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We take pleasure in submitting to you the Мы посылаем Вам русский перевод 
Russian version Of the progress report ПО. 2 промежуточного отчета 2 за период с июля 
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ЕВРОПЕЙСКИЙ СОЮЗ - ТАСИС

Техническая помощь для 
республик в южной части СНГ 

и для Грузии - ТРАСЕКА

ТОРГОВЫЙ И ТРАНСПОРТНЫЙ СЕКТОРА

СОЗДАНИЕ СИСТЕМЫ УПРАВЛЕНИЯ СОСТОЯНИЕМ

ДОРОЖНОГО ПОКРЫТИЯ

ПРОЕКТ NO.: TELREG 9305

ПРОМЕЖУТОЧНЫЙ ОТЧЕТ NO. 2 
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ТИТУЛЬНАЯ СТР 1

ТИТУЛЬНЫЕ СТРАНИЦЫ ОТЧЕТА

Название проекта : Проект Трасека - Внедрение системы управления дорожными покрытиями

TELREG 9305Проект номер 

Страна : Южные республики СНГ и Грузия

Консультант ЕСМестный оператор

Концерн УЗАВТОЙУЛ KOCKS CONSULT GMBH 
Консультирующие инженеры

Штегеманнштрассе 32-38 
56068 Кобленц 
ГЕРМАНИЯ

Название

УЗБЕКИСТАН 
Ташкент, 700000 
ул. Пушкина 68 а

Адрес

хх49 - 261 - 1302-0 (операт) 
хх49 - 261 - 1302-143 
(прямой)
хх49 - 261 - 1302 - 152 

862807

(3712) 682526 и 361595Тел. номер

(3712) 682711Факс номер 

Телекс номер

Вахид Норматович Азамов 
Гос. инспектор по автодорогам

Вернер П ВайлерЛицо для контак.:

Подписи

Министерство Транспорта (МоТ)
Госинститут по проектированию автодорог Консультирующие инженеры
КИРГИЗДОРТРАНСПРОЕКТ (К)

KOCKS CONSULT GMBHНазвание

Киргизская республика
Бишкек 720079
ул. Исанова 42 (МоТ)

(3312) 216674 (МоТ) 444187 (К) 

(3312) 213667 (МоТ) 444193 (К)

Адрес

Тел. номер 

Факс номер : 

Телекс номер

Акунов Куван Акунович Начальник 
департамента автодорог (МоТ)
Леван М Алибегашвили Директор (К)

Лицо для контак.:

Подписи

TRACECA-PMS: 243-5e621\PR-1R.DOC
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ТИТУЛЬНАЯ СТР 2

Консультант ЕСМестный оператор

KOCKS CONSULT GMBH 
Консультирующие инженеры

Название Министерство транспорта и коммуникаций, 
Управление автомобильных дорог, (ДоН ) 
Акционерная компания "КАЗДОРНИИ“(К)

Адрес КАЗАХСТАН 
Алматы, 480061 
у л. Емцова 9

(3272) 324769 (ДоН ) ог 400447 (К )Тел- номер 

Факс номер : 

Телекс номер

(3272) 324449 (ДоН ) or 400819 ( К )

Лицо для контак.: Амангельды Н. Елгонов Директор 
департамента (ДоН )
Олег А. Красиков Зам директора( К )

Подписи

KOCKS CONSULT GMBH 
Консультирующие инженеры

Название Министерство экономики, Управление 
транспорта и коммуникаций (DoT&C) 

Госконцерн АЗЕРАВТОЮОЛ (А)

АЗЕРБАЙДЖАН 

Баку, 370010 
ул- Хаджихекова 72

(8922) 933556 (А)

Адрес

Тел. номер

(8922) 930045 (А)

Факс номер : 

Телекс номер 

Лицо для контак.:

142272 YOL

Икрам М. Садыков Начальник управления 
транспорта и коммуникаций (DoT&C) 
Шахин X Хасанов вице президент и 
управляющий проектом TPACEKA-PMS (А)

