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Results on an evaluation of two sets of full-scale experimental concrete
test sections are summarized. Eighteen experimental concrete finishes
were evaluated in terms of skid resistance under standard trailer water
conditions and under simulated rainfall conditions. In addition the
changes in texture depths and skid values with time were measured. Re-
sults indicate that (a) texture depths of 0.15 cm (0.06 in) or greater can
be constructed easily and economically with 0.32-cm (1/8-in} metal tines
spaced closer than 1.27 cm (% in) apart; (b) under normal traffic condi-
tions, all concrete textures can be expected to wear down approximately
25 to 35 percent during the first half year and then remain relatively un-
changed for a prolonged period; (c) skid measurements made under stan-
dard trailer water conditions may not be indicative of real-life conditions
in wet weather; (d) low skid values could be obtained in almost any rain-
fall in which the pavement is completely wetted regardless of texture; and
(e) under simulated rain condition, deep transverse texturing will result in
the greatest improvement in skid values.

The purpose of this investigation was to determine the
effects of various experimental concrete surface finishes
on the skid resistance and durability of portland cement
concrete (PCC) pavement.

The scope of this paper is to report on the changes
in skid resistance under various simulated rainfall con-
ditions on two sets of full-scale experimental test sec-
tion surfaces constructed on concrete pavements in dif-
ferent parts of the state of Texas. Also reported are
the changes in texture depths and skid resistances as the
pavements wore down under traffic.

BACKGROUND

The safety and durability of concrete pavement surfaces
have long been of importance to highway engineers. Con-
crete pavements are often selected because they are
supposed to last a long time and their surfaces are sup-
posed to provide high skid resistances. At the time of
this study the Texas Department of Highways and Public
Transportation required the use of a longitudinal burlap
drag finish with an initial minimum texture depth of
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0.064 cm (0.025 in).
were raised.

During this time, three questions

1. Should deeper textures be required, and, if so,
will these deeper textures result in less durable surfaces
or have any other undesirable effects ?

2. Are there better types of textures than the burlap
drag?

3. Does the direction of texturing—Ilongitudinal or
transverse~—influence safety or durability ?

In attempting to answer these questions, we examined
the literature. Currently, a number of excellent reports
have been prepared on PCC surface textures. Among
them are the state-of-the-art summaries by Ray and
Norling (2) and Rose and Ledbetter (3). They point to
the need for deeper textures and attest to the fact that
durable concrete surfaces can be easily constructed.

A survey of 69 PCC pavements in 27 states has been
conducted (4). The data on the change in average texture
depth (ATD) were limited, but, for those reporting ini-
tial and present values of ATD, they did show a drop of
about 30 to 40 percent in 3 to 4 years. In terms of skid
values, an average loss of 20 percent was observed in 5
years,

An excellent summary of the research work done in
England is reported by Murphy and Maynard (5). This
report shows that transverse grooves provide the highest
resistance to skidding at high speeds, and England now
requires transverse grooving of their highways. Con-
cerning tire wear they state that "'the rate of wear de-
pends upon the harshness, or microtexture, of the sur-
face, the macrotexture being of little importance."

From the evidence reported, it appears that deeper
textures would be advantageous from a safety standpoint,
provided that there were no undesirable effects created.
Undesirable effects could include increased noise, in-
creased cost, decreased life, adverse driver effect, and
increased tire wear,

The possibility of increased noise was investigated by
the Texas Transportation Institute (_6_), and only one tex-
ture (the transverse plastic broom) appeared to generate
objectionable noises.

The possibility of increased construction cost and de-



creased pavement life were investigated in this study
and are discussed in this paper. Driver effects and tire
wear are beyond the scope of this study.

TEST SECTION CONSTRUCTION

Seven test sections, each 244 m (800 ft) long, were con-
structed on Tex-6 in College Station, Texas, in Novem-
ber 1971 (Table 1, sections F-1 through F-7). A com-
plete description and discussion of the construction of
these 7 test sections are given elsewhere (6). Traffic on
these sections averaged 868 vehicle passes/day (VPD)
in June 1972, 1483 vehicle passes/day in January 1973,
and 1530 vehicle passes/day in July 1974,

Eleven test sections were constructed in September
1973, on I-10 near Van Horn, Texas. The average
length of each section was 183 m (600 ft) and was pre-
pared by using a granite gravel and granite sand, type II
portland cement, and an air entrainment admixture. A
description of construction conditions, mix design con-
straints, control tests, and original batch data is given
elsewhere (7).

