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7. Design Data
1) Traffic Survey Result
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Appendix 3-2 Crack Investigation 

 

Investigation Measure 

The cracking ratio was defined as the emerging ratio of 

cracks in assumed mesh of 0.5 meters square on the road 

surface. The investigation on cracking ratio in the whole 

routes was carried out by visual inspection. The rehabilitated 

parts by asphalt overlay and patching are also counted as 

emergence of cracks. 

 

Investigation Result 

Cracking ratio in the whole routes is as shown in the Figure 3-2(1). 
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Figure 3-2(1) Results of Crack Investigation, Section-3 

(Outbound, from Chichiri RA to Yianakis RA) 
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Figure 3-2(2) Results of Crack Investigation, Section-3 

(Inbound, from Yianakis RA to Chichiri RA) 

A7-5
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Figure 3-2(3) Results of Crack Investigation, Section-4&5 

 

Considerations 

The following are considerations obtained from the investigation on cracking ratio and condition 

of crack on the road surface. 

 

Section-3 

・ As can be seen in Figure 3-2(1), several parts having cracking ratio of more than 50% exist in 

outbound. According to Figure 3-2(4), in case that cracking ratio exceeds 50% in the particular 

part, all layers of the part should be replaced with new pavement. 

・ Although lots of cracks exist, roughness of the road is relatively maintained. It is, therefore, 

conceivable that cracks are not resulted from sub-base course, but deterioration of the road 

surface. 

・ In case that cracking ratio exceeds 30%, asphalt overlay or partial replacement is possible 

repairing measure as shown in Figure 3-2(4). As can be seen in Figure 3-2(1) and (2), cracking 

ratio exceeds 30% in more or less the whole route of the section-3. Therefore, improvement 

works are required in the almost whole routes. In case that cracking ratio of more than 50%, all 

layers including sub-base course should be replaced with new pavement structure. 

・ The repairing works for the section-3 are classified into mainly two (2) types, such as 

replacement of surface course and replacement of all layers including sub-base course. The 

classification can be determined based on the results of Benkelman Beam Testing (See 3-3). 
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Figure 3-2(4) Determinant for Repairing Measure 

 

Section-4 and 5 

・ The roughness in these sections is not well-maintained due to frequent repair. 

・ As can be seen in Figure 3-2(3), cracking ratio exceeds 50% in the almost whole route of these 

sections. 

・ The cracks emerge on the part of asphalt overlay or repaired potholes, those are relatively 

recently constructed. 

・ “The guideline for road maintenance and repairing” published by Japan Road Association 

(JRA) stipulates repairing measures in various cracking ratio as follows: 
- Cracking ratio > 30%: asphalt overlay or partial replacement; and 
- Cracking ratio > 50%: replacement for all layers including sub-base course. 

・ Therefore, replacement for all layers including sub-base course is applicable as the repairing 

measure to both section-4 and 5. 

 

Appendix3-3 Benkelmen Beam Testing 

 

Investigation Measure 

Benkelmen Beam Testing (hereinafter referred to as  

BBT) is conducted by measuring the deflection of 

asphalt surface in the event of passage of loaded dump 

truck. For the section-3, so as to clarify the present 

conditions of road, proper repairing measure to be 

adopted, and the applicable range to be repaired, BBT 

was carried out at the intervals of 200 m along inbound 

and outbound. The numbers of location where BBT 

conducted were 28 in total. 
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3) Benkelman Beam Testing                    
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(Test Results) 

Results of Benkelmen Beam Testing are as shown in Figure 3-3(1) and (2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-3(1) Benkelmen Beam Testing Results, Repairing Measure, and Applicable Range 

(Outbound, from Chichiri RA to Yianakis RA) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-3(2) Benkelmen Beam Testing Results, Repairing Measure, and Applicable Range 

(Inbound, from Yianakis RA to Chichiri RA) 

 

Considerations 

“Draft, Technical Recommendation for Highways 12, Flexible pavement Rehabilitation 

Investigation and Design 1997(South Africa)” provides the evaluation criteria on road conditions in 

various deflections resulting from BBT as shown below; 
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Deflection (mm)     Condition 

>0.7            Satisfactory 

0.7 to 1.2         Warning 

1.2>             Severe 

 

As can be seen in Figure 3-3(1) outbound, investigation result shows the deflection between 0.7 

mm and 1.2 mm categorized as “warning” are detected in the station number ranging 39+00 and 

57+00, whereas the conditions categorized as “satisfactory” are detected in all other section. 

Judging from these test results, the condition of base course in the section-3 is relatively good and 

cracks on road surface are mainly caused by deterioration. The cracking range has been expanding 

day by day. Consequently, repairing budget for pavement undertaken by the local government has 

been increasing year after year as well. Moreover, the project should play an important role to 

minimize the repairing expenditure by implementing an appropriate pavement works. 