Подписи

TRACECA-PMS: 243-58821\PR-1R.DOC
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ТИТУЛЬНАЯ СТР 3

Местный оператор Консультант ЕС

Название Концерн Туркменавтоеллари KOCKS CONSULT GMBH 
Консультирующие инженеры

Адрес ТУРКМЕНИСТАН 
Ашгабат 744000

(3632) 245487Тел. номер 

Факс номер : 

Телекс номер 

Лицо для контак.:

(3632) 255379 и 511678

Владимир Володин Вице президент

Подписи

Название Государственный концерн 
автомобильных дорог 
САКАВТОГЗА

KOCKS CONSULT GMBH 
Консультирующие инженеры

Адрес ГРУЗИЯ
Тбилиси 380060 
у л. Гагарина 29 А

(99532)376604Тел. номер 

Факс номер 

Телекс номер
376458
212189
Тариэл Мдивнишвили Зам председателяЛицо для контак.:

Подписи

TRACECA-PMS: 243-5M21\PR-1R.DOC
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ТИТУЛЬНАЯ СТР 4

Консультант ЕСМестный оператор

Министерство по транспорту (МоТ)
Армянский директорат 
автомобильных дорог (ARD)

KOCKS CONSULT GMBH 
Консультирующие инженеры

Название

Адрес АРМЕНИЯ
Ереван

(3742) 586601Тел. номер 

Факс номер 

Телекс номер

(3742) 151876 ог 151830 

212189

Николай Элариан Директор (ARD)Лицо для контак.:

Подписи

KOCKS CONSULT GMBH 
Консультирующие инженеры

Название Министерство транспорта и автодорог 
ТАДЖИКГИПРОТРАНССТРОЙ

ТАДЖИКИСТАН 
734042 Душанбе 
ул Ани 14

(3772) 215380 или 212020

Адрес

Тел. номер 

Факс номер 

Телекс номер

(3772) 212003

Мирзоев ТимурЛицо для контак.:

Подписи

TRACECA-PMS: 243-5M21NPR-1R DOC
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02 октября 1996Дата отчета

Отчет за период : с 01.07.1996 до 30.09.1996

Автор отчета: У. Виллеме, Руководитель группы по проекту (Kocks Consult GmbH)

Группа мониторинг и 
оценка ЕС

(фамилия) (подпись) (дата)

Представительство ЕС

(фамилия) (подпись) (дата)

Бюро ТАСИС

(подпись) (дата)(фамилия)

TRACECA-PMS: 243-58821\PR-1R.DOC
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Резюме проекта

Название проекта : Проект Трасека - Создание систем управления
состоянием дорожного покрытия

Номер проекта :TELREG 9305

Страна Республики в южной части СНГ и Грузия

Задачи
проекта: Проект нацелен на ознакомление региональных автодорожных органов с 

новейшей западной методикой управления состоянием дорожного 

покрытия. Он призван содействовать уменьшению отставания в области
центре внимания проекта будет изучение

конкретные задачи по

Всодержания дорог. 
международных транзитных маршрутов и 

следующим трем основным группам.

Технические задачи
Создание базы данных

состояние дорог и мостов
интенсивность дорожного движения/осевые нагрузки 

прогноз интенсивности дорожного движения в будущем 

• Разработка, апробирование и уточнение технических аспектов 

стратегии содержания дорожного покрытия. Создание систем 

управлением состоянием покрытия в каждом государстве региона. 
Внедрение местными властями западных методов содержания дорог и 

мостов, а также стандартов дорожной безопасности.
Анализ норм проектирования дорог

Экономические задачи
Увеличить ресурсы, имеющиеся в наличии для содержания дорог : 

реальные затраты, связанные с эксплуатацией дорог пользователями, 
которые в настоящем вносят плату небольшого размера, и тем самым 

подкрепить аргументы в пользу периодического получения доходов 
через взимание платы (налогов) с пользователей дорог.