A burlap drag finish was accomplished by passing a
wet burlap cloth, with approximately 0.5 m (2 ft) of bur-
lap in contact with the surface until the desired texture
was obtained. The brush finish was accomplished by
passing a natural-bristle (strawlike) brush over the slab
surface, which slightly grooved the concrete. The broom
was inclined at an angle of approximately 30 deg to the
surface, The tine finish was accomplished by passing a
series of thin metal strips (tines), 0.32 by 12.7 cm (‘4
by 5 in) long, over the section surface, which produced
grooves that were approximately 0.32 cm (% in) in depth
in the concrete. The tine spacing was varied from 0,32
to 0.64 em ("4 to Y in) (clear distance between tines),
The burlap-drag-plus-tine finish was accomplished by
first passing the burlap drag over the section surface,
followed by one pass of the tines as previously de-
scribed. The tine spacing was varied from 0.64 to 2.54
cm (Y% to 1.0 in) (clear distance between tines).

RESULTS TO DATE

Texture Depth

The texture of a pavement surface is the character of
the surface profile consisting of a series of abrupt
changes in elevation. Variations in texture can result
from the different sizes of aggregates on the surface
and from various pavement finishing operations. The
textures resulting from construction can be altered by
the effects of traffic, wear, and environment,

One major finding of this study was that all of the
experimental textures were easily constructed. No in-
crease in construction cost would be expected if any of
the experimental textures were specified.

Texture measurements were initially made by using
the putty impression method (8) and later by using the
sand patch method as well (Tex 436-A) (9). To develop
the correlation between these two tests, we made a
linear regression analysis of 276 observations on the
Tex-6 test sections, 124 observations on the I-10 test
sections, and 44 observations on laboratory blocks of
various finishes (10). The resulting equation is

TXD, = 0.8185 TXD, 1)
where

TXD, = sand patch value and
TXD, = putty impression value.
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The square of the correlation coefficient for equation
1 =0.96.

For Tex-6, texture depth measurements were taken
at various intervals between December 1971 and July
1974. The test surfaces evaluated in December 1971 had
little or no traffic on them. Conversely, the same sur-
faces, tested in July 1974, had been subjected to 8
months of construction traffic and 23 months of public
use. The texture depths decrease rapidly at first and
then appear to level off.

Evaluation of each surface finish on I-10 was conducted
in essentially the same manner. The initial textures
were measured in December 1973 before any traffic
movement. The second measurements were made in
July 1974 after the 11 different textures had been sub-
jected to approximately 3 months of construction traffic
and 5 months of public traffic.

The average wearing down for the Tex-6 textures was
32 percent, which is in substantial agreement with data
taken from accelerated wear testing of 98 laboratory-
constructed concrete finishes on the Texas Department
of Highways and Public Transportation circular test
track. The average wearing down of these 98 surfaces
was 24 percent with a standard deviation of 13 percent
(10). The average wearing down for the I-10 textures
was 34 percent. Therefore, it can be concluded that con-
crete pavement textures, regardless of type, may be ex-
pected to wear down a minimum of 25 to 35 percent under
normal southern United States traffic conditions, based
on initial texture depth.

Skid Measurements Under Standard
Conditions

For the outer lane of the Tex-6 test sections, the vari-
ations in skid resistance at 64 km/h (40 mph} with time
are shown in Figure 1. Following an initial period of
anomalous behavior, all sections appear to be exhibiting
lower skid resistances with time. However, every ex-
perimental texture exhibited a higher initial skid resis-
tance than that for the burlap control.

On I-10, only two sets of skid resistance measure-
ments have been made to date., The longer term behavior
of the I-10 test sections is unknown at this time.

Skid Measurements Under Simulated
Rainfall

Skid measurements under light simulated rainfall condi-
tions on the Tex-6 test sections are summarized in Fig-
ure 2, The data are given in Table 2, TUnder rainfall
intensities of approximately 3.8 cm/h (1.5 in/h) (Figure
2), all of the experimental textures exhibited higher skid
resistances [10 to 20 skid numbers (SNs)] than the bur-
lap control, although skid gradients were similar [about
0.97 SN drop per km/h (0.6 SN drop per mph)]. Under
rainfall intensities of approximately 15 em/h (6 in/h),
the beneficial skid effects of the deeper textures were
somewhat masked, especially at higher speeds. A
more complete discussion of these conditions can be
found elsewhere (6).

