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Bridges and eulverts are built 85 p&rmansent
structures on .a read.  As ~far a5 maintenance ig
oonberned, there is' neo such thing as g permanent
structure, Deterioration of bridges and culverts begins
a8 soon as they are constructed, ag 3 result of weather
oonditions, - traffic wear,,or other normal operaﬁing
conditions. Without normal maintenance, ~ the sérvioe

lives of bridges and culverts would be seriously

shortened. Repairs and restorations are required .

against graduaj deterioration, .damage by storms,

floods and accidentsg.

Bridges must be very well maintained in "order

to keép' the roads open to traffic. Culverts too are:

important ag they are like small bridges, more 'numérous‘

»

on the road than bridges and if g culvert collapses the

road may have to be closed.
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Haintenance operations on bridges consist

primarily of painting, cleaning bridge seats, repairing

and sealing Joints, strengthening and replaciﬁg damaged
bridge members, and inspecting foundations for\dangeroua
seoqr conditions and taking the neoéssary steps to
prevent damaging undercutting of piers and abutments!
Repairs are undertaken to replace the .worn out bfidge
deokg and provide any other services necessary to
pressrve the structural -integrity of the briage;
Culverts have to be kept olean _ffom debris aﬁd
vegégation. Ahy scour at ends of culverts or gt eége of
cu1v§rt apron ié to ba rapa}red and poor concrete

replaced,

Bridge naintensnce is Eenerally oveflooked,

considering these to be permanent structures.

Appearance of a hole by falling off a chunk of concrete

-

from an old bridde deck or a simjlar incident brings the

(v}
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importance of regular bridge maintenance into focus. At
present -there aré no formal inspecticn procedgres
prevalent in our highway departmths. The bagic
objective of the compilation of this Manual %s to
introduce Formal inspection on & standardised format to
be adopted by all the highway agencies. Inspection is a

pre-requisite to proper maintenance.

This Manual has been compiled in thrée  parts.
Part I deals with description of Bridges and Culverts

and their components with diagrams. Part II contains

procedures and methods of proper maintenance and repairs'

so that the structures are .maintained in a fully
serviceable condition. Part III pertainé to inspection.
Fupdamental to bridge maintenance is bridge inspection
which ‘must  be undertaken periodically by =a éompetent
bridge engineer and accepted by his superior. The

maintenance and repairs as revealed by the inspection

report must be undertaken by skilled workmen under close







supervision so that the repairs are sound and prolong

life of the structure. The inspection forms cover all

type of Briddes and Culverts, constructed of wood,
masonry, concrete or steel. In the end an Appendix has

been added ' which lists Typical bridges in Timber,

masonry, steel and concrete materials. Sketches of

arch, cantilever, suspension, swing, foot and pontoon
type of bridgez have been included to Ffamiliarize the

reader-with various type of bridges in use.

It is hoped that the field engineers ﬁould'find

this manual handy and helpful in carrying out bridge

~and culvert inspection and undertaking sound repairs- to

enhaqce life of these shtructures.
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PART I

BRIDGES AND CULVERTS







PART I. BRIDGHES AND CULVRRTS

INTRODUCTICH

Bridges can be the weak links in a road network by

virtue of their load carkying capacibty or state of

maintenance and repair. They must be kept well maintained

in order to keep the roads open to traffic. Culverts are

very important too, because they are like small bridges and

if a culvert collapses, the road may have to be closed,.

Highway bridges are 'designed to. resist Iﬁads

produced by the welght of the structufe (deaﬂ .1maa), =th_é‘
welght and dynamic effect of moving lméﬂﬁ.fiivé load and
impact), and wind loads, Strucfukes'qh Euﬁvés_musf. resi5t 
cgnttifugal"fmr&EE ‘develmpéd b? MDQ;HQ“:QEEiGIEE; -Undef_
certain  cichﬁstance5, stresses resulfing frém fémperatur@_

change, . wmarth pressure, buoyancy, shrinkage, . rib

shartening, erection, ice. and CHrrent  pressure, and

earthguakes are also considered.

In the simplest terms, bridges consist af
substructures of  abutments and piers which support
superstructures that carry  the roadway between these
suppurfs. Types include, among  others, -glab,:'girder,
trués,_ arch, and suspgnsion bridges, each with &

distinctive form of superstructure. Rigid or continuous
frame structures are bridges in which the substructure and

supefstructure are rigidly joined. A further digtinction

1)
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is made in terms of materials, the most common of which are
B . . . .
. 4 " s
reinforced concrete, structural steel, and timber.

Aluminum has also heen used.

The suitability of the various bridge typesms is

gaverned primarily by the length of individual spans.

Short—span strUttureg, ranging pp to about 60 Tty are

lgenerally either (a) reinforced-concrete rigid frahés with

slab decks (similar in cross section to the bridge culverts
shown in Fig. 1S; (b} T beams or bou girders of reinforced

concrete; or (o) steel or prestressed concrete I beams with

raihfurced—cancrete decks. Frecasting and prestressing of
the reinfﬁréed*concréte portions of these structures is now
camhan‘ practice. A combination of timber. EtrinQErs with
timbef' or reinfprcedjcon:rete deck is éametimes used, fbr
spéﬁﬁ af lesa‘thaﬁ'abmut 20 ft., PBridges of SGmewhat langer
spané a#é ﬁften {a) girder type riglid frames of Feinfurced
concrete. or steal; (b) T beams or box girders of #einforced
conﬁrete; or () steel plate girders with reinforeced-
concrete decks., When spans greatly exceed I00 ft, steel

trusses or arches of steel oF reinforced concrete are

usually favored. Bpans greatly in excess of 300 ft are
generally steel trusses or suspension bridges. Where

Eprpviéinn-'is made to pasa ships through rather than under
the roadway level, the channel span generally is selected

- from the vertical—lift,nswing, or bascule types. ’
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Approach Embankments

Bridge Components

.The simpleéﬁ bridge of‘a single span is Showﬁ
in Figure 1. Its domponenﬁs afe super structure, sub
structure, abutments, bearings, jointg, parapets,
approach embanhkments, retaining walls, approach Fmads,
wingwalls, retaining walls, bearing shelf, Ballast wall
and  piers. Fach of the component  is described with

figures here in atter.

Abutment

The super structure sits on abutments as  shown-

in Fig. 1.

Parapet
It 1s along £ﬁe both adges  of  the super

structure and prevehtﬁ'passer by and light  thic1Eé

iofalling off the bridge (Fig. 1).

The  abutments  also retain the  approach

embankments (Fig. 1).

Retaining Walls

Retaining walis*nent to abutments holds C back

the approach embankments fFig. 1y,

ﬁpprnacthoad
The approach road runs along the top of +he

approach embankment on to the bridge {(Fig. 1).

I w4




Super Structure

ﬂ Super: atrurture is_part of the bridge which
carries the road Varluu tyne of super structures are
shown in - Flgurm ”(1 to viiiy.,

™
Piers

The intermediate SUpports between the two ends

of the bridge‘are talled piers (Fig.z). Abutments and
piere are called sub structure of & bridge. Piars have
spreaﬁ, pile or caisson foundations as shown in Fig.

4(i to iii).

Hasoﬁry Arch Bridges

'Masmnhy arch bridges are made fram brick opf
‘stone maaaﬁry. .The‘arch barrel_(Fig. 3) ism sSUupported on
faundatinhs. Thé fili whiéh Carries. the roadway  pgver
the arch is contalned by apandfﬁl walls (Pig. 5).  The
spandrel walls usually cmntlnue abovp tha. rDaaQay a5

Parapets,

Abutment Foundations
The weight of super structure and abutments ia
A;cﬁrriad by tha abutmenf fayndatimns Abuytments. have

o épread, Ppile or caisson fnundatlmns (Fig.b).
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Bank Seat Abutments

BSometimes abutments sit high up on  the river
bank.. These abutments are ;alléd Bank Seat abutmenty,
These may have. pile 6r spread foundations [Figa. 7 (i)
to (ij)].

Bearing Shelf
The EUDEE:StFUCtUFE rests on bearings on  the

abutment bearing shelf (Fig. 8).
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Movement due to temperature Variations

With temperature variations, the super structure cﬁanges
its length [Fig. 9(i)l1. One end of the spén is tfixned to th@.pier
or  abutment and  the other end is free o move. In imoderate
climate, a bridge S50 metefg long will change its.length by about
25 mm (12 inch)? In areas with big temperature diffgr@nces, the
change in length (eupansion) will be bigger. It the super

structure'is fix@d to both abutments, it will damage them when it

changes length. 0On all major bridges, the super structure rests

an  bearings. The bearingg. carry  the weight of the super

structure and allow it to move a little [Fig. 9(ii)1.
Bearings

If the aupér structure is free tm mave at bnth ends, it

‘cquld fall off ity bearlng Ty avaoid thma, one end ig fl“Ed to-

the _abutment or pier and thﬂ Dther end ig free to  move. - Fixed'

bearings have 4 pin o bqlt fixing the bieam to  the support

through the bearing. The bearing shown in Fig. 10 is g fived

type bearing, called a rncbe bearing.
Ballast Wall

The part of abutmeht which holds back the apﬁroach
embankhent above the bearing shelf ig called the ballast wall
(Fig. 11). |
Wing Wall

Wing walls are attached to the abutment, They retain the

apprqach embaanemt Fig, 11 shows an abutﬁent with wing -
walls, aome times retaining walls are used to hold back the

: Approach embankment, They are separate from the abutmmnts and

are shown in Fig., 12,

e
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Jaints

At  the rmaﬂIEUrfaté,.betwaen the Deck and  the
ballast wall, there will be an expansion joints. -There
are many  different types of expansion jﬁiﬁts. The

simplest_jmint is made by using the steel angles in . the

end of the deck, and in the top of the abutment ballast

wall (Fig. 13). Some times a Fubber water Rar is: used

to stop water and dirt from goina through the gipansion

gap (Fig. 14).
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Culverts
The term "culvert" encompasses practically ¢ all
"closed conduites used fFor highway drainage with tie

exception of storm drains. Culverts might be classed as

stack | products, i that standard designs alre wsed o

kepeétedly. This. in direct contrast to the situation for
bridges that span larger streams, for which‘sp&ciai designs
are  made in  almost every casaes, Lulverts are far ‘more
numerous than pridges, and more money is gpent on them. In
fact, about .Qﬁﬁ“ﬁthh of  the highway cmnstruction

expenditure goes for these smaller drainage structures.

The more common culvert types and the materials of

which they are made are shown: in  figuwre 18. For SmallerA

openings, pipe in stock slizes is generally chaéen, with the

Pipe arch as a substitute where headroom is limited. Foe

oPpRnNings af moderate gire, pipe and bou culverts compete-

for favar. For larger openings, single QE multiple SRarn
box culverts ars generally used, althmugh one ar more large
diameter pipé$ of  reinforced cmntret@‘ or  bolted metal
plates ﬁometime& are preferred, Eridge culverts replace
box culverts when the fmﬁﬁdatium ig nonerodible and a paved
flmnrr is unnécegmaryn Arch culv;rts may ‘be economical

under high fills where loading i heavy.

Under narmal, circunstances, selections of culvert

typeg and material are based on comparative costs. At

times, however, other factors fay control. For example,

the presence of corrosive agents in  the soil Cmay  bar




17

fulvert Type Typigal Cross secti ons

Lomron Ha Lerials

Pipa, singloe O multiple
Circalar

- Corrugatey metal, plain )
C) QO Or reinforoed concreke,
C Vitrified clay,cast iron,

v}

D QQ Concrete

Pipe anch, single oy Corrugate metal,
nlulf;j_.pJ_,c,:_ £)an Q QQ

Precagy,
reinforoend coner

(g1 W]

Beeg (:ulvert,ésingle or

nrltiple span : @ ,IDDL

Reinforeed concroete

Bridge culver, ‘?'single.or @n
multiple span : B A s mm

'Reinforéed CONCreta
Solig ¥ock foundation '

Reinforceq coner

_ : C ele, oL
o : AR ) . - ugated wetal o stone

‘ . N : T Masonry arch on i

Avely _ g —H _ :

einfor-
cel concrore foundakion

Figure 15, Coninon Culvert T¥pes and Materials,




certain materials wunless a means of protection can  be
devisead. Again, if the structure location is remote, Ehe
portability and ease of erection of light, prefabricated
ﬁetal sections may make them particularly desirable. At
times, factors such as the availlability of skilled labor o
time limitétimnﬁ may govern. In any event, the decision

must be based on careful study of all pertinent factors.