TRACECA-PMS: 243-See21\PR-1R.DOC
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Составить описание и провести экономический анализ тех проектов 

и программ по содержанию дорог, которые могут привлечь интерес 
международных финансовых учреждений.

Передача технологий
выполнении всех задач проекта будут участвовать местные 

сотрудники, которые пройдут обучение по внедряемой методике с 

тем, чтобы работа продолжалась и по завершении настоящего 

проекта.

В

Планируемые

результаты:
Мобилизация ресурсов и начало предоставления услуг 

Изучение имеющихся отчетов и данных по дорогам и мостам 

Закупки и подготовка оборудования к работе 

Ознакомление партнеров в странах-получателях с работой 

оборудования
Полевые работы и сбор данных для создания базы данных, а 

также обучение партнеров на месте
Предоставление компьютерного и программного обеспечения 

для системы управления состоянием дорожного покрытия 
системы управления состоянием мостов (BMS), а 

также обучение работе с ними
Семинары о битумно-связующих материалах и об аспектах 

дорожной безопасности.
Стоимость и финансирование эксплуатац дорог 

Ознакомительная поездка в Западную Европу

(PMS) и

Деятельность 

по проекту 
с начала работ

• Подготовка проекта
• Координационные встречи с координационным бюро ТАСИС 

в Брюсселе
• Начало проведения встреч между координационным бюро
ТАСИС и учреждениями-получателями во всех 8 странах.
• Организация материально-технического обеспечения 

(размещение, офисные помещения, гараж для оборудования, 
транспорт)

TRACECA-PMS: 243-58821\PR-1R.DOC



KOCKS
INGENIEURE

4
Семинары для ознакомления с работой оборудования 

Предоставление системы компьютеров ипрограмм для 

управления состоянием дорожного покрытия 
(РМ5)/состоянием мостов (BMS)
Совместное с партнерами проведение сбора и оценки данных 

о состоянии поверхности и покрытия дорог (обучение на 

месте)
Сбор данных о транспортно-экономических издержках и 

затратах на эксплуатацию дорог через получение доступа к 
существующим базам данных и проведение дополнительные 

изыскания в рамках настоящего проекта (подсчет 

транспортного потока, обследования нагрузок на ось автомоб.) 

Сбор данных и оценка состояния мостов совместно с 

местными партнерам (обучение на месте)
Семинары о битумно-связующих материалах и о 

соответствующей технологии: обсуждение имеющейся ситуации, 
внедрения необходимых усовершенствований (например, в 

расчет дорожной одежды) и предложений о применении новых 

технологий (например, повторное использование материалов). 

Семинары по безопастности дорожного движения и 

проектированию (геометрия дорог, дорожные знаки, 
содержание зимой )
Интенсивное обучение местного 

программам включая ввод данных, создание базы данных, 

оценка данных.

персонала (PMS/BMS)

Дата начала
проекта : 20 декабря 1995 г., по причине зимних условий начало выполнения 

проекта задержалось до 12 марта 1996 г.

Длительность 

проекта : 12 месяцев

TRACECA-PMS 243-5M21\PR-1R.DOC
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2. РЕЗЮМЕ О ХОДЕ ОСУЩЕСТВЛЕНИЯ ПРОЕКТА С МОМЕНТА 

ЕГО НАЧАЛА

2.1. Начало предоставления услуг

По условиям настоящего Контракта, Консультант должен был приступить к

выполнению задач проекта в течении двух недель после вступления 
Контракта в силу. Дата вступления его в силу была установлена на 7 декабря 

а начало предоставления консультативных услуг планировалось на 201995 г., 
декабря 1995 г.

Как описывалось в первоначальном отчете Консультанта (февраль 1996 г.), 
холодная зимняя погода в государствах на юге СНГ задержала начало 

предоставления консультативных услуг до середины марта 1996 г. Тем не 

менее, подготовка к началу предоставления услуг велась 

штатное планирование, заключались контракты с представителями проекта с 

странах-получателях, получались визы, велись закупки и подготовка 
оборудования к работе, пр.

