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is based on cost. Note that the cost of removal can vary widely between like
projects and depends on the expertise and equipment available to the contractor
or Government at the time.

General Considerations

A repair technique requiring no concrete removal should be considered for
situations where the deteriorated or damaged concrete does not threaten the
integrity of the member or structure. The cost of concrete removal was saved
in the rehabilitation of the tops of lock walls at Dashields Locks in the
Pittsburgh District by placing an unbonded concrete overlay without removing
the deteriorated concrete. Similarly, the cost of concrete removal was saved
by installing precast concrete panels over deteriorated concrete on the backside
of river walls at Lockport Lock in the Rock Island District and Troy Lock and
Dam in the New York District.
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If work is to be contracted, information describing the condition and
properties of the concrete must be made available at the time of bid
advertisement to reduce the potential for claims by the contractor of “differing

site conditions." Information provxaea may inciu ae [ype and range of
deterioration, nominal maximum size and type of coarse aggregaie, perceniage
of reinforcing steel, and compressive and splitting-tensile strengths of concrete
When uncertainties exist regarding the condition of the concrete or the
performance of the removal technique(s) selected, an onsite demonstration
should be implemented to test production rates and ensure acceptable results
before work is begun
.

Environment

An evaluation to assess the effects of debris from concrete removal entering

and envmonmental condition of aterwav and on the ouantlt f debris
entering the waterway. The coarse aggregate portion of the debris is
sometimes a natural river gravel that is being returned to its place of origin
and therefore is considered to have a negligible impact on the waterway.
When individual particles are of sufficient size, debris can be placed in open
water to construct a fish attractor reef as a means of disposal. Recycling of
concrete debris should be considered as an altemative to landfill disposal.

Removal Techniques

Concrete removal techniques are outlined in Tables | and 2. These
techniques have been grouped into six general categories, as shown in Table 1.
Selection features and general considerations for each removal technique have
been summarized in Table 2.

Summary

For a repair and rehabilitation project in which removal of concrete is
required, all applicable concrete removal techniques should be evaluated. The
principal factors to be considered should include, but are not limited to, (a)
impact of nemoval debris on the environment, (b) cost, (c) removal rates,

(d) quantity and quality of the concrete to be removed, (e) potential for
damage to the concrete that remains, and (f) compliance with site restrictions,
such as acceptable levels of noise and ground vibration. All acceptable
removal techniques should be specified in the appropriate specifications. A
description of the concrete should be made available at the time bids are being
so!icmd to reduce the potential for a costly claim based on "differing site
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Category Description Specitic Methods
Biasting Blasting methods employ rapidly expanding gas Explosive biasting
confined within a serigs of borgholes to produce
controlled fracture and removal of concrete
Crnichinn Cnichina mathade amalay hudranlicaliy anwarad Marhaninal ariiehina hanm maiintad mashanisaal
Wikatiniy AR 1) I"|¥ HIBUIVJUS gHIpIV nyuiauivai puUwoiou WG lai lival UUDIIIIIS, VUViIFTnivuiiiou rniigui iarnivai
jaws to crush and remove the concrete crushing, portable
Diatdionnm s ibbiomoe mmmmbemada e lais bo il d mbhe e bm e miiba A hecom mlosm tasmbmo Smd msddlo o adlm [ D PR I,
Luting Luting meinodgs ampioy 1un-oepin penmaeter Cuis Abrasive water jet cutting, diamond blade cutung,
disjoint concrete for removal as a unit or units diamond wire cutting, stitch drilling, thermal cutting
impacting impacting methods employ repeated striking of the Mechanicai impacting, boom-mounted mechanicai
surfaca with a mass to fracture and spall tha |mpacgnn hand-held meaechanical |mnacgng‘ spnnn.
concrete action
Millina Mllllnn mathods generallv amnlov abrasion or vdromilling rotarv head millina
g N methods generally employ abrasion or Hydromilling, rotary head milling
cavnatlon erosion techniques to remove concrete
from surfaces
Presplitting Presplitting methods employ wedging forces in a Presplitting, chemical expansive agents;
designed pattem of bareholes to produce a presplitting, piston-jack splitter; presplitting, plug
controiied cracking of the concrete to faciiitate and feather spiitter
removal of concrete by other means
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Category Methods Features I Considerations
B o ———————
Blasting Explosive blasting Msthod applicabls for removal from Requires highly skilled personnel for design
mass concrete structures and exectution of blasting plan
Method is most expedient and, in Stringent safety regulations must be
many cases, the most cost-effective | complied with regarding transportation,
means of removing large volumes storage, and use of explosives due to their
where 2560 mm (10 in.) or more of inherent dangers
face is to be removed
Sequential blasting techniques must be
Produces reasonably small size employed to reduce peak blast energies,
debris that is easily handled and thereby, limit damage to surrounding
property resulting from air-blast pressure,
ground vibration, and fly rock
Control blasting techniques should be
ulupluy%d tc limit daluauv o concrats that
remains
Cf‘dshing Mechanical Method appuicamu for I'Gﬁ‘lﬁvulg Mathod is more appiic—auie for total
crushing, boom- concrete from decks, wall columns, demolition of a concrete member rather than