Accepted materials for corrugated metal culverts

are galvanized copper begaring pure iron, copper-steel, and

aluminum allaoy. A1l have relatively high rmﬁiatance‘.tm
corrosion. This resistapnce of the special iron or steel’

is increaﬁed further by galvanizing the individual sheets
before they are shaped. In ¥mrming the pipe, individual
shests (usually:ﬁidm_énmugh to provide it culvert Ienqthsﬁ

are bent to the selected cross section. Joints are 1appéd

and fastened either by welding or with cold-deriven rivets

of the base metal. During Torming, circumferential

corrugations are pressed into the metal. These vary with

pipe diameter. For example, for iron and steel pipe with

diamgters Re=Fb in, corrugations are 172 in deep on 22 /3
in centers. For larger diameters up to 120 in. these

dimegnsions may be, respectively, 1 in. and 7 in. individual .

sections are assembled at the shop into lengths convenient

for  transportation and field handling. Field connections

hetween these landths are macde with corrugated metal béndé

*

pulled tight with galvanized bolts. Large diameter plpes,

arches, and arch culverts of corrugated metal are made up

18




into-segments e1f Manageable gize that caﬂ bes a%ﬁembled - and
bmltqu inte g 'unit On - the gite, Some timém the
specifications Fequire that |23 e sectiong be' coated wWith
bitumineous material o Brovide  added Protection, Fep
situations where the stream Carrisg sand, gkavely ar  other

abrasivasg the invert Mmay be paver with bBitumingus masitic,

Culveprt pipﬁ 2Ff plain wr.reinfmrced Foncrets, cast
irﬁh, Or vitrifieg clay ig made at the Plant  ip standad
lengths, Jbintiﬁg_ between individual sectinné, LEing
_uépecified matarials and methmdg, TOllows béﬁdiﬁg af  thae

fﬁpipe. Hiqhway agenc1ﬂw have standard drawings Cavering

. culvert dESlgnb |RPPrapriate for the more COMmmen heightﬁ and -

wldths Df_fopgnlﬂgs,' Tili h@ightﬁﬂ arne - alww IQNUIPb

;Culverts thfp%gh embankmen tg demarid hértlrulﬂr uttentlmn to
CRrotect theﬁ_frum damag@ by cong Struction Bqulpment and Lo
lgecure Proper i Compacti o ardund them, Some IEQEHCiES
require that the emEankmeﬁt first pe Constructeay above  the
léVEl of the Gitlvert crman af tep whiéh & trench g dug

tor the Culvart,

Most CUulvertg bhagin Upstraanm With headwalls and

?términate downstream with endwallsy, HeadWalls dirget the

flow Ante Fh?;ﬁuIVErt‘prwp@r while erndwalls Provivde a":

ﬁp;ﬁ_ prufact the embdnbment from wéshing by flosd WatEra:

L £d1agramm@d i Filguire L&, Mogt headwallé

e 10wa ey _re Ld“t in place af Feintorcag Concrete,

transltlmn frwm the culvert hack to the  regu)an " channe] .’
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although rubble masonry and timber have been used at times.
Unite prefabricated of corrugated metal or precast  of
concrete  are sometimes installed with pipe of the same
materials. In all cases, cutoff walls gxtending balow the
level of expected scour should he incorporated in“thé
design. then a pavern nprwn extending beyvond the  cutoff

wall is a wige additimn.

Straight headwéllg and  endwalls  are selected
mainly with smaller pipe culverts [smé‘figure (16~a)]. They
are hydraulically ipefficient as entrances. In  recent
Years, ' some agencies have been amitting Endwallﬁ_ and,

snmetimes, headwalls from small pipe culverts., Instead, the

pipe is extended beyond the toe of the embankment. From &

hydraulic point of view this design is inefficient, since
the entrance 105* for a projecting khtn—walled pipe flowing

full is about 0. g velpeity hpad.

. The L_type'headwalls EFigure (16~b)] direct. the
leW‘VTFDm.fDadSidE ditches into culvéfts under the road.
They create a serious accident  hazard, and many agencies
are reblacing them with gutter inlets cmvawwdlwith grates,
For_;;arge culverts, wing tvype walls [fTigure . (i1é-¢)1: are

mostjﬁidely used. Entrance lmJ4e5 w:fh them are'abouﬁ 0,15

oaf a vplaclty head as cmntrﬁ%fpd Wlth a loss ur .08  with

hydraul:naliy designed entries (see belaw). Flared, Uy anc

_ alls [flgure u(d*q)] have speacial applications.’

20
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Gulvertﬁ on steep slopes or carryihg large  flows
often discharge at siich high velocities that‘ they create
serious eﬁoﬁimn Problems in Unprotected channels. -Smme
velocity reduction can be gained by Foughening the floor

and  walls of the Culvert, Usually, however, the RHCERGS

energy is dissipated at the discharge end of the culvert by

Creating a hydraulic Jump if the flﬁw is supertritical, or
by generating turbulence  in Bame  ather mannar, fine
effective Means is to direct the flow into a batin Eined
with  rock, eithep Of one size o graded from sand - through
large boulders, At times a downstream woi1) mary be
pravided, ther devices have bean developed which involve
baffles and sills. The greater flow resigtance qffered. by

Corrugated-metal pipe likewise can sometimes be CUsed Lo

advantage in reduéing velocity through the culvert,. ‘Dﬁnps'

in the upstreanm Channel o drap iﬁlets to the culvert
proper,l if (Hesigned  to produce free fall in  the -streanm,

sometimes offer AN economical means fo- velacity control.,

Streams in flood often carr& Brush . and
Otcasionally tranﬁpart large branches, whole tﬁ@es, o
other. sizable objects. Thare are many instances where thig
floating debris hae clogged culvert entrﬂncesrwahd Faiaed
the headwater elevation til1 the road was overtopped ﬁr
adjacent Property damaged by flooding. Whe o pmssib]é,
culverts shduid be designen tp PAass axpectad debri%. For
exampié;'whére.m stream may carry large flmating mbjects, a

"single large=span box culver: is preferable to a: multispmn

f «

il
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structure of the sane total oapening. Az a pmﬁéible
altérnative, the curtain wallkaaparating the barrels of the
multiapan culvert might be extended upstream, with its  top
slanting downward. Debries will ride up on thig wall, or at

.least be iurnpd 10 pass more easily through  the opening.
In many caﬁgs, upﬁtrgam_qepwialwackm of wire, timber,
steel rails, piliﬁq,:arigtpgf mmtariala-m&y uffer the most
rééscnable émluﬁipn oo the . problem.. o With- such
installatiuns,|.main£en3hcm clrews must remmvé%'the Cdebris

following each flood.

TR STESR R
‘15‘_ w o DL
[

At timas _ 1t may hp das;rmbla tq,wtrapewsdnd or

qravel carrlad by thp tream rath@r than o pass it lhruugh

; ; i R RTET , L _
the 5tru:tur9 Agﬂln* in mmuntulnwuq aruaa,“ilarqe rocks
, e
. e . Ty .
- and “buulders may be fumbled alﬁnq tha aLr eam ... bed. . Here
. A : $140T *'l )
-also prnv151an mu5t he deP e:.the:*i to pass this  detritus
§ -‘ El - * te . b &
\ C ot ;

':thrmugh the trucfurp ﬂf.tﬂ'trﬂplit_gpstf?am'whefeﬂitf:wiii
do no hHarm. o f_u "

S PR PR TN R TR AT

Dgs;gp_.mfhmebwd$~COﬁtﬁﬁI“déviéééaﬁépéﬁﬁa"&% .th@

form of  debris. or, dmfﬁl%um%tﬁ b’ handlpd 'fhé:b$ﬁiﬁﬁe- of

flood water, and individuai atw Lundxtnmnm" Experisnce in

similar 1fuatxnnm is & most usefdl guide.

.o
SRR !
f i i

Culvefts- uﬁually are antallpd in the .original
stream- _bed Wlth 1haLr grad@q and Tlow lines conforming - to
‘thoap af the nafural channel. In this WAY , disturqu:e 'tm.

stream Jflqw and the Brosion problems it creates are held

to ‘glhm;nimum. In rolling. and mountainous Ttountey in




particular..marked departurea fram channel allgnment exther

24

upqtrmam o dmwn&t|6dm may dLIPCdf the current to one side :

‘of the channel, rauaan vruaxmn 1h9r@ and depaaltlmn on fhe~;]

i!;dpﬁbéite éidé._fﬂn the Dther hand. Lulvarts on suhstantmal
”-ékewg;aFe longer and mora cu tly than thnsn at rlght anqles

-_Qr'-qn small akewq. Uften _thP best smlutlmn  ;nvq1ve9

Feducinq large skewb_'gmmewhat and prmvxdlng “a channel

'ﬁchangez and eroslan prntactlon at‘bne*-"both Ends of

gln thv channel is- costly =} CUlVEFtE must be VPFY long and

lhékcarry hpavy loads.'

'”;both length lmad.. Dn the Dther hénd, - the erosion

?threat-_zé'ﬁ the outlet _mayw requ1rej'&£pen5ivg control

*bjectinnb

“'f?é@bFéMiEeﬁpgqlﬁfiéh1With the'éulvértféﬁtfahkp 'loﬂered to
- #he stﬁéém‘bed‘level'and the Lulvert Dﬁ the qldehlll may be
_moat__gathfactory. ,Curvature Dr breabs Df grade, to make

3_-the, culvert rmnform to the channel ghaulu be uaed =if ‘Ehe

Use nf the slde hil;'locatimn reduces

__wher : stream bed ie vstééb;' A

‘the. -

because of

3fhe T

_ideqlqn s cheaper and is hydraullcally fandz'structurally_'

'Csound.;
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Invérted 51phan5 shmuld b@ avmlded. whﬁnévér che

wéter ﬁafrier spdlment ur debrls.V‘Even thnugh.thg‘yelmcity.
:gt peals fimw may keap the' barrel‘ clpar,- depqsita may
EQIIPPL as thp dlsrharqm UFCIPa éé. Alau. Etaﬁmaﬁt water

trapped 1n the Edg may b@ DbJert1mnable. , ;f




~ PART 1T
HAINTENANCE AND REPATR
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PART II. HAIMMAHQEJHD__JSEEAIR

General:— There im  no  such thing as & permanent
astructurea. Detérimration of bridges and cu}vertg hegins as
soon as they ,are constructed, as & reaﬁlt of weather
conditians, rratfic wear, or othar normal pperating
cohﬂitimng. The same services for which tha highway  Was
built require that it b maintained in a fully serviceable
conditiun.' Without normal mdiﬂt@ﬂdﬁL@ the service lives
of the pavements and roadway gtructures would bhe serimuély
shmfténeq. Fresend transportation needs  for highways

require that malntendncp UDPFEL!DH‘ provide for year-round
use‘.24 Chours & day. | TraNuportatjom services must be
'maintainéd far thw hpalth dﬂd wclfarn uf thP public as well

as for the narmal ﬂeedﬁ of Commerce.

‘Gradual dﬁterimratimﬁ, damage by slorms, flaods,
and sudden fgilufe% due to weabther and  other conditions.,
and obstructions goocurring &s a reault of storms. floods.,

ause traffic aLCJdDH[ﬁ ancd delay to the memPrLa of thea
nation. Repairs must be made and ddmaq must be prevented

it the highway is to serve the purpmﬁe for which it WAS

constructed and for whirh large sums of money were spent.