осуществлялось

13 марта 1996 г. сотрудники Консультанта прибыли на место проведения 

проекта, обеспечили материально-технически средства и .чтобы наверстать
полевым работам по обследованию

технического состояния дорог, измерению прогибов покрытия и
обследованию дорожной одежды,

деятельности перед оценкой, вводом данных и пр. Вторая, дополнительная, 
группа начала работать в Кавказском регионе в середине апреля 1996 г. До 

сегодняшнего дня начаты услуги по проекту в 7 из 8 стран.

упущенное время приступили к

что является ключевыми видами

TRACECA-PMS: 243-M821\PR-1R.DOC
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2.2 МЕРОПРИЯТИЯ И ХОА ВЫПОЛНЕНИЯ ПРОЕКТА

В течении отчетного периода консультативные услуги предоставлялись в 

Узбекистане, Киргизстане, Азербайджане и Казахстане. Вся работа 

выполнялась совместно с партнерами соответствующих стран-получателей в 

виде обучения на месте, которое дополняло семинары и обучение в классе.

Полевые работы и сбор данных

семинары по ознакомлению с работой оборудования 

перевод технического описания оборудования на русский язык 

подготовка форм и руководств по сбору данных
сбор и оценка данных о состоянии дорожной поверхности и дорожной 

одежды с использованием оборудования, предоставленного в рамках 

проекта
сбор данных и оценка состояния мостов

Компьютеры и программные системы
полные комплекты компьютерного оборудования доставлены в 7 стран, 
завершена оптимизация(НDM IV modules,Windows 95) и перевод на 

русский язык программной системы PMS/BMS.

Аспекты экономики транспорта и расходов на эксплуатацию дорог 

изучение имеющихся отчетов
сбор данных об интенсивности дорожного движения и данных для 

оценки транспортных эксплуатационных расходов 
обследование осевой нагрузки

оценка роста интенсивности дорожного движения
сбор информации о расходах на содержание и капитальный ремонт 

дорог

Семинары
битумно-связующие материалы 

аспекты дорожной безопасности

стандарты по проектированию дорог

TRACECA-PMS: 243-58821\PR-1R.DOC
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3. РЕЗЮМЕ ПЛАНИРОВАНИЯ РАБОТ НА ОСТАЛЬНОЙ ПЕРИОА 

ПРОЕКТА

В течении данного отчетного периода консультативные услуги предоставлялись в 

Узбекистане, Киргизстане, Азербайджане Казахстане Грузии и Армении.

В следующем отчетном периоде работа будет включать в себя:

(İ) Начало оказания услуг в Таджикистане и Туркменистане

(ii) Будут продолжены и соответственно завершены полевые работы и сбор 

данных по дорогам и автомагистралям.

(iii) Восемь стран-получателей получат недопоставленное в течении отчетного 

периода компьютерное оборудование, а также программную систему 

PMS/BMS.

(iv) Будет продолжено обучение партнеров использованию оборудования для 

сбора данных о состоянии дорог и мостов и создания базы данных; с 

использованием программной системы PMS/BMS.

(v) Продолжится и полностью завершится сбор данных по интенсивности 

дорожного движения, будет дана оценка увеличения движения, 

рассчитаны транспортно-эксплуатационных расходов для определения 

транспортно-экономических и дорожно-эксплуатационных расходов.

(vi) Будут продолжены семинары по битумно-связующим материалам и 

соответствующим технологиям, по аспектам дорожной безопасности, а 

также стандартам проектирования.

