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Chapter 7 Read and Pavement for Priority Projects

71 Assessment of Road Congition
7.1.1 Road Condition Survey

As a first step in assessing the condition of the Karabutak ~ Kzyl Orda border road
section and the Alyrau ~ Mahambet road section, the Study Team coliected exisling
data available at Kazdornii and Actdor. This information was then updated and
supplemented by the results of site surveys and investigations catried out by the Study
Team. Existing and new data were then analyzed to assess roads and culverts.

(1} Site Surveys and Laboratory Tests
The following sitc investigations were undertaken by the Study Team:

(a) Visual inspection and geometric structure survey.
(b) Roughness survey.

(¢) Pavement Deflection measurement.

(d) Test pits and undisturbed sampling.

(¢) California bearing ration test and other tests.

{2) Revicw and Analysis of data

The results of site surveys were put into chart form as shown in Appendix I1-5 "Road
Condition Chart”. The road condition charts contain the following information;

(a) Kilomeler stations, according to kilometer posts.

(b) Width of carriage ways and shoulders.

(c) Pavement structure composition.

(d) Embankment slope and height at edge.

(¢) Roughness measurements.

(D Defects noted during road surface visual inspection.

(g) Pavement structure deflection measurements and estimated strength.
(h) Overall pavement quality evaluation.

The analysis of collected data is presented below according to the following headlines.
(a) Climatic Conditions, and Soil Types and Strength

(b) Geometric Characteristics

(¢) Pavement Condition

{(d) Condition of Culveris

© 7.1.2 Climatic Conditions, and Seil Types and Strength

The climate influence the road pavement conditions. ‘The influencing factors arc the

extent and frequency of temperature variations, the difference between maximum and
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minimum temperatures, precipitation and evaporation, wind direction and strength,
depth of snow cover, and depth of frost penetration.

The studied roads arc located in a continental arid zone having high rate of
evaporation, low rainfall and higher spread of frost penetration. Tables 1 ~ 10 of

Appendix 1I-8 show meteorological condition for the Karabutak, Irgiz and Atyrau
regions.

The result of the test pits survey indicatés that the subgrad_e'along the priority projects
roads consists of fine sand and light loam. The average soil deformation modulus is
85 Mpa (Mega Pascal) for the Karabutak road section and 65 Mpa for the Atyrau road
section.- o : : '

Existing soil types and steength measured are shown in Table 7.1.1.

Table 7.1.1 : Existing Soil Typcs and Strengths

No{ Location | Subgrade | Deformation Modulus CBR - | Internal Friction
(Mpa) _
(km) | Soil Type Soil Base Soil Base Angle ()
Karabulak ~ Kzyl Orda border Road Section .
1 1991 + 00| Fine sand 100 140 10 12 33
2} 1036+ | Finesand 100 150 10 12 - 38
500 '
3| 1069+ |Dunesand 15 120 38 - 12 33
000 : -
4 | 1098+ |Dune sand 75 130 8 12 33
900
51 1129+ ¢ Fine sand 100 155 10 12 38
500
6| 1191+ |Lightloam 65 110 4 10 29
250
Atyrau ~ Mahambet Road Section
17481010 [Lightloam| 65 70 6 6 29

Data Scurce : ICA study, 1996

7.1.3 Geometric Characteristics

(I) Embankment Ieight

In the Karabutak ~ Kzyl Orda border road section, the embankment height measured

at the edge of the shoulder. It ranges fromn about 0.0m to 4.0m’, and average is some
0.75m. S
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In the Atyrau ~ Mahambet road section, the embankment height measured at the edge
of the shoutder. It ranges from about 0.0m to 3.5m, and average is some 0.87m
excluding the following sections which were built too low and which were covered
with water by the flood inundation in 1993 and 1994,

km 43.00~43.15, . km48.40~48.42, km 56.50 ~ 56.62
km 61.35~61.50, - km 67.80~67.93, km 69.1¢ ~ 69.30
km 71.20 ~ 71.50, km 73.80 ~ 73.95, km 74.70 ~ 74.90

km 78.80 ~ 78.95

Table 7 1.2 (1) and Table 7.1. 2 (2} show a\erage “embankment helght along the road.
Details are showa in Appendix 11-5, "Road Condition Chart”.

Table 7.12(1): A\'erage Embankr_nent Height on the Karabutak Road Section

Sub section | Embankment § Subsection Embankment
(km) Heighl_ (m) (km) Height (m)
965971 19 972-911 0.5
578-1069 o7 | i070-1075 i
1076-1088 04 1089-1103 1.1
1104-1117 0.6 1118-1126 1.9
1127-1131 0.6 1132-1136 32
1137-1151 03 1152-1155 1.2
1156-1162 0.6 1163-1166 1.2
1162-1173 0.7 1179-1181 _ 1.0
1182-11%0 07 1191-1225 1.0
1226-1229 10 I2_30-l232 13
!233-]240 14 - -

Data Source : JICA study, 1996

Table 7.1.2 (2) : Average Embankment Height on the Atyrau Road Section

Sub section Embankment Subsection |Embankment
- (km) Height (m) (km) Height (m)
1-71 0.9 72-83 14

Data Source : HCA study, 1996

(2) Carriageway and Shoulder
In the Karabutak ~ szl Orda border Toad section, the existing carriageway width
ranges from 5.3m to 9.0m (average is about 7.0m), and shoulder width ranges from

2.0m to 6.0m (average is about 4.0m) in one stde

In the Atyrau ~ Mahambct road section, ihe cxlslmg carriageway width ranges from
5.5m to 10.5m (average is about 6.5m), and shoulder width ranges from 2.1m to 7.7m
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(average is about 3.5m) in one side.

Table 7.1.3 (1) and Table 7.1.3 (2) show average width of carriageway and shoulder
atong the road. Details arc shown in Appendix I1-5, "Road Condition Chart".

Table 7.1.3 (1) : Average Carriageway / Shoulder Width
on the Karabutak Road Section

Sub section | Carriageway| Shoulder ] Sub section | Carriageway | Shoulder
Width (m) | Width (m) Width (m) | Width (m)
965-971 6.6 19 972977 6.5 a3
978-1069 66 0.1 1070-1075 71 i0
1076-1088 77 77 1089-1103 75 39
1103-1117 77 67 8136 | 70 34
1127-1131 75 7.0 1132-1136 64 3.0
1137-1151 67 8.0 1152-1155 72 34
Ti56-1162 70 06 [ 1163-1166 70 a5
1167-1178 70 0.7 11791181 70 54
t182-1190 70 0.7 1191-1225 70 A
1226-1225 80 10 [1230-1232 80 35
1233-1240 76 14 - - -

Data Source : JICA study, 1996

Table 7.1.3 (2) : Average Carriageway / Shoulder width
on the Atyrau Road Section '

Sub section |Carriageway | Shoulder | Sub section |Carriageway| Shoulder
Width (m) | Width (m) Width (i) | Width {m)
t-71 6.7 37 72-83 56 25

Data Source : JICA study, 1996

7.1.4 FPavement Condition

Pavement characteristics and conditions, including composition, roughness, damages
and overall suitability are evaluated as follows.

{1} Pavement Structure
Pavement steucture, thickness of layers and material in the Karabutak ~ Kzyl Orda
border road section and the Atyrau ~ Mahambet road section were cleared by the test

pits survey undertaken by the Study Team.

Table 7.1.4 (1) and Table 7.1.4 (2) show the summarlccd road pwement composmon
Further detail data is provnded in Appendlx 11-5, “Road Condition Chart". '
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Table 7.1.4 (1) : Pavement Composition on the Karabutak Road Section

Station No. Base course  } Surface course | Station No. Base course | Surface course

(km) Thickness {cm) | Thickness (em) (km} Thickness (cm) | Thickness (cm)
935+000 22 - 4 991+800 26- 5
10221000 s § 1036+500 3 6
106941000 8 6 10981900 18 5
11094000 12 6 1129+500 i2 4
11684000 - 12z 1191+250 - 15
12214000 - 16 12274000 24 3

Data Source : JICA study, 1996

Table 7.1.4 (2) : Pavement Composition on the Atyrau Road Secclion

Station No. Base course | Surface course |  Station No. Base course | Surface course
(km) Thickness (cm) | Thickness (cm) (km) Thickness {cm}| Thickness (cm)
484010 4 19 49+000 24 15
584000 i6 3 ; - -

Data Source : HCA s-tudy, 1996

The base course is made primarily by sand and gravel mixture, except for a few
section where crushed stone was used. The surface course consisted of "cold black
stone" and mixture of gravel, sand, and bitumen.

(2} Roughness Measurements

The Study Team carried out the latest roughness measurement in June, 1996.

The

results were reported as an average value for every kilometer in Appendix Ii-3,

"Results of Pavement Roughaess Assessment™.

The shown results were converted to

international roughness index (IRI} cquivalents by the following approximate
relationship formula presented by Kazdoraii.

In case of Russian-made bump integrator (S) <= 300cin/km
IR = 4.387x107-3367x 102 xS+ L742x 107 xS - 1.225x 105 x $* + 36775 10 x &' - 414 x 10" x §°

In case of S > 300cm/kim,
IRI= 6.76 + 0.00241 x S

The results summarized and rated is shown in Table 7.1.5 (1) and Table 7.1.5 {2).
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Table 7.1.5 (1) : Road RoughneSs on the Karabutak Road Section

Roughness Measurement}y Approximate Rating Total Percentage
of
with Russian-made IRI Equivalent length (km) | road at this
Burp Intcgrator rating (%o}
<105 <6 (<4) Good 20 8
105-125 612 (4-7) Fair 27 10
125-160 7292 (1-9) Poor 15 -5
> 160 >92 &9) Yery Poor 213 717
Total 215 100

Note

The figures in parcatheses are recommended by JICA and WB.

Table 7.1.5 (2) : Road Roughness on the Atyrau Road Section

Roughness Measurement | Approximate Rating Total Percentage of

with Russian-made IRI Equivalent length (km) | road at this
Bump Integrator i rating {%6)

<105 <6 (<4) Good - -

105-125 672 (4-7) Fair - -

125-160 7.292 (1-9) Poor - -

> 160 >92 (>9) | Very Poor 83 100
Total 83 | 00

Note The figures in parentheses are recommended by JICA and WB.

(3) Pavement Surface Condition

The extent and severily of susface defects were observed and recorded by visual
inspections made by the Study Team. The results of the visual inspections are
shown in Appendix 11-2, "Results of Road Visual Inspection”. From the results, two
types of damage are considered : damage appatently due to a structural deficiency of
the pavement and damage due to non structural reasons.

1)  Damage Due to Pavement Structurat Deficiency

Defects caused by a structural deficiency of the pavement cssentially include
deformations such as rutting, depressions, and cracks such as crocodile cracks.

The overall assessment of structural deficiency, based on 3-point scale is shown in
Table 7.1.6.



- Table 7.1.6 : Overall Assessment of Structure Deficiency

Sort of Damage Karabutak Road Seclion Atyrav Road Section

Percentage Rating Percentage Rating
(%%) : : (%)
Deformalion 328 2~3 47 2-3
Cracking 21.0 464

Note :  Favement Defect Scale:
Percentage of length damaged <10% 1, 1635 <=and<50% 2,>=50% 3
Data Source : JICA Study, 1996

2)  Damage due to Non-Structural Reasons
This defect is generally unretated to pavement structural bearing capacity. T his is
caused cither by defective construction, poor material quality which include potholes,

bleeding, corrugations, stripping, edge damage, loss of bitumen and small cracks.

The overall assessment of the conditions, based on a 3-point scale is shown in Table
7.1.7.

‘Table 7.1.7 : Overall Assessment of Non-Structural Deficiency

Sort of Damage Karabutak Road Section Atyrau Road Section
Percentage Rating Percentage Rating
(%9) (%)
Longitudinal & 202 91
transverse crack
Edge damage 121 20.0
Sagging 7.0 -3 60.7 2~3
Waviness 2340 412
Bleeding 62 36
Potholes 6.0 -
Note Pavement Defect Scale :

Percéntage of length damaged <10%% 1, 10%% <=and<50%% 2, >=50% 3
Data Source : JICA Study, 1996

The various superficial defects in each road section noted during the Study arc
described below.

In the Karabutak ~ Kzyl Orda border road section, severe potholes and edge damage
are patticularly concentrated at section km 975m to km 1030.  Loss of bitumen and
slripping are seen in commion at sections km 1030 to km 1170km and km 1200 to km
1230km, and section km 1170 to km 1200 is a dirt road with severe rutting and
potholes due to traffic. There are isolated longitudinal and transversal cracks, which
appear mainly caused by large temperature swings, loss of initerlock and adhesion, and
aggravation by lack of maintenance. Uneven surface and depression are seen as
main shoulder defect.
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In the Atyran ~ Mahambet road section, a loss of bitumen was noted at irrcgular
intervals. Surfaces damages by flood inundation in 1993 and 1994 are common in
this section, particularly the damages are seen at the lower altitude points.