Federal , provincial and “local governments

-apprnpriatezlarge sums for road malntenance annually. * Some

of this money 1% spent apon minor improvements made by the ' i



Qand wvegetation. Any mCour at ends of rulvwrtﬁ b at Edqef"

Highway departments, but most of it is expended on normnal

maintenance.

Maintenance Dperatidns:— Normal maintenance operations

consist of the following general items:

1. Burface repairs and uphkeep.

o Ghoulder and subgrade maintenance.

b

. Repair, uphkeep, and cleaning of drainage facilities,
including ditches, culveria, and appurLunanuuw

4, Roadside maiﬁtenanme' 1nc1ud1nq W@pair and control
of erosion, mowing af slopes, control of DRENCHLOWS
wands, and maiptenance aof fTootpaths, recreation
areas, ebtc. - - ' o - e e
CR. Bnow and ice ramqvalg@nd_;untrml, and street cleaning

6. Bridge . and. culvert yvepair cand painting ... and.
" maintenance of shtream U@ds apainst hazardous @O L on
ar. Txllanq up. N R L

Rridges:-—- Mainignanue mpefatimhﬁ' on  bridges consist
prxmarlly mf palntang. al@anlnq hrldqw sEats ., repairihg and
spaling joints, strengthening and rﬁp1autnq gdamaged bridge

members, and inspecting foundations forr  dangerous. . gacour

conditions and taking  the netgaﬁary .stens to. prevent

damaging nndmrcttfan of piers and abutments. Hepéir CERWs.
also iep]aﬁP WDFN”DUt bridge decks and prnvxd@ arny: wthﬁryi
73sgryiaes.ne;eq ary to preserve the eructural lntmqrtty _Qﬁ_y'

the bridge.

Culverts:-— Culverté have to be PDpL Llenn £ o ‘aebFi%

af ﬂcqlvart_ apron  ls to be repaired and  poor  concreté
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replaced.

Repair and Maintenance of Concrete

1. Durabilityf— ‘Durability of a material iz that pProperty

which indicates whether or not  the materisl will endure,

even though it may not be subjected to loads sufficient to

destroy it Durablllty of ooncrete .isb affected by
(1)alternate wettlng and drylng, (2) fr8621ng and  thawing,
(3) heatlng and coollng, (4) ‘caplllary , water, (5)

deposition of salts by percolatlng water, (B)dlssolv1ng of

T

certain produets (prlnclpally calclum hydroxlde) by_ tbe‘
peroolatlng water (7) the d15501v1ng of the oemqul by
oertaln 'aclds, and (8) chemlcal reactlon between: p%rtaiq.
._.constltuents of aggregates and the alkal:es in higﬁjalkali
:portland eements : Conorete 1s .8 ‘construetlon ‘matepial

A gsubJeoted to many of these 1tems at t1mes

"The flsat thrnp bf *the%e Jtmm ‘cauﬁe voalume

+ i

BRI

changes ln thE rnnLrPtP, thus spti1nq Jp nirermeF in  the
Py 1,'-: : . ERTE B O o

concrete when th@ PHtJFP cnmcrulm QEY-T rannnt expand  or

RO FRN Y

contract freely, Dwtnq to thﬂ art Lhat thé intéﬁiﬁr

_x )

céncrete-‘is-'nmt, dlyang aut o rhnnglng temﬁewatuﬁe aw

fép%dry*éé“fhét”mh“thp therior; stresses are dpvwlmped and

£ the cnncr@tp is nut strong enmugh to withstand Lhem,
chacPF 'will furm. rhi% often hdppLﬂb when the &urface 1Df

rrPte drles vary rapldly and thp 1ntw;er dopw naot. 7,




. o . . . QO '. -
Maximum density of water ccours at 470, and as
spon as  that temperature is reached during & period of

lowering temnperature, the water in the'cmncrete will begin

to  expand  thus tending to crack the concrete. Conucreta

subjected to freezing should contain as little water as

v

possible  and also have gtrangth_tm régi5t the expanding.

force of the water.

Capillary water is  water that will rise in  a
MQteriai “against the force of gravity, awing to the small

pores - iIn the_material. Freshly made conorete, as a ruley,

contains  all “the water. it can hold, and  there is no

movament throuwgh the capillary porgs unless evaporation

takes place at a surface exposed to diry air. If there is a

souwrce of water at some other surface of the concrete more

water will be drawn intm,the concrete by :capillawity.
Capillary water Mmy-caUEE the same effects as percolating

waber .,

PFercolating  water containing alkalies (sulfates)

in selution may cause disintegration owing to the combining

of  the alkalies with certain umnﬁtituéntﬁ mf'thaj hardenead
cement, thus forming new compounds of cmnsidﬁrably greater
v lbume .

+

il. General FRequirements for Workmanships— In tThese
paragraphs, the approved gprocedures for repalr o f
imperfections in  new concretE  are described. These

“instractions are  also applicable, as indicated, | to

30




reconstruction  of disintegrated portions af structures in

GRIVYLICE. At first glance it may seem that The procedures
are unneme%smrilyr detailedu C opctually, esperience ‘has

rﬂnnﬁtcdly demonstrated that no gf Bp Can - e ﬁmittﬁd QF
carelessly performed _ withmut “detriment :tm the
sprviceability mf.the worlk . If.hot properly performed, the
repair wili later EecmMﬁ ippse and drummy, will corack .at
the edges, and will not. bhe watertight. It is the
ﬁhligatimn af the LDHﬁtFthHF Lo rgphir impwrfartimnm in

his work so that the r@pairs will be thht and of a qua11ty

ané gdurabllity in kéeping with the adgacgn+ portions mf the

structure. It is the responsibility of maintenance 'fmrcaﬁ

to' secure replacéments anﬂ_irﬁﬁtqﬂatimhﬁ that « will be

durahla; well hended to  the ©ld concreta, and
',nqunmplcunua; . bnly by ﬁérmﬁulmuﬁly‘ ﬂnﬁacticing wothe

follmwing methudﬁ in all dP \11 canjhé dwﬁi#@d rasitlts be

assurec .

I vie@ of the fmragming considerations and  the

fact that most F@pﬁir prmﬁéﬁurﬁm largely invelve manual

operations, it is 0bv1muv that bmth fmremen and  workmen
must be fully in structed concerning the prmrpdmral details

and ‘the reagons far them.  Constant vigilanae must  be

wercised fu nrsurm mALn%mnnncp of the necessary standards:

of wmrkmamﬁhipn Emplmyment of dependable “and - capable

' |
Wk men im ewsgential.

On new  work the repairs which will develop the

hest bond and thus have the hest chance of being as durable

31.



and permanent  as  the original wmr& are those  made
immediately after early strippiné qf'the forms, while the
concrete is guite gréen. ~For this reason repairs should be
completed withiﬂ_nEG-,hquEﬁ cafter  the forms have been
remover. EBefore rﬂpa@rﬁ_ateiqqmmeﬁged; tha.method RIroposed
for use should be ap@%oygql?y an -authorized"inaﬁectmr.
Rouwtine | guring'ghggld_be_intgrrugted mnly in the area of

repair opgfﬂtionsT

T . - . PRI

Effective’ répair ' of deteriorated portions of

structures cannot  Bé' assdred “nless  thers i complete

! LT g N S e i . ‘ ) "
removal  of all affected 'cohcrete, careful  replacement of
the . concirete 'in’ strict acéordance -with: an . approved
procedure,’ 's8cure Enchorags, ‘and ‘effective drainage  when

. . '.&Il.""““ T T o . . ) i ) : )
nesded. ansequentiyy S woirk of this type “should  not be
undertaken unless or until ample time and facilities are
QVaiTmblemmpDnlx'aﬁ‘mugh of tHis work

" SEERT R o N S S

.should be undertaken

) VY A

as.,can be, conpleterd correct]ly; otherwise the work should be
v L. N B DA B R TR B ;7,‘:{';\:"\ Wi o

[ RS

postponed, . but  not so. long &as to allow GENLOE
Ao T [ ; 4 b T o

R R e A N

L

deterioration. . Bepairs  should be ma

Bt . [ T I KR .

possible date.

el B L Tiemd

I1I. Methods of Repairi-(a) Repair of fNew Work:- Far these

repairs three methods are in use:

1. The dry-pack mathod should be used for holes having a

depth nearly equal to, or greater than the least

surface dimensiong for cone-bolt, and grout-insert

holes; and - for narrow slots cut for the repair of

dg at the earliest
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'cracksu. Dry pack Jhou]d nnt b@ usad for relativaly7

shaliow dﬁprﬁ"bkﬂﬂ% where 1atprd1 restraint cannot be

‘mbtalned- for Tmlllng in backhk of considerable Ianthayl'x

of ex pGSPd rwlnfortempnb' nor for-filling hmlaﬁ'whichﬁ'

extend entirely thrbugh the wall, beam, oy bulkheaad,

.

wto.

2. Concrete replacement should. be used when holes extend

entirely through the concrete sectiony when holes in
unreinforeed concrete are more than 1 sguare foot in
area and 4 inches or more in depth; and when holes in

reinforced concrete are more than one—-half of &

zauare foolt in area and deepesr than the reinforcement

steel.

3. The moertar-replacement method shouwld be wsed Tor

holes +too wide to dry:pack and too shallow for

concrete replacements and  for all comparatively
shallow depressions, large or small, which extend no
deeper than the far mide of the reinforcement bars

nearest the suwrface.

) Repair of 0ld Work:— For replacement of deterimréted
concrete there are also threé approved methods Dflr@ﬁéir
in use. Choice of mefhod-ié mainly'determined by the
size of the jmﬁ. All have proved gffective- amd  will
produce durable repairs if pfbbér précéutinng- are

observed in doing the work.




1. Prepacked concrete is used advantageously on large
repair“'jubs,wparticularly when underwater placemant
is involved or when conventional placing of concrete

wdgld e difficult.

2. Concrete replacement, when the concrete can be placed

to a minimum depth of 6 inches, is the method best

i

adapted for repair of deteriorated concrete in  small
areas and in small structuresg for the tops of walls,
piers, parapets, and curbay and for refacing walls

and relining channels.

", Mortar replacementy applied‘as‘désqribed in sections
111 aﬁd VI of this chapter, may be used for minor
restérafimnﬁ. of'detéridrated work. The repairs may
'be éuecuted either by use of phneumatlically applied
mdrtar from a ®small gun QE by hand methods. In
either case the treatment fcf protection of cmncreﬁe

‘against weatheringlahmuld'be applied.

' For 1arge~5céle repair and reétmkatioh of old
éfruhfﬁres, the use of mortar pneumaticallyv applied with:r
Efaﬁﬁard—sized'eqﬁipment has beern neithere satisfactnry nor
'eéannmicalf JWEll*aﬁChDFEd air-entrained concrete islaeldom
more - coétLyQ_ is 'fully as duréble, iz less Bubjéct t6
créching, and therefmfa provides bettef prﬂtecﬁimn tb 'thg
old concrete. When pneumatically applied mmrtaf is used on

larger areas, 1iits greater expansion and contraction in

relation  to that mf the undﬁflying concrete has &

’




detrimental éffé&t i-@n'

sfructures rp%tmrpd w1th mor%nr indicate thﬂt thi% trarking'tﬂ

“and 1DD%ﬁn1ng nf the mmrtar cmat“may pprmlt pa mage hmf 
auffirlent wa te e to LDﬂtanP #h@ dlrinteqratmmn mf the? old

Lmncrete.'