(vii) Запланирована ознакомительная поездка в Западную Европу, которая 

будет включать семенары, посещение строительных площадок с 

демонстрацией

- системы управления дорогами и мостами
■ подразделений по эксплуатации дорог и мостов (включая зимой)

- установок по производству битумно-вяжущих продуктов

- методы повторного применения покрытия
■ аспекты дорожной безопастности
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4. XOA ВЫПОЛНЕНИЯ ПРОЕКТА В ОТЧЕТНОМ ПЕРИОАЕ

4.1 Введение

Как описано ранее, предоставление услуг по проекту задержалось в связи с 

неблагоприятными погодными условиями в зоне выполнения проекта, а полевые 

работы начались в середине марта 1996 г. Как сообщалось ранее, 
апреля 1996 г., в Кавказском регионе приступила к работе вторая/дополнительная 

группа специалистов Консультанта для того, чтобы наверстать упущенное время, что 

и было с успехом достигнуто в настоящем отчетном периоде.

в середине

Деятельность, проводившаяся Консультантом с июля по сентябрь 1996 г., можно 

кратко подытожить следующим образом:

(İ) Первоначальные встречи с учреждениями-получателями в

Туркменистане
Таджикистане

(ii) Начало деятельности в

Грузии
Армении

(iii) Продолжение деятельности в

Азербайджане
Узбекистане

(iv) Завершение деятельности в

Киргизстане
Казахстане

В настоящем отчетном периоде соответствующие административные органы стран- 

получателей обеспечили необходимое количество сотрудников 

деятельности по Проекту, а в семинарах и курсах обучения, проведенных к 

настоящему дню, принимала участие обширная аудитория, проявившая большой 

интерес.

для всех видов
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С благодарностью отмечается та любезная помощь, которую предоставляли по всем 

административным и техническим вопросам координационные бюро ТАСИС .

4.2 Мобилизация сотрудников

Сотрудники консухътанта

Консультант организовал проведение работ двумя командами, одна из которых
работала в Центральноазиатском, а другая - в Кавказском регионе, что подтвердило
свои преимущества для выполнения всех потребностей проекта, и после 

наверстания упущенного времени было принято решение о сохранении в 

дальнейшем данной структуры организации работ. Для гармонизации подходов и 

синхронизации деятельности по проекту проводились встречи руководителей двух

команд.

В ходе выполнения Проекта, в результате встреч с представителями учреждений- 

получателей были уточнены требования к предоставлению услуг, и поэтому 

Консультант счел необходимым несколько видоизменить состав своих сотрудников. 
Для наиболее эффективной передачи технологии была произведена замена двух 

профессиональных сотрудников:

В Проекте стал работать г-н М.у. Циммерман, специалист по асфальту, он 

внесет свой вклад в виде детального знания материалов, расчетов покрытий, 
техники нанесения покрытия и современной технологии повторного 

использования материалов. Г-н Циммерман в течении года выполнял задание 

по надзору за работами по реконструкции Ташкентского аэропорта, и в 

связи с этом ему хорошо знакомы материалы и проблемы качества 

заасфальтированных объектов в зоне проекта. Его краткая биография дается в 

ПРИЛОЖЕНИИ 1.

Г-н П.Пойтч, инженер по мостам, имеет опыт нескольких лет работы по 

анализу состояния мостов и опыт работы с компьютерными системами 

управления состоянием мостов 
программной системы

(BMS); он отвечал за подготовку 
для Проекта. Благодаря полученному 

образованию и опыту работы в бывшем ГДР, г-н Пойтч имеет обширные 

знания в области расчетов структурных систем, наподобие тех, которые 

используются в государствах-получателях. Его биография также прилагается в

BMS

ПРИЛОЖЕНИИ 1.
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В число сотрудников Консультанта, работавших в зоне проекта в отчетном периоде, 

входили:
Управляющий проектом КОКС КОНСАЛТ 

ГМБХ
КОКС КОНСАЛТ 
ГМБХ

Вернер П. Вайлер

Инженер-автодорожник и 
руководитель 1-ой группы 
(Центральная Азия) 
Инженер-автодорожник и 
руководитель 2-ой группы 
(Кавказский регион) 
Экономист-транспортник и 