The proposed repairing works are as follows: 

Replacement for all layers including sub-base course is applied to outbound, the range between 

39+00 and 57+00: 

Replacement of sub-base course is applied to the following range: 

For inbound, the whole range;  

For outbound, range between 35+00 and 39+00; and  

For outbound, range between 57+00 and 61+80. 

For the range between 34+35 and 35+00, since replacement of pavement was carried out in the 

phase-1, no rehabilitation will be carried out in this phase. 
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Appendix 3-4 Dynamic Cone Penetration 

 

Investigation Measure 

Dynamic Cone Penetration (hereinafter 

referred to as DCP), a simple test, aiming at 

measuring CBR (California Bearing Ratio) was 

executed at five (5) points of respective sections, 

that accounts for fifteen (15) points in total. 

 

 

Investigation Results 

The results of investigation conducted this time and the last time are shown in Table below. 

 

Table3-4 Comparing Estimated CBR-value resulting from DCP with CBR-value of Laboratory 

Test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Consideration 

Estimated CBR value based on the results of DCP executed in this survey were relatively close to 

those of the Basic Design Study. Therefore, design CBR value to be used for proposed pavement 

design is same as those of the Basic Design, 4.3% in the section-3 and 17.3% in the section-4 and 5. 

NO. Chainage
Estimate CBR value from

DCP testing (%)
Pit No.

CBR value
from Labo

test

Design
CBR (%)

No. Chainage
Estimate CBR value

from DCP testing (%)

18 35+00 27.5 3-1 5 D-1 35+50 10
19 37+00 impossible to penetrate
20 39+00 impossible to penetrate

Sec. -3 21 41+00 impossible to penetrate 3-2 7
22 43+00 33.5
23 45+00 32.1 3-3 4 4.3
24 47+00 27.3 D-2 48+00 8
25 49+00 impossible to penetrate
26 51+00 17.4 3-4 5
27 53+00 impossible to penetrate D-3 53+00 14
28 55+00 73.7 3-5 20 D-4 55+00 50
29 57+00 81.4 D-5 57+00 11
30 59+00 impossible to penetrate
31 61+00 68.4 3-6 6
32 63+50 impossible to penetrate 4-1 21 D-6 62+00 20
33 65+50 50.2 17.3 D-7 63+50 12

D-8 65+00 11
34 67+50 67.3 4-2 18 D-9 66+00 14

D-10 67+50 12
35 70+50 impossible to penetrate D-11 69+00 14
36 73+50 73.6 5-1 21 D-12 70+50 21
37 75+00 impossible to penetrate 17.3 D-13 73+00 15

D-14 75+00 14
D-15 76+50 33

77+00 68.3 5-2 18

Previous Result (DCP and Laboratory Testing) Result of this time (DCP Testing)

Section

Sec. -4

Sec. -5

38
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4) Dynamic Cone Penetration                 
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Appendix 3-5 Pavement Design 

(1) Pavement Design Result by Japanese Road Association (JRA) (TA Method) 

１．Classification of Traffic
1)Section - 3
（Traffic Volume of heavy vehicle)=(1,270+585)=1,855 (per day of 2-lanes in 2009)
1,855÷2(direction)×1.85(15years later)=1,373 （per day of 1-lane in 2026)

（Ｃ class; 1,000<Traffic Volume<3,000）
2)Section-4
*)After Section - 4's widening to 4-lane in the future, Heavy Vehicles come to Section - 4 from Section - 3.
  Therefore Design Traffic Volume in Section-4 should be same as Section-3  

3)Section-5
（Traffic Volume of heavy vehicle)=(60+72)=134 (per day of 2-lanes in 2009)
134×1.85(15years later)= 250 （per day of 1-lane in 2027)

（B Class; 250<Traffic Volume <1,000）
２．Pavement Design
1)Section -3

N= 7,000,000 （C Class, 1,000～3,000／day／1-lane）
CBR= 4 （4<CBR=4.3<6）

3.84*N0.16

CBR0.3

a h(cm)
Asphalt Surface 1.00 10
Granular base 
(Soaked CBR > 80) 0.35 35
Granular Subbase 
(Soaked CBR > 30) 0.25 40
Total 85

T= a1h1*a2h2+a3*h3 = 32.25 >TA

2)Section-4

N= 7,000,000 （C Class, 1,000～3,000／day／1-lane）
CBR= 12 （12<CBR=17.3<20）

3.84*N
0.16

CBR0.3

a h(cm)
Asphalt Surface 1.00 10
Granular base 
(Soaked CBR > 80) 0.35 20
Granular Subbase 
(Soaked CBR > 30) 0.25 25
Total 55

T= a1h1*a2h2+a3*h3 = 23.25 ＞TA

3)Section-5

N= 1,000,000 （B Class, 250～1,000／day／1-lane）
CBR= 12 （12<CBR=17.3<20）

3.84*N
0.16

CBR0.3

a h(cm)
Asphalt Surface 1.00 5
Granular base 
(Soaked CBR > 80) 0.35 20
Granular Subbase 
(Soaked CBR > 30) 0.25 20
Total 45