By combining the two scts of rating in the matrix as shown in Table 7.1.8, one singte
parameter reflecting the overalt pavement surface condition can be obtained.

The parameter thus obtained would reflect the surface quality and condition, as shown
in Table 7.1.9. - .

Table 7.1.8 : Determination of Surl’ace Condition Parameter

Rating Non-Stractural Deficiency
: S 1 213
Structural . 1 - 1 2 -
Deficieney 2 3 4 5
3 5 6 ?

Table 7.1.9 : Surface Quality of Surface Condition :

Rating . | Parameter ] Description

Good 1 Ride comfortably at 100kmvh or above. Wo sagging, rulling, potholes, eracks,

waviness, or bleeding noticeable

Ride comforiably up to 100km/h. At 80km/h moderately berceptible: _rﬁm*emenls
Fait 2-3 or {arge undulations may be felt.  Associated with occasional longitudinal and

transverse cracks, moderate rutting, and shallosw potholes exist,

JExcept for the worst reads in this category its poséible to ride comforiably up to
60-8keyh, its not possible to avoid driving

Poor 4-5 across the defects in the road resulting in frequent sharp movements or swaying.
The defects in the road surface are deep rutling, very poor quality patches, severe

clacking, and frequent deep and vneven waviness,

Necessary to reduce speed below 30kn/h, severe disintegration of the road susface
Bad 6-7 associated with many deep deformations or cracking and extreme waviness or
sagging.

Data Sousce : JICA study, l§96

Road surface ratings of the priority pkojeét roads are sunimérizcd_in Table 7.1.10 (1)
and Table 7.1.10 (2). | | o
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Table 7.1.10 (1) : Road Surface Condition on the Karabutak Road Section

Sub Section Structural Noa-Structural Sutface - -+ Rating
- Condition
{km} Deficiency Deficiency Parameter

) Rating Rating 7
965-971 S 2 2 4 Poor
972-9')7 2 2 4 Poor
978-1069 2 2 4 Poor
1070-1075 2 2 4 Poor
IO?ﬁ-lﬁSS 2 -2 4 Poor
1089-1103 2 2 6 Bad
041117 2 2 4 Poor
1118-1126 2 3 7 Bad
1127-113) 2 3 5 Poor
1132-1136 2 1 3 Fair
1137-1151 2 2 4 Poor
1152-1155 3 p 6 Bad
1156-1162 3 3 7 Bad
1163-1166 3 3 7 Bad
1167-1178 3 3 7 Bad
1179-1181 3 3. 7 Bad
1182-11%0 3 1 s Poor
1191-1225 2 3 5 Poor
1226-1229 2 1 3 Fair
1230-1232 3 2 6 Bad
1233-1240 1 2 2 Fair

Data Source : 3ICA study, 1996

Table 7.1.10 (2) : Road Surface Condition on the Atyrau Section

Sub Section Structural Non-Structural Suiface Rating
Condition
{km) Deficiency Deficiency Parameter
Rating Raling
1-71 3 3 7 Bad
72-83 i 3 5 Poor

Data Source : JICA study, 1996
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(4) Pavement Strength Condition

The assessment of pavement strength was based on estimation of K (actual vs.
required pavement strain modulus).

K=E (actval)/E (required), E (actual) is determined by adjusting the value of the
pavement modulus of stain, derived from actual deftection measurements.

E(actual) =D xP (1 -M)/I

Where : D {cm)=Diameter of contract area tire/pavement
P {mepa Pascal) = Tire pressure
M = Poisson coeflicient
I {¢cm) = Deflection

The formula for determining the required pavement stain modulus, E (reqliired), is
given below ; -

E (required) = 85 log (NP x a) - 288

Where : NP= The value obtained by converting the project
daily truck traffic, at the end of the pavement’s
design life to the equivalent number of heaviest
vehicles per lane.

a= Factor depending on type of surfacing.
For hot dense asphalt concrete, a = 7,000

Along the Karabutak ~ Kzyl Orda border road scclion and the Atyrau ~ Mahambet
road section the average values for required E were estimated as 159 Mpa and 246
Mpa (Mega pascal) respectively.

Based on the resuits obtained, about 52% of the Karabutak ~ Kzyl Orda border road
section is rated poor (K=0.55~0.85) and the rest is bad (K<0.55), and about 100% of
the Atyrau -~ Mahambet road section is rated bad, as summarized in Table 7.1.11 (1)
and Table 7.1.11 (2), and shown in Appendix 11-5, Road Condition Chart".
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Table 7.1.11 (1) : Pavement Strength Estimates on the Karabutak Road Section

Sub Section |  K-Ratio Rating Sub Section | K-Ralio Rating
965-1009 0.47 Bad 1010-1022 0.59 Poor
1023-1027 0.62 Poor 10281035 0.79 Poor
1036-1077 067 Poor | 1078-1098 059 Poor
1099-1112 0.62 Poor 11131135 0.69 Poor
1136-1353 0.53 Bad 1154-1176 046 Bad
11771190 | 0.36 Bad | T1911225 | 052 Bad
1226-1230 0.85 Poor 1231-1232 035 “Bad
12331240 0.84 Poor - ; .

Data Source : JICA study, 1996

Table 7.1.11 (2) : Pavement Strength Estimates on the Atyrau Road Section

Sub Section | K-Ratio Rating Sub Section |  K-Ratio - Rating
1-4 0.35 Bad 5-35 024 Bad
36-83 0.38-0.45 Bad . - -

Data Source : JICA study, 1996
These results indicate a substantial deterioration of pavement condition. This
deterioration is due to a tack of maintenance over a past few years, and to the heavier
trucks passing on the road now.
(5) Overall Pavement Condition
A "Pavement Quality Index" is established by combining the surface condition

parameter (sec Table 7.1.8) and the K-ralio, according to the matrix shown in Table
7.1.12.

Table 7.1.12 : Determination of Pavement Quality Index

Raling Structure Condition Parameter (K ratio)

- : > 1 0.85-1 |0.55-0.85| <0.55
Surface Condition ] Q, Q, Q, Q,
Parameter 2.3 5, Q; Q, Q,
47 8, Q Q. Qs

Each pavement qualily index value corresponds to a pavement condition, as shown in
Table 7.1.13. :
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* Table 7.1.13 : Pavement Conditions Corresponding
to Pavement Qualily Index Rating

Quality Index - : Condition
Qe Good Condition
5 Surface damage due to a construction defect in the upper layer
S Very unusual surface damage, would require investigation
Qi-Q: Limited pavément structure damage
Q) : Heavy pavement structure damage
s 7 Uncertain case, requiring further investigation

Ratings Q4 and QS5, heavy pavement structural damage, is corresponding to the road
over 96% of the length of the Karabutak ~ Kzyl Orda border road section and 100% of
the length of the Alyrau road section.

Pavement Damage Evaluation using Paramieter qualily index ratings is summarized as
Table 7.1.14 (1) and Table 7.1.14 (2), and shown in Appmdlx Ii-5, “Road Condition
Chart".

Table 7.1.14 (1) : Pavement Damage Evaluation on the Karabutak Road Section

Sub section Index Damage Sub section Index Damage
965-971 Q, Heavy 972-977 Q; Heavy
978-1069 Q, Heavy 1070-1075 Q, Heavy
1076-1088 Q Heavy 1033-1103 Q, Heavy
1104-1117 Q, Heavy 1118-1126 Q Heavy
£127-1131 Q, Heavy i£32-1136 Q, Heavy
(137-1151 Q, Heavy 1152-1155 Q, Heavy
1156-1162 Q, Heavy 1(63-1166 Q, Heavy
1167-1178 Q. Heavy 1179-1181 | Q, Heavy
1182-1196 Q, iTeavy 11911225 Qs Heavy
1226-1229 Q, Uncertain | 1230-1232 | Q, negvy
1233-1240 Q, Uncertain _ - - -

Data Source : JICA siudy, 1996

Table 7.1.14 (2) : Pavement Damage Evaluation on the Atyrau Road Seetion

Sub section Index Damage “Sub seclion Index Damage -
1-71 Q, Heavy 72-83 Q, Heavy
Data Source : JICA study, 1996
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7.1.5 Condition of Culverts

The Karabutak ~ Kzyl Orda border road section has 62 culverts along its 275 km
tength, and the Atyran ~ Mahambet road section has 22 culverts along ifs 83 km
tength.  Appendix 1-6, "Results of Visual Culvert Inspection” indicates their
tocation, type, size, and of condition.

To evaluate the condition of the culverts, the extent and severity of defects such as
scour, seitlement, damage to headwalls and wingwalls, and missing headwalls and / or
aprons were noted. The most common and serious defects for the culverls were
broken, settled down and washed out. -

From the overall sating for each inspected culvert, the number of pipe and box
culverts in fair or bad condition were determined. - Out of total 68 existing pipe
culverts, 11 were thus estimated be in fair condition, 17 in bad condition. Of 12 box
culverts, 5 were rated in fair condition and 2 were in bad condition. In other words,
8 culverts were classified as fair and 19 as bad on the Karabutak ~ Kzyl Orda Border
road section, and 8

culverts were classified as fair on the Atyrau ~ Mahambet road section.

The condition of culverts on the Karabutak ~ Kzyl Orda border road section and the
Atyrau ~ Mahambet road seclion is shown in Table 7.1.15 (1) and Table (2).

Table 7.1.15 (1) : Estimated Number of Culverts in Each Coadition
(Karabutak-Kzy! Orda Border Road Section}

Seclion Culvert | ~ - Dimensioén : Condition
Diameter or | No. of Orifice | Length Fair Bad

(km-km} Type widih/Height | 1 1 2 | 3 | (Average) | % |No.| % No.
965 - 1.0 44| 2 la.0 151320 4
1154 Pipe 1.5 121 815§ 16.0 201 5120 s
1154 - 1.0 6|21 - 16.0 0] -175 o
1240 _ 1.5 - 1311 16.0 0] -4§s0 2

956-1154 Box [2x(25x20)} - |2 | - 17.0 -] - |00 2

Data Source : JICA Study Team, 1996

Table 7.1.15 (2) : Estimated Number of Culverts in Each Condition
(Atyrau-Mahambet Road Section)

Sectien Culvert Dimension Condition
Dianeter or | No. of Orifice | Length Fair Bad
{km-km} Type | widthifeight | 3 | 2 | 3 | (Average)} | % [No.| % No.
10 8|12 - 14.0 - 13 - -
0-83 Pipe 1.5 -1 - 140 -] - - -
Box @BSxLS)y |10 -] - 120 5015 - -

Note : Figh re in the round brackel means average width and height.
Data Source : JICA Study Team, 1996
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7.2 Preliminary lmprovement Design

The pretiminary Improvement design is covering pavement improvement, vertical
realignment, and culvert repair or replacement. The improvement design is
separated into following steps :

(1)  Establishment of appropriate design standards and melhodology
(2) ldentification of sub-scctions.

(3) Identification of typical improvement types.

(4) - Determination of pavement strength requircments.

(5) Evaluation and selection of pavement alternatives. -

(6) Establishment of pre!iminary pavement inprovements.

7.2.1 Fshbhshmcnt of DeSIgn Standard and Methodolog;

The design standards for the geomelrlc des:gn and the pa\. ement dessgn were bascd on
the future traffic forecasts.

The road category HI was selccted based on the traftic forecasts for the year 2018 (i.e.
20 years after the design year), which was about 1,848 vpd (3,983 pcu) for the
Karabutak road section and 3,645 vpd (5,907 pcu) for the Atyraw road section.
Category 111 road standard has a total width of 12m which includes 7.0m width of
carriageway and two 2.5m width shoulders on either side.

The pavement design was based on both AASHO design method and FSU (Former
Soviet Union) design standards and, the traffic volume for the year 2013 (i.e. 15 years
after the design year), was used as the basis for pavement design.