инженер автодорожного 
движения
Инженер по дефлектометру с 
падающим грузом и системам 
управления состоянием 
покрытия
Инженер по системам 
управления состоянием 
покрытия дефлектометру с 
падающим грузом 
Специалист по асфальту

Ульрих Виллеме

КОКС КОНСАЛТ 
ГМБХ

Карстен Гризе

Роберт А. Смит ТЕКНЕКОН

Феникс ППСКимо Карини

Клаус В. Нильсен Феникс ППС

КОКС КОНСАЛТ 
ГМБХ
КОКС КОНСАЛТ 
ГМБХ

Ханс У. 
Циммерман 
Питер ПойтчСпециалист по мостам и 

системами управления 
состоянием мостов 
Инженер по конструкциям КОКС КОНСАЛТ 

ГМБХ
КОКС КОНСАЛТ 
ГМБХ
КОКС КОНСАЛТ 
ГМБХ

Андрис Мелесис

Йоханн Рогальский1-ый инженер-координатор

Йоханн Руоф2-ой инженер-координатор

В связи с вышеупомянутым уточнением услуг по проекту потребовалось 

видоизменить и первоначальное предлагавшееся распределение времени:

В связи с особым интересом учреждений-получателей к темам "Семинара по 

битумно-связующим материалам" был продлен срок задания специалиста по 

асфальту. Проведенный семинар имел важное значение, напрямую относясь к 

претворению системы управления состоянием покрытия. В соответствии с 

потребностями учреждений-получателей в семинар были включены такие 

темы, как проведение лабораторных испытаний и посещение асфальтных 

заводов.

TRACECA-PMS: 243-58821VPR-1R ООС
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Больше, чем планировалось первоначально, потребовалось времени на 

проведению деятельности, а также на первые встречи в 
соответствующих 8-ми государствах-получателях.
подготовку к

Однако внесенные изменения были осуществлены за счет других, не столь 

напряженных позиций Контракта, и Консультант обеспечит, чтобы финансовые 

аспекты были покрыты из имеющегося бюджета.

(Лестные эксперты

Оплата работы местных экспертов, предоставленных учреждениями-получателями, 
шла из Проекта. Для конкретных задач данного проекта экспертиза, лишь за 

немногими исключениями, имелась только в учреждениях-получателях. В участии 

экспертов учреждений видится большая польза для Проекта, поскольку тем самым 

экспертиза будет иметься в будущем и для отдела по управлению состоянием 

покрытия дорог/мостов (PMS/BMS).

Оборудование для полевых работ

(İ) Обследование технического состояния дорог

Один комплект оборудования, предоставленный для Проекта в предыдущем 

отчетном периоде, состоящий из

дефлектометра с падающим грузом (FWD)

моста для измерения нагрузки на ось, включая подставные подушки для 
взвешивания грузовиков с числом осей до трех

ударного интегратора
MERLIN
продольного датчика (измерителя пробега)
различных малых измерительных приборов и офисного оборудования,

по завершению работ в одном государстве перевозился в другое.

(ii) Обследование технического состояния мостов

TRACECA-PMS: 243-5M21\PR-1R.DOC
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Для осмотра мостов Консультант использовал собственное оборудование, состоящее

из:

бетонного испытательного молотка
устройства для обнаружения расположения арматурных стержней

лазерного дальномера
объектива для измерения трещин.

Транспортировка

Для сообщения между государствами и внутри них использовались приобретенные 

на месте транспортные средства; в то время как для полевых работ и 

соответственно для сбора данных транспорт арендовался по контрактам, 

заключенным на месте с соответствующими управлениями-получателями помощи.

TRACECA-PMS 243-58821 \PR-1R.DOC
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4.3 Деятельность в отчетном периоде, с июля по сентябрь 1996 г.

