Key Engineering Materials Vol. 250 (2003) pp. 181-186
online at http://www.scientific.net O
© 2003 Trans Tech Publications, Switzerland

Investigation on Cutting Forces in Concrete Sawing Process

X. Wei, H. W. Du, C. Y. Wang and Y. L. Fang

Faculty of Mechanical & Electronic Engineering,
Guangdong University of Technology, Guangzhou, 510090, China

Keywords: Cutting force, Diamond saw blade, Concrete, Circular sawing

Abstract. Diamond saw blades are widely used in cutting concrete matarialgsil engineering
industry. Concrete is a kind of difficult-to-cut composite matefiéle cutting forces in concrete
cutting processes by single-diamond tools and sawing processesudgrcdiamond blade were
investigated in this paper to provide basic information for propergcsey sawing conditions and
optimizing blade structure. The signals of cutting forces undereliffeonditions were acquired and
analyzed. The results show that the properties of composition in asphaitete have significant
influence on instantaneous cutting forces. The effect of cutting speaatting forces is smaller than
feed speed and depth of cut in concrete sawing processes.

Introduction

Diamond saw blades are widely used in cutting concrete mdtaridde civil engineering industry.
They have been applied in cutting expansion and contraction grooves in epgsavang joints and
anti-skid grooves of highways and airport runways, and machining corprestast parts, etc.
Concrete is a kind of composite material, which consists of hardp{@s&en stone, sand, etc.) and
soft phases (asphalt, etc.). Concrete is sawn under dry cutting irappbigations to eliminate the
need for water supply and sludge clearance problem. The diamonadhéessaw blade segments,
therefore, are subjected to severe impact mechanical load aneétigérature, which act to weaken
the diamond grits and lower the blade life and working efficiencyrelisea demand for optimizing
cutting conditions and blade structure to cut concrete with great efficiency anddow c

Most of the research work to date on sawing concrete has focusedtoolthvear sand sawing
mechanism [1-6]. There exist three main problems in dry cuttingre@ndhat is, high cutting
temperature, high noise, and concrete swarf and chips on the blade.sLinfzse problems cause low
blade life and sawing efficiency, and pollution to the environment. Madenzore recent research
work has been concentrated on improving saw blade structure [7-10] térsofweblems above. But
few work on the cutting force in concrete sawing processes has been published.

The cutting forces in concrete cutting process by single-diamonddndlsawing processes by
circular diamond blade were investigated in this paper to provide imdgrenation for properly
selecting sawing conditions and optimizing saw blade structure.igim@s of cutting forces under
different conditions were acquired by a piezoelectric force dynameome€he factors affecting
cutting forces of concrete were analyzed.

Experimental Setup

The experimental work involved cutting process with single-diamond tadIsawing process with
circular diamond saw blades. This investigation aimsotiect cutting force datéo assess concrete
machinability and diamond grit behavior in concrete sawing process.

The cutting experiment was performed on a machining center wigiesiliamond tools. The
cutting speed was selected in the region from 0.02 m/s to 0.08 m/eeatepth of cut from 10m to
80 um. Dry cutting was applied in all of the concrete cutting proceSdee sawing experiment was
conducted on a bridge stone-sawing machine. The saw blade used was 8bdiemeter with 24
segments and ferro-based bond. The concrete materials were samgaby of down cutting at
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cutting speed ¢from 11 m/s to 25.6 m/s with feed speedrom 400 mm/min to 1200 mm/min and
depth of cut gfrom 10 mm to 50 mm. Both water cooling cutting and dry cutting wseel in the
sawing experiment.

Two kinds of concrete, namely, asphalt concrete and cement concretéested. The asphalt
concrete consists mainly of coarse and fine broken stone grains and asphalt. ltssteengiresgth
is 5.1 Mpa. The cement concrete contains cement used as a binderndastore grains. Its
water-cement ratio is 0.33 by weight. Its compressive stren8&Npa. The concrete blocks with 80
mm long x 60 mm wide x 20 mm deep were used in cutting tests abtbtks 200 mm long x 80
mm wide x 60 mm deep in sawing tests.