7.2.2 Identification of Sub-Sections

From the result of the Scction 7.1 "Assessment of Road Cendition", The Karabutak ~
Kzyl Orda border road section and the Atyrau ~ Mahambet road section were divided
into homogeneous sub-sections, according to the following characteristics :

(1} Climatic zone

(2) Average embankiment height

(3) Average road width

(4) Average pavement composition and thickness
(5) Pavement quality index

Sub-sections are shown in Table 7.2.1 (1) and Table 7.2.1 (2).
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Table 7.2.1 (1) : Sub-Sections of the Karabutak Road Section

Subsections | Average Pavement Thickness Pavement
(km) Embankment| Base course | Surf. Course| Quality
Height (m) {cm) {cin) Index
965-971 1.9 - - Qs
972-9717 0.5 - Qs
978-1069 0.7 77 4 Qi
1070-1075 1.1 8 6 Y]
1076-1088 0.4 - - Q4
1089-1103 L.} 13 -5 o
1104-1117 0.6 12 ] 4
1118-1126 09 S - Q4
1127-1131% 06 12 4 Q4
1132-1136 - 32 - - 4
1137-1151 0.3 - - Qs
1152-1155 1.2 - Q5
1156-1162 6.6 - - Qs
1163-1166 12 - Q5
1167-1178 0.7 - 12 Q5
1179-1181 1.0 - Qs
1182-1190 0.7 - - Qs
1191-1225 1.0 - 15 Q5
1226-1229 1.0 24 4 Q3
1230-1232 13 - - Q5
1233-1240 1.4 - - Q3

Data Source

: JCA Study, 1996

“Table 7.2.1 (2) : Sub-Sections of the Atyrau Road Scction

Subsections |  Average Pavement Thickness Pavement
(km) Embankment| Base course | Surf. Course| Quabily
' Height {m) {cm) (cm) Index
1-71 - 1.0 4 12 Qs
72-33 1.4 - - Qs

Data Source : JICA Study, 1996

7.2.3 Identification of Typical Improvement Types

Four typical improvement types were identified, as shown in Table 7.2.2.
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- Table 7.2.2 : Typical improvement Type

Type 1 : Raising of Embankment and Construction of Pavement

Condition |Embankment height is inad:equate in places, in addttion existing
pavement is heavily damaged.

Solution {Remove existing asphalt layer, raise embanknient as need and
place new pavemeént.
Type 11 : Construction of New Subbase, Base and Surface Courses with Widening

Condition |Existing pavement is heaviiy damaged, sand/gravel layer (subbase)
is nonexistent or insufficient. -
Existing road width is narrow.

Solution |Remove asphalt layer, place new subbase, base and surface course.
Carriageway / shoulder widening. '
Type Il : Constraction of New Subbase, Base and Surface Courses

Condition |Existing pavement is heavily damaged, sand/gravel layer (subbase)
is nonexistent or insufticient.

Solution - |Remove asphalt layer, place new subbase, base and surface course.
Type IV : Thickening of Subbase, and Construction of New Base and Surface Courses

Condition |Existing pavement is heavily damaged, sand/gravel layer (subbase}
not thick enough

Solution |Remove asphalt layér, increase subbase thickness, and place base
and asphalt courses. '

7.2.4 Pavement Strength Requirements
(1) Generat

The pavement thickness is designed on the basis of the design CBR of the subgrade
and the number of 10 ton cquipment axle load applications in one direction over ten
years.

This design method was established through original methods and the experience of
the Japan Highway Public Corporation and on the basis of ASSHO Road Test results.
Therefore, FSU standards and design methodology is not adopled, FSU standards are
applied to determine whether alteraative pavement structures are feasible.

(2) Analysis of Traflic Load

The number of 10 ton equivalent axle toad applications (Total number of axles
passing over the pavement over ten years expressed in terms of 10 ton axle load
applications) is estimated from the number of axle load based on the traffic demand
forecast made by the Study Team.

Table 7.2.3 (1) and Table 7.2.3 (2) indicate cumulative number of 10 ton equipment
axle load on the Karabutak and Atyrau road scctions.
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Table 7.2.3 (1) : Cumulative Number of 10 ton Equipment Axle Load on the
Karabutak Road Section

Axle | . Standard 10 ton Number of Equivalent

2 .
Vehicle Type voxd Equivalence Faclor Axle Load Axle Load
Single Tandem ESAi=Nix
| @ | Aoy | gt (Nviday) (AV10)3 or (AU18)*
H. Truck 18.1t<=T<=14]| I18.0 - 1.000 - 188 188
T>14¢ 200 - 1.525 165 557
L. Truck T<=51 5.6 0.098 . - 168 : 16
5.1<=T<=81 | 100 1.000 - 252 252
Bus Heavy 9.7 - 0.874 T 11 10
Light 419 0.055 - 15 1
(1} Equivalent Standard 19 ton Axle Load/day 1024
{2} Accumulative Equivalent Standard 10 ton Axle Lead
[(1} x 30days x 12 months x 10/2 years] 184.32x 101
(3) Accumulative Fquivalent Standard 10 ton Axle Load/tane 101.38x 101
[(2)x 0.55]

Pata Source : JICA study, 1996 (based on the estimated 2013 ADT)

Table 7.2.3 (2) : Cumulative Number of 10 fon Equipmeat Axle Load on the
Atyrau Road Scction

Ak Standard 10 ton Number of Equivalent
Load
Vehicle Type Equivalence Factor Axle Load Axle Load
Single Tandem ESAi=Nix
(A | ainoyd | (AvIsp (Nirday} {AiN10Y or
(AUE8)
H. Truck |8.1t<=T<=| 18.00 - 1.00 153 153
B
T>14t 20.60 - .52 98 149
L. Truck T<=5t 5.59 0.0976 - 483 47
5.1t<=T<=| 10.60 {.0000 - 301 301
8t ’
Bus Heavy 93.67 08744 - 269 235
Light 4.85 00553 - 351 19
{1) Equivalent Standard 10 ton Axle Load/day 904
(2) Accumulative Equivalent Standard 10 ton Axie Load
{{1) x 30days x 12 monihs x 1072 years} 162.72 x 103
{3} Accumulative Eguivalent Standard 10 ton Axle Load/lane 89.50 x 164
.- [(2yx0.55]

Data Source 1 JICA study, 1996 {based on the estimaled 2013 ADT)
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(3) -Characteristics of Subgrade

The characteristies of the subgrade were obtained through CBR estimation of the
subgrade, subbasc, and base course samples taken at 50km interval (or less) along the
Karabutak ~ Kzyl Orda border road section and the Atyrau ~ Mahambet road section.

CBR values were converted using the formula below, based on co_rre}ation of soil
testing according to AASHO method, because of a lack of CBR testing equipment.

where ; A : coeflicient
B : coeflicient o
Es : Soil deformation modules, Mpa

CBR=AxEs-B

This formula based on correlation of soil testing according to AASHTO method and
VSN 46-83 (8,9), is derived by experts of Moscow Road-Transport Institute.

Table 7.2.4 (1) : Characteristics of Subgrade on the Karabutak Road Section

Location | Subgrade Characteristics of Subgrade
Design Restl. Modutus (Mpa) CBR Enternal Friction
{km) soil Sub. soil Basc Soil Dase Angle (")
9914800 | Fine sand 100 14¢ 10 12 K1 I
10364500 | Fine sand 100 - 150 10 12 38
10694000 | Dune sand 75 120 8 i2 33
10984900 | Dune sand 75 130 8 12 13
11294500 | Finc sand 10 155 10 12 3R
1191425 | Light sand 65 110 4 10 29

Data Source : JICA study, 1996

‘Table 7.2.4 (2) : Characteristics of Subbase on the Atyrau Road Section

Location | Subgrades Characteristics of Subgrade
Design Resil. Modulus (Mpa) CBR Internal Friction
{km) s0il Sub. soil Base Soil Base Angle ()
43+100 | Light loam 65 70 6 6 29

Data Source : JICA study, 1996
(4) Pavement Thickness Design

The pavement thickness is determined according to the following procedure. Values
of TA, asphalt mixture equivalent layer depth and the thickness of each layer are
obtained. The thickness of each layer should be set, based on a full consideration of
locally available materials, climatic conditions, and ease of construction.

‘fhe minimum thickness of each layer, requircd by local design standards, is as
follows :

: bem

)

Dense asphalt concrete grain size 5~13
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(i) Open graded asphalt concrete grain size 5~20 : 6cm
(I Crushed stone base course (>2.5 dmax) : 10cm
(1V) Sand/gravel subbase (>3.0dmax) - s 15em

(a) Determination of TA

The TA value is obtained from Fig. 7.2.1, using the subgrade design CBR calculated
in Paragraph (3) and the number of 10 ton equipment load applications obtained in
Paragraph (2). ' '

50 _ : — —
Design C B R
- 4
40 3{ |
TA —
4
(cm) 1
1 i = of ’/ g
St
30 ] Bt
I N - // ’1‘ ‘/ 107
/ o ___]Z —
/” ’/ //—_—1?1?-
T LT I s 10 5 g I et W v X
20 o /"/_‘/;/"’-""7 ] ]
|- ~ A=A
— . —1 —"’ B gl i e p
10t ! A
10 20 40 W 801 20 400 600 800 1000 200} 4000

—- 10 ton equivalent axle load applications (x 10%)

Fig. 7.2.1 : Design Curves for TA

(b) Minimum Thickness of Asphalt Mixture Layer (T min.)
The asphalt mixture layer of the traffic lane should consist of the surface course, the
binder course and the hot mixing asphalt stabilized base course. Its total thickness

should be determined so as to satisfy the minimum limit shown in Table 7.2.5.

Table 7.2.5 : Minimum Thickness of Asphalt Mixture Layer (‘T min.)

Classification Minimum Thickness of Remarks
: Asphalt Mixture Layer
_ Asphalt stabilized In principle, the totat thickness
: base cours¢ T 18em~20em of the surface course and the
' : - ' binder course should be 10cm

Data Source : Japan Highway Public Corporation
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(¢) Determination of the Thickness of Each Laycr

The thickness of each layer Ti(i = 1,2,3) is determined so as to satisfy the following

cquation :

TA =a/T, +a,T, +a,T,
T, + T,>=T min.

where, T, : Thickness of surface and binder courses (cny)
T, : Thickness of base course (cm)
T : Thickness of subbase course {cm)
a,~a,  : Coeflicients of relative strength shown in Table 7.2.6.
Table 7.2.6 : Coefficients of Relative Strength
' Coeflicient of
T | Construction Method Condilions Relative Strength
a, a, ay
T, | Asphalt surface course 1.00 - -
and binder course
Hot mixing asphalt - |08-068] -
stabilization
T, Granular Modified CBR >=80 - 0.32 -
Cement stabilization | Compressive strength - 045 -
>=30 kgflem’
T, Granular material Modified CBR >=30 - - 025
Cement stabilization | Modified CBR >=60 - - 0.28

Prata Sovrce ; Japan Highway Public Corporation

Pavement structure fogether with alternative layer thickness for of the Karabutak -
Kzy!l Orda border road section and the Atyrau ~ Mahambet road section are shown in
Table 7.2.7 (1), Table 7.2.7 (2), and Table 7.2.7 (3). The applied layer thickness is
selected from among alternatives taking into consideration the casiness and cost of

construction.
Table 7.2.7 (1): Pavement Structure Alternatives for
the Karabutak Road Section
Type ], Type IV To=20 [CBR:6, AEAL: 10138 x t0]
Thickness of Layers (cm) Total
No. Sutface Binder Base course Subbase course Thickness
Dense Asphalt Open Graded Crushed Stone Sand/Gravel (cm)
concrele Asphalt concrete | Base course Subbase '
1 4 6 10 35 55
2 4 6 . 15 25 - 50
3 4 6 . 20 20 50
4 4 6 25 15 . 50
Selecied: Dense A.C :4em, Open A.C 1 6cm, Crushed stone :
$5cm, Sand/Gravel : 25cm

Data Source : JICA Study, 1996
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Table 7.2.7 (2) : Pavement Sfructure Alternatives for

the Karabutak Road Section

Type IH

T, = 18 [CBR : 8~10, AEAL : 101.38 x 10%]
Thickness of Layers (em) Total
No. Surface Binder Base course Subbase ¢ourse Thickness

Dense Asphalt Open Graded Crushed Stone Sand/Gravel (cm)
“concrete - | Asphalt'concrete {  Base course Subbase :
| 4 6 10 25 45
2 4 6 15 20 45
3 4 6 20 15 45

Selected: Dense A.C : dcm, Open A.C : 6cmy, Crushed stone :
15c¢m, Sand/Graved : 20cm

Data Source : JICA Study, 1996

Table 7.2.7 (3) : Pavement Structure Alternatives for the Atyran Road Scction

Type §, Type Il T, =20 [CBR: 6, AEAL: 89.50 x 10]
Thickness of Layers (cm) Total
No. Surface Binder Base course Subbase course Thickness
Dense Asphalt Open Graded Crushed Stone Sand/Gravel (cm)
concrete Asphalt éoncrétle | Base course Subbase
1 4 6 10 35 55
2 4 6 Is5 25 50
3 4 6 20 20 50 |
Selected: Dense A.C: 4cm, Open A.C ; 6em, Crushed stone :
’ 15em, Sand/Gravel : 25em