and other concrete members where
shearing plane depth is 1.8 m (6 ft)
or less

Boom allows removal from vertical
and overhead members

Steel reinforcing can be cut

Pulverizing jaw attachment can
Aobanmod thho amesocnba fomon taa atand
UBUUTIU Y WIHWBLWD Ul UIo S v
reinforcement for purpose of

for removal to rehabilitate or repair

Exposed reinforcing steel is damaged
beyond reuse

Production rates vary depending on
condition of concrete and amount of
reinforcement

recycling both
Dradiicae ralativaly emall aacihs
rTOCULSS Tewduvaly Siian, sasny
handled debris
..... b annlina ramaval fram —~ " [P S P APPPR iy P
lVlUUIdlllw uuluu dppllbdulu |U fgmuoval nmormn q "Us iwo maen o nanaie \weigns

crushing, portable

decks, walls, and other members
where shearing plane depth is 300
mm (12 in.) or less

Method can be used to remove
concrete in areas of limited work

space

Produces limited noise and vibration

Produces smail size debris th
easily handled

approxnmately 54 kg (100 Ib)
Reinforcing steel is damaged beyond reuse

Crushing must be started from a free edge
or a hole cut in member

Boundarias must be sawcut to limit

S TV W WD e

overbreakage

Production rates are iow

(Sheet 1 of 8)
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Table 2 (Continued)
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Category Method

Features

Considerations

Cutting

ng Abrasive water

cutting

iat
et

Mathod nnnlmahla for makmn
cutouts through slabs, walls, and
other concrete members where
access io only one face is feasible
and depth of cut is 500 mm (20 in.)

or less

reinforcin

@
5

ard a ggragates

irreguiar and curved cutouts can be
maro

mace

Cutouts can be made without
overcutting corners

Cuts can be made flush with
adjoining members

No heat, vibration, or dust is
produced

andline ~f Anhru- ismore s ~rant
IlﬂllUlIlls VI WUOWUIIO 10 1HVIT Tiiwoi il
as bulk of concrete is removed as
units

Cutting is typically slower and more costly
than diamond blade sawing

Controliing flow of wastewater may be
required

Personnel must wear hearing protection due
ta tha hinh lauale Af naiea nradiicad

W UIT Tigi 1OVOIo Wi 11Vioo PIUUUUW

Additional safety precautions are required
due to high water pressuras; 200 to 340
MPa mn 000 to 50,000 ncl\ n.rgdugnd hv
system

Diamond blade
cutting

Method applicable for making
cutouts through slabs, walls, and
other concrete members where

th anly Ana faca ie faacihla
aCCass W Oy ONe 1acCe IS 16asioe

and depth of cut is 600 mm (24 in.)
or less

Precision cuts may be made
No dust or vibration is produced
Handling of debris is morae efficient

as bulk of concrete removed as
units

Selection of the type of diamonds and metal
bond used in blade segments is based on
the type (hardness) and percent of coarse
annrana rrnnt ctand

nd An tha na
uguuwscuu ang on e percant sies:

reinforcing in cut

The higher the percent of steel

reinforcement in cuts, the slower and more

costly the cutting

=4

i ot
wer anag

‘£’.
o)

b s
he harder the aggregate,
ore costly the cutting

3

Controlling flow of wastewater may be
required

Personnel must wear hearing protection due
to the high levels of noise produced

Special blades with flush cut arbors are
required to make cuts flush with adjoining
members

