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Determination of Dimension of Vertical Curve Elements at
Parking Lot Ramps

ABSTRACT

The demand for cars has been so steadily increasing based on the economic growth that the number of registered cars reached 18,870,000 as
of the end of December, 2012. Due to this, the demand for the parking lots also rises continuously. Because of the limited ground space, the
buildings ever becoming larger, and the trend of underground parking spaces, recent parking spaces are generally constructed underground.
Accordingly, the parking lot ramps slope is limited to less than 17% by relevant laws to ensure the driver safety. However, when a driver enters
a parking lot ramps whose slope is slightly steep, he frequently experiences his car body colliding with ramp brackets and often sees the
scratches on ramp floor. Thus, this study is intended to prevent any damage to a structure and to contribute to ensuring the riding comfort
and safety of drivers and passengers by presenting the details of proper vertical curve to prevent the collision of vehicles with ramp brackets
through a vertical analysis of the first and last parts of a parking lot ramps. Because it is necessary to decide the appropriate and suitable vertical
slope of a parking lot ramps, this study first identified the problems through site inspection, targeting the parking lot ramps of large buildings
frequently that are used by many random people. Next, the possibility of mutual collision was assessed through a theoretical analysis of the
first and last parts of a parking lot ramps. Lastly, the vertical curve of a parking ramp was analyzed to estimate its details, which was presented
in this study. In conclusion, if the vertical curve presented through this study is used, it will help prevent any damage to the cars and structures,
ensure the riding comfort and safety of the drivers, and further reestablish the criteria for vertical installation of a parking lot ramps.

Key words : Parking lot, Parking lot ramps, Vertical curve, Traffic safety, Slope
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Table 3. Specification of the Domestic Car (Unit: mm)

. Interval of | Length | Length Minimum
Vehicle | Length| i ofFrg;m ofBik C]Ger;‘::ie
YF-Sonata | 4,820 | 2,795 940 1,085 150
Grandeur-TG | 4910 | 2,845 950 1,115 160
Genesis 4,985 2,935 885 1,165 150
Equus 5,160 | 3,045 880 1,235 155
SM5 4,905 2,775 - - -
SM7 4,995 2,810 - - -
K5 4,845 2,795 - - -
K7 4,970 2,845 - - -
K9 5,090 3,045 - - -

%% Minimum Ground Clearance is Experimental Value

4,910

2,845
Grandeur-TG (Case 1)
4,985

2,935
Genesis (Case 2)
5,230

1,165

3,045
Combination Car (Case 3)

1,235

Fig. 4. Analysis Model Car
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Table 4. The Results about Beginning of Slope (Unit : mm, %)

Classif| Length Minimum |Slope of Car State
ication (a) Height (b) (s=b/a)

Case | Front: 950 160 16.84 Contact Concerns
1 |Back: 1,115 230 20.63 Uncontacted
Case | Front: 885 150 16.95 Contact Concerns
2 |Back: 1,165 230 19.74 Uncontacted

Case | Front: 950 150 15.78 Contacted
3 |Back: 1,235 230 18.62 Uncontacted
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Table 5. The Results about End of Slope (Unit : mm)

Classifica| Interval of |Minimum Road| Inflection State
tion Axis (L) Clearance (h)
Case 1 2,845 160 124 Uncontacted
Case 2 2,935 150 128 Uncontacted
Case 3 3,045 150 133 Uncontacted
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Table 6. Drive Analysis of Case (Beginning of Slope)

Cla§s1ﬁ Case 1 Case 2 Case 3
cation
| | |
B el ] | A~ |
0,
17% Collision Floor and | Collision Floor and | Collision Floor and
the Front/Back the Front/Back the Front/Back
of Car of Car of Car

m,‘ L T~

0,
14% Collision Floor and | Collision Floor and
Collisionless the Front/Back the Front/Back
of Car of Car
| |
s 00|00

- Collisionless Collisionless
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Table 7. Drive Analysis of Case (End of Slope)

Classification Drive Analysis State
Case 1 % Collisionless
17%
Collision Floor
Case 2 and the Axis of
17% Car
Collision Floor
Case 3 and the Axis of
17% Car

431 AEE ZTEM Hi ANQSH)

FAPE x| AN T 17%E 7IEo = ARl
ApgAte] Aleh Ak viEle] FERde] WAk ek FT
34e TR Fig. 89F 2or] Casel 2 FRTAE Ai9ls}e] 149

St A= Table 83 2tk

3.368m 7 6em

10°

! 20m !
R;=20m, L,=3.368m

Fig. 8. Curve about Beginning of Slope

Table 8. Analysis of Vertical Curve about Beginning of Slope

Cla§s1ﬁ Insert the Vertical Curve State
cation
Have Secured
Case 1 = Middle Ordinate
iy more than 7.6cm
Have Secured
Case 2 Middle Ordinate
17%
more than 7.6cm
r | ! Have Secured
Case3 | — | \ l Middle Ordinate
7% = = | more than 7.6cm
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Fig. 10. Curve about End of Slope
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Table 9. Analysis of Vertical Curve about End of Slope

lassifi .
¢ a§51 ! Insert the Vertical Curve State
cation
Have Secured
Case 1 Middle Ordinate
/ 17% more than 3.8cm
Have Secured
Case 2 Middle Ordinate
/ 17% more than 3.8cm
Have Secured
Case 3 ’ Middle Ordinate
jy 17% more than 3.8cm

Ty Bme] AN Teiel B5Y FUIHY FYEA(h)

&e TERE et e

Re=10

Fig. 11. Middle Ordinate(h,)

hy = Ry/Cos(6/2)-R,
= 10/Cos(5)-10 = 0.0382m = 3.8cm
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Table 10. Vertical Curve According to Incline

Incline Entry (Sag Curve) Exit (Crest Curve)
(%) Radius of Formula Radius of Formula
Curve (m) (L) Curve (m) (Lo)
17 20 3.400 10.0 1.734
16 19 3.040 9.5 1.536
15 18 2.700 9.0 1.350
14 17 2.380 8.5 1.176
13 16 2.080 8.0 1.014
12 15 1.800 7.5 0.864
11 14 1.540 7.0 0.726
10 13 1.300 6.5 0.600
Table 11. Verify Formula
Entry (Sag Curve) Exit (Crest Curve)
Inc- | Radius | Vertical Radius | Vertical

line | of | Curve |Formula|Error| of | Curve |Formula| Error
(%) |Curve | Length | (L) | (m) |Curve |Length| (Lo) | (m)
(m) | (m) (m) | (m)

17 | 20 | 3.368 | 3.400 |0.032| 10.0 | 1.684 | 1.734 | 0.050

16 | 19 | 3.014 | 3.040 |0.026| 9.5 | 1.507 | 1.536 | 0.029

15 18 | 2.680 | 2.700 {0.020| 9.0 | 1.340 | 1.350 | 0.010

14 | 17 | 2365 | 2.380 |0.015| 85 | 1.182 | 1.176 |-0.006

13 16 | 2.068 | 2.080 {0.012| 8.0 | 1.034 | 1.014 |-0.020

12| 15 | 1.791 | 1.800 |0.009| 7.5 | 0.896 | 0.864 |-0.032

11 14 | 1.534 | 1.540 |0.006| 7.0 | 0.767 | 0.726 |-0.041

10 | 13 | 1.296 | 1.300 |0.004| 6.5 | 0.648 | 0.600 |-0.048
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