Data Source : HCA Study, 1996

7.2.8

Road Improvement Solutions

In all Sections, the existing pavement is damaged heavily (pavement Quality Index Q,
or Q,), and should be reconstructed after removed of the asphalt layer. The
reconstruction measure is classified into 4 types as Improvement Type [~V

Impﬁrovelﬁent Type

The sections with average eﬁlba.nkmem ‘height of less than 1.0m are inadequate for
frost heave protection, so it is necessary to fill-up the embankmenl approximately
0.5m more. Type 1 con31sts baswally of filling-up the cmbankmem and new pavement
construction. For the pavement structuee calculation, Type I is adopted for the sections
of which CBR value of the subgrade is 6, and of which accumulative equivalent
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standard 10 ton axle load/lanc{AEAL) is 101.38*104. The pavement structure consists
of four layers : dense-graded asphalt concrete 4em, open-graded asphalt concrete 6em,
crushed stone base course 15¢m and sand/gravel subbase course 25cm (Fig. 7.2.1 (1))

Improvement Type Il

‘The sections with average carriageway width of {ess than 7.0m do not meet Category
111 road standard, so it is nccessary to widen the carriageway. Improvement Type Il is.
to widen the carriageway, to remove the existing black stonc asphalt layer and to
construct new pavement. For the _paveménl stracture calculation, Type H is adopted
for the sections of which CBR value of the subgtade is 6, and of which Accumulative
equivalent standard 10 ton axle load/lane(AEAL) is 89.5* 104. The pavement stmci‘ure.
consisls of four layers : dense-graded asphalt concrete dcm, open-graded asphalt

concrete 6em, crushed stone base course 15cm and sand/gravel subbase course 25¢cm
(Fig. 721 ?). '

Improvement Type 111

Type 11l is to consiruct new pavement afler removal of the existing asphalt layes, and
is divided into 2 sub-types (Type 1H-1 and Type 111-2). For the pavement structure
calculation, 'i“ypc HI-1 and Type -2 is adopted for the sections of which
accumulative equivalent standard 10 ton axle load/lane(AEAL) is 101%104, Type 111-1
is adopted for the sections of which CBR value of the subgrade is more than 10, and
Type 11-2 is adopted for the sections of which CBR value is between 9 and 5. The
former’s structure consists of 4cm of dense-graded asphalt conciete, 6em of open-
graded asphalt concrete, 15¢cm of crushed stone base course and 20em of sand/gravel
subbase course, and the later’s struciure consisis of dem of dense-graded asphalt
concrete, 6cm of open-graded asphalt concrete, 15¢cm of crushed stone base course
and 25cm of sand/gravel subbase course (Fig. 7.2.1 (3) & (4)).

Improvement Type IV

In some sections, having usable existing subbase, Type 1V which is to construct rncw
pavement instead of existing black stones and to thicken the existing subbase is
adopted. For the pavement structure calcutation, Type 1V is adopted for the sections
of which CBR value of the subgrade is 6, and of which accumulative é:cillivalent
standard 10 ton axle load/tane(AEAL) is 101.4*104. The pavement structure
consists of 4cm of dense-graded ilsphélt concrete, 6¢m of open-graded asphalt
concrete, 15¢m of crushed stone base course and 15cm of sand/gravel subbase course
(Fig. 7.2.1 (5)). ' ' S '
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The Improvement Types I-1V are illustrated in Fig. 7.2.1 (1) to Fig. 7.2.1 (5). The
Improvement Types for each sub-scction of the priority projects is shown below in
Table 7.2.8.

Table 7.2.8 : Road Improvemcnt by Type of Improvement
for I'riority Projects

Sub-section (km) | Improvement Types | Subsection (imf) Improvement Type¢s

Karabutak- ~ Kzyl Orda Border Road Section
965-971 1E-1 1152-1155 11I-1
972977 1 1156-1162 i
978-1069 I 1163-1166 il
1070-1075 fi-1 1167-1178 1
1076-1088 | 1179-1181 Hi-1
1089-1103 -1 1182-1190 1
1104-1137 I 1191-1225 -2
1118-1126 -1 1226-1229 v
1127-1131 I 1210-1232 -1
1132-1136 I§1-1 . 1233-1240 Ny
1137-1154 1 . -

Atyrau~Mahambet Road Section

1-71 I 72-83 It

Data Source :  JICA Study, 1996

The road improvement plan for the Karabutak to Kzyl Orda Border road section and
the Atyrau to Mahambet road section is shown in Fig. 7.2.2 (1) and Fig. 7.2.2 (2)
respectively.
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Fig. 7.2.1(1) : Cross-Section of Road for Type-1 Improvement
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Fig. 7.2.1(2) : Cross-Seclion of Road
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Fig. 7.2.1(3) : Cross-Sectien of Road for Type-111-1 Iinprovement
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Fig. 7.2.1(4) : Cross-Section of Road for Type-1H-2 Improvement
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Fig. 7.2.1(5) : Cross-Section of Road for Type-1V Improvement
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7.2.6  Flood Measurement

As described in section 3.4.2 (3), according to the Scientific Investigation Report
written by the Water Resource Commitiee of the Republic of Kazakhstan, the Caspian
Sea in Atyrauskaya state is characteristic to have periodic water level flucluations of
6~7Tm at 70100 years eycle. But the design water level for facilities along the coast
of the Caspian Sea was estimated 22.5m under the sea level.

In the Atyrau~Mahambet road section, the planed road scenis not to be flooded
because the formation level of the road is higher than the design level. However, in
the future, it is predicted that the road sections which have a low embankment height
are flooded as like the experience in 1993 and 1994, in case of unexpected increase of
the water of not only the Caspian Sea itself, but also the Ural river which flows into
the Caspian Sea.

Therefore, to solve the above problem, the following measures are taken to improve
the road.

(1) The road scclions, km 43.00 ~ 43.15, km 48.40 ~ 48.42, km 56.50 ~ 56.62, km
61.35 ~ 61.50, km 67.80 ~ 67.93, km 69.16 ~ 69.30, km 71.20 ~ 71.50, kmn
7380 ~ 7395, km 74.70 ~ 7490, km 78.80 ~ 78.95, which have low
embankment heights are redesigned with suitable embankment heights (more
than 1.0m), and equalizer channels by culverts are installed in the embankments
to prevent the rise of water and to allow drainage of flood water (when detailed
designs are made, the locations and dimensions of the new culverts should be
reconsidered based on detailed field survey and hydrological data)

Equalizer channels by culverls are shown in Table 7.2.9.

Table 7.2.9 : Equalizer Channels by Culverts

Location (km) Type Dintension No. of Places
(m)
43.00-~43.15 Boxculvert | 3 (2.0x1.5) 3
48.40 ~ 48 42 " ] 1
56.50 ~ 56.62 ] " 2
61.35~61.50 " 1 3
67.830 ~ 67.93 ] " 2
69.10 ~ 69.30 ] " 4
7120~ 76.50 ] " 6
73.30~73.95 y " 3
74.70 ~ 74.90 " " 4
78.80 ~ 78.95 " " 3

Data Source : JICA study, 1996
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(2) The pavement composition and thickness are designed considering the decrease
of the strength of the subgrade during floods.
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Chapter 8 Bridges for Priority Project

3.1 General
8.1.1 Basi¢ Concept of Improving of Bridges

The bridge improvement implementation policy was decided as foltows in conformity
with the evaluation of the existing bridges, For improving the existing bridges, the
removat of structural ﬂaws as well as repamng of the destroyed places, should be
executed on lhem :

(1) Places 1o be Repaired

(8) To renew the extremely deteriorated bridges.

(b) To replace the hollow stab beams with T type slab for renewed brldgcs because the
thickness of the current holtow slab beams is too thin. :

(¢) To repair the destroyed part of the beams.

(d) To renew the all of the handrail.

(e) To repair the worn cut slab.

(2) Repair of Structural Defects

(a) Not to use Pile bent type abutment for the bridges to be renewed (to be
constructed), and to improve the abutmeats and to reform the retaining wall for the
bridges to be repaired (to be improved).

(b) To strengthen some piess which arc too slender and to repair the connection
‘between horizontal member and vertical member for the bridges to be improved.

(¢) To install the transverse beams for all bridges.

(d)} To extend the span of some bridges to avoid that the abutments contact with the
lake water.

8.1.2 Yeaiher Conditions

The concrete cast in hot weather, more than 30 degrees Celsius, should make
accelerated set or hair crack. Thus the quality control of the concrete would be difficult.

The other hand, were the concrete cast in the atmosphere of cold weather, below zero
degrees, the concrete should sustain by the frost damage. Also the curing concrete w ork
would ve difficult.

Therefore, when the implementation program of the project is planned, the

countermeasure how to execute the field concrete casting work cope with the
atmosphere should be devised.
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8.1.3 Soil Conditions
(1) The Karabutak ~ Kzyl Orda border road section

To get the existing bridge soil data, boring survey for soil had been e\ccutcd on l]‘llS
scction by the Study Team. S .

According to the investigation resull, soil condition of this section are very profitable
for construction of the bridges.

Because there is solid clay in the shallow place, which is hard enough for the supporting
heavy load, almost all the foundations of the existing bridges are laid directly on the
ground. However, the clay has the nature which softens when it contains enough water
in the long period, the grounding surface between foundation and the earth is scoured
off by the flood with comparatively long-range. Therefore the foundations of the
bridges should be inserted into the ground sufliciently so as not the ground surface to be
scoured off by the flood. :

On the contrary, though the places where the soft clay is deposited thick is no more than
20 m, the foundalions have to be supported by the piles.

(2) The Atyrau ~ Mahambet road section

According to the existing soil data, the thickness of the accwnulation layer is bigger
than the Karabutak ~ Kzyl Orda border road section. Taking into consideration that
this area is located near the Caspian Sea, it is possible to understand it. Therefore
when the bridges are constiucted the foundation should be supported by the piles. The
required length of piles of some places would be 20 m or more.. In the meantime, in
Kazakhstan, as for the concrete piles which are produced at the factory, the maximum
length is 11.5 meters. Therefore, when using these piles, the device which join the
piles are necessary.

8.1.4 Specifications

Generally speaking, the bridge construction manual which is used in Kazakhstan does
not have a big difference comparing the manual which is used in the other countrics.
However, as for the way of thinking of the live load, there is a little diffetence.  For in
the specification, it is prescribed that the caterpillas loads of a tank which total weight is
80 ton should be considered in the design of the bridges. Therefore the way of
thinking on the live load should be followed the way of thinking of the international
standard such as AASHTO.

8.2 Preliminary Design

In conformity with the basic concepl of improving bridges, the follo-wing prélimiuary
desiga has been executed.

8.2.1 General
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As this preliminary design is for the feasibility study, main efforts on this design are not
concenirated on the decision of the configuration but on the analysis of the quantity and
cost of the construction of the bridges. Therefore the configuration drawing of this
section is not based on the detailed siructural calculation sheet of the design but depend
on the existing data in Japan.

In the detaited desiga stage, the detailed design of each bridge which is consistent with
the each circumstance should be executed.

8.2.2 Design
(1) Superstruciure
(2) Increasing of Cross Sectional Area

The PC hollow pretension beams of span 18 m length which are produced in Kazakstan
have been compared with product in Japan.  The result is as follows.

Produced in Kazakstan—3,695 cm’ / m Thickness of slab—6.5 cin
Whereas in Japan —4,135 cm? /m Thickness of slab—14.0 cm

Meanwhile, as for moment inertia of the both beams, they are almost the same figure
(2.5x 10° cm*).

Judging from the above fact, it could be said that the beams produced in Kazakstan is
very thin and very weak of the bending slifiness.  In fact, the thickness of the slab 6.5
cm is extremely thin considering the load of heavy traftic in future.

Taking the above sttuation into considering, the hollow slab beam  produced in
Kazakstan would not be used but T type reformed beams would be adopted.

(b) Installation of Transverse Beams

Distributing the live load to other main beams, transverse beams should be fixed
between main beams regardless of the beams arc improved or renewed. However, as for
the beams of cxisting hollow slab bridges, for the transverse beams would not be fixed
in the installed beams, the beams would not to be reused. Thus the typical cross
section is shown in Fig. 8.2.1,

(2) Substructurc

As mentioned before any pre-cast blocks would not be used. Out line of the
configuration of the substructure is shown in Fig. §.2.2 and Fig. 8.2.3.

3 Wings to be Improved

The wings for improving bridges are to be renovated for prevention of moving of soil to
the front of the pile bent type abutment as shown in Fig. 8.2.4.
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8.2.3 Volume of Works for Cost Estimation

(1) Bridge to be constructed
Here, the quantity of the standard bridge with two simple 24 m spans would be taken up as a
subject of the project cost analysis.  Volume of each work item are summarized in Table

8.2.1. ‘The detail calculation of volume is described in Appendix I11-3.