Diamond wire
cutting

Method applicable for making
cutouts fhrough concrete where

danth af ~it ie nraatar than ~can ha
G8py OF CUL s greaier wan can o8

economically cut with the diamond
blade saw

The wire saw is a specialty tool that for
many jobs will not be as cost effective as

ntha chninuae cuirch ac hlactina
other \wunuu\quun SUCn as Giasuig,

impacting, and presplitting

{Continued)
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Considerations

Table 2 (Continued,

Category Method Features

Cutting Diamond wire Cuts can be mads through mass
(Continued) cutting (Continued) concrete and in areas of difficult

access

Qvarcutting of corner can be
COvercutling of corner De

avoided if cut started from drilled
hole at corner

No dust or vibration is produced

m~a bl ~
ad UUInN Ul LLlivivio
units

e diamonds and metal bond
used in beads is based on type (hardness)
and percent of coarse aggregate and

percant of steei reinforcing in cut

The higher the percent of steel
reinforcement in cuts, the slower and more
costly the cutting

The harder the aggregate, the slower and
more costly the cutting

Beads with embedded diamonds last longer,
but are more expensive than beads with
electropiated diamonds (singie layer)

For wires with beads having embedded
diamonds, wire should be of sufficient length
to compiete cut as repiacement wiii not fit
inta cut (wear reduces wire diameter and,
thereby, cut opening as cutting proceeds)
Deep cutouts that are formed by three or
more boundary cuts may require tapering to
avoid binding during removal

er- nnel must w
levels

onnel
o the high

Controlling flow of wastewater may be

raciirad
requirec

Stitch drilling

Method applicable for making
cutouts thorugh concrete members
where access to only one face is
teasible and depth of cut is greater
than can be economically cut by
dAiamand hlg% saw

Giainhviil vial

Handling of debris is more efficient

as buik of concrete is removed as
units

Rotary-percussion drilhing is significantly
rmmrn Aurmadimmd memad Annon il o
Hvig BAPWIHII( allu guvuiliviiival uiall
diamond-core for nonreinforced concrete

Diamand core drilling is more applicable

than rotary-nercussion drilling for reinforced
nan relary-percussion anaing 1er rainiereec

concrete

The greater the percentage of steel
reinforcement contained within cut, the
slower and more costly is the cutting

between holes 7wirth depth ahd ;n the
diameter of boreholes drilled

The deeper the cut, the greater borehole
diameter required to maintain overiap
between adjacent holes and the greater the

Pore 131
CUSL

(Continued)




Table 2 (Continued)

PP R

"npduung, UUUI"‘
mounted breaker

PR | PPN Py

dllu parual wp\u amouvdrs WIIUIU
production rates required are

greatar than can be economically
achieved by the use of hand-heid

hraalknre
VIiTanoi o

Boom allows concrete to be
removed from vertical and overhead

Boom-mounted breakers are widely
avaiiabie commerciaily

Method produces easily handled
debris

|
Category Method Features I Considerations - I
— - —
Cutting Stitch drlling Uncut portions between adjacent borehoies
{Continued) (Continued) will prevent removal
Dot .AlAAL\'\’\A- bme anrmiionimm Aeillion~
wulivivio lUUIJIII gS5d Ul PUIDUS&IUII Ullllllly
and aggregate hardness for diamond coring
will affect cutting rate and cost
Parennnal miiet waar haarina nratactinn dua
Personnel must wear hearing protection due
to the high levels of noise produced
Thermal cutting Method applicable for making Mathod is of limited availability commarcially
cutouts through heavily reinforced and is costly
decks, beams, walls, and other
reinforcead members where site Method cannot be used in areas where
conditions allow sfficient flow of flammable or combustible materials sxist
molten concrete from cuts
Remaining concrete has thermal damage
Method is an effective means of with more extensive damage occurring
cutting prestressed members around stesl reinforcement
Irregular shapes can be cut Noise, smoke, and fumes are produced
Minimal vibration and dust produced | Personnel must be protected from heat and
hot fly rock produced by cutting operation
Handling of debris is more efficient
as bulk of concrete is removed as Additional safety precautions are required
units due to the hazards associated with the
storge, handling, and use of compressed
and flammable gases
Impacting Mechanical Method is applicable for both full The blow energy delivered to the concrete

abhocilad o Beanitonsd ton oot nt o abeimbes
SIVUIID US liiTlieu :U PlU:Ubl uie auuuf'ul'a

being repaired and surrounding structures
from damage due to the high cyclic energy
generated