For the I-10 test sections, skid measurements under
simulated rainfall are shown in Figures 3 and 4 for se-
lected test sections on I-10. The data are given in Table
3. For comparison purposes, skid values that use stan-
dard trailer water are also shown. These data and fig-
ures again show that, at elevated speeds [64 and 97 km/h
(40 and 60 mph)], skid measurements under standard
trailer water were significantly higher than under simu-
lated rainfall.

Before discussing these results in detail, it should be
pointed out that all the simulated rainfall data were
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gathered on relatively new pavement surfaces that had
neither been worn nor contaminated by road films and

the like. If worn pavements had been used, lower skid
values would be expected.

In general, as vehicle speed increases, SN decreases.
The entrapment of water between a sliding tire and a
wet pavement surface is responsible for the development
of hydrostatic pressure, This pressure decreases tire
pavement friction in direct proportion to its magnitude.
If this pressure develops to the extent that the tire is
supported almost entirely by the water film, hydroplan-
ing results (11).

At the different test speeds, the tire-pavement inter-
face becomes wet to various degrees. This fact, in

Table 1. Test section surface treatments.

Test

Section

Number Surface Treatment

F-1 Transverse broom

F-2 0.32-cm transverse tines

F-3 Longitudinal broom

F-4 0.32-cm longitudinal tines

F-5 Burlap drag + 0.32-cm longitudinal tines
F-6 Burlap drag (control)

F-7 Transverse brush

F-11 Burlap + 0.64-cm longitudinal tines
F-12 Burlap + 1.27-c¢m longitudinal tines
F-13 Burlap + 2.54-cm longitudinal tines
F-14 Burlap + 1,91-cm longitudinal tines
F-15 0.64-cm longitudinal tines

F-16 0.32-cm longitudinal tines

F-17 Burlap drag (control)

F-18 0.32-cm transverse tines

F-19 0.64-cm transverse tines

F-20 Transverse brush

F-21 Burlap + 2.54-cm transverse tines

part, may account for some of the anomalies that occur
during the testing of pavement surfaces, as can be seen
by comparing skid values for standard trailer water
with skid values for various depths of water on the pave-
ment surface.

These data seem to indicate that skid measurements
under standard trailer water conditions may not be in-
dicative of real-life conditions in rainy weather. If we
assume that the simulated rainfall conditions represent
more closely real-life conditions, then the lack of skid
resistance under these rainfall conditions is alarming at
speeds in excess of about 64 to 80 km/h (40 to 50 mph),
regardless of texture,

Figure 1. Skid measurement results at 64 km/h (40 mph) on the
outside lane of Tex-6 in College Station.
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Table 2. Skid measurements under simulated rainfall on Tex-6 in College Station, August 1972.
Bald Tire Treaded Tire
Test Water Water
Section Depth  32-km/h  64-km/h  97-km/h Depth 32-km/h 64-km/h  97-km/h
Number Description (cm) SN SN SN (cm) SN SN SN
F-1 Transverse broom -0.051 64 40 28 -0.051 69 56 41
(TXD, = 0.084 cm, 0.010 67 36 23 0.010 175 54 37
TXD, = 0.109 cm) 0.061 57 39 24 0.061 174 55 25
0.122 58 28 16 0.122 74 55 25
F-2 Transverse tines -0,150 72 48 36 -0.150 M7 59 45
(TXD, = 0.145 cm, -0.089 77 47 32 -0.089 82 62 47
TXD, = 0.163 cm) 0,000 72 56 43 0.000 74 62 49
0.061 84 41 28 0,061 84 59 34
F-3 Longitudinal broom -0.020 53 32 19 -0,020 171 49 33
(TXD, = 0.038 cm, 0,061 61 29 22 0.0561 175 53 28
TXD; = 0.071 cm) 0.079 54 29 19 0,079 1T1 51 33
0.107 55 26 19 0.107 175 53 36
0,130 66 28 21 0.130 74 51 27
0.155 58 25 19 0.155 75 62 29
F-4 Longitudinal tines -0.066 15 50 29 -0.066 80 61 35
(TXD; = 0.140 cm, 0.020 176 47 23 0.020 84 67 28
TXD, = 0.157 cm) 0.071 869 35 20 0.071 75 64 28
0.150 174 30 18 0.150 175 63 24
F-5 Burlap + longitudinal tines  -0.036 69 40 23 -0.036 67 59 42
(TXD, = 0.150 cm, 0.030 68 42 20 0.030 172 58 34
TXD,; = 0.165 cm) 0.130 172 46 20 0.130 73 56 23
0.180 174 46 18 0.180 176 55 18
F-8 Burlap drag (control) -0.025 46 26 16 -0,025 57 41 26
(TXD, = 0.051 cm, 0.010 50 28 16 0.010 61 45 21
TXD, = 0.081 cm) 0.041 54 26 16 0.041 62 41 26
0.140 60 L 16 0.140 64 47 20
F-7 Transverse natural brush 0.000 64 35 25 0.000 83 63 43
(TXD, = 0,053 cm, 0.051 56 30 25 0.051 178 55 38
TXD, = 0.084 cm) 0.079 66 32 23 0.079 85 65 36
0.127 49 29 23 0.127 10 56 26