Table 8.2.1 : Volume of Works to constrnet a standard bridge

o Number of Total
ltem Unit Quantity Places Quantity Remarks

Concrete Volume
(1) Abutmeant m’ 134.90 2 269.80
(2) Retaining Wall m’ 5.64 4 22.56
{3} Approach Board m | 19.44 2 38.88
{4) Pier m’ 99.07 1 99.07
Total 1w ) 43031
Structural Excavation
1) Abutment o 243.30] 2| 488.40
{2) Retaining Wall m? 21.60 4 8640
(3) Approach Board m’ 74.34 2 1418.68
(4) Pier m? 100.00 1 100.00
Total _ m’ 823.48
Piling Work {Pile 0.35 X 035 X 11.5m) .
{1) Abutment Mos. s 2 150
(2) Pier Nos. 40 i 40
Total Nos. 160
Superstnucture Work
{1} Beam Installation Nos. 16 1 16
{2} Transverse Beam Nos. 16 i 16
(3} Bridge Surface Work] 678.96 I 67896
Demotition Work
{1) Beams m’ 146.72 ] 146,72
{2) Slab, Curb etc. mw 5.50 1] 550
(3) Abutment e 11001 2 220.02
{4) Retaining Wall m’ 4.45 4 17.80
(5) Approach Board m’ 9.72 2 19.44
(6) Pier m’ 78.25 1 78.25
Total m 487.73
Scaffolding Work
{1) Abutment m’ 231.60 2 463.20
(2) Pier m’ 18240 1 182.40
iTotal nw 645.60
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(2) Bridge to be Improved
Here, the quantity of the standard bridge with one simple 24 m span would be taken up as a
subject of the project cost analysis. Volume of each work item are summarized in Table

8.2.1. The detail calculation of volume is described in Appendix 11I-3,

Table 8.2.2 : Volume of Works te improve a standard bridge

. Number of Total

Item Unif Quantity Places Quantity Remarks
Concrete Volume - -
(1) Wing Wall m 57.63 2 115.26
(2) Approach Board “m 1440 2 28.80
Tolal o m’ 144.06 T
Structural Excavation S
(1) Wing Wal} m’ 231.00 2 462.00
{2) Approach Board m . 50.40 2| 100.80
Total . m’ 562.80
Superstructure Work ,
(2} Transverse Beam Nos. 6 1 6
(3) Bridge Surface Work m? 246.00} | 246.00
Demolition Work -
(1) Approach Board m’ 7.20] 2 14,40
{2) Slab, Curb etc. m’ 5.50 1 5.50
(3) Retaining Wall m’ 4.45 4 17.30
Total m’ 37.70

8.2.4 Improvement Program

According to the investigation of the existing bridges, the following improvement plane
would be applied.

(1) Bridges on the Karabutak ~ Kzyl Orda Border road section

The number of bridges, their type of structure and dimensions along with the measures of
improvement for bridges on this road section are given in Table 8.2.3. The location of
bridges is shown in Fig. 8.2.5.

{2) Bridgeson the At::,:rau' ~ Mahambel road section

The number of bridges, their type of structure and dimensions along with the measures of

improvement for bridges on this road section are given in Table 8.2.4. The location of
bridges is shown in Fig. 8.2.6.
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Chapter9  Road and Bridge Improvement Cost

9.1  General
9.1.1 Background of Cost Estimation

In Kazakhstan, the cost of construction work has been estimated according to the
procedures described in detail in standard reference manuals, such as "Manuals on
Construction Cost Estimation for Cargo Transportation” and "Invesiment Standard per
Unit on Genetal Purpose Road" issued by FSU in 1991. - The required construction
aclivities and resources and the factors such as for cost calculation of labor, equipment
and materials are given in the manuals.

Furthermore as for the standard resource-time and material components, they are
given in the basic prices schedule issued by the central authorities in FSU.  But, the
latest available basic price schedule was made in 1991, and it has not renewed since
1991.

In the present situation which was turned into market cconomy, the above manuals are
not reflecting actual construction aclivities and market price.

On the other side, there is few actual systematic data for construction cost estimation
in both public sector and private seclor because they have few construction
experiences after independence. In fact the government of Kazakhstan who is the
main public construction project client, is suffered from financial problems at the
present time.

Moreover, comparing the previous planned economy state wilh the recent market
economy state, there would be big different way of thinking on the public construction
project assessment systen.

The cost of the project which is accomplished under market economy, should be
estimated based on the market price, and all the necessary cost for the project should
be summed up in. '

Therefore the Study Team started the cost estimation from the basic unit cost survey
for resources such as labor, equipment and materials. In principal, the unit cost was
surveyed at Actdor in Aktyubinskaya and Atyrauskaya, Department of Roads and
other related organizations and private construction/material companies.

9.1,2 Basic Premise in the Cost Estimation

In determining the project implementalion cost, the improvement cost of roads,
culverts, and bridges are cstimated separately. And the cost is fucther divided into
direct cost, indircet cost, engincering cost, and contingencies. Direct cost consists of
tabor cost, equipment and material cost. Moreover local currency portion and
foreign currency portion of direct cost are calculated respectively. ‘ '
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Basic premise is as follows :

(1} Indirect cost includes contractor's overhead and profit, and site-on cost. The
contractor's overhead and profit is assumed to be 15% of the direct cost. The
site-on cost is estimated separately.

{2) Engineering cost includes cost of detailed design, preparation of tender
documeats, bid schedule & technical specifications, construction supervision and
so on. The cost is assumed to be 10% of the direct cost.

{3) Contingencies are laken as 15% of the sum of the direct cost, indirect cost, and
engineering cost. . , ,

{4) The applied exchange rate between Kazakhstan Tenge and U.S. Dollar is the rate
. of US$1=66.5 Tenges which was apphed at the Department of Roads in June,
1996.

{5) In the result of the-survey, it was cleared that the unit cost of some items is
different between Aktyubinskaya state and Atyrauskaya state. Therefore the cost
is estimated for cach state separately.

In estimating local and foreign currency portions of the project cost, the fbllowing
assumptions are adopted:

(1) All labor costs are taken as a local currency portion, except cost for sitc managers
assuned to be appointed from foreign joint venture partner.-

(2) Most of construction equipment depreciation costs is taken as foreign currency
portion, assuming that aclual existing construction equipment is to be replaced
with new imported equipment. The cost of spare parts is also asswned as foreign
currency portion, however equipment running costs (fuel, lubricants, etc.) are
assumed as local currency cost.

(3) Bitumen for asphalt bituminous is assumed to be imported, so it is included in
foreign currency portion. The other asphalt bituminous material {gravel, crushed
stone, concrete, ¢fc.) is taken as local currency portion.

(4) Most of site running cost is taken as local currency portion.

(5) Indirect cost and engincering cost are calculated by both local currehcy portion

and foreign cumency portion, reflecting the hkehhood of intermational joint
venture, _

9.1.3 Unit Cost
(1)  Unit Cost for general construction work

The Study Team surveyed the unit cost refated to the estimation of road construction
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cost. The surveyed data is applied for not only road construction work but bridge
construction work. The costs were surveyed and examined in cooperation with
Almaty Actodor, Actobe Actdor and Atyrau Actdor.

(a)  Costof Labor

With high unemployment in the country, the cusent price of labor is likely to be
determined on a supply and demand basis.

At the time of the study, wages were on the rise, labor rates which examined as shown

in Table 9.1.1 (1), Table 9.1.1 (2).

- Table 9,1.1 (1) : Local Engineer and Labor Costs In Aktyubinskaya
(Unit : Tenge)

Sort of Man Power Daily Labor Cost Remark

Engineer Civilengineer | -~ 1050 Senior engineer
Survey engineer 915
Foreman 996
Labor -Skilled labor 808
Labor 512
Plant 404
Operator Equipment 755
' - Driver 808
Administrafor 1260
Administration Secrelary 538

. o Cletk - . 592 : -

Dala Source : Department of Roads, Ministry of Transport and Communications
of Kazakhstan (Akidor), Jun 7,1996

Table 9.1.1 (2) : Local Engineering and Labor Cests in Atyrauskaya
{Unit : Tenge)

Sort of Man Power Daily Labor Cost Remark
Engineer Civil engineer 1096 Senior engineer

Survey engineer 936
: Foreman 1040

Labor Skilled labor - 844

' Labor 534

Plant operator . 788

Operalor Equipment 844

Operator

Driver 844

Administrator 1322

Administration Secrefary 562
Clerk . 618

Data Source : Department of Roads, Ministry of Transpoit and Communications
of Kazakhstan {(Aktdor), Jun 7,1996
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(b) Cost of Materials
The main materials to be used for the project are :

- Sand/gravel for subbase

- Crushed stone for base course

- Bitumen

- Dense and open graded asphalttc concrete
- Plain concrete

-~ Granular sand

The cost of quarry producis (including crushed stone for asphalt concrete) is a major
part of improvement cosl. The unil costs which were obtained from Almaty Actdor,
Actobe Actdor and Atyrau Actdor as the price of June, 1996, are adopted to this cost
¢stimation.

As for bitumen, it is assumed to import high quality bitumen from Orsk or Ufa of
Russia. Therefore the price of Russian bitumen is adopted to this cost estimation.

The transportation cost of gravel and c¢rushed stone fo the construction site is
estimated taking into consideration that the maximum hauling distance would be

90k under the assuming contract packages.

Estimated material costs including transportation to site, are shown in Table 9.1.2 (1)
and Table 9.1.2 {2).

Table 9.1.2 (1) : Material Costs in Akfyubinskaya

Materials Unit Local currency (tenge) Remark
Fuel ton 7,903
Crushed stone cum, . 923
Sand cum. 538
Gravel cu.m. 765
Open graded AC ton 1,216
Pense AC ton 1,533
Bituminous BND-150/90 ton 5310
VNMZH-Bitumen ton 4,975
Excavaled soil 1000 cu.m 33,075
Sod 1000 Sq. - 70,200
Road marking km 52,000
Form picce 925
Plain concrete M-200 cum. 2,698
Reinforced concrete cu.m, 2,160
Reinforcement bar ton 13,003
Morial M-100 cum. . 2,629
Road signs piece 920
Note : The above figures include transpontation cosls.
Data Source 1 Depariment of Roads, Mims!ry of Tfansporl and Communications of Kamkhstan
May 1, 1956

M6



Table 9.1.2 (2} : Material Costs in Alyrauskaya

Materials Unit Local currency (tenge) Remark
Fuel ton 13,267
Crushed stone cu.m. . 1,482
Sand cum. . 424
Gravel cu.m. 158
Open graded AC ion 1,445
Dense AC ton 1,909
Bituminous BND-150/90 ton 5,204
Kerosene 16n 16,100
Excavated soil 10060 cu.m 33,898
Sed 10008q. 72,360
Road marking . km . 52,600
_Form picce 972
Plain concrete M-200 cu.m. 2,780
Reinforced concrete cu.m. . 2,160
Reinforcement bar ton 16,044
Mortal M-10D cu.m. 2,386 ) .
Note : The above figures include fransportation cosls. -

Data Source :  Department of Roads, Ministry of Transport and Communications of Kazakhstan,
May I, 1996

(c) Cost of Construction Equipment
Two approaches were used to estimate equipment cost as follows. -

- To be procured within the country
- To be imported from abroad

On the grounds that any construction equipment is not produced in Kazakhstan,
aclually the new construction machines are not able to be procured in Kazakhstan.
However, Kazakhstan has been a state of FSU, the machinery made in Russia are
decali as if they are made in Kazakhstan.

‘The machinery for the project shall be imported from abroad. In compliance with
the advice, the basic machinery unit prices of the Japanese Construction
Mechanization Associalion are adopted for this cost estimation. As for the
calculation of the fee of the machinery, only depreciation fee which is predicated on
the equipment base price would be appropriated to the budget of the project.

The formula for the calculation of the machine depreciation fee are as follows.
DCH =BUP x [ (DCR + MRR / SOY) + MYC] x (1 / SOH)

Wherte :
DCH = Depreciation Cost in Terms of Hourly

BUP = Base Unit Price
DCR = Depreciation Cost Ratio
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MRR = Maintenance and Repair Cost Ratio
MYC = Management Year Cost Ratio

SOY = Standard Operating Years

SOH = Standard Operating Hours per Year

ADC = BUP x [ (DCR + MRR / SOY) + MYC] x (1 / SAD)
Where : _

ADC = Assigned Depreciation Cost for Daily

SAD = Standard Assigned Days per Year.

Table 9.1.3 shows the rental charge of the equipment.