T= a1h1*a2h2+a3*h3 = 17.00 =TA

TA= = 17

TA= = 32

TA= = 23
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(2) Probability Rainfall Calculation by Normal Probability Distribution Method 
① ② Xi ③ ④ ⑤ ⑥

Rank Rainfall logXi Xi+b log(Xi+b) {log(Xi+b)}^2
1 126.0 2.1004 176.9783 2.2479 5.0531 ΣlogXi
2 112.0 2.0492 162.9783 2.2121 4.8935 n
3 102.1 2.0090 153.0783 2.1849 4.7738
4 95.0 1.9777 145.9783 2.1643 4.6841

5 86.0 1.9345 136.9783 2.1367 4.5653

6 83.0 1.9191 133.9783 2.1270 4.5243
7 78.5 1.8949 129.4783 2.1122 4.4614 1 126.0 47.5
8 60.0 1.7782 110.9783 2.0452 4.1830 2 112.0 56.0
9 56.0 1.7482 106.9783 2.0293 4.1180 3

10 47.5 1.6767 98.4783 1.9933 3.9734 4
11 計
12
13 Ave. ｂ＝ 50.97832
14
15 10% of data number ten(10) is one(1), 

16 Therefore 2 Xs and Xt are quoted.s 

17
18
19
20
21
22
23
24 √2σ＝ 0.11642
25 Year
26 2 82.466 mm/day
27 3 93.819 （For Side Ditch)
28 4 100.666
29 5 105.547 （For Cross Drainage）
30 10 119.160 （For River Crossing）
31 20 131.289
32 30 137.940
33 40 142.511
34 50 145.990
35 100 156.758
36
37
38
39
40
41
42
43

Total 846.1 19.0878 21.2530 45.2300
Total/ｎ 84.61 1.9088 2.12530 4.52300

(Xo) (X2) Daily rainfalls are converted to hourly 

using follwing formula in the condition 
of concentration time = 10 min.

Ｘ’= (24 * 60 / t)(2/3) * X/24

Probability Provability

Year Yaer

2 １/2 2 94.400 mm/hour
3 1/3 3 107.396 （For Side Ditch)
4 1/4 4 115.234
5 1/5 5 120.822 （For Cross Drainage）
10 1/10 10 136.404 （For River Crossing）
20 1/20 20 150.289
30 1/30 30 157.902
40 1/40 40 163.135
50 1/50 50 167.117
100 1/100 100 179.4431.651006

0.59512
0.906194
1.163088
1.296788
1.385977
1.452452

Probability Rainfall

Table of Exceedance Probability Constant

Exceedance Probability 

0.00000
0.30457
0.47694

Hourly Rainfall X’
LegendProbability

Constant

51.361
50.595

101.957

101.9566/２=

Xs Xt ｂ＝ Xs・Xt-Xo2

2Xo-(Xs+Xt)

Abstruct

logXo= = 1.90878

∴ Xo= 81.0554
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(3) Design Condition 

No.
Distance

(m)
Catchment
 Width (m)

Catchment
Area(ha)

Remarks

S-1 34+35 - 36+90 6.70% 255 10 1.13

S-2 36+90 - 41+30 4.70% 440 10 0.70

S-3 41+30 - 45+60 0.86% 430 10 0.43

S-4 45+60 - 48+70 2.10% 310 10 0.31
S-5 48+70 - 52+30 1.82% 360 10 0.36

Side S-6 52+30 - 55+50 1.86% 320 10 0.32
Ditch S-7 55+50 - 60+80 5.30% 530 10 0.53

S-8 60+80 - 63+20 4.56% 240 10 0.24
S-9 63+20 - 64+80 7.80% 160 10 0.40
S-10 64+80 - 66+00 5.00% 120 10 0.12
S-11 66+00 - 67+50 3.80% 150 10 0.15
S-12 67+50 - 68+40 7.40% 90 10 0.09
S-13 68+40 - 70+30 0.40% 190 10 0.19
S-14 70+30 - 71+20 7.50% 90 10 0.09
S-15 71+20 - 72+90 0.20% 170 10 0.17
S-16 72+90 - 73+70 4.20% 80 10 0.25
S-17 73+70 - 74+90 2.44% 120 10 0.42
S-18 74+90 - 75+40 6.70% 50 10 0.30
S-19 75+40 - 76+90 4.50% 150 10 0.25
S-20 76+90 - 77+90 0.50% 100 10 0.10
C-1 48+70 0.50% 0.67 (S-4)+(S-5)

Cross C-2 55+50 0.50% 0.85 (S-6)+(S-7)
Drainage P-1 64+80 0.50% 10.00 *River Sec.

P-2 67+50 0.50% 10.00 *Ricer Sec.
C-3 70+30 0.50% 0.28 (S-13)+(S-14)
C-4 73+70 0.50% 1.49 SUM(S-15~S-20)

Chainage Gradient
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