.

g
streams and brida;nb ha

L'?‘C.;
1-te

A properly designed diedze ditch sh:ould carry away all normal
runoff below bankiful staze. It is not usually economical to provide
fer the extrems flood condition such as will occur once in say fif-
teen years and during thfs extreme flood the water will rise' abowe

bankful stage.

If the ditch is properly designed, bridging is then a . matter of
spanning the channel from top" of"bank®™tel top of “bank with perhaps a
slight addition for possible floods above the bankful stage.

Many of the smaller ditches are too large for the actual require-
ments of runoff since th2 minimum size is determined by a practical
width of bottom cut. 3Such a ditch should be spanned at least between
the intersections of the top plane of the highest known water stage
with the bang lines. If so spanned, that portion of the ditch section
actually 1sed will not be encroacned upon. - Ia practice a longer. Spap
than the minimum refmirement as given above will usually be found econ-
omical due to the wing lengths reOXWred The s2ill of the earth em-
bankment around the ends of the wings must be held back of the tep of
tne bank snd five feet of additional superstructure will reduce the
total wing length re uirsd on the four wings ten feet measured paral-
lel to tne center lirle of roadw=ay.

HBach ditenr crosf#inz is 2 separate problem to be solved from a
study of the ewicdence of what has transpired in the past or some com-
putation of the probable discharge capacltli as compared WitAl the
probatle runoff @Iwom tihie éralnave gxice.

In semersly #inofT %'s' increasafl bt flood zeights &e®e lowered by
AT eldg ke TNE, aesly Lo i gielne s w@'e o el w0 ted,

1. In general the gdrainage afea 1s incmeasea oy the tepping of

Torpely Mnlraitted lond oY the ragersal of natjFel drainasze
Tgkeranl diffchze or tiles.

, The fiow line s usually, though no%t always, lowered. Home
dredse Qibehes grre bullt oply as citannsl stPaightening with
ha! cuv im tifle secctléns of el chganel psfssd over.

3« 1The ratio of waterway area to wetted perimeter is raised

resulting An greziar welocity.

4, The f2ll per +ilie and th= total distence tg travel is in-

creasad and d2creased respectively b; citannel straightening.




2. Brush, drift, and other obstructions are removed.

6. Laterals assist in a quick runoff from the outside edsmes of
the drainage area.

The first and last factors would tend to 'raise Tlood@heig1ts
s 3, = - = A - L iy
but are more than compensated for by the opposite tendent¥gcf <he

other factorss .
.
It is nescessary to «now tile dredged condition of the dRainz-e
a¥ea in a gensral way and thie probability of tae continuatio¥eof tie

system. For instance a dredge may be stopped a short distancimun-
stream from a bridge site resulting in the water being discharged in
increased volune at the end of the dredge systen with no provis@an for
the increase on dovmstreamn. - ¥

It is generally neld-that the dredging of a stream with or with-
out the lowering of the flow line will result in the decrease of
flood heights from a short distance above the beginning of the work
to some distance, usually short, above the end of the work unless
there is some natural condition at the end of the work that allows
the increased discharge to be adeguately handled. If the increased
discharge caanot be adeguately handled, flood heights will be raised
on downstream frorm a point a short distance above the end of the

WOorx.

Wiren a dredge ditch crosses a road malking gn old and new channel
or such a conditlont exists from some other cause, in both cases ik

being necessary to progide Waterway outside the limits of the main
chiannel, sucnh overilow waterway is often adced a2t the end or ends of
the main chanfiel span instead of building s separate bridge over the
overflow clannel in orde®¥ to save thie cost of one abutment complete
and the excess oif anoither sbutiniznt over a pier It is often most eco-

L]
nomical er siuzre foot of effective wataaway to dGiviee them on ac-
: " the grestsr clezar height obtainable at an o0ld channel and tke

colirc oz eight
presence oi an acditional well defined channel for collection and dis-
tribution.
Man) nsviizall STilegis metnder inim iy af flecc plain have ‘banks

1ich arc.gevengd feoeh hiZher tnan the growid some distance back £uN
the channel. {AMNg 2k "Woliers prononeed lood waterr ‘cliapnels’ aps
rear ovel the lowesat portiocons of ape fIoogd plaim and when wery dellin~
itely deofizngd, iT is sconomicsl to span them rether than prowide the
same waterws! oj2#ing adjacens; To wRe main phabngl.
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