Note: 1cm=0.394in. 1 km/h=0.621 mph.



65

Figure 2. Effect of vehicle speed on skid Figure 3. Effect of vehicle speed on skid Figure 4. Effect of vehicle speed on skid
values of Tex-6 test sections under values of section F-11 on I-10 under values of section F-19 on 1-10 under
simulated light rainfall. simulated rainfall. simulated rainfall,
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Table 3. Skid measurements under simulated rainfall on 1-10 near Van Horn, October 1973.
Bald Tire Treaded Tire
Test Water Water
Section Depth 32-km/h  64-km/h  97-km/h Depth 32-km/h 64-km/h  97-km/h
Number Description {cm) SN SN SN (cm) SN SN SN
F-11 Burlap + 0.64-cm longitudinal tines  -0.135 78 51 16 -0,051 82 66 23
(TXD, = 0.178 cm, -0.117 77 56 26 -0.041 81 66 15
TXD, = 0.206 cm) -0.018 18 46 12 0.048 81 62 17
0.165 80 52 9 0.206 81 61 9
F-12 Burlap + 1.27-cm longitudinal tines -0.018 179 46 18 -0.033 80 61 34
(TXD, = 0.155 cm, 0.005 81 45 12 -0.023 179 59 16
TXD, = 0.191 cm) 0.074 78 40 7 0.028 83 61 14
0.160 178 38 3 0.132 19 59 9
F-13 Burlap + 2.54-cm longitudinal tines  -0.030 66 33 13 -0.041 11 52 18
(TXD, = 0.114 cm, 0.163 60 32 11 0.025 69 51 18
TXD, = 0.157 cm) 0.036 170 30 5 0.061 170 48 8
0.107 68 27 4 0.127 11 46 8
F-14 Burlap + 1,91-cm longitudinal tines 0.036 13 33 11. 0.061 81 63 14
(TXD, = 0.132 c¢m, 0.069 74 29 6 0.089 178 54 8
TXD; = 0.163 cm) 0.132 175 33 6 0.142 178 50 i
0.135 69 22 3 0.163 82 60 11
F-16 0.32-cm longitudinal tines 0.046 75 43 13 0,033 81 66 25
(TXD, = 0.165 cm, 0.0561 175 36 4 0.058 82 65 17
TXD, = 0.173 cm) 0.114 179 44 11 0.102 84 65 20
0.175 77 42 4 0.165 85 68 10
F-117 Burlap drag (control) -0.028 65 31 10 -0.023 77 57 16
(TXD, = 0.069 cm, -0.005 62 25 4 -0.008 71 52 16
TXD; + 0.086 cm) 0.081 67 28 8 0.076 18 49 14
0.135 65 21 4 0.165 177 48 9
F-18 0.32-cm transverse tines -0.015 13 33 21 0.156 88 64 22
(TXD, = 0.132 cm, 0.145 73 25 7 0.137 94 65 9
TXD, = 0.127 ¢cm) 0.0005 79 32 20 0.023 89 65 28
0.013 78 34 15 0.041 88 65 17
F-19 0.64-cm transverse tines 0.188 65 23 9 0.218 179 55 8
(TXD, = 0.079 cm, 0.137 863 21 9 0.142 18 61 22
TXD, = 0.079 cm) 0.048 61 24 13 0,048 85 64 18
0.015 60 25 14 0.015 179 65 35
F-20 Transverse brush 0.114 59 20 5 0.114 76 51 16
(TXD, = 0.059 c¢m, 0.099 60 20 5 0.099 174 49 15
TXDy = 0.053 cm) 0.081 56 24 10 0.081 85 56 19
0.013 58 29 16 0.013 85 62 31
F-21 Burlap + 2,54-cm transverse tines 0.112 87 22 10 0.112 177 55 14
(TXD, = 0.079 cm, 0.117 67 19 T 0.117 75 50 9
TXD, + 0.076 cm) 0.033 61 28 13 0.030 173 49 16
0.0156 62 23 11 0.013 78 60 21