IV. Preparation of Concrete for Repair:— A thorough
exploration of the imperfections shpuld"ba Made hefore

repairs are started. All concrete mf queétiqnable gquality

I

should be ramovpd. bomptlmes, rmnripfp in Dld structures

S

that appears to be smund w;ll rlake and auften after a Tew

L

days’ exposure, For thlf raasan ' replacpment . of
deter1orat9d cmncrete %hmuld be dplayed gpvpral dayf until
reexamination of the G“cavated surfacps cunfirma the

soundness of thp remainlng cmncrete. It 15 Tar batter to

i

remove too much cmncrete than tmmillftla because HffELted
concrete generally continues to disintegrate ana while the
work is being done iticosts but‘lithiﬁ\more to excavate to
ample depth.. . L o 5 o sy e o .

P, e . . e ;:“ i P
foen the full nature mf the 1mpwrfertlonr and the

| o

type of repalr LD be made rannof bP dEtLlenEd untll the

L T P T LRI S

defective materlal has been remmved. Alr driven thppsng
- . . PETE - ok I Patre Do .
hammers are mos L atlsfactury fmr thﬁ work althmugh qgood

coh

work can bp anarby hand methmde. A aned edge is superior
in  every way to a rhlpped edgp. and sawing is less costly

than chipping if thera is murh to be done.



Moistening and cleaning are probably the two most

important operations affecting  the watertightness and

also the most often

permanence of L repailrs. They are
neglected. © The work shouwld be organized and  the workmen

tirained . to give prmper attention to these - details.

Surfaces within the trimmed holes should be kapt
continuously welt for at least several hours, preferably

overnight, prior to placing the new concrete. This waetting

shauld be performed in all cases, regardless of whether the

repair involves fii]ing of a cone-bolt hole or the largest:

excavation. . It is of paramount importance in the repair of
old concrete. The best and most reliable means .o

obtaining thorough saturation is to paclk the holes with wet

burlap  and to keep  the burlap wet by prcasional
sprinklings. S SRR

Immediétmly before placemsnt of the filliﬁg, “the
hole should be cleéned,so.aﬁ to Iéave a surface completely
free of chipping"dﬁﬁt" dried grmut,land all other foreign
matétialn A preiiminary.waahing AB BO0N as tﬁe ;hipping
and trimming‘aré'qmméletéd.is_dEQifablg tmiremmve.all lmdse
mgterial.f Final dleaning bf_the 5ﬁf¥éceartm_wﬁich the new
ﬁmhcrete iﬁl' to  be “bonded  should be done byy wet
.sandbiasting, fmllmwgd_by waﬁhing with an ‘air4watek det.
Care should be tmh@ﬁ o remove Aany météwiml embadded in the
s face _by chisels during the trimming; Hond . betﬁeen the
Hew and the old ﬁmnmrwte éannmt be obtained through a film

o coatiang of loose material.
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if necessary; should be accomplished by sandblasting.

In all cases, unnecessary tie  wires should be

remaved fram exposed reinforcement.  Cleaning of the steal,

repared surfaces should  be ingpected for adeguacy of
Pren ‘

trimming, moistening, and cleaning before new material is

—

placed.

a) Dry Pack:—"For this method of repair, holes should be

k)

sharp  and  dquarse at the swrface edges, but  corners

+

within the holes should be rounded, especially  when

watertightness is a requisite. The interior. surfaces

of holes left by cqnﬁ~bmlté, she bolts, etc., should
he roughened enough to deVeldd an waECﬁiVE nondy this

can  be done with a rough stub of 7/8 inch stesl-wire

cowes o a notehed  hapered reamer, or a star  drill.

Other holes “should be wdercut ﬁlightly'lin CEeVEral

places around the perimeter. Holes for: dry pack -

should have a minimum depth of .1 inch,

Eonerete RSPIaEEmenEl~ T8 obtain satinfectory results,
the preparation for this method of repdir should he as
follows:

1) Hples showld have a-minimum depth of & inches in

?

old concrete and 4. inches in new, and the minimum

area of the repair should be one-half of a BCAare
- fowt ir reinforced  and 1 sguare foot in

wnreinforced concrete.

The
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2) - Reinforcement bars should not be left partially
“embedded; there should be a clearance of at  least
an inch around éach suxposed bar.

7 The ‘tmh edge  of the hole at the fTace of the

structure should be cut to a fairly horizontal
.Iiﬂeﬁﬁd It the :shape  of . the defect makes it
LoAdvisable, the topaodf the cut may be stepped down

\Tr@ndm{ggmt%ngad onoachorizdntal line. The top of
“tbguéhuygkshmqld.ﬁ@ cutimmxavl'tﬁ Z o upward ﬁlupe
h%wfﬁgm {Eh?e:haﬁﬂ;tmwaﬁd,tharfacafdfithé “wall from
_ﬂﬁﬂh%%ﬁmdtbg,ﬁcmnqrete wWill-ohe s placed. This is
a:ﬁﬁﬁpﬂﬁ%ﬂlfyﬁm periit vibration ‘Df'1fhe. cﬁncrete
:uﬂighmuﬁvuleqyingtraiﬁ pockets at the top of the

. cun sl

thruugp a . wall.or beamsdt-may he necwdsary to
ETAEE I A SRR Coer :

-

111 the hmle'ﬂrgm hoth sidudes, dnwhich case the

slope of the top of the cut shouwld be modified

. 1 R S TN R ad e P
PR R T B Y] H .
accbrdingly.
S LIRS o [P f

4)  The bhottom and sides of the hole should be cut
sharp and approximately square with the face of
the waii. whgnth@_the_gmeg entirely through the
lcunéretw Jsegtimnﬁ,'ﬁgalling and feather@dgeﬁ m;y
he avmidmdl by having chippérg wDPE from both

faces, ALl interior corners showld be rounded 1o

a minimum radius of 1 inch.

repair. In some instapues, where .  a hole goes
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¢} Mortar Replacement:*lwhen the mo-tagr gun dls used wiﬁh'

thiﬁ- method, ummparatlvely ahﬂlluw hulmr_ shmuld b
flared mutwardly at about a 1 to 1 slope to avoid the
inclusion nf‘rehmund Fornprs within the hD;EE should
'ha rnuhded. uhﬂl]mw JmpPFfPCPJQNT in new cunmrptm mavy
be repaired by mortar rpplarpmﬂnt if Lha work is  dope
promptly after remaval of the formns and  while the
concfet@ ig still green. Fope instance, when it is
considered necessary +o repéir the '"peeleg" areas
feguiting from surface material %tithing o stewl
forme, the surface may be filled using the mortar gun
without further trimming or cutting. In the repair of
old concrete, the importance of removing all tracés af
disintegrated material cannot pe overemphasized ., éll
Places to be Fepaired should be chipped out +po a'depth
of not less thanp an inch. Wheravepr hand-placead mmrfar
replacement jg used, tﬁe arlges of chipped-out afeas
should  be Equéred with  the surface, leaving e

featheredgeg.

gt
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'V. Use of Dry-Pack Hortar:-— Operations should be preceded
by & careful inspection to see that the holé i éhorﬁughly
clean and slightly wel with but a small amount of Tres
watér on the interior surfaces. Thmrsurfaces should then
be dusted lightly and slowly wilth cement by mmans of a
amall dry brush uhtil all surfaces have been covered and
darkened by absorption of the free wator by the cement.
Any dry cement in the hole should be removed quore packing
begina. The holes should not be painted with neat cement
grmﬁt because this would make the dry-pack materiai too
wet, and  because the high shrinkage wouwld prevent

develmpment of the bond that is essential to a good rapair.

Dy pack is usually a mix (by dry wvolume or
Qeight) of L part cement to 2 1/2 parts of sand that will
pass a No.ld SCrEsn. A mértar'patch is usually darker than
the  surrounding concrete unless special  precavtions are
taken to match  the colors. Whersa uniform color is
importént; white cement may be used in sufficient gmwunt
{as detérmined by trial) to produce uniform ApPEAraAnce.

For packing cone—bolt holes, a leaner mix of 1 to S oar 1 o to

1
A

[

» 1/2  will be 5uffiﬁimntly strong and Qill hlend bettér
with ﬂhg'cmlmf of the wali. Onliy enwugh water shouwld be
uséd Cto .prmduce A mmﬁtér which, when ueed,_ will -stick
tbgether. on being molded into-é ball hy a slight pressure
Df'nfhé”ﬁahds; and'will ot exude water but will Ieave‘ tﬁe

hands“jdamp.‘ The proper amount of mixing water and the




. prbper Lensistency are those which will produce a filling

©which is at the pmiht.mf‘becnming rubbery when the matmﬁial

is 50lidly packed. Any less water will nat make a SouUnd,

solid pack; any more will result in axcessive shrinkage and

a loose repair.

Dry-pack material showlc be‘placed_and packed  in

layers having a compacted thickness of about three-eighths

inch. Thicker layers will not bhe well compacted at  lLha
bottom, The surface of each laver should be scraﬁcheﬂ to
facilitate bonding with the naxt iayeru Une layer may

Tollow another immediately unless appreciable rubberiness

develops, in which case waork on the repair should be

delaved I0 {40 40 minutes. Under O circumstances should:

alternate lavers of wet and dry materialg be used.

Each layer 5Hould be solidly compacted over it
_aﬂtire sUrface by gos uf'a.hardwmmdhgticﬁ and & hammer.
“These sticks aras usiially 8 tg 1Erin¢h95 long and not bver.l
inch  in diameter; and are uged Dh the fﬁeﬁh mortar like a
calking tmoi. Hard~wond sticka are.uééd in preference to
metal bars because the latter tehd‘tm polish the surface of
Bach  layer, and thus make the.bund légs certaln lénd the
Tilling lesg uniform, Muéh mfl the tampiﬁg. ﬁhuu;d be
directed at a slight angle and tnward the sides éf the hole
to  assure ma Limum tompaction in théée aréas. The )hmles
should naot e overfilled, and tinishing may  usually he
completed at pnea by laying the flat.side of  a hard-—-wood

Ppliece against the fill and striking it several good blows.
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If necessary, a few light strokes with a rag sometime later
may improve the appearance. Steel finishing tools should
not  be used and water mugt not  be used to Tacilitate

finishing.

VI. Prmcedufe for Replacement of Formed Concrete:— ~The
construction and setting of forms are important stEps  in
the procedure for satisfactory concrete replacemont  where
the concrete must he placed from the side af the Structuwe.
To obtain a tight and acceptable repair the following

requirements must be obhserveard

1) Front forms for wall Fepairs more than 168 inches high
should  be construacted in horizontal sections so  the

cancrate gan be conveniently placed in Lifts not morse

42

than 12 inches in depth. The back form may be  built

in one piece. Sections to be set as concreting
progresses shouwld be fitted hefore concrete placement

is started.

b}

- To  exert pressure on the largest  area of form
sheathing, tie bolts should pass through wooaden biocks

fitted snugly between +he walers and the sheathing.,

r

Sa Fore irregularly shaped holes, chimneys may be el e
at more than one level and in mame Casat, such ag when
baam connections are  involved, a  chimney @may e

necessary  on both sides of the wall o beam, Inm  all







‘cases the chimney should esxtend the full width‘mf i

hole.

4. Forms should be substantially construcrted  so  that

pressure  may be applied to the chimney cap at the

proper timg.

Forms must be mortartight at a1l Joints  betweon

A
-

adjacent sections and between the forms and concrete
and  at tie~-bolt holes to'prevent the loss a7 mortar
when  pressure is applied to the concrete during the
final stages caf  placement, Twisted opr ‘Etrahded
calking cotton, folded tanvas  strips, or similar

'material should be wsed as the forms are assembleaed,

Immediatmly primr.tu placing the front section  of
'fmrm far sach Lift, tha'surfacm af the old concretas at the
sideaesg which .will be coversd by new rconcrete should  be
coated with a thin layer (about one-eighth of an inch) .mf
mortae. This mortar should have the same sand and cemsnt
content " and the same water-cement ratio asg the mortarﬁ in
the réplacément tmnérete. The surface should be damp  (but
nét wat) from the reguired prewetting, gsandblasting, and
washing, éﬂd the mortar may he applied by maans Uf'an g d g
suction gun, by brushing, or by being rubbed into the
surface with the hand amcageﬂ im a rubber glmv9.  :Cunafete

placement should Follow immediately.
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CAs large a saxioum silze of aggregats and as low a slump  as

¢ .

