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A Study on Evaluating the Applicability of Trapezoidal-shaped

Grooves to Airport Runways
Nam-Hyun Cho’, Dong-Chul Kim~, Seung-Woo Phi™", Joong-Ha Shin™"

ABSTRACT

This study is to evaluate the applicability and performance of trapezoidal-shaped grooves on
domestic airport runways. For this, the constructability, drainage performance, and friction
resistance characteristics of trapezoidal-shaped grooves compared to square-shaped grooves

were evaluated through test construction on pavement at Incheon Airport. As a result of the
test construction, the trapezoidal-shaped grooves satisfies the required geometry standards and

tolerance, and secured a macrotexture that was 25% improved compared to the square-shaped
grooves. It was confirmed that trapezoid-shaped grooves secured drainage performance of
more than 7-9%, and surface friction performance improved compared to existing grooves
when the surface of the pavement was wet as the test speed increased in the dry state. In
addition, after trapezoidal-shaped grooves was installed on the RWY 16R/34L of Incheon
Airport, the friction coefficient was 0.84, which satisfies the design level of the new runway

surface of 0.82 at the test speed.
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. 2 =2 Table 2. Friction level for runway pavement
surfaces(MOLIT, 2013)
2.1 2 B3 24 ) ‘
Tire Test | New/ Main-
211 32 0|03 Ngd =4 Class Press-| speed | cons- tvfnan.ce Min
Type| ure (km/h) |truction P ?nmln &
ety ow Gt A o] vjng APHE (kPa) eve
3lolsly] 9Jske] Table 13} Zo] Fr|Ho=z T2 Mo | A 70 65 0.72 0.52 | 0.42
¥ ES%oHeS stal 9 \ . ol=gt
F “EKN_IOLIT 2013). meter| A | 70 | 95 | 066 | 038 |0.26
u g AL |AEEE ol FEE =9 13
npHA2s ojAFo & MQ(HO]: St} 414 2 QA © Skiddo| B | 210 65 0.82 0.60 |0.50
4 LIS HFodst &8 UhE Alds 32 Table meter | g | 210 | 95 | 0.74 | 047 |0.34
iy 1510 5lo o7&
20 2ot HFAR IS 2T SYWE2F7IE A Suface| B | 210 | 65 | 0.82 | 0.60 |050
292 B9 vEE), ABRIXEFE EH/IH friction
] 3y wet 2 uppHes 2r)zog 23 teser | B | 210 | 95 | 0.74 | 0.47 |0.34
517 A4 ZAupHo oo =}
o1l . MR SRS U 2 e of Runway| B | 210 | 65 | 0.82 | 0.60 |[0.50
E4o] 3] AAH JelollAl Fig. 39 Skiddometer friction
E 0|83l £l 1mme] 3HS 2AISH ALElo| tester | B | 210 | 95 | 074 | 0.54 |0.41
A 2ZuEE &4 AEs o] 3lg =
1_“ i LLﬁi fFstel L el o TATRA| B | 210 | 65 | 0.76 | 057 |048
At & nPEASE FakstA ETHASTM, 2020). friction
HHO nR EAL vzl AL(p)E JeEH 2(1) tester | B | 210 | 95 0.67 0.52 | 0.42
= &0 APIERHICAO, 2012). B |210| 65 | 069 | 052 |0.45
RUNAR
Va B | 210 95 | 063 | 042 |0.32
= = 1
F=a O GripT| C | 140 | 65 | 074 | 053 |0.43
ESTER| ¢ | 140 | 95 | 064 | 036 |0.24
oj7)1A F': braking force
W : vertical reaction between the tire soma
and the road sy %58
W coefficient of friction(vary within ™ i 1 B

the range of 0.0 to 1.0, in which
a higher value represents better
surface friction)

Table 1. Friction survey frequency(MOLIT, 2013)

Number of daily aircraft Minimum friction
landings per runway end survey frequency
Less than 8 24 months
9-15 12 months
16 - 30 6 months
31 -90 3 months
91 - 150 1 month
151 - 210 2 weeks
Greater than 211 1 week
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Table 4. Trapezoidal-shaped groove geometry

standard
Table 3. Square—shaped groove geometry standard Classification Trapezgidal'Shaped
roove
Classification FAA Top 12.7
Width | Standard
Width Standard 6.35 ( ' t) Bottom 6.35
mm

(mm) Tolerance +1.6 Tolerance +1.6
Depth Standard 6.35 Depth Standard 6.35
(mm) Tolerance +1.6 (mm) Tolerance +1.6

Spacing Standard 38 Spacing Standard 57
(mm) Tolerance -3~0 (mm) Tolerance -3~0
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Fig. 5. Trapezoidal-shaped blade
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(b) Test construction details