Note: 1cm=0.394in. 1 km/h=0.621 mph.
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Statistical Analysis of Skid Measurements

Under Simulated Rain Condilions

given in SI units):

All the data (Tables 2 and 3) from the test sections on

form were developed (these models are designed for
U.S. customary units only; therefore, values are not

Tex-6 and I-10, including Lhe bald tire data, were sta- C %
£t ; | ’ : SN=—"=| ¢3(TD+ H* TXD®S 4+ ———
tistically analyzed by using a two-step select regression mpuc2| P WD +0.1)56
analysis technique where best fit models of the following o e
Table 4. Regression Square of
models. Texture Equation Number of  Correlation  Standard
Direction Number Regression Model Data Points  Coefficient Error®
205 018 029 1
Transverse 24 SN = T 17.92 (TD + 1) TXD — 168 0.79 11.88
H" (WD + 0.1)°%
Longitudinal 25 SN = 9101 = [3.06 (TD + 1)°14 TXDOo+ +_‘_] 252 0.76 13.56
MPH (WD + 0.1)%*
Note: TD is measured in 32nds of an inch; TXD and WD are measured in inches,
®In terms of skid number.
Figure 5. Effect of vehicle speed on skid value for o = —
(a) tread depth of 0.159 cm (0.06 in) and texture
depth of 0.064 cm (% in}, (b) tread depth of
0.873 e¢m (0.33 in) and texture depth of 0.064 T = 80 Ir
om (% in), (c) water depth of 0.00 ¢cm (0.00 Q‘
in) and texture depth of 0.064 cm (% in), and
(d) tread depth of 0.159 cm (0.06 in) and i 70
water depth of 0.00 cm (0.00 in).
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where
SN = skid number,
MPH = vehicle speed in miles per hour,
TD = skid tire tread depth in 32nds of an inch,
TXD = pavement texture depth in inches,

WD = water depth on the pavement surface in
inches measured from the top of the
pavement asperities, and

Ciy, ..., Cg = constants.

A complete description of this technique is given else-
where (12,13). The regression analyses yielded two
equations—one for transverse textures and one for lon-
gitudinal textures—that are summarized in Table 4. The
correlation coefficients obtained through the use of this
statistical technique are satisfactory. However, the
standard errors in terms of SN are somewhat high.
There is considerable data scatter because many vari-
ables, such as type of finish, location of test section,
and type of aggregate, were not considered in this analy-
sis. Therefore, at best, these models for the prediction
of SN must be used with engineering judgment because
considerable variability may be expected. The results
have been plotted in Figures 5, 6, 7, and 8 by using
the models.

Figure 5a shows the effectof increasing speed on skid
value, of both transverse and longitudinal texturing, as-
suming a tread depth of 0.16 em (/s in) (the legal mini-
mum in Texas) and a texture depth of 0.064 em (0,025 in)
(the specified as-constructed minimum in Texas) (1) for
two water depths: -0.05 cm and 0.00 cm (-0.02 in and
0.00 in) as measured from the top of the pavement as-
perities. The significant influence of vehicle speed on
available friction (SN) can be immediately seen because
the SN value drops very rapidly as speed is increased.
At low speeds very high SN values are obtained, but, at
high speeds [above 64 km/h (40 mph)], the SN values
drop below 30 and here transverse texturing results in
higher skid values regardless of water depth, This be-
comes very important at speeds of 97 km/h (60 mph) be-
cause the SNs are very low (around 20) and even small
increases in skid values become significant on a relative
basis.