Table 9.1.3 : Rental Charge of Road Construction Equipment
{Unit : US$)

Construction equipment | Equipment type | Rental charge/shift | Remarks
Bulldozer 15 ton ' 247
Loader 23 cum. 20
Excavator 0.7 cu.m. 220

[Grader 3.7m 150-160HP 177
Tandem Reller 10/12 ton 123
PTR Roller 8/10ton . 172
Vibratary Roller 10/i2 ton 281
Asphalt Paver : 45m : 179 .
Compressor 7.6mfmin 101
20 Ton Tipper 20 ton 178
Waler Bowser 10,000L 57
Chip Spreader - 554
Bitumen distributor 4KL 838
Cold Planer 2.lm 1,470
Asphall Plant 30 ton 301 -
Data Scurce : Depariment of Roads, Ministry of Transport and

Communications of Kazakhstan, May 1, 1996
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@)

Unit cost of materials particularly required for bridge construction was surveyed in
separate from road construction materials. The cost for bridge consiruction weork is

Unit Cost for bridge construction work

calculated by these unit cost in addition to road construction unit cost.

{a) Summary of Unit Prices of Materials

Unit price of materiats required particularly for bridges construction is summarized as

”able 9.14.

Table 9.1.4 : Summary of Unit Prices of Materials (Unit: USS)

Forcign | Local
Item Unit | Portion | Portion Total
Prestressing Cable ton 755 75 330
Concrete Pile : Nos. - 493 493
Hollow Stab (Span 12 m) Nos. - 887 887
Hollow Slab (Span 18 m) Nos. - 1,704 1,704
T Type Girder (Span 21 m) | Nos. - 3,125 3,125
T Type Girder (Span 24 m) | Nos. -1 - 3,451 3,451
Fuel Liter - 0.2 0.2
Power Rates kWh - 0.05 0.05

(b) Construction Equipment

Unit price of Construction Machinery particularly required for bridges construction is
also calculated same as for roads construction equipment. :

Rental Charge of Bridge Construction Equipment particularly required is as shown in

Table 9.1.5.

'Table 9.1.5 : Rental Charge of Bridge Construction Equipment

Construction equipment Equipment | Rental Charge Financial
. Type fshift  (US$)

Bulidozer 21ton 373
Roller {Vibratory) 0.8/1.1ton 26
Tamper 60/100kg 6
Truck Crane 120ton - 181
Truck Crane 3ten| 7
Hydrautic Breaker 0.7ton 90
Breaker 20kg 2
Compressor 3.6 m*min. 29
Diesel Hammer RM 3.5ton 759
Diesel Hammer RM 4.5ton 829
Concrete Pump 110 mh 765
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(c) Labor Costs

Unit cost of labar for bridges construction is same as for road construction Unit

labor cost adopted for bridges construction cost estimation is summarized as shown in
Table 9.1.6. '

Table 9.1.6 : Labor Costs {Tenge / day) -

s In - In
Type Aktyubinskaya| Atyrauskaya Remarks
(1) Operator (Plant) 404 788
(2) Operator (Equipment) ~ | 755] 844
{3) Driver 808| - 844
{4) Foreman 996 1,040
{5) Skilled Labor " 808 844
(6) Labor 512 534
(7) Welder 808 844[same as skilled labor
(8) Worker of Reinforcing Bar 808 844|same as skilled labor

9.2  Direct Improvement Cost of Road and Culvert

9.2.1 Methodology for Preparing the Cost Estimate

The following steps were taken to develop the cost estimation:

(1) For each work item, the required quantities and types of labor, equipment and
material to improve one kilometer of the road are estimated based on international
construction experience.

(2) The dircet cost by worsk item to improve one kilometer of the 1oad is ealculated
with the unit costs described in 9.1.  The fotal dircct cost of road improvement is
derived by multiplying the per kilometer cost of cach work item by the distance

(km).

The improvement cost of culvert is estimated similarly, and then the sum of it and the
road improvement cost become the total direct project cost of road improvement.

Required quantities of labor, equipment and materials by work item to 1mpm\e one
kilometer of the road is as shown in Table 9.2.1.
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9.2.2 Direct Cost of Road Improvement

To estimate the total road improvement cost, it is necessary to caleulate firstly the unit
improvement cost per km.  The unit improvement cost is calculated by input the unit
cost such as labors, materials and equipment into the work quantitics shown in Table
9.2.1.

The direct cost per Kilometer, as a result of calculation of the unit improvement cost,
is shown in Table 9.2.2 (1) and Table 9.2.2 (2).

And total direct road improvement cost is estimated at USS$ 42,432,000 which consists
of USS$ 30,515 for the Karabutak ~ Kzyl Orda road section and US$ 11,917,000 for
the Atyrau ~ Mahambet road section. Summarized total costs are shown in Table 9.2.3
(1) and Table 9.2.3 (2). o
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Table 9.2.3 (1) : Direct Cost of Road Improvement in Aktyubinskaya
Karabutak ~ Kzyl-Orda Border Road Section

- (Unit : US$)
No. Operation Length | Quatity Tolal Unit| Unit Direct Total
) (km) | Perkm |~ Quantity Cosl/km Direct Cost
: (a) (b) (2) x (b){1000USS$)
Cold plane to remove existing pavement ) :
1 |break up and scarify up to 10 cm depth] 275 1,300 357,500 [Cun 5,867 1,613
Water, mix shape and compact existing : ’
road
Add up to 50 cm additional suitable
2 [matenial for embankment 164 10,8911 1,786,124 Cun 21,067 3,455
Provide, spread, water, shape and] - )
3 lcompact 15 em sand/gravel subbase 10 900 1,388 [Cuy 35,256 153
Provide, spread, water, shape and :
4 |compact 25 cm sand/gravel subbase in] 199 1,388 276,212 |[Cun 18,338 1,649
12,5 cm layers
Provide, spread, water, shape and|
S |compact 20 cm sandfgravel subbase inf 48 1100 52,800 [Cun 15,026 721
10 cm fayers
Provide, spread, water, shape and
6 |eompact 15 cm  crushed stone  bhasel 275 1373 377,575 Cun 20,699 5,692
COUrse
Provide and lay opengraded asphaly
7 [concrete 6 em thick 275 987 271,425 | ton 18,922 5,204
Provide and lay dease asphalt coneretd
8 [surface course 4 em thick 275 658 180,950 { ton 16,070 4,419
Provide spread  water, shape and
9 [compact granular malerial to make upl 275 44% 123,200 ICun 4,437 1,220
in shoulder
Provide and install 50 ¢m wide concretd .
10 {edge Kerb 275 2,000 550,000 | m 6,879 1,892
11 |Provide and lay sod and spread water 164 9,000 | 1,476,000 [Sq.m 10,559 1,732
12 |Provide and install drainage 164 2,000 328000 | m 1,847 303
Provide road markings and repair road
11 |sings 275 1,000 275000 | m 951 262
Tatal Cost 30,515

Pata Source : JICA Study Team, 1996




Table 9.2.3 (2) : Direct Cost of Road lmprovemcnf in Atyrauskaya
' Atyrau ~ Mahambet Road Section

(Unit : US$)
No. Operation Length | Quatity - Total Unit] Unit Direct Total
(en) { Perkm | Quantily Costkm Direct Cost
: (a) () {2) x (b) { 10001/S$)
Cold plane to remove exisling pavement . .

1 |break up and scanfy up to 10 cm depth} 83 1,300 107,900 Curw 5,383 488
Water, mix shape and compact existing :
road :

Add up to 50 cm additional suitable

2 |material for embankment . 23 10,891 903,953 [Cun 21,128 1,754
Provide, spread, water, shape and

3 lcompact 15 cm sand/gravel subbase - - - - - -
Provide, spread, water, -~shape and . : -

4 feompact 25 o sand/gravel subbase imJ 83 1,388 115,204 [Cun 18,214 1,512
12,5 cm layers .
Provide, spread, waler, shape and

5 [compact 20 om sand/gravel subbase in - - - - - -

10 cm layers
Provide, spread, water, shape and .

6 [compact 15 com c¢rushed stone tbase| 83 1373 113,959 [Cu.n] 32,243 2,676
course .
Provide and lay opengraded asphaly . :

7 [eoncrete 6 ¢m thick 83 987 81,921 { ton 22,296 1,853
Provide and ilay dense asphalt concreld

8 {surface course 4 cm thick 83 658 54,614 | ton 19,763 1,640
Provide spread  water, shape  and .

9 fcompact granular material fo make upl 83 448 32,134 [Cuni 3,681 306
in shoulder
Provide and install 50 em wide concrelg

10 |edge Keib 83 2,000 166,000 { m 7.024 583

11 {Provide and lay sod and spread water 83 9,000 747,000 |Sq.n1 10,6i6 £81

12 |Provide and instal} drainage B3 2,000 166000 | m 1872 155
Provide road markings and repair read

13 Esings 23 1,600 83000 | m 855 71

Total Cost 11,917

Data Source : JICA Study Team, 1996
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9.2.3 Direct Cost of Culvert Improvement and Construction

The cost to improve and construct pipe culverts and box culverts was estimated based
on required quantity and unit costs.  The quantity of precast reinforced concrete, lean
concrete, sand/gravel, and stone for each culvert lype are calculated. Table 1 of
Appendix 11-7 shows summarized quantilies, unit costs, cost per item and total costs
for construction 1.0 and 1.5m diameter pipe culverts and box culverts of various sizes.

The number of culverts evaluated in fair and bad condition is shown in Appendix I1-6.
In the result, 8 culverts were classified as fair and 19 as bad on the Karabutak-Kzyl
Ocda Border road section, and 8§ culverts were classified as fair on the Atyrau-
Mahambet road section. '

The following assumptions and approximations are adopted for culvert improvement :

(1) The construction cost of multiple culverts is estimated as approximation by
multiplying the cost of a single culvert.

(2) The culvert classified as "bad" in the evaluation is required to be replaced.
Therefore for improvement of such culvert, 100 % of new construction cost is
counted for improvement ¢ost.

(3) The culvert classified as "fair” in the evalvation is requited to be repaired.
Therefore for improvement of such culvert, 10 % of new constriction cost is
counted for simprovement cost.

The total improvement cost is estimated by number of necessary unit (single culvert
basis) and their condition. Moreover, new box culveris construction is necessary at the
location where fill-up of the cmbankment is newly planned in the Atyrau-Mahambet
road section.

The direct cost of culvert improvement for the Karabutak - Kzyl Orda Border and the
Atyrau - Mahambet road section is shown later in Table 9.4.2.

The estimation of the direct improvement cost is also shown in Table 2, 3 and 4 of
Appendix II-7.
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9.3  Direct Improvement Cost of Bridges
9.3.1 Methodology for Preparing the Cost Estimate
The following steps were taken to develop the bridge constniction cost estimation:

(1) To estimate the bridge construction cost, the simple bridge having 2 spans of 24m
is put firstly as the standard bridge to estimate the construction cost of all brldgcs

(2) The construction cost of the simple bridge having 2 spans of 24m was secondly
- calculated. And then, the calculated cost was divided by the surface area @) in

order to get unit bridge construction cost per m’.

(3) Thirdly, the calculated unit bridge construction cost was multiplied by the surface
area of the bridge to be constructed.

(4) Finally, the above procedurc was repeated for all bridges to be constructed.

And the following steps were taken to develop the bndge improvement “cost
estimation:

(1) To estimate the bridge construction cost, the simple bridge having 1 span of 24m
is put firstly as the standard bridge to estimate the improvement cost of all bridges.

{2) The improvement cost of the simple bndge having 1 span of 24m was secondly
calculated.  And then, the calculated cost was dmded by the surface area (m?) in

order to get unit bridge improvement cost per ny’.

(3) Thirdly, the caleulated unit bridge improvement cost was mulliplied by the surface
area of the bridge to be improved.

{4) Finally, the above procedure was repeated for all bridges to be improved.

Required guantitics of works to consteuct and improve the standard bridge arc as
described in Chapter 8.

9.3.2 Direct Cost of Bridge Construction

As the result of calculation, the unit bridge construction cost per m? is as shown in
Table 9.3.1.  The detail calcutation procedure is as described in Appendix 111-4.