Are  consistent with proper placing and thorough ~vibration

cshould  be used to minimize water content and conseguent

shrinkage.  The concrete shoild contain 3 to 9 percent of
centrained air. Where swface color is important, the

cement should be carefully selected, or blended with‘ white

cement, to obtain  the desired results, Ta minimize

-

Bhrihkage,; the concrete should be as cool as  practicable
when placed. Materials Bhaulﬁ therafqre be kept in shaded
éreas duwring warm weather. Ba£c5ing of  materials should
Fraferably be by weight, but batch boxes, if of the exact
sive needed, may be used. Since_batchea for this class of

wark  will. be small, the uniformity of the materials is

impartant  and should  receive propetr attention. When
placing concrete  in lifte, placement shouwld not bhe

continuousy  a minimum period of IO minutes showld  elapse -

betwean lifts. When chimneys are required at more than one

levael, the lower chimney should be filled and allowed +{o
remain for the 20 minutes bhetween 1ifts, When chimneys are

required on both faces of a wall or beam, concrete should

e placed in ane chimney only, until it flows throvgh  to-

the other.

Best repairs  are opbhtained when the lowest
practicable slump is used.  This iws about % inches for the

first 1ifFt in an ordinary larvge form. Subsequent 1ifts can

for  the repair should have  the same

Cwater—cement ratio as is used for similar new structures, o
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be drier;fand the top. few inches of concrete in the hole
aﬁd that .in the chimney should be placed at almost zero
slump. It is usually best to miu enougb concrete at the
-start for the entire h&le. Thus the concrete wili ﬁe: 1s2
hower, 1 hour, or perhaps 1 1/2 hours  old when the
successive lifts are nlaced. Such preﬁixed concrete,
provided it can be vibrated satisfactorily, will have less
settlement, less shrinkage, and greater strength than

. freshly mixed conerete.,

The quality of a repair depends not only on use af
imw .slump concrete but also on the thoroughness of the
vibration, both during and atter Hdepositing the cmncfete.
There is no danger of over—-vibration. Immersion-type
Jihratmrs should be used it atcegsibility permits,. If nﬁt,
this type of vibrator_can be used very effectively op the
form$‘ frnm the outside.  Form vibrators can be used to
: .gﬁcd advantage on formas for large inaccessible repairs,
Eﬁpeaially 0N a one-piece back'fwrm, or attached to lTarge
metal fittihgs such a8 hinge—base caﬁtings. Immediately
atter the hole has been completely filled, preésur@ ahauld
be applied to the fill and. the form vibrated. ‘This
operation should be repaated at I0 minute intervals until

the concrete hardens and e lénger‘respondﬁ to  vibration.

In filling the top of the form, concrete to a depth pf only

2 oF 3 inches should be laft in the chimney under. the

pressure cap. A greater depth tends to dissipate the
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pressure.  After the hole has been filled and the pressure




‘3f3ﬁfa§edtibmndin§

Additlon nf aiuﬁ;nuﬁ pﬁwder££5356;¢f9té céd§é§ £He
latter | fm pand. | Unidear favorablel’ conditions, this’
prmcedmré :hagr be@n-succéss¥uliy'u§9d to SRCuUre. tight
Awélifbnhded 'képéiFs. in locdations where  the ‘replacwment
material had to bé‘infkoducéd fkmeEhQTéiég, Time should
‘nuﬁ be allmwedifo%léettiéméhf be'tween liffé; when the top
‘lift “and . thé'7cHiﬁné9“éré ?iiléé} ho preqsure .need be

applied, but the pressurd ‘cap” should be . secured in pmsitimn

80 the eupandifig’ concretes "will he conf:ned to | and
cmmp;etelyafill'the'HDIE“UHder gmlnq repalr, ]hﬁre ahuuld
.be no subseguent revibiration’ Gluminum powd@rlshould HDt be

cused until testy with joh materialeg and at jab temperaLureu
have shown that‘ﬁffecﬁiVévé"paanmn can b@ mbta;npd and

+ K]

even then-only‘undar'étri&E:Cﬁhtrdf;' when w Fd %hP pmwder

shotllg firstvbé—bléhdéd!wi£hi5b puqu. by w51qhtn'af cemﬁnt
Gr pozzalan.: . . To: Epcurq this raqqu@d e”panslann mmre_uf the
blend must Cheused At 16w than‘ ét' mwdermte or  high

‘ - PR BT S P
tE’mPE‘i‘"atLtl’“_ESmt [ TR L

Concrete replacempnt 1n open—top forms, o as- used
for the recons tructlnn af  the tops. of wailsg“.pierg,
Parapets, and Lurba 15 - cumparatiyely simple .. operation.

Only  such matertals a5 will make concrete. of proved

durability. Ahuuld be used, The Waherwcement ratio should




&

o not  exceed  0.45% by weight. Fur- best durability,

“and  the percentage of

tha

maximun size of aggregate should be the largest practicable

oV

sand the minimum -practicable. Ne

gspecial features are redquired in the fmrMa bt they ‘should

be mortartight whem:'vihratéd, and showld give the new

concrete a finish similar to the adiacent areas. The slump

should be as low as practicable, and tﬁe-ﬁbsage ;mf air—-

entraining © agent increased as nGCQﬁaaryfﬁ (=K ﬁecure the
maxilmum permissible percenfage mf entrnlnad :dlr. derpita _"
the low slump. Tmp surfaces shmuld ber qlmprd f as*ﬁtb'

provide rapid drainage. . Manlpulatton dn flnishlnq ishéd]d'”-*

be h@ld to a mlanum‘ and A wood-float: flnlﬁh 15 preferahle

to a steel. 1r0w91 finish. Edges and -mmrneral Ehould " he
tooled or chamfered. Use of water to -aid 15” ?inishing
should be prohibited. | S |

Fmeé ooy cmn&rate.ﬁebiacﬁmant répmirs‘mmy usual ly
be removed the day after c HEtiﬂg unlesﬁ form kphmvél_wmuid

i

damage the green concrete, in whlch evemt erlpplng showld

be postponed another day or two. The pFUJECtlDH% left by

the chimneys should nmrmally tye remmved the secmnu day. If
the trimming is dnn@ EﬁFIiEF,_IthG LDHLFEtE tEﬁdb to  break
back intm the raﬁairf lh@ﬁe prmjwctlmnm ahwuld always be
FaEmaved by wanjnq nn Prmm thw buthm b@cauae working down

fram thm top tends tm brmab Lanrretp out of the repair.

The rmugh area revulilng from 1hu trlmmlng shmuld he filled

-and stoned so as to pwmduce 2 surfmcm comparable to that o

the surrounding areas. Flastering of these surfaces should

never be permitted,
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VII. Procedure for Mortar Replacement:— Hest results will

mortar reblacement are obtained when the material is

pneumatically - applied
commonly used for pneumatic'applicﬁtimn of mortar: is  too

large to be gatis

repairg of

usual small areas and cleanup costs are high because

cleanup  ig seldnm-done promptly. However, aﬂﬂll sized

equipment Huch an the aier ﬁUCtlmﬁ qun fltt@d Wlth a waterr
ring on o the nozzle, has prmved ;aiibfaufary - for mm%l{

stale repair  work, ﬁfter the areas to be repairéd- hava

bgan pw@ﬂared by . rhipp¢ng, eaturaLimn, aandblautlng and

washing, and free water has bheen rémaved. the mmrtar ﬁhmuld

be applied immediately. No initial ﬂppllLdtJDﬂ QF cament,

cement grout, or wet mortap: %hmuld he mad@..

using a small gun.  Equipment

factory for the DFdiNdWle small sized

new concreta, Neat work is diffitult in the

The min rprmmmendeu for thm alr-suction gun is 1.

 part EHM?Ht tm a4 l/“ pdrtn natural sand by dry vo lume o

weight. Rebound Cchangesg these prmpmrtimng -ﬁb that uthé

material in place is much richpr The beat reault" ‘are--
mbtained with a wellmgradpd sand paﬁbing the No.1é srreen.-

The "cement and - sand mhmuld byes _mi,eq .with watprl -tm .

apprmmimately the sams cons;sfenry”mﬁ fnr'dry‘papk repair.,

If not enough wavpr i% umadq rebound will:pe high and the

applied martar tam rirh. but too much water will,cauae the

gun to plug fwequently.' whwn the prmher consistency 'ié
used, the gun will plug macadlmnally, but it may readily be

tleared by huld:ng Lh@ nozzle against thﬁ\grwund or the



- wall, then tapping the gur and 5uctxmn hose until the‘

congested material iu bHlown out ththe suction hose.

If the .repairﬁ“aré'ﬁdrg'than 1 inch deep, the
mortar should  he aﬁﬁliEdﬂiana?éré not more  than three—
quarters ' of an- inch' thick td‘avﬁid‘aagging' and- loss  of
rbond. Af e ;mmpletion wfiéa;thQYE#"there should' be &
lapse of EDa-minutes_DrmméFe hefdf@"ﬁhé‘naext i%yer is
placad; Scratching o, mthPrWqu'prepq11nq thp'wurface af &
layer prxmr tm addLLLon Of the next laver i uhnecesﬁéﬁy,

but the mortar mist not be .allowed to dry.,

Lf '&’:émaii"qun is uzed in whth Lthe water ig

intrpducadWét‘fhé no:zle, CdFE mus t be EHEPLiSPd to apply

.
[T 1A-L\a..

ot wathe«&GWEEE“bractlcable WthF ﬁun%ent in mrder to

' -

avoid saqqing and latepr’ ahrlnFage ar\cknnq Although thé_

Ggun  should nmt ba u%@d evtgqsivelwrﬁm%ﬁﬁﬁéé”ﬁﬁftar L aroundg

r51nfarcem@nt barau“ 900d, repairs, maArbe mEHe  in shallow

imper1ect1mnr wher9 rulatlvmly ddttlenstbe 1"y eupmwad ﬁr

where the hole Entendﬂ hut‘anﬁhmrt tistaneg ﬁacﬁlhéf thes

(DR

bars, if the angle of th@ gun, s variadﬁfﬁéﬁﬁéH%Iy”as' this

L T T

part of the hmle is bPan fllted.

Lok o LT

In  completing thé EFeﬁéiP; the hgﬂe should  be
filled slightly wore than 1dvel ful1. m.?f-tenr the material
hag partially.hardenedﬁbut cén still bea trtmmpd mfflrwith
. the edge of a.steal trmwel, the enceag_materlal should be
'!shavad' pff; “working from the center  towards the edges.

Extreme care must be used to avoid impairment of the bond.
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lfNEther :ﬁﬁﬁ

.‘Aiv atlsfacfury flnlqh may be Ubtalned by laghtly rubbxng

the surface wlth a Eﬂft P

The repalr mmrtar should bc Preshrunk’ by mixing it
to & plastlL cuns;stenLy a8 long in adyanca‘mf its use as

the cement Wwill permit. Depending on  mix, 'cemgnt, and

'temperature, the time for preshrinking should range from A

to 2 hours. Trial mixes ghould be made and aged . fo

determine tha longest period uf delay that the martaf,

aftar Feworking, will have sulfficient blazticity o permit
application. The martar should he aa ;tlff a8 possible and
vet permit good wur#manwhlp | It is not Cintended or
expected fhat this relatively stiff, preshfunk mor-tar

3

should he applied ay readily ag ordinary plaster,

Immediately prior to appllcaLimn of  mortar, the
damnp  surface to whit:h the new mortar is ﬁmlbmnd should be
scrubbed thmroughly with a Email quantity mf_murtarn uﬁing
A& wire brush, .Remaining ioese saﬁd parficies_ should be
swapt “away,immediafely before apﬁlicafimn af Aihe mor-tay .
TEE mortar  should pe Compacted into th‘lsqrfaceg taking
care to secure tlght filling around the edges, and shaped

and finished to Correspond wlth the undamaged SUFfaces,

Fer minor restmratimms, 'aatl factory mortar

raplacement may be performéd by FMamncd (d); fDllmwed by  the

‘Weatherproofing treatment described in section X, The

Suctess  of thism nethod depends bn complete removal ot all

nmr wafmr whnuld be ubad ln-.TlﬂiShlﬂg.  5ch*



defective and atfec ced amhcrete, good boﬁding of the mm&tar
to the old concrete., elimination af shrinkage of the patch

atter placemaent, and thoraough curing.