Performance is function of concrete
soundness and toughness

Drgduggvggv is emmﬁmnﬂu reduced whan

boom is operated from top of wall as
operator's view of removal is very limited

Care must be taken to avoid damage to
supporting members

Ammonto tead coammninas ia P ey |

\/Ullblele uatk Iullldlllb Ib Udllldgw
(microcracking) along with reinforcing steel

Sawcuts at boundaries shouid be empioyed

to reduce the occurrence of feathered edges

Dust is produced
{Continued)
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Table 2 (Continued,
Category Method Features Considerations
Impacting Mechanical Personnel must wear hearing protection due
(Continued) impacting, boom- to the high levels of noise produced

Mechanical

imamantins hand
linpauiyg, nanc-

held breaker

Method is applicable for work

imualidoan limitad valitmas Af
WIVUIVINY iniey vuluiies Ui

concrete removal and for removal in
areas of limited access

FianG- ol vioangis v

available commercially

Hand-held breakers are \'Al’de!\’l

Breakers can be operated by
unskilled labar
Method produces relatively small

PYPN Iy PO I "Rt Ty
Qaaouns tﬂa[ IS aasuy ﬂd"UlUU

Hand-heid breakers are generally not
annlicrahin far lnrma unbimas Aé coon e

applicabls for large voiumes of removal,

except where blow energy must be limited

Performancae is function of concrete
soundness and touahness

OSS aAnG VLynness

Significant loss in productivity occurs when
breaking action is other than downward

Removal boundaries will likely require 25
mm (1 in.) deep or greater sawcut to reduce

b oo mmmn b b thm oo d o dm o

ng OCCuiTence O 1eainerea eages

.

Concrete that remains may be damaged
(microcracking)

Size of breakers for bridge decks is typically
limited to 14-kg (30-Ib) class for removal
above reinforcement and 7-kg (15-ib) ciass
from around reinforcement

AT QO fafe

Dust is produced

Personnel must wear hearing protection due

to the high levels of noise produced

Machanical

impacting, spring-
action hammer

Method is nnnhrmhln for hm:\kmn

concrete pavement, decks, walls.
and other thin members where
produciion raies required are
greater than can ba economically
achieved by the use of hand-held

breakers

For decks, hammer can compietely
punch thorugh slab with each blow
leaving only the reinforcing steel

Method produces easily handled
debris

Method is more applicable for total

demolition of a concrete member rather than
for removal to rehabilitate or repair

The blow energy delivered to the concrete
should be limited to protect the structure
being repairad and surrounding structures

from damage due to the high cyclic ensrgy
generated

Care must be taken to avoid damage to

stiInnarfinm mamhare
SUppUnuiny inoinivois

Performance is function of concrete
soundness and toughness

Concrete that remains is damaged
(microcracking) along with reinforcing steei

Sawcuts at
to redu

boundaries should be employed
the occurrence o
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Category

. Milling

Table 2 (Continued)

Method

Hydromilling (also
known as
hydrodemolation
and water-jet
biasting)

Features .

Considerations

Method is applicable for removal of
deteriorated concrete from surfaces
of decks and walls where removal
depth is 150 mm (6 in.) or less

Method does not damage the
concrete that remains

Steel rainforcing is left undamaged
for reuse

Method produces easily handled,
aggregate-size debris

Method is costly

Productivity is significantly reduced when
sound concrete is being removed

Removal profile will vary with changes in
depth of deterioration

Holes thorugh member (blow-outs) are a
common occurrence when removal is near
full depth of member

Repair of blow-outs require additional
material and form work, thereby increasing
repair time and cost

Method requires '|arge source of potable
water (the water demand for some units
exceeds 4,000 L/hr (1,000 gal/hr))

Laitence coating that is deposited on
remaining surfaces during removal should
be washed from surface before coating dries

Flow of wastewater may have to be
controlled

An environmental impact statement will be
required if wastewater is to enter a
waterway

Personnel must wear hearing protection due
to high level of noise produced

Fly rock is produced

Additional safety requirements are required
due to the high pressures (100 to 300 MPa
(16,000 to 40,000 psi) range) produced by
the system

I (Sheet 6 of 8)

Rotary head milling

Method is applicable for removing
deteriorated concrete from mass
structures

Method is applicable for removing
deteriorated concrete cover from
reinforced members such as
pavements and decks where it is
unlikely that the reinforcement will
be contacted