A piezoelectric force dynamometer (YDM-11199) is connected 3echannel charge amplifier. The
force signals are acquired to a computer using a fast data acquisition card aacesoftw

Results and Discussion
Cutting Forcesin Cutting Process of Concrete.
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Fig.1 The cutting force signals of asphalt concrete and cement concrete in coitegspr

The Featuresof Cutting Forces. Fig.1 shows the cutting force signals of the asphalt concrete and
cement concrete cut by single-diamond tools. When asphalt conceete tee horizontal cutting
forces k at cutting speed direction and vertical cutting forgcatFeutting depth direction change in a
relatively wide range but at a low frequency, as shown in Fig.1lay d&gend obviously on the
composition of concrete being cut. The relation betwegnFFand the composition of asphalt
concrete is shown in Fig.2« Bnd F rise abruptly when a hard phase, such as stone grain is being cut,
and drop to a low level while asphalt, the soft phase is being,@uefk drops to zero instantaneously
while the tool is cutting in the boundary of a hard phase and asphattets enpore or cavity in the
concrete, especially in the case small depth of cut is appliedchEmges of the cutting forces are
caused by the difference in hardness of different composition phase.

When cutting cement concrete, the cutting forces fluctuate freguaatshown in Fig.1b, which
exhibits the typical cutting force feature of brittle matsrisuch as granite. The average cutting
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forces are generally larger than those of asphalt concrete. @ogwpdth asphalt concrete, cement
concrete is denser and more brittle. The cut surfaces of ceorarete are observed mainly with
fracture characteristics. As a result, the cutting forceepfent concrete fluctuate more frequently
than those of asphalt concrete.
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Fig.2 Relationship between cutting force signafg.3 Relationship between cutting forces
and composition phases of asphalt concrete and depth of cut in asphalt concrete cutting
cutting process process

The Factors Affecting the Cutting For cesin Concrete Cutting Process. (1) Depth of cut g As
the cutting forces are significant different when the stone graasphalt material in asphalt concrete
is cut, the average cutting forces of stone grain and asphaliahate considered, respectively, as
shown in Fig.3. With the increase in the depth of cut, beémB E increase. When a stone grain is
being cut, kis smaller than Fas concluded from other brittle material cutting processes. On the
contrast, kis lager than Fwhen asphalt material is being cut. Asphalt material is adinqdastic
material. It is mainly removed by plastic deformation under thespamd cutting action of the
diamond cutting edge.

(2) Cutting speedy/As the maximum cutting forces are obtained normally when thedtigrase
of the concrete is cut, the effect of cutting speed on the maxicutting forces depends on the
property of the hardest phase in the concrete. The maximum cutting\fidreescutting in the stone
grains of asphalt concrete are referred to as the maximumgctdtces of asphalt concrete. The
maximum cutting forces show different trends with the increasattihg speed when cutting asphalt
concrete and cement concrete, as shown in Fig.4. The maximum cattiag knax and Emax show
an increase trend in general with the increase of cutting sgesd asphalt concrete is cut, and the
average cutting forces when cutting in asphalt material inerglgghtly, as shown in Fig.4a. The
cutting speed has insignificant influence on the cutting forces wingcement concrete, as shown
in Fig.4b.

45

14 T :
40 e
1 / T L—Single diamond tool dry cuttif %
P 35 ap=30um cement concrete
% 10 Z 30 _-_Exave
- = - | o—
S ¥+— [Single diamond tool dry cuttil 8 IR
k=] 8 a,=30um 5 25 . ﬁnax
.g —m—Fxaveasphalt 2 20 o
g 6 —e—F,aeasphalt =]
(@)

I

xmax 15

Fzmax
T 10

r -

2

0.02

L 5
0.05

V¢ (m/s)

(a) Asphalt concrete

0.03 0.04 0.06 0.07 0.08

0.02

[ ]

0.08

0.03 0.04 0.05

Vv (m/s)

(b) Cement concrete

0.06 0.07

Fig.4 Relationship between cutting forces and cutting speed in cutting process
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(3) Workpiece material. As discussed above, the composition and strattcoecrete have a
significant effect on the cutting forces. The mechanical progesfiehe composition influence the
cutting mechanism and consequently the cutting forces. The pores amelsoaxisted in concrete
cause the cutting forces to fluctuate instantaneously.

Cutting Forcesin Sawing Concrete Processes. Fx and E measured in the sawing experiment are
transformed into tangential cutting forceaRd radical cutting force,Ro evaluate the load on the
diamond grits of each segment.