Fig. 6. Test construction site in Incheon Airport

Table 5. Test construction size

Trape- No | Square Accele-
Classification | zoidal d rations
groove| groove .
groove section
Width
Asphalt 6 6 6 6
& (m)
concrete | apoih
pavement (o) 18 18 18 90

ARElE 2590 3% EFE 28492 7IE A
749 279 ¥ el dAH=E P B
olFoiFt. ol A AFHT WS Table 63

Table 6. Field test method

Classification Test method

Comparison of Measurement of grooves

geometry width and depth
WD+ M, (S— W)
Macrotexture M = %—
9 S
. Measure the time to reach the
Drainage surface dry state after spraying
performance

the same volume

(ASTM) E1960-03, Standard
Practice for Calculating
International Friction Index
of a Pavement Surface.

Skid resistance
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(b) Square-shaped grooves
Fig. 8. Cross—section comparison by groove

ESE I8 F4E HA A4 U oRE gilst
7] S18l, AREAIE & 2070 IRINA 370 Ao wigt
PHGS Table 3, 49] 712 ) vlwsigict. 1 2
3}, Table 73 Zo] &, Zlo] ®F ZH#AQl £1.6 mm
o ABeAE WSkl A 9A] 0~-3mmE
RSl whet AbhElE Z1RHjo] Ao et AA|
Algol 7hsdt Aoz Sl= it

ARFEIE SHE o] 71 M) of Imm B & 2
Edlo|= AR oApo]| osf WAt Fow AA AlF
Al EF0lE 4 2o di4 7 Aos O
gk

2.3.2.2 Macrotexture Y

5717} 110l ol Y F= macrotexture?)
F7HEE gRlsh] sl S78E 199 X3 7]
£ A443KKim et al., 2016)°] W& IFHo] AlF
HA| 2 AH=FATY oFARE ZAO] W macro-

Table 7. Numerical measurement of groove

Width Depth | Spacing
Classification (mm) (mm) (mm)
M S M|S | M]|S
Square 6.27 | 6.35 |6.64|6.35|37.2 | 38

Con'c Top [12.41]12.70
Trapez 6.22|6.35|56.7 | 57
Bottom| 7.29 | 6.35

Square 6.33 | 6.35 |6.68|6.35|37.5| 38
Asp Top |13.13|12.70

Trapez 7.3216.35|55.9 | 57
Bottom| 7.62 | 6.35

* M: Measured, S: Standard.
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Table 8. Macrotexture for each groove

M| w | D | M| s

Classification (mm) | (mm) | (mm) | (mm) | (mm)

Trapezoidal 1.95 | 13.13 | 7.32 | 0.52 | 55.9

Square 1.56 | 6.35 | 6.68 | 0.52 | 37.5

Class | Square groove

Trapezoidal groove

R
l S
=

.‘ [’/LL, v

Concrete

pavement

Asphalt | -

pavement

Fig. 9. Comparison square & trapezoidal groove
with hydroplaning status
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Table 9. Drainage performance evaluation by
groove shape

Drainage time (sec)
Classification Remark
Concrete | Asphalt
1 49 63
Trapezoidal 2 51 66
7~9%
groove 3 51 65
Average| 50.3 64.6
1 53 69
Square 2 57 68
groove 3 56 72
Average| 55.3 69.6

Class Surface-dry condition

Concrete

pavement | -

Asphalt

pavement | =

ant of Friction ()
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Concrete

pavement | =

Asphalt
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Fig. 10. Friction test results for each
groove shape
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Table 10. Coefficient of friction(RWY 16R/34L)

Velocity|Length Coefficient of friction
(km/h)| (m) | A | B | C
16R — 34L | 66 |3,450|0.79| 0.9 |0.83| 0.84
16R — 34L 66 |3,450(0.79] 0.9 |0.85| 0.85
341 — 16R 65 3,450 |0.81]0.86|0.78| 0.82
341 — 16R 67 3,450 |0.86|0.91| 0.8 | 0.86

Direction
Average

Distance (m)

(a) Coefficient of friction(34L—~16R)
**‘“Mw»w

o 1,150

W’“’“"WH rl

1,150 2300 3450
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Fig. 11. Friction test results(RWY 16R/34L)

Table 11. Comparison of coefficient of friction

Test Coefficient of friction

speed
(km/h) | A B | C

15R/33L| 66 0.73 [0.69{0.69| 0.70
15L/33R| 66 0.81]0.80{0.85| 0.82
16L/34R| 95 0.75(0.79]0.65| 0.73
16R/34L| 66 0.81 (0.89(0.82| 0.84
ORD | 10/28 66 0.81 |0.78]0.88| 0.82

Airport | 6RWY
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