VIII. Reﬁairs under Seepage Conditions: Repairs shouldg not
be attempted where there is éeepimg Ororunning water-, When
the water cannot  be diverted it 1s  often possible, hy
Plugging theruutlet Qith quickhgetting mortar, to .stbp the
flow long enough for the repair to be made and to har&en.

Mortar for plugging such leaks should consist of part

cement and 1 to o Parts sand, by volume. IfT the Mmixing -

water contains 30 ty 50 Per cent of calcium chloride, o
soda ash‘ equal to about 5 per cent qf tﬁe weight of the
c%ment, the mmftér Will set in a few minutes while being
held tightly in position against the leak. The time of get

is determined by the strength of the mixing water solution.

IX.'Curing of Repairs:-— Hacauser.mf the relatively smaill
volume ot mmst'repairs and the tendency of the old concretes
to absorb moisture frrom the new materiél, water curing is a
highly. . dgﬁirable Procedure at least during the first 24
hodrs.‘ When forms are used for the repalr  they can  be
Femoved  and then reget 50 as to hold a few layers of wet

burlap in contact with the new concretes. When s@aling

compound is used, the best curing combination is an initial

-waterwcuring period 0f 7 days followed, while the -surface

is gtill damp, by a coat of the compound . In all cases it

is essential that repairs even dry—packed cone~bolt hnlés,
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receive some water curing and be thoroughly damp béfwre the

séaiing compound ”is"épﬁxiéd. if'ﬁnthing"batté55,¢an"Qé“

devised for the initial water curing of the dry :packﬂuin  '7'

cone-bolt holes and similar repairs. a reliable wmrhmaﬁ;‘
Shauid'-bé -detailed tm)méke the rounds with water . and a
large brush or a‘sprayinﬁ device to heep the repaired'
surfaﬁea Q@t for 24 Hours briér ta the applicatimn af the
sealing coat.

X. Treatmeﬁt Tor Protectimn.‘:nf_' Concrete fAgainst
Weathering:— - -

(a) Beneral Discussion:— Experience has shown . that there

are certain portions of exposed concrete structures which

are. more vulnerable than others to deterioration  fram

weathering in freezing climates. These are the enposed

RS N R R S
i walls, plers, posts,

L
-2 g

surfaces of the top 2 fee:

handrails, and parapets; atl of ‘Eﬁfhg; sills, ledges,

copings, cornices and cornersi anfd sdirfaces which will he

-

in contact with water‘DF‘SprAQ At fféquaﬁtiy'bchahgihq
levels during Tfeeiiﬁdt@ééﬁﬁérv"Thﬁfﬂd?éﬁiiiﬁy,’@f‘”gu;h
concrate features Eaﬁ"bé?tﬁﬁﬁidéﬁébiy“imﬁﬁmved and  their
serviceability gfé#ﬁiy'brﬁidﬁééd‘by”ﬁkevéﬁtivéf maintehance
in  the form'df:tﬁe'wégﬁhef;p}abfing t#éatméﬁt hereinafter

o . v

described.

Except for hand-placed mortar rastorations . of
deteriorated concrete (section VIID), this weatharpromfihg

treatment is ordinarily not applied on new concrete




construction. It is moslt advantageously used on  older
surfaces when the earliest Visible evidence - of
susceptibility to weathering appearss: that is, befors

deterioration advances to a stage where it cannot be

arrested by the treatment. Such early evidence consists

s

primarily of fine surface cracking close dnd parallel to
edges and corners. &uma times the need fmr pruieutlmn i
inditated‘ by pattern"crarPing. "By freatment of  these

vulnerable surfarer in the early sfagp mf weatheang, Iater

‘repairs may be avulded or at leabt pmstponed fur - lqhg‘ L

ctime.

(bi Preparation of Suéfaces=~.éftér coﬁbletiun of the
cﬁring perind a r@palr'nhnuld be alimwpd tm dry 1 Cto 2
rweeks before the waterpromflng treatment ig applled. New
.mmrtar and cmnarat@ patches should be glven a neutraliving
 waﬁh to prpvamt sapmnxfacatlon e f the llnaeed oil used in
ﬁhe‘ waternprnmi;ng treatmant A 5u1ut10n of  0.25 opf a
pound of phm%phmric..aaid anﬂ 0,17 of a _bmgnﬁ T of 'zinc

}chldride' to & gallan mf,water‘iﬁ_bkuahed nver the swface

and  allowed 'tD”'dPy;4B~hQUFE. This applitatimn is' not

necessary on old concrete. Rinsing or brushing after the

neutralizing  wash  has, dried * is unnecessary.  Before

applying the waterproofing, the repair muﬁt be clean and

dry. - Dust and lqmﬁe'métarial should be brushed off.

Effinreqcence may be removed by scrubbing with a 10 pepr
+ ) - ) .
cent solution of hydirochlorie acid.




(c) Treatment of Surfaces:— Afler the suwrface is clean and 54

dry, two coats of linseed il are applied.  The firet coat

consists  of a mixtuwre of 50 par cent raw. linsged oil and

L 90 - per cent twrpenting, he&twd to a temperature of @ 175%,

and  applied with an mrdinmfy paint brush.  Better results

ére &htained if tﬁe‘atmmﬁpheric temperatur&'iﬁ_ébm#é 6HE9F,

Far Ahis .teammh‘ thm‘ work should ba"ﬂmha*”duﬁLngs WaT M
weéthér}"ﬁftef the firest coat has ﬁﬁt“E thﬁf$} ﬁPQ£$rwiJl
he evidant_?wheré. the concrete iﬁ,méfg' Pormﬂ%_“than‘ th@
wwmain;hg BUrFaCe . SBueh ar@£§ éh6uid Eé %pwt tréated with -
the ‘Hmt mJ"turp and.a;lmwaﬁ.ts‘%at 24 houwrs  before the
aemmnd' cmat i%. anpl;@du 1he second  coat consists .af
undlluied raw 11nsped n11 heated tm L?'” and applied in

the same manner as tha_fmrﬁt,

If thake are mpen araakﬁ in Cthe surface  being

repaired, a more effective watﬁrprmmflnq mdy he uutaxnad by

filling the cracb% pricowr to app1y3ng the smrmnd coat of hot

@i l. A standard mineral pa%t@ waed  filler,  thinned  as
necessary  to secure the d@ﬁtrtﬂ p@naLrHLJuh. may  be  used

for this purpose.

, o | e |

Atter the seton wmtmrmrmmfing m@mt im thmraughly‘
diy, the Pnflrm tr@aied surfarﬁ ghmuld be given two: Coats
of any nlandard outside whn[e l@ad and oil baintq Wi thout
the prm{nlemm o fhlb plqmﬁnted paxni the il ﬁreatmemt
is subject to rapim deterioration, and its:pmtential vélue

will be seriously impairaed. A colop renembling  corcrete

can  be  obtained,  if degired, in - the  paint coate, by
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Bridage Deck Expansion Joints

Expansion  Jjoints  in  bridge decks are often a

prablem - and need careful inspection.  On  short span

bridyes, the bituminmua_éurfacing is carried right over the

joint so that fhe joint is invisible. These are called

buried joints.

With temperature changes in moderate climates, a

s

bridge 30 meters long will change its length by about 2% mm

(about 1"},  In areas with'big'tamp@rﬁture differences, the

change in length will be bigger.
Expansion joints prmvidé space into which the ends

.

of deck glab can protrude whﬁh_mlabﬁ lengthen or shift

position. It is a universal practice to provide expansion

joints at spacings of 100 ft or less.

B . . . : . i \.\ t i i
e ;Expan51QN‘.Jmlnt5~are-ﬁaaled with materials  liks

harder paving and air hiown asphaltts, soneltimes mised with'

mineral filler, rubber asphalts and a varisty of rubbsi.

compounds . Bome of these are poured hot and become skiff
on cowuling, .chEFE are placed  cold. - Preformned étripﬁ_

consisting of strips of sxtruded neoprene are also used to
e "

seal the expansion joints of the bridge deck concrete slab.

These are cmmpressed‘far‘ingartinn into the joint grmdva.
At ter insértiwn,-they enpand to cmmpleteiy fill the space.
An  adhesive causes the strips to adhere to the apposing

joint faces.



Repointing pig Masanry o o
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areas  in  thae CeEnEFete! shafl Ee cut out  ang thurmughly

e

cleaned of all”  loose cpncfété;‘ dirt ar other foreign’

Mmaterial tg the depth and Over  the area nNecessary tg4

Procure 4 firm andg sSalid tonnecting SUrface  fop the .

mdhereuce of the new mortar, Thig Prepared surface shall

than he wetﬁed, Filled with MOFtar wel) thriven in,  and




S finished neatl)

i . depth and area’”

Where - the »surface must be cleaned out “to  such

that;tﬁéfhgw:mortar will‘hot'stayfin' ﬁlace

rw;ﬂwitﬁbqt guﬁpérf,{éwfmkm %h$11.be'placed over the area éndff

. ﬁhe space so gncloséd-filled‘with mmrtar,.well'rmdded in.

- Repminting Rubble Haénﬁry.”_,

All spateg Laround the rubﬁle aggregate, after
being cleaned, shall be well filled with mortar. If any of
the rubble is loose it shall be settled into place before

the mortar hasg aét.

Repointing Dressed Stone and Brick Masonry
The Joints 4in the masonry shall be theroughly:
cleaned of all loosé mortar and foreign material for a

depth of at least twice the width of the joint. The joints

shall then be filled with mortar, well driven in and neatly

finished. o ‘ ' L

Cleaning and Protection

N
13

After repointing is cdmplete and the mortar hag
set the surface shall be cleaned and left with a neat and

work manlike appearance.
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PARD III.  BRIDGE INSPECTION

REPORE  FORM

lNumber Name

Crossing

‘Kilometer on the to o road

View Looking from above

< Flow of river T‘ ‘

Ro'ad to ' i o Road to

>

Town/Village —"—jj“

Town/vVillage

Inspectod by

- Date
Numbeér of Pages in report
(Including sketches, hotes, photos)
Report
accepted - by Date

e “W.Xﬂmm?&mmﬁmt@lm.ﬂ TR
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Item Description

Field ©Notes

10

11
- 12

13

Yes | No.

Identification
‘Structure Number
Province and District
Name of Road
Name 0of Road Section
Route System
National
Provinecial
District Council
Farm to Market

Other

Route/National nghway
Nunitber -

JeXind of Structure

Bridge
Multiple Culvert
Overpass Over road
Overpass Over railrosd
Underpass under road
Underpass under railroad

Structure'y locatlon
Kilometer .
on the to — road

Physical Features

14

16

Structure's Length
(Meters)

Surface Width
(metersy

Number of Laneé
&uper%tructure Materlal
Deck Materlal
bubstructure Méterlal

Vertlcal Clearance
{Metersy.

1Horizontal‘clearance
’ .(MéterS) :
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17

18-

19

20

21

Vertical underclearance

{Underpass) - {Meters)

Horizontal Undercléarahce
(Underpass) | (Meters)-

Load <(lass
Tmp/M.Tons

Details of Services on Bridge

* Telephone
Electricity
Gas

Water pipeline
Sewer line
01l pipline

© ©o 8 s 0

Traffic Signs

Yes

No




N

Field Notes

bo. USRI DQJCfiptiqn
Yes [ No
CONDITION
'Road approaches and Deck
22 Road Surface hear-Bridge
* Bumpy road surface
23 Drainage
® Badly built road drainage
near Bridge
® Blocked/damaged road drains
* Water on deck
* Blocked/damaged deck drains
24 Bridge and footpaths bitmen
surface
* Surface breaking up or
lifting off
* Ckacking above joints
25 Bridge and footpaths . -
concrete surface
* Cracking
° Epalling _
* Reinforcement expoged
* Poor Concrete
® Wear of surface due to
small stones '
26 Steel Surface
* Fixings loose or damaged
* Bends in panels
"® Corrosion
27 | Timber Surface

Dirt or plants betiveen
boards

Decay _

Insect attack

Splitting of Timber
Loose or,damaged;fixings

63




INo, f. o dLtem Description

28 Tlmbgr rTunning strlps

deage to running strlps
® . Loose of damaged flxlngs

29 lRailway or Tram Rajils

Loose rail fixings

30 Kerbs
* Damaged or loose kerbs

31 {Foot paths
* Damaged footpaths

32 Parapet, Railings and Guard
Rails

Impact damage

Loose or damaged leJngs

Loose post base

Steel or Aluminium Parapets
Damaged galvan151ng(n'pdlnt
° Lorr051on

Concrete Parapets
© Cracking

* Poor concrete

Timber Parapets.
Decay

Insect attack :
Splitting of Timber

Masonry Parapets
¢ Cracking

* Movement or bending of
parapet

Poor pPointing

Deterioration of the bricks
Or stone work

Field Notes

Yes | No

64




F fLem
No.,

L

Item Descripticn

37 Expansion Joint at

Side Abutment or Pier dNo.

Damage to concrete of deck
end or ballast wall near
joint

Debris or vegetation in
joint .. o

Loose or damaged fixings

Damage or Corrosion to
metal parts

'Damage to rubber watérbars

Yes | No

Field Notes
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_:.Nomn - Item Description

i

Field Notes

i

RIVER

Yes

No

38 BiOCkages in Waterway
@

abutments !

i '
&

Remains of old bridgeé‘

bridge

bridge i i 1

]

i .
Trees or bushes growing
under bridge ;

' ]
H

3% ‘[Change of River éath:
River changingipat@
upstream from @ridge'

New Islandsg foﬂmin&
upstream of bridge :

w
a

; i
River Training works |

i

40

; i
!
@ i !

upstream end of;thé?riv@r
training works | :

Debris against piers or ' ‘.

under or upstyeamibf the . "

River attack_beﬁondi thé--—-f-- -

{ ! !

* Damage to sheetfpiléd Walls
* Loss of rip rapi ,2 :
* Damage to Gabion;, tambei
fencing etc. { ‘ ;
* Damage to trees ; ! i
| j :
B
i ; ;
i ; %
|
-4
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Item 'Description'

Field' Notes

'SUPERSTRUCTURE -

.41

Span- No,

General -

° Impact damage to beamg,

* Debris or vegetation on' ”
* -beans, glrders, trusses or
‘;braclngs or in jOlntS'

j_deck

* Water from deck dralnage; 

’* Not enough headroom for :
‘Overbrldge - 8

'glrdars,_trusses or'hmﬂc1ngs . fﬂ

* Water comlng through the o

-, flowing onto glrders,‘-lf-“_
J'“trusses, beams ox bra01ngs

Main Beams, Glrders, Trusses_3
“land Brac1ngs _— -

42

43

Concrete Beams

|* cracking

® Loose bolts or: rlvets

“ Spalling _ 3
® Corrosion of relnforcement B

]

Poor concrete

Steel Gikdefs and‘Bracin§s

Deterloratlon of palnt or.
galvanlslng

b

°'Lorr0510n_

* Bends in web, flanges,
_stlffeners or bracxngs

’HCracklng




Span No.

14

Ox.

46

ltem Descripti¢n

Field:'Notes

68

Yeg

No

Steel Trussey -

P'Deterloratlon dffpaint or

:galvanlslng

‘_Corr051on

. ﬂends in truss members

? Bent or damaged ]01nts ;_
* Bent or damagcd braclngs

:°'Looqe bolts or rivets |
* Cracking of steel_membéxs.;‘j

 Timber Beams

° Decay

'°-Ihsed£ attack

Spllttlng of Tlmber,_

““Separatlon of 1am1ndtlons‘

oen glue laminated beams

._°'Looee or corroded naLls

_Splk@S or lelnq wire

Tlmber Truuses.

s Decay _ ,
Insecu attack

- Spllttlnq of tlmber
° Loose deck to truss

connectlon,

| e Loose or corroded bolts'

QX pins at jo}nts

f&'Bends in truss flmbels.'
® Damaged or- corroded

'steel parts




49

ITtem

Lo

50

e , 69
- Description. Field Notes
7 |Yes | No ‘
Span No.- ‘
' : PR
Under Side of Deck : . N
! '; E Olzou ‘
47 |Concrete ¥ % i : 3 1 S TX R
il, | gt RGIMN EEXARNE - _
) t ! - UL T !
L) Crac};:!]-lg k ; § oo e lar 'IE:;(-“" |'fr‘13" 0 o1 {
i H : LU ~ L . l
@ Spalling i i + e e o < iy HQ e {
H L R - H
i
° Corrosion of relnforcemént 1 o = L ;
i G
® Poor. concrete 1 P N S S T o i :
| = WP .
® Not enough cover to | ; k
. gyt }
reinforcement % T it _
¢ i i :
i H ! A v
i \ i A i
48 Steel ( : ) i
l l i - A laoall i
° Deterioration of!paint od 1 gt
galvanising l ! i ERELN e )
Corrosion { ; ! AT e i6
- ! | i . } : ! -
®+ Bends in atrlngels or;ﬂatgs " RPN
| i [ v IR PN
° Loose bolts or rlvets‘ : R SN =
i i s o '
* Cracking ; j . i
; i ! ‘ cognlTooaEw
: !
Timber ‘ 1 : s
1
. A
Decay I !§ i
® Insect attack ; | \
. n ‘ ¢ 1
° Spllt timbers , ! .
' H
° Loose or corroded Holtﬁ
Ur pins i }
i : , ,
{ f \ :
Masonry jack arch decks | ? '
! ‘, . !
i g ota R INPECEY ‘.
" Chanqe of shape of qrchi i i : sy ) ' ;
i feed A FT '
° Cracking or spalllng< { ! g
o ’ @ : i
* Poor pointing , * '
. -i i : i H
’ : ! i ‘
i i [ '
| i :
s ‘?
: ; } 1 ;
! ) E
o '
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54

BEARINGS

Yes | No

Abutment Name

All Bearings
® Debris or vegetation
around bearings

® Bad drainage to bearing
shelf ' .

° Not enough room for
bridge span to move

® Bearing not seated properly

° Bridge span not seated
propexly on bearing

* Damaged bedding mortar
Rubber Bearings

° Splitting, tearing or
cracking of rubber

® Damaged or loose bolts or

pins at fixed bearings

Metal Bearings
° Parts not properly seated '
* Parts not free to move

* Problem with the lubricat—
ion system

? 8liding surfaces damaged

® Cracks or bends in metal
parts

* Corrosion of metal parts
Barth quake Restraints

Damaged or loose
earthguake restraints




Ltem |

No. Item’ Descriptiqq

Field Notes

Span No.

55 Hasonfy Arches
* Change of shape of arch
® Cracking of arch barrcl

® Cracking or bulging of
spandrel walls

® Spandrel walls geparating
from arch Co

° Spalling of stones or
bricks

® Poor pointing

° Water leaking through
«, arch

° Scour uhder arch
foundations




+Item . Description -

Field€ NOteS  . § 5:;  fg72

Yeé No-

f-55 jBailey Bridgeé o

L]

Span No.

Missing safety pins
Missing panel pins
Missing or loose bolts
'Missing rakers or tie plates
Missing or loose sway braces

Missing, loose or damaged
horizontal bracing frames

'Missing or loose transom
clamps

Wear at stringer to
transom seating

Cracking
Bends in members

Deterioration of paint
Or galvanising '

Corrosion
Settlement of bearings

Damage to bearings or
base plates

Maximum vertical sag

Maximum horizontal . bend




e

- 73

Item Description Field Notes

Yes | No

Abutment:, Wing walls and
| Retdining Walls

Abutment Name

57 |Abutment, wing-walls and
retaing walls

® Brosion or scour near
abutment

* Damage to caissons ox piles

- Movement of abutment
® Debris against abutment

® Vegetation growing on or
in abutment

° Scour near to retaining
walls

® Movement of retaining walls

® Water leaking down through'
‘the expansion joint~

58 Drainage Systeém

° Not. enough weepholes
®* Weepholes not working

° Water leaking through
the abutment

539 Concrete Abutments,
Wing Walls and Retaining
Walls

° Cfacking
° Spalling

" Corrosion of reinforcement

* Poor concrete




ltem ‘Description .

60

61

Abutment, wlng wallS and

Retaining wall

|Yes

Abutment Name

- Masonry Abutments and

Retaining Walls

-}

[

[

[

Cracking
Bulging
Poor pointing

Deterioraticn of brlcks
or stones

Gabion Abutments and’
Retaining Walls

L]
w

Settlements or bulging
of gabions

Damage to gabion wires
or ties

Timber Abutments and
Retaining Walls

a

L]

Decay

-Insecl attack

Splitting of Timber

Loose or corroded
binding cables

Loose or corroded
fixing spikes




Ltem

Item Description N

Field Notes:

75

Embankments

Yes

63

64

65

66

67

AbutmentAName

General

Scour at base of slopes
* Slip of fill

® ¥rosion of fill

* Cracking of road or
embankment edge

Piping failures of fill

Piled Walls

(-]

Forward movement

Deterioration of piles

*Stone Pitching Slope
'Protection

* Cracking
* Poor pointing

® Scour or erosion at edge

®* Pieces broken off

Gabion Slope Protection

Too much movement of
Gabions

Damage to gabion wires
or ties

Rip Rap Slope Protection
* Rip rap being washed away

* Bed settlement




Ltem

Item -ﬁégéﬁib@ionﬂ  

' Field Notes

(-4

Loss of rip rap

' m‘i .
Yag | No.
The .River Bed
68 | Bed Protection . o
* Large holes - in river bed
69 Stone pitching or concrete
‘ Bed Protection and Aprons
° Scour at edge
®* Cracking '
~° Spalling or stones missing
°® Erosion of surface’
® Corxosion of reinforcement
70 Gabion Bed Protection And
Aprons '
° Gabions broken away from
pler or dbutment
° Damage to wires and ties
71 Rip Rap Bed' Protection




Lten : C L |
No. Item Descrlpplon- Field Notes

Yes | No

Piers

‘Pier No.

72 General

° Scour near base of pier

* Damage to caissons or piles

® Movement of pier

® Impact damage

® Debris against pier

. Vegetation growing on pier

° Water leaking past
exXpansion joint

73 Concrete Piers

+® Cracking

g Spalling

Corrosion of reinforcement
° Poor concrete

74 Masonry Piers -

L]

Cracking
0

FPoor pointing

° Deterioration of masonry




| 1tein

zi.tk) Item Descriptioﬁr ) ' ;Field Notes

Yeg | No

Piers

Pier No,

75 Steel Piers

* Debris in joints

* Deterioration of paint -
or galvanLQLng

® Corrosion

° Bends in steel members
or at joints

° Loose bolts or rlvets

® Cracking

76 Timber Piers
* Debris in joints

¢ Decay

°.Insect attack

® Splitting of Timber

Loose bolts or. pins
at joints

" Bends in pier timbers A

Lamaged or corroded
steel parts




~

Item Description

Tfield Notes

77

74

79

80

Bl

Culverts

Yes:

No

‘Also Fill Items 1 to 37

as required

Geheral

¢ Debris, vegetation, etc in
oY near culvert

* Settlement of parts of the
culvert

! ‘Scour at ends of culvert
or at edge of apron

Concrete Culvert Barrels
® Cracking
° Spalling
*® Corrosion of reinforcement

¢ Poor concrete

Corrogated Steel Culverts

[}

Change of shape of culvert
barrel

Damage or deterioration to
paint or galvanising

* Corrosion of steel

¢ Loose or corroded bolts

Culvert Aprons

® Cracking and damage to
concrete or stone pitching

Damage to Gabions

Headwalls
¢ Movement of headwall

* Concrete:! cracking,
spalling, corrosion of
reinforcement or poor
concrete

i Masonry cracking, poor
pointing or deterioration
of bricks or stones
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Office Assessméent of Inspection
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APPERDIX
. TYPICAL BRIDGES




MASONRY
BRIDGES

SN IMBER
TRRLbans

LI

b o W €1 UG- S I oL I
.