Полевые работы и сбор данных

Полевые работы и сбор данных по дорогами проекта продолжались в соответствии 

с описанным в предыдущем отчете № 1 о ходе выполнения работ, включая:

семинары для ознакомления сотрудничающей стороны и проявивших интерес 

участников из других учреждений и управлений с работой оборудования

подготовка переводов технических описаний оборудования на русский язык

подготовка форм и руководств для сбора данных

сбор и оценка данных о состоянии дорожного покрытия и дорожной одежды.

Образцы собранных данных и их оценка, данных о состоянии дорожной 

поверхности участка дороги М 39 в Казахстане и данных о поверхности и одежде 

30-км пилотного участка дороги в Грузии даются в ПРИЛОЖЕНИИ 2.

Для оценки возможных недостатков и определения класса состояния мостов был 

произведен осмотр мостов. Для сбора данных и информации, вводимых в систему 

управления состоянием мостов (RMS) была разработана соответствующая форма 

осмотра, а также руководство к ней. Форма и руководство даются в 

ПРИЛОЖЕНИИ 2. Работа оборудования для испытания мостов, применение 

указанной формы и руководства были продемонстрированы на выбранных мостах, 
после чего сотрудничающая сторона приступила к собственным испытаниям и 

оценке состояния дорожного покрытия.

Компьютеры и программные системы PMS/BMS

Проект включает в себя поставки технического и программного обеспечения для 

системы управления покрытием (PMS) и для системы управления мостами (BMS).

TRACECA-PMS: 243-58a21\PR-1R.DOC
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К концу текущего отчетного периода для 6 государств, входящих в проект 

ТРАСЕКА (Узбекистан, Киргизстан, Казахстан, Азербайджан, Грузия и Армения), 

было доставлено и передано компьютерное оборудование. Компьютерное 

оборудование подготовлено к отправке еще в два государства, Таджикистан и 

Туркменистан.

Компьютерное оборудование, по комплекту для каждого государства-получателя,

состояло из:

компьютера DELL (пентиум 133) с цветным монитором 

лазерного принтера Хьюлет-Паккард Jet 5Р 

источника питания (UPS 7001) 

русского варианта Windows 

инсталляционных дискет и руководств

95, компьютере,установленного на

проекту ТРАСЕКА - PHOENIX - RoSy -Программная система, поставленная по 

PMS/BMS, была адаптирована к "Windows 95" и вобрала компоненты HDM IV 

(экономика/VOC), в соответствии с последним словом техники; после

всестороннего обучения, программная система была установлена в отчетном периоде 

в 3-х государствах (Узбекистан, Киргизстан, Казахстан).

Программа обучения PMS/BMS (система управления состоянием дорожного 

покрытия и мостов) охватывала следующие основные темы и проводилась в 7 

этапов:

Семинар по ознакомлению с RoSy PMS/BMS
Ввод данных, собранных на пилотных участках дорог (PMS) и отобранных 

мостов (BMS), соответственно
Установочные параметры для расчетов (PMS)
Экономические расчеты данных (также обсуждение теории и философии 

программы PMS)
Ввод данных из имеющихся баз данных по дорогам, а также из паспорта 

мостов
Обсуждение возможности применения имеющихся данных для PMS и 

дальнейшего использования PMS.

1.

2.

3.
4.

5.

6.
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На 3-ем этапе можно задать большой диапазон моделей. Для 8-ми государств, 
охваченных проектом ТРАСЕКа, был создан стандартный набор; было обсуждено и 

продемонстрировано видоизменение отдельных моделей для каждого государства 

при помощи отдельных данных (развитие интенсивности перевозок, ухудшение 

состояния дорог и пр.).