As the surface area of each bridge to be constructed is as shown in Table 9.3.2, the
total bridge construction cost is as shown in Table 9.3.3.
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Table 9.3.2 : Bridge Surface Area of New Bridge

Table 9.3.3 : Construction Cost for New Bridges (USS$)

Width | Length Arca

- Item (m) (m) (m?) Remarks
The Karabutak ~ Kzyl Orda
border road section : :
Bridge Number - 27 13.8 24.6] 33948
Bridge Number - 28 13.8 196.8] 2,715.84
Bridge Number - 29 13.8 43.2| - 596.16
Bridge Number - 30 13.8 21.6; 293.08
Bridge Number - 31 13.8 43.2] 596.16]
Bridge Number - 32 13.8 432 596.16
The Atyrau~ Mahambet road
section ' ;
Bridge Number - 2 1.8 64.8] 764.64
Bridge Number - 3 11.8 64.8) 704.64
Bridge Number - 5 11.8 6481 764.64

Bridge | Quantity Unit Price Construction Cost

Number (m?) |Foreign] Local [ Foreign | Tocal | Total Cost
The Karabutak ~ Kzyl Orda
border road section
No. 27 339.48| 205.41| 432.80 69,733 146,927 216,060
No. 28 2,715.84] 205.41| 432.80 557,861| 1,175416f 1,733,277
No. 29 596.16] 205.41] 432.80 122,457 258,018 380,475
No. 30 298.08 205.41] 432.80 61,229 129,009 190,238
No. 31 596.16| 205.41| 432.80 122,457 258,018 380,475
No. 32 596.16] 20541 432.80 122,457 258,018 380,475
Subtotal 1,056,194] 2,225,406] 3,281,600
The Atyrau ~
Mahambet road section
No. 2 764.64) 210.84} 436.24 161,217 333,567 494,784
No. 3 764.64| 210.84| 436.24 161,217 333,567 494,784
No. 5 764.64] 210.84] 436.24 161,217 333,567 494,784
Subtotal 483,651] 1,000,7017 1,484,352
Total Cost 1,539,845 3,226,107 4,765,952
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9.3.3 Direct Cost of Bridge Improvement:

As the result of calculation, the unit bridge improvement cost per m’ is as shown in

Table 9.3.4. The detail calculation procedure is as described in Appendix Il1-3.

As the surface area of each bridge to be improved and the total bridge improvement
cost are as shown in Table 9.3.5.

Table 935 Improvement Cost for each Bridge

Bridge | Width Length | Surface Unit Price Construction Cost -

Number|  (m) (m) |[Arca(m)| Foreign I Local Foreign | ~ Local Total Cost
The Karabutak ~ Kzy! Orda border road
section )
No. 26 13.40 108.00| 144720 131.20 68.87 189,873] - 99,669 289,542
Sublotal 1898731 - 99,669 289,542
The Atlyrav ~ ) - ’
Mahambet road
section . ’ T
No. 1 9.50] 6640 630.80 136.31 71.50 85,984 45,102 131,086
No. 4 l0.00I 66.40¢ 664.00 136.31 71.50 90,510 47,476 137,986
No. 6 10.00] - 46.80| - 463.00] - 136.31] - 71.50 63,793| . 33,462 97,255
Neo. 7 10.00 46.80]  468.00 136.31 7L.50 63,793 33,462 97,255
Subtotal | ' 304,080 159,502 463,582
Tolal Cost 493,953 259,171 753,124
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9.3.4 Summary of Bridge Construction and Improvement Cost

The summary of the construction and improvement cost for bridges is shown in Table
9.3.6. '

Table 9.3.6 : Direct Cost of Bridge Consiruction and Improvement

Bridge [Construction Cost (in US$)

Total Cost

Number Foreign Local in US$ Measurement
The Karabutak ~ Kzyl Orda border road
seciion
No. 26 189,873 99,669 289,542 |Improved
No. 27 69,733 146,927 216,660|Rencwed
No. 28 - 557,861 1,175,416 1,733,277|Renewed
No. 29 122,457 258,018 380,475|Renewed
No. 30 61,229 129,009 190,238|Renewed
No. 31 122,457 258,018 380,475[Renewed
No. 32 122,457 258,018 380,475|Renewed
Subtotal 1,246,067 2,325,075 3,571,142
The Atyrau ~ Mahambet
road section -
No. 1 85,984 45,102 131,0861Improved
No. 2 161,217 333,567 494,784|Renewed
No. 3 161,217 333,567 494,784|Renewed
No. 4 . 90,51¢ 47,476 - 137,986|Improved
No. 5 161,217 333,567 494,784|Renewed
No. 6 63,793 33,462 97,255|lmproved
No. 7 - 63,793 33,462 97,255 mproved
Subtotal 787,731 1,160,203 1,947,934
Grand Total 2,033,798 3,485,278 5,519,076

9.4  Total Project Cost
9.4.1 Estimate of Sit¢-Oa Cost
Site-on cost includes the followings ;
(1) Contractor’s mobilization and demobilization
(2) Site establishment ;

- Accommodation and offices.

- Workshops, supplies and field camps.

- Workshops, offices, laboratories and field equipment.
(3) Engineering facilities ;

- Accommodation, Offices, Equipment



(4) Management and site operating cost ; B
- Management, supervision and administration
- Managément support, Transportation
- Running cost for accommodation, offices, workshops, stores

(5) Quality control and contractual obligations ;
- Testing, Measurements, Compliance w1th various contracl reqmrements

(6) Attendance on I*,ngmeer
- Transportalion, Assistance

(7) Access, Diversions and {raflic management
The following assumptions are adopted to estimate Site on-cost;
The project to improve the road of which total length is 358km is divided into 4
contracl package. This is in accordance with the assumptions which maximum
material haul distance is about 90km,
The construction period is planned for 30 months. This period includes 2 winter
seasons (1 winter season is for 6 months). Site running costs are incurred thmugh
out the 30 months construction period.
The tentative Site-on cost is shown in Table 9.4.1. N
The estimated cost of US$ 3,360,000 is for one contract package taking into
consideration the establishment over 30 month period. Therefore the total Site on-
cosi for the Project (358km) is US$ 13,440,000.

Table 9.4.1 : Estimated Site-On Cost

(unit : US$1000)

For One Site Establishinent Over 30 Month Duration Total Cost
Per Site (10°)

- Contractor’s Mobilization and Demeobilization Cosls 280
- Site Establishment and Running Cosls

Accommodation Offices, Workshops, Stores and Field Camps 330

Workshop, Office, Laboratory and Field Equipment 230

Engineer's Accommodation and Facilities 190

Management, Adnministration Supervision & Site Running Cost 1,120

Quality Control, Testing, Measurements, Contract Obligations - 420

Atfendance on Engineer 280

Access, Diversions & Traffic Management 510

~ Total 3,360




9.4.2 Total Project Costs

Total ditect improvement costs are summarized in Table 9.4.2.

Table 9.4.2 : Direct Improvement Costs

(unit : US$1000)

Karabutak-Kzyl Orda 8. Road Section Atyrau-
Karabutak-Irgiz Irgiz-Kzyl Total Mahambet
Type of Improvement Orda B. Section Total
km .

965-1060 | 1060-5154 | 1154-1240 | 965-1240 0-84
- IRoad Improvement Cost L7105 9,935 3,805 30,515 11,917 42,432
Culvert Improvement/New Cost 132 48 56 236 1,587 1,823
Bridge Improvement/New Cost 290 1,950 1,332 35 ' 1,948 5,520
Tolal Direct Cosl 12,137 1 l,§93 10,193 34,323 15,452 49,715

Data Soﬁrce 1 JICA Study, 1996

The total cost for the project consists of the following components : direct costs,
indirect costs, engincering cost, and contingencies. The project's cost are swmmmarized
in Table 9.4.3, Table 9.4.4, Table 9.4.5, Table 9.4.6 and, Fig. 9.4.1(1) and Fig.
9.4.1(2). : '

Tabte 9.4.3 : Road/Culvert Improvement Cost
{unit : USS1000)

Karabutak-Kzyl Orda B. Road Section Atyrau-
Karabutak-lrgiz Irgiz-Kiyl Tolal Mahambet
Cost Component Orda B. Section Total
km
965-1060 1060-115% 1 1154-1240 ] 965-1240 0-34
Direct Cost 11,847 10,043 8,861 30,751 13,504 44,255
tndirect  [Contractar’s Ovr-
Cost head & Frofig(15%6) 1,777 1,506 1,329 4,612 2,026 6,638
Site-on-Cosl -2,93'2 2,932 2,932 8,796 2,932 11,728
Sub Total i6,556 4,481 13,122 44,159 18,462 62,621
Engincering Cost{10%3) 1,656 1,448 1,112 4,416 1.847 6.262
~ Sub Total 18,212 15020 | was | s 20309 | 68383
Conlingencies {15%) 2,732 - 2,389 2,165 1,286 3,046 10.332
Gross Tatal Cost 20914 i8,318 16,599 55,861 23,355 79,216

Data Source : JICA Study, 1996
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Table 9.4.4 : Bridge Improvement Cost

{unit : US$1000)

Karabutak-Kzyl Orda Road Section 7 Atyrau-
Karabutak-lrgiz Irgiz-Kzyl ™ - . Total Mahambet
Cost Component Orda B. Section Total
ok
965-1060 | 1060-1154 | 11541240 | 965-1240 0-84

Direct Cost 290 1,950 1,332 3,:5?2 1,948 5,520 -
Indirect |Centractor's Over- :

Cost l_lead_& Proﬁl(lS‘I-"o 14 293 200 536 292 828
Sitc-on-Cost 28 428 128 6,284 428 | me
" Sub Tolal 762 2,671 1,960 5,392 2,668 8,060 -
fngineeringCost(lﬁ%) 16 267 196 539 267 - 806 V
 Sub Total 838 2,938 2,156 5,931 2,935 - 8,866
Contingencies (15%) 126 441 m 890 440 " 1,330
Gross Total Project C;:\sl 964 3,379 2,479 6,821 3,375 10,197

Data Source: JICA Study,1996

Table 9.4.5 : Summary of Total Project Cost

(unit : US$1000)

Karabutak-Kzy1 Orda Road Seclion Atyrau-
Karabutak-legiz Irgiz-Kzyt Total Mahambet
Cost Component V Orda B. Section Total
km
965-1060 ¢ 1060-1154 | 1154-1240 965-1240 0-34
Direct Cost 12,136 | 11993 | 10193 34323 15452 | 49,775
Indireet  {Cenlractor’s Over-
Cost head & Profit(§5%) 1,821 1,799 1,529 5,[497 2,318 7,467
Site on Cost 3,360 1360 3,360 10,080 3,360 13,450
Sub Total 17,318 17,152 15,082 49,552 - 21,130 ?0,682 .
Engineering Cost(10%) 1,732 1,715 1,508 4,955 2,113 7,068
Sub Total 19,050 18,867 -16,590 54,5(5!7 23,243 77,756 -
Contingencies(l 5%2) 2,358 - 2,830 2,489 8,177 3,486 11,663
Gross Total Project Cost 21,908 21,697- 19,079 7 62,684 26,729 89,413 V

Data Source ; JICA Study, 1996




Table 9.4.6 : Total Project Cost by Local and Forcign Currency Portion

Project Cost (US$ 1000)
Road Seclibn
Local Currency | Foreign Currency Total
Portion Portion

Irgiz - Kzyl Orda Border 14309 4,770 19,079 .
Karabutak - Irgiz 32,704 10,901 43,605
Atyrau - Mahambet 20,047 6,682 26,729

Total 67,060 - - 22,353 89,413

. Note : 1US$ =66.5'Téuges.
Data Source : JICA Study, 1996
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Chapter 10 Road Maintenance for Priority Projects

10.1 General

New state road authority manages the road in this study, Actobe road authority in
Akiyubinskaya stale, Atyrau road authority in Atyrauskaya slate. Actual
maintenance works are executed as follows;

(1) Routine maintenance -

State zholdaries do the routine maintenance work and some parts of periodic
maintenance such as surface dressing, leveling of road surface. This work is
contracted on negotiation basis with the road authority.

(2) Periodic maintenance, rehabititation and improvement

This works are executed on contract basis by state zholdary and other contractors
which are short-listed by the road authority, same as new construction of reads.

10.2 Road Maintenance Cost

The kinds of the works for Road Maintenance are so many that the cost is, especially
in casc of rough estimation, often estimated referring the results of previous works
even in western developed countries such as Japan.

In Kazakhstan, the costs are calculated using the criteria of FSU in which the formula
and necessary data of 1991 for the calculation are available, and estimated multiplying
the coefTicient included the inflation etc..

Moving to commercial market, the work on the contract base, the depreciation costs of
the equipment for the works and etc. are conisidered to be included in the eslimation.
However, at present, the current way for the estimation is adequate because actual
data for the estimation under the commercial market is not sufficient.

Maintenance Costs on the average are summarized in Table 10.2.1 which was
prepared by Kazdomii for planning of road budget in 1996. In this report, the
maintenance costs arc estimated by modifying the figures in that table through
discussion with Kazdorii considering “road construction cost” described in Chapter 9
and summarized as maintenance cost afler improvement and maintenance cost without
improvement

10.2.1 Road Maintenance Costs After Improvement

Routine maintenance cosls after improventent will be as executed before road
condition would be heavily damaged and reduce the road serviceability.