2

T

A
il

10

Semicircular arch,.
Elliptical axch,.

Cothic axch.

Byzantine axch.

Mocorish arch.

Skew arch bridge. _

Lintel over door or wihdow. .
Flat brick arch.

Semi~arch,

Three-hinge axch bridge.

Simple pile and girder bridge oxr gantry.

Pile and girder bridge or gantry with struts.
Morizontal stepped-timber girder hridge.
Timber girder bridge with double struts and
masonry plers.



TIMBER
BRIDGES

e T Y LI

e e C:P‘l:_,:ﬁ 'I{E-__—zu:"ué_-;\::‘é i
~;§§é?%2§;a%~_mr_:- eSS

7

:“_ﬁfp_._\z;__..xtf"‘..._jl.._"fﬂ_.__,_.:E.:::n:.' =

15, Horizontal Stepped-tifiber glrdes on masonry piers.
16. Braced timber girder; double strutted and carried
On masonry pidrs; oo ’
17. similar bridge; put oh double Plets,
- 18-22 Timber-hracad girdek bridges, The bracing may be
‘ wholly wood &g wholly or‘partiy stael,
23-4  Archeqd timber_bfid@éé, braced, .
25, Timber—bracéd.girdet with vertieal stwel ties,
26. Timber arch bridgé with laminated arxch ang
radial strdes,

27. Combined bowstring and horizontél braced girder bring;




TIMBER
BRIDGES

TAST-IRON
BRIDGES

STEEL
GIRLDERS
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28 Timber gantry or viaduct with timber wings to support
an embankment or abutment .

29 Cross section of ditto,

30-2 cast-iron bridges,

33-4 cast~iron braced girders, s

35-41 Cross-sections of various types of cast-iron.girders.
12 Cast-iron girder with Parallel flanges.

43 Ditto, with curved top flange,

44  Cast-iron fish-bellied girder with steel truss rods,

15 Cast-iron girder with steel truss rods.

16-8 Sections of rolled steel girders.
49-51 Sections of built-up girdexs formed of rolled
girdexs, channels, angles, and plates,

W



RIS QWIS
A ATT I

PR
GIRRBERS

G or T at e e e bt

SrERL
BRIDGES

- 62

g1

PRIKIX

T

L Py P

SN

66

E__L;_Lﬁi]///\g\J K T§>] '. 71

BRI
AVAVAVAVAVAVANE
INNEATAA
SNz e

52-3
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70

-Sections of built-up glrders; formad of rolled
" girders, L irohs, and plates, .
Sections of pressed steel troughs for bridye floors.
Small bridges are frequently ‘constructed of troughs
across the span as girders.
Bulb and U steel girders,
Flate girder with parallel flangas,
Ditto, with fish~bellg hottom flange;

i e T s ity duie e = S B b 32 i i o o T T P B 208 ) o acrr

Braced givdexs with horizontal flanges,

Lattice girdar. .

Warren girdexs, ‘ '
Bowstring braced girxders., In No.74 the dotted lines

show a melthod of strengbhening the top flange sonletimes

employed,

87




STEEL

BRIDGES

—

T

77

75-8
79
80
B1-3
B4-5
86
87

Braced arched girders.

Combined horizontal and Warren type bowstring gilrder.
Bowstring and fish-belly braced Warren type glrder.
Braced arched girders.

Bowstring girder bridges.,

Trussed braced girder.

Diagonal braced American type girder.
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e 94, Ditto

"'j95 Pitto
Ditto
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83 . | Ditto

"”'__\\\\\_ ﬁ /ﬂ

j Tm,ﬁ%@q‘wfﬁﬂ

'ﬁ2§5$¢ﬁ$%&ﬁ$@@zﬁ
:ng;;;j,%g i e ‘otrduss.

'f.9Q_f”_Ordinary catenary suspension bridge with vertical ties.
i AR "91" " Suspensicn bridge with braced horizontal hdom,
f";UbIHJNSI()N 92 Ditto with didgonal and vertical ties.

with braced catenary.

with diagonal ties.
with brdced catenary.
Wwith counterbraced vertical ties (or struts)

_....-..._....._...._._..._...-—-........-....__.-..-.-........._._._...._...._._._.._.............._._..__.-....._._._._._.__



CANTILEVER/
SUSPENSION
BRIDGES -

%OO»l Braced are

102 cCentre and fwo-

bridges with central girdet.
h bridges.

103*5”5§aced arch bridges,

side spans, canti



ARCl/
CANTILEVER
BRIDGES

106
107
108

109
11¢

11l

Braced arch bridge with two side spans,.
Arched centre span and two semi-arch side spans.

‘Double cantilever bridge with diagonal pier struts .

and central girder. .
Anothex form of the last.

Bowstring tubular plate girder bridge with
tubular top boom. . ‘
Braced howstxing girder with tubular Lop boom,

"112~13 Sections of the last two,

108 i
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Double cantilever bridge with vertical and diagonal bracing
and central girder, ‘ : )

In the last three types the roadway is carried on the
lower horizontal bhoom. , : N
Ditto with horizontal top boom forming the roadway.
Ditto with arched top and bottom booms,
Ditto with arched bottom boom.

In the last two types the roadway is carried on the
vertical braces. . ' ' ERT
Combined horizountal and bowstring bridge with vertical ties.
Tubular plate girder bridge. '
Section of the last with cellular top boom.
Ditbto with stiffened top boom.
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BRLIDGK
FLaons

128

129
130
131

132

Longitudinal plank flooring on rolled crossg glirders,
Longitudinal plank floor, covered with asphalt apa ballast,—
banked for 5 curved line of gleeper Xailway,

Transvsrse f£)ar or trough Plates, covereq With asphalt, olg

Longitudinal section of Floos constructed of rolled eross
girders with arched briclk filling, carrying asphalt and

ITransverse troughs (sea Nos.S4—6) filled with ballast for

a sleepes railway.

Ditto carrying'longitudinal sleeper réilway. :
Ldngitudinal troughs carrying longitudina} gleeper Tallway.
Ditto on archeq plates riveteq Lo longitudinal, rolled.
girders carried on crogs girders, ) ‘

Plate girders, transversa ang longitudina1, Supporting plank
flooring andg longitudinal Yail sleepers.
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133

134

135

137

138
139

140

111

142

Longitudinal sleepers supported in longitudinal troughs
carried by cross girders,

Transverse rolled girders supporting arched plates and
ballast for a railway.

Carriage roadway and two footways of wood or granite selts
with concrete channels, carried on planking and
longitudinal girders, with concrete arched filling.

Ditto with cast-iron channels laid on three thicknesses of
planking on cambered cross girders, )
Cambered roadway of wood or granite setts on cast—irxon
plates and longitudinal rolled ¢irders.

Ditto on arched steel plates apnd cross girders.

Sleeper railway on longitudinal plank floor carried -

on cross girders.

Sleeper railway banked for a curved line on ballast and
longitudinal ktrough plates and sloping cross girders.
Double line of flange rails on plank floox supported

on four longitudinal sleepers and cross girders.
Transverse section of a girder bridge having transverse
arched top bracing,

94
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143 Bowstring plate girder.
lad - Arched plate girder.

. 145 Plan of girder bridge with diagonal wind bracihg.'
BRIDGE 146-8 Sections of plate girders.
GLIRDERS 149-50 Platework and o standard parapet.

151-2 wube rail bxidge parapet, with cast or
wrought-iron standards.
153-4 Cast-iron panelled parapet.
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158-9
160
161

Elevation plan and section of 1light rope

. Suspension bridge,
Braced bridge of triangular cxross section,

Type of rajilway Crossing foo;bridge in
timber or stee . C L

Pontoon bridge on boats; Pontoens, rafts,
0¥ barrels.

“t
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163

164

165

©

Welded road bridges. Typical Cross-sections of alternative
designs, ,

Details of welded bridges: (1) Fixed bearing; (2) Typical
expansion bearing; (3) Bearing at end of cantilever,
Bridges and girders. Welded splices for columns of
variable section, with ne bending,. Black solid circles
indicate holes for erection bolts, :

‘Welded crane gantry girders, Alternative designs: (1) 1-
beam and channel; (2) Pplated I-beam and channel; {(3)

, Built-vp girder with‘flat_qr'angle stiffeners,




98

f."l
3
1 20 o 0 e o T 3
i . 4
: €0 am@%r_m e ||
G © ) ¢
- C @ ‘},f_i"]w *' .
£ i) R
.
e
e 168
A
{1
) EE"'
h‘,}'lﬂvvn-w-ruw e L Ll f.‘:‘-mﬂ \
"""l-‘:'r.v,r,-,..(..,,_.,,._,mch'-'="" ' |
Componnnts of standard tubular steel welded foot bridge, by Tubewrights Ltd;
(Dliarial frame; (2) Boom end; (3)Boom joint; (4)Yunik portal. A=8 feet., 11 inches; (!
'Y feet, B oinches; ©=3 feet, 3 inches; D=6 feet, 6 inches. o . é
witenley unil construction bridge. Panel length A is 10 feet. (1} Denotes panel - : a
il (2] Fabricated bobbin; {(3) Abutment assembly; (4) Floor crosspeam, : Vi

s lender-Hamilton unit construckion bridge., Standard truss components. -
(V) el post vertical, (18' 5 1/8"); (2) End post horizontal; (3)End post gusset

dlater {4) Standard angle (9' 1L 3/4"); (5) Anglc cleat; (6) feg plate;

(1) Side stiffensr (8' O 1/16%); (8) Leg plate; (9) Vertical (8' 6 3/16" ),

) Gusset plate; (11) Connector plate; {(12) and (13) Double and single gusset

“lates with welded on plates for crossbeams; (l4) Connector plate; (15) Batten

late. Crosses indicate holes  for l-inch Qiameter bolts.

rentrensed conerete bridge at Malheyde. Span A is 144 ft., Bis 6 ft. 6 in,,

Sas D . 3 in. D is one cable of 88 wires, and E, E are two cables of 88

“res of 5 mm. diameter. (1) side elevation; (2) Cross section at mid span;
Neable anchorage at abutment.
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Balanced 1ifting bridge for short spans. _
Rolling and lifting bridge, with balance weight for
short spans.

Single swing bridge, Supported on a strut frame fitted with
rollers running on a curved rail on the bottom.

Double balanced lifting bridge, with overhead fixed bridge
to be used when.the lower bridge is open to the river.
Swing bridge on a turntable, carried by an air float.
Lifting bridge, with winch gear, usually bhalanced.

Bouble swing bridge on a central pier, giving two openings.
When open it ig protected from‘drifting Vessels by dolphing
or pile tenders. ’
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Transporter bridge.

Single swing bridge on a turntable.

Bouble swing bridge on central caisson piex,

Telescopic bridge at Queen's Ferry, Chester. The
central opening span is balanced by weights and runs
back on rollers under the floor of fixed side span,

The central floor is hinged to swing arms and falls far
enough Lo pass under the floor of the fixed span.
Rolling bridge with lateral approach.

Balanced 1ifting bridge. .
Double-leaf 1lifting bridge. The lifting beams have balance
weights on their inner ends.
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