Effect of Cutting Speed on Cutting Forces in Sawing Concrete Processes. It can be seen in
Fig.5 that |5 reveals a decrease trend when increasing the cutting speed. Witbrdase of cutting
speed, the size of undeformed chip cross-section becomes small [1¢qCGemsy, the mechanical
load on a diamond grit decreases. In addition, diamond grits may fracture to many neyveclgés
due to the impact load at a higher cutting speed, which leads todteaske of cutting force. But F
does not exhibit noticeable trend at the experimental cutting speed range.
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Fig.5 Relationship between cutting force and cutting speed in sawing process
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Fig.6 The relationship between cutting force and depth of cut in sawing process

Effect of Depth of Cut on the Cutting Forces in Concrete Sawing Processes. As shown in
Fig.6, R, increases obviously with the increase of depth of cut when asphatemc cement
concrete is cut. It can also be analyzed based on the theoréteabfsthe undeformed chip
cross-section, or the depth of cut per diamond grit increases. Wheepteof cut is increased, the
depth of cut per diamond grit increases. Consequently, the mechanidapdoadiamond grit
increases. The similar trend is also shown in Fig.3. In gengrial, S&wing cement concrete is larger
than that in sawing asphalt concrete, which is consistent witlesh# pbtained in cutting process. F
increases slightly when increasing the depth of cut, which is not thoroughly consigtethievirend
of cutting process shown in Fig.3. The sawing process of concretaéscomplicated than cutting
process. The soft and hard phases are cut at the same time ufedlentdéctual conditions in a
sawing process of concrete. The change of cutting parametersagffuthe wear characteristics of
the diamond grits as well. The increase in the depth of cut cthuesescrease in percentage of
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diamond grits with wear flat surface [10]. Blunted diamond gritsesse the sawing forces,
especially the radial cutting forcg.F

Effect of Feed Speed on the Cutting Forcesin Concrete Sawing Process. When the feed speed
is increased, both,/and Ft increase in the sawing processes of cement concretgaatt aoncrete.
It follows simultaneously that the size of the undeformed chip @®sen increases. Under the same
condition, the maximum and average radial cutting forggand Fawe Of cement concrete are larger
than those of asphalt concrete. But the tangential cutting forcendbsisow obvious difference. The
possible reason should be analyzed further from the investigatiorsressilie wear characteristics of
diamond grits.
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Fig.7 Relationship between cutting force and feed speed in sawing process

Effect of Cooling Condition on the Cutting Force in Concrete Sawing Processes. The cutting
forces, especially the average radial cutting forces decreasgkably when water is applied to the
sawing area, as shown in Fig.8. With the action of water, the remotra obncrete swarf from the
working surface of the segment is much easier than in dry cutting process, wlastefastive grit
cutting edges and reduces the friction between the concrete andnsggin addition, the sawn
surface of concrete is formed by small fracture and found witllesmemevenness than that by dry
cutting [9]. That may be caused by the action of hydraulic-wedgeai&rywenetrating into the pores
and micro cracks of concrete, which lower the strength of surface layer antrete and cause the
material easy to fracture into smaller chipping. Consequentlguttiag forces decrease under water
cooling condition. In the application that water is not available, th@awement of the blade
structure for reducing the friction between blade and concrete, anovirgmconcrete swarf
efficiently should be taken into account for reducing cutting forcesi@at] and prolonging the blade
life.
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Fig.8 Effect of cooling condition on cutting force in sawing process
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Conclusions

1. The instantaneous cutting forces in asphalt concrete cutting peoeaafiuenced significantly by
the properties of concrete composition. The cutting forces rise abwiph a hard phase is being cut
and drop to a low level when asphalt is being cut. The cutting foraesre#fnt concrete are larger and
fluctuate more frequently than those of asphalt concrete.

2. With the increase in the depth of cut, cutting forces rise in thexgyitocess of concrete. The
cutting speed, feed speed and depth of cut have noticeable influencescattitigeforce as they
affect the size of the undeformed chip cross-section in concreiagsarocesses. The effect of
cutting speed on cutting force is generally smaller than that of feed speed and dapth of ¢

3. The cutting forces, especially the average radial cutting dodeerease significantly when
water is applied in concrete sawing processes.
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