Estimated costs per kitometer arc shown in Table 10.2.2,
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Table 10.2.1 : Standard Costs of Road Maintcnance and Repair

Norns of money expenditures per km of the road

(In Tengesason 01.01.91)]  (in USY)
black gravel] ] black gravel! ]
Types of pavements and black | ?,ra_\.ei and angd black | gravel and
crash stone ! Vcra.sh stone | o b stone ; crash stone
Types of works

T T

1 ]

- . 1 )
1.Pericdic maintenange . ! !
{resloration of the pavement, . '
surface trealrment, restoration of the ! '
wearing fayer): : !

23,900! 9,160, 14,130} 5,380
2 Routine mainlenance 1 1
2.1.Read management {organisation ' 1
works, evaluation of the road ‘. o
condition, ctc.) : - 282 282 170 170
2.2. Maintenange, including winter ‘ i
maintenance 1,430, 1,430 350; 850
2.3, Routine repair 2,4!0: 2,049 1,420 1,210
2.4.Tree and shrub planting, 714, 74 469) 460
including forestry care H !
Tolal 4,896! 4,535 2,894, 2,680

Remarks:

1. Source : Department of Roads

2_Refering to "Norms of meney consumption (expenditure) are workad out By *Kazdorni®
and are 10 be approved by the Ministry of Finance, Govt of Kazakhstan

3. 1he routine repair costs for gravel road are estimated §5% less compared to black gravel
roads.

Table 10.2.2 : Estimated Road Maintenance Costs per ki for the “With Project”

Case
Cost per km of Ihe Road Maintenance
Types of pavement Asphalt conceete | Asphalt concrete
{inTenges ason (US3 in 1996)
01.0E91)
Type of works
1. Periodic maintenance
(dcrmv overlay and 3em leveling) - 59,000J
Frequency - 7 years
2. Routine maintenance {annual) ]
2.1 Road management (organisation
works, evaluation of the road
condition, etc.) 2 282 170
2.2 Maintenance, including winter
maintenance 1,430 850
2.3 Routine repair 150 210
2.4 Tree and shrub planting, ™ 460
including forestry care L
Total 2,836 . 1,676

Remarks:

1. Based on *Norms of inor-aey-t.‘onsumﬁiqn {experditure) which are worked out
by "Kazdornii®and were approw ed by the Ministry of Finance of Govi of Kazakhstan
2. Also based on discussions with "Kazdornii®
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10.2.2 Road Maintenance Costs Without Improvement

Road maintenance cost withoul improvement is assumed that the road will be
maintained to keep minimum level of serviceability. The sections of road studied
have heavily damaged and many sections have almost deteriorated. The cost of
routine maintenance would be much higher.

Estimated costs per kilometer including gravel and earth roads are shown in Table
10.2.3.

Table 10.2.3 ! Estimated Road Maintenance Costs per km for the “Without
Project” Case

Cost per k:i\ of the Road Maintepance

black graveli aveland black gra\'eli gravel
Types of pavements and black ! & and black 'and crush
ypesolp 1
Y crushstone | !
crush stone | crush stone | slone

(in Tenges as on 01.01.91) {USS in 1996)

Types of works

1. Periodic mainienance
{restoration of Lthe pavemant,

surface Greatmeat, restoration of the

weariness layer):

Cost 23,900} 9,100 14,130, 5,380

Frequency 3 )"ea:s} 2 years 3 )'earsT 2 yéars
B [ B

2. Rouwtine maintenancef{annual)
2.1.Road managemént {organisation

works, evaluation of the road

R
- -

282 170

condition, efc.) 282 170}
2 2. Maintenance, including winter , 1
maintenance " 1,430) 1,430 850, 850
2.3, Rouling repair 5,690, 4,837 3,360, 2,360
2.4.Tree and shrub planting, 714} 774 460} 460
including forestry care H H

Total " 3,176 7,323 4,832 4328
Remarks:

1. Based on "Norms of money consumption {expenditure) which are worked out by
*Kazdornii® and were approved by the Ministry of Finance of Govt of Kazakhstaa

2 Also hased on discussions with *Kazdornh*

1. The roufing repair costs for gravel 1503 are estimated 15% less compared with black
gravel roads costs based on "Norms for Maintenance and Repair of Automobile roads, 1965
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10.3 Organization for Maintenance and Repair of Roads
10.3.1 Organization of State Road Authority -
(1) Actobe Road Authority

Actobe read authority manages the section of Karabutak-lrgiz—Border. of Kzy}-Orda
state. The organization is shown in Fig. 10.3.1. There is no division for equipment
maintenance, chief mechanic only. :

{2) Alyrau Road Authority -

Alyrau road authority is manages the section of Atyrau-Mahambet in Atyrau - Uralsk
national road. The organization is shown in Fig. 10.3.2.

10.3.2  Activitiés of State Road Authority

"The main functions of state road authority are as followings regarding maintenance
and repair of road.

- Planing and order of the works
- Supervising and Inspection of work implementation
- Management of Equipment for the work

The authority owns the equipment and leases the equipment to the contractors which
make a conltract with the authority. The maintenance of equipment leased is mainty
exccuted by the contractor.  There are some different way in each authority.

In Aktobe road authority, the equipmient inspection is carried out by the commission
under the chainnanship of the chief engineer.  If the contract was concluded on the 1
year term, the heavy repair such as overhaul of equipment is carricd out at the expense
of the authority. The maintenance and current repairs of the machinery are carried
oul by the contractor. If the contract was concluded on the term of more than 1 year,
all the expenses for the maintenance and repair are carried out by the contractor.

In Atyrau road authority, the equipment inspection is carried out by the commission
under the chairmanship of the Depariment of mechanizalion manager.

The authority is responsible for the equipment maintenance and repair if the leasing
term is less than 1 year. The contractor is responsible for the equipment maintenance

and repair if the leasing term is 1 year and more.

Leasing charge is temporatly free, authorities arc considering how to handie the
equipment in detail including the leasing fec.
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Fig. 10.3.1 : Organization of the Actobe Road Authority
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Fig. 10.3.2 : Organfzalion of the Atyrau Road Authority
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(1) Maintenance and repair of Equipment

The maintenance works arc very important for the execution of the construction or
maintenance of roads. Considering the execution of work, there are some problems
in case that the owner and user of the equipment are different.

(a) It is difficult to avoid the authorily’ responsibility when the delay of road work
come about, by equipment troubles in execution period, even if the contractor is
responsible the maintenance.

(b) The authority and the contractor need the \\orkshops for both of light and hecavy
maintenance of equipment. It is less eflicient to consider limited machinery and
tools for the maintenance.

{c) The authorily must have the superintendent of the maintenance ability of the
contractor, besides road maintenance. It means to need more staff in the
authority.

{d) Leasing equipment is limited to the contractor which make a contract with the
authority. It is less efficient to consider less number of equipment.

The authorily recognizes the problems above, and need of technical support of
western developed countries to handle the system efficiently with their long
experiences. It has become general to divide the order and implementation of the
work, in the countries, through the same system.

10.3.3 State Zholdary

Kazakhstan Zholdary continues as contraclor of maintenance and repair work
including new construction of road and keeps same organizations and functions as
before the establishment of state road authority except ordering and superintending, as
said in 3.4.5 in chapter 3.

10.4 Equipment for Maintcnance and Repair of Roads

The necessary equipment for the road maintenance is leased from the authority. In this
time, however, these oflices actually manage the equipment.

(1) The Karabutak ~ Kzyl Grda road section

Aitekebiisky road maintenance office(Village Karabutak) manages the section,
location 969-1,053 km{84 km.), Staff number is 33.

Road maintenance oflice (v:llagc Irgiz) manages the section, location 1,053-1,240
km(187 k), Staff number is 27.

The existing equipment and necessily of equipment are shown in Appendix 1V.
(2) Atyrau-Mahambel seclion

Road Construction Management-1 manages the section, tocation 0-30 km {30 km),
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Staff number is 150.

Mahambet. Road Construction Management manages the section, locatlon 30-83
km(53 km), Staff number is 48,

The cxlslmg eqmpment and necessnty of equipment are shown in Appendlx V.

Necessary number of eqmpment is much less, different between each ofTice. Road
maintenance oﬂlce (village Irglz) ha\ e only 3% agamsl neccssar) equ1pmem

As said in 3 4, 5 4) (c) the number of staﬂ‘ in offices would be enough if the work
mcreasmg

10.5 Road Maintenance Management
10.5.1 Road Maintenance Management System (RMMS)

Road maintenance management is recognized to be important, and the management
system is being devcloped by Kazdomii. The system by Kazdornii seems to bear
comparison with ones in the western developed countries, though it is necessary to be
checked and evaluated it.  The development of the system will be detay because the
lack of budget

Road condition data were renewed, based on the result of the inspection twite a year.
The data include;

(1)} Carriage way widih

(2) Shoulder width and condition
(3) Longitudinal slope and visibility
{4) Radiuses

(5) Slope/Turas

(6) Roughness

(7) Road Grip

(8) Strength

(9) Load bearing capacity of bridges
(10) Traffic safety

The databasc system of road condition has almost been completed. Somc mapechon
results were already inputted.

The system would output the following items combining the road conditions above,
construction costs and traflic volume, for planning of management of roads. :

(1) Make priority to the road section to be maintain and repair
(2) Necessary costs

(3) Method applied to the work

{(4) Deteriorated progress

(5) Others



These systems are very useful for the management. Although the data of inittal
design and maintaining history are very imporiant for the system, as mentioned before,
the result of construction was, in many cases, differed from the design.

10.5.2 Sugerintending capability of State Road Authority

The checking activities were insuflicient in each stage such as design and constructien.
Also the responsibility was actually not clear about the quality of the work, even
though the norms was established. In that time the importance was the quantity of
the work. For ensuring the quality of the work, it is very important to increase
superintending capability of the authority with responsibility and to record and report
the result of the work correctly. To increase that capability, not only supply of
necessary cquipment for construction and inspection of roads, but also training at all
level of managing, engincering and all of staff with the support of the foreign
experienced consultant / engineer. The recognition of quality control is more
importance al Managing level of the Department of Road, to indoctrinate through
training. Any sophisticate system would rely on that quality contsol in every stage.

—181—






	Chapter 7 Road and Pavement for Priority Projects 
	7.1 Assessment of Road Condition 
	7.1.1 Road Condition Survey 
	7.1.2 Climatic Conditions, and Soil Types and Strength 
	7.1.3 Geometric Characteristics 
	7.1.4 Pavement Condition 
	7.1.5 Condition of Culverts 

	7.2 Preliminary Improvement Design 
	7.2.1 Establishment of Design Standard and Methodology 
	7.2.2 Identification of Sub-Sections 
	7.2.3 Identification of Typical Improvement Types 
	7.2.4 Pavement Strength Requirements 
	7.2.5 Road Improvement Solutions 
	7.2.6 Flood Measurement 


	Chapter 8 Bridges for Priority Project 
	8.1 General 
	8.1.1 Basic Concept of Improving of Bridges 
	8.1.2 Weather Conditions 
	8.1.3 Soil Conditions 
	8.1.4 Specifications 

	8.2 Preliminary Design 
	8.2.1 General 
	8.2.2 Design 
	8.2.3 Volume of Works for Cost Estimation 
	8.2.4 Improvement Program 


	Chapter 9 Road and Bridge Improvement Cost 
	9.1 General 
	9.1.1 Background of Cost Estimate 
	9.1.2 Basic Premise in the Cost Estimation 
	9.1.3 Unit Cost 

	9.2 Direct Improvement Cost of Road and Culvert 
	9.2.1 Methodology for Preparing the Cost Estimate 
	9.2.2 Direct Cost of Road Improvement 
	9.2.3 Direct Cost of Culvert Improvement 

	9.3 Direct Improvement Cost of Bridges 
	9.3.1 Methodology for Preparing the Cost Estimate 
	9.3.2 Direct Cost of Bridge Construction 
	9.3.3 Direct Cost of Bridge Improvement 
	9.3.4 Summary of Bridge Construction and Improvement Cost 

	9.4 Total Project Cost 
	9.4.1 Estimate of Site-On Cost 
	9.4.2 Total Project Cost 


	Chapter 10 Road Maintenance for Priority Projects 
	10.1 General 
	10.2 Road Maintenance Cost 
	10.2.1 Road Maintenance Costs After Improvement 
	10.2.2 Road Maintenance Costs Without Improvement 

	10.3 Organization for Maintenance Repair of Roads 
	10.3.1 Organization of State Road Authority 
	10.3.2 Activities of State Road Authority 
	10.3.3 State Zholdary 

	10.4 Equipment for Maintenance and Repair of Roads 
	10.5 Road Maintenance Management 
	10.5.1 Road Maintenance Management System (RMMS) 
	10.5.2 Superintending Capability of State Road Authority 