Removal is limited to concrete outside
structural steel reinforcemant

Significant loss of productivity occurs in
sound concrete

Productivity is significanlty reduced when
boom is operated from top of wall as
operator’s view of cutting is very limited

Concrete that remains will likely be
damaged (microcracking)

(Continued)
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expansive agents
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Category Method Features Considerations
Milling Rotary head milling | Boom allows removal from vertical Skid loader units typically mill a more
IO membiont in A [0 mmbions 1n A\ el Avincbhoaadd irfamae timifarm ramaual arafiln than Athoar cmbmn,
\wuiinueu {Wwuniunivou) ang ovemiead suinacses Urinuiin roinivvai pruilioc udiaill vuien IUldly
head and water jet units
Concrete containing wire mesh can
be cut without significant iosses in Noise, vibration, and dust are produced
preductivity
Method produces relatively small
debris that is easily handied
Prasplitting Chemical Method is applicable for presplitting Personnel must be restricted from
presplitting, concrete members where depth of prespiitting area during early hours of

boraeholas is 10 timas borehole
orgheies is 10 imes borehoie

diameter or greater

Expansive products can be used io
produce vertical nmqnllmnn planes

LG VoIl piesepiiiils vrelte

of significant depth

Some products form a clay type of
material when mixed with water that
allows the material to be packed
into horizontal holes

No vibration, noise, or fly rock is
produced other than that produced
by the driling of borehoies and the
enannd:rv hrnnk:mn mathod

p;nrllmf h\,/drnhn_q as matarial has the

LOCLLl yLSaul walehar aas ut

potential to blow out of boreholes and cause
injury

Prnenlmmn with expansive agents is

raspiiil L) nis t

typically costiy
Expansive products that are prilis of become
slurries when water is added are best used
in gravity filled, vertical, or near vertical
holes

Products are limited to a specific
temperature range

A rotary head ;mlhng or mechanical

impacting method will be required to
complete removal

Develooment of presplitting plane is

sngmﬁcandy decreased by presence of
reinforcing steel normal to plane

Loss of control of presplitting plane can
result if boreholes are too far apart or holes
are focated in severely deteriorated concrete

Mechanical

plespmung piston
jack splitter

Mathod is applicable for presplitting
more massive concrete structures
where 250 mm (10 in.) or more of
face is to be removed and
presplitﬁng requires boreholes of a
Ao meanntor than Ann iensd b

o
UUPUI yfeaitol uian van vo used vy

plug and feather splitters

Spiitter can be reinserted into

horeholes to continue removal for
Q0rensies 1o conlinue removal 101

full depth of holes

Large diameter (30-mm (3-1/2-in.))

P R e b o

boreholes are required that increass cost

Splitters are typically used in pairs to control
presplitting plane

Hand-held breakers and pry bars are
typically required to complete removal

Davelonment of nraenlittina nlana ig
vaveiopment of P-vern-ul g plane is

significantly decreased by presence of
reinforcing steel normal to presplit plane

(Continued)
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Table 8 (Continued)

presplitting, plug
and feather splitter

slabs, walls, and other concrete
members where presplitting depth is
4 ftor less

Method typically less costly than
cutting methods

Initiation of direction of presplitting
can be controlled by orientation of
plug and feathers

Splitters can be used in areas of
limited access

Limited skills required by operator

No vibration, noisa, or fly rock is
produced other than that produced
by the drilling of boreholes and the
secondary breakage method

—— e T T T R R R RIS,
RS e e eSS ——————— —— e —————

Category Method Features Considerations
R — =
Presplitting Mechanical Splitter can be used in areas of Loss of control of presplitting plane can
(Continued) presplitting, piston- difficult access result if boreholes are tao far apart or holes
jack splitter are located in severely deteriorated concrete
(Continued) No vibration, noise, or fly rock is
produced other than that produced Availability of splitters is limited in the United
by the drilling of boreholes and the States
secondary breakage
Mechanical Method applicable for presplitting Splitter cannot be reinserted into boreholes

to continue presplitting after presplit section
has been removed, as the body of the tool
is wider than the boreholes

Development of presplitting plane in
direction of borehole depth is limited

Development of presplitting plane is
significantly decreased by presence of
reinforcing steel normal to plane

Secondary means of breakage will typically
be required to complets removal

Loss of control of presplitting plane can

result if boreholes are too far apart or holes
are located in seversly deteriorated concrete

(Sheet 8 of 8)

Concrete and Stes| Applications

11