Figure 5b shows the same type of plot but for a tire
depth of 0.87 cm ('Y, in), which represents a new tire.
From this figure, it can be seen that, even for a deep
tread, the loss in skid value becomes alarmingly high
as vehicle speed is increased. Here again, at speeds
in excess of 48 km/h (30 mph), the transverse textures
exhibit higher skid values than longitudinal textures ex-
hibit., For example, at 97 km/h (60 mph) and -0.05-cm
(-0.02-in) water depth, there is a 24 percent greater
skid value for transverse texturing over longitudinal
texturing (24 versus 20 SN). Another interesting finding
shown in Figure 5b is the relatively small influence of
water depth on measured skid value, only 1 SN difference
for a change in water depth from 10,05 cm to 0.00 cm
(-0.02 in to 0.0 in). Examination of all the data reveals
that, for the range of conditions evaluated, this is a
general finding regardless of texture direction, tread
depth, water depth, and vehicle speed. If it were carried
further, it would seem to indicate that low skid values
could be obtained in almost any rainfall in which the
pavement surface was completely wet.

The effect of tread depth on skid values for a water
depth of 0.00 cm (0,00 in) and a texture depth of 0.064
em (0,025 in) is shown in Figure 5c. At speeds ap-
proaching 97 km/h (680 mph), the relative differences in
SN values between full tread, 0,87 cm (%42 in), and min-
imum tread, 0.16 cm (‘46 in), become very significant.
Full tread results in 20 percent more available skid re-
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sistance than minimum tread does (SN values of 24 ver-
sus 20).

The effects of texture depth and texture direction are
shown in Figure 5d for a tread depth of 0.16 cm (Y in)
and a water depth of 0.00 cm (0.00 in). For this water
depth, at 97 km/h (60 mph), transverse texturing is again
significantly better than longitudinal texturing, and a
0.15-cm (0.06-in) texture depth is significantly better
than 0.064-cm (0.025-in) texture depth (20 percent for
transverse texturing—24 versus 20). Figure 5d sum-
marizes the effects of vehicle speed on skid value for
conditions that may reasonably be expected to exist on
Texas highways in almost any rainfall in which the pave-
ment is completely wet.

CONCLUSIONS

Six conclusions relate to the findings of this study and
are subject to the limitations involved in the study. Gen-
eralizations beyond the parameters investigated may not
be warranted.

1. Texture depths of 0.15 cm (0.06 in) or greater
were easily and economically constructed in PCC pave-
ment in either the longitudinal or transverse direction
by using 0.32-cm-wide (‘/4-in-wide) metal tines spaced
closer than 1.27 cm (% in) apart.

2. Based on initial texture depth, all textures wore
down between 25 and 35 percent under traffic and ap-
peared to have leveled off.

3. At speeds of 64 and 97 km/h (40 and 60 mph),
locked-wheel skid measurements using trailer water
were significantly different from the same measurements
made under simulated rain conditions. The simulated
rain conditions indicated much lower skid values regard-
less of measured water depths. This indicates that skid
measurements made under standard trailer water con-
ditions may not be indicative of real-life conditions in
wet weather,

4, Statistical analysis of the skid measurements under
simulated rainfall conditions indicate that, for the rain-
fall conditions evaluated, extremely low skid values oc-
curred at speeds greater than 64 km/h (40 mph) regard-
less of water depths. This means that low skid values
could be obtained in almost any rainfall in which the pave~
ment was completely wet.

5. Under simulated rain conditions, deep transverse
texturing will result in the greatest improvement in skid
values.

6. Statistical analysis is needed of the data required
in regression models that can predict skid values for a
selected vehicle speed, tire tread depth, pavement tex-
ture depth (with an appropriate factor for expected wear-
ing down) and texture direction, and pavement water
depth.

RECOMMENDATION

Transverse tine textures, with the tines spaced less
than 1.27 cm (% in) apart, should be required for con-
crete pavements. These textures should be significantly
deeper than now required. Furthermore, any required
initial texture depth should consider expected wearing
down and subsequent loss of texture, and the regression
models should be used to determine required texture
depths. This recommendation has been successfully ap-
plied by the Texas Department of Highways and Public
Transportation on two recent construction projects and
will be the standard practice for current projects.
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