Экономика транспорта и стоимостные аспекты использования дорог

В Азербайджане, Грузии и Армении были проведены полевые работы и сбор 

данных. Некоторые из собранных данных уже проанализированы, а остальные 

находятся на этапе анализа, включая:

Данные классификационного подсчета объемов
Данные подсчета интенсивности перевозок во временной протяженности, при 

наличии таковых
Данные обследования места происхождения/назначения грузовиков при 

международных перевозках 
Данные обследования нагрузки на ось
Ввод данных для анализа эксплуатационных затрат транспортных средств 

Информация о тенденциях расходов на содержание и реконструкцию дорог 

Состояние дорожной сети и расходы при использовании дорог

Помимо различных отчетов по изучаемым странам, составленных Всемирным 

Банком, ЕБРР, другими международными финансовыми учреждениями, и отчетов 

консультантов по конкретным проектам, перечисленных в предыдущем отчете о 
ходе выполнения работ, были изучены следующие дополнительные документы:

Отчеты сотрудников Всемирного Банка с оценкой транспортных проектов в 

Армении и Грузии
"Экономический обзор и работа банков", составленный Азиатским банком 

развития для Казахстана
"Экономический обзор и работа банков", составленный Азиатским банком 

развития для Киргизстана.

Были собраны и проанализированы результаты классификационных подсчетов 

объемов. выполненные в последние годы автодорожными органами и 

консультантами на главных внутри- и межгосударственных дорогах в Азербайджане, 
Армении и Грузии. Помимо этого был сделан классификационный подсчет объемов
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в трех местах Грузии, где 

движения за последний период, при сравнении с другими странами, входящими в 

проект ТРАСЕКА.

недостаточные данные подсчета объемовимелись

Как упоминалось в первом отчете о ходе выполнения работ, классификация типов 

грузовиков, использованная для классификационного подсчета объемов в изучаемых 

странах, основана скорее на брутто-весе автотранспорта, чем на конфигурации оси. 
Исключением является Армения, где были применена конфигурации по типу оси, 
использованная в "Обследовании автомагистралей Армении", проведенном ТАСИС в 

1994 г. В других же странах классификация грузовых перевозок по типу транспорта 

была заменена на классификацию на основе конфигурации оси, в соответствии с 

требованиями под-модели эксплуатационных затрат транспорта HDM-III.

Были собраны дополнительные сведения о регистрации автотранспорта по типу 

автомобилей. Однако ГАИ Армении отказалась предоставить информацию такого 

рода без разрешения Министерства внутренних дел, а разрешения не поступило. 
Поэтому Консультанту придется дать свою оценку размера автопарка Армении. 
Система классификации транспорта, используемая ГАИ в Азербайджане и Грузии 

для статистики зарегистрированного транспорта, схожа с системами классификации 

в других государствах проекта ТРАСЕКИ.

Были выполнены обследования нагрузки на ось длительностью в два дня, 
результаты проанализированы. Следующие места были выбраны для проведения 

данных обследований:

их

Азербайджан - на 37 км к югу от Баку, на дороге М3, соединяющей Баку и 

Астару (на границе с Ираном)
Грузия - на 25 км к западу от Тбилиси, на дороге S 1, соединяющей 

Тбилиси, Кутаиси, Сенаки и идущей на запад.
Армения - на дороге М 4, к югу от Еревана.

Эти обследования и проводившиеся одновременно с ними обследования места 

отправки/назначения дчузовнкоп для международных перевозок проводились в 

течении двух дней. Были проанализированы результаты двух обследований нагрузки 

на ось, проведенных в Азербайджане и Грузии. Были подтверждены выводы 

предыдущих обследований в Узбекистане, Киргизстане и Казахстане относительного 

того, что нагрузки транспорта здесь значительно ниже, чем это обычно имеет место 

на западе и в большинстве развивающихся стран, а грузовики для международных
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перевозок, движущиеся по автодорожной сети стран ТРАСЕКА, имеют значительно 

больший вес, чем грузовики производства СНГ. Результаты статистического анализа 

проведенных обследований нагрузки на ось приведены в ПРИЛОЖЕНИИ 3 к 

настоящему отчету.

Для оценки роста интенсивности движения были проанализированы имеющиеся 

записи подсчетов объемов в исторической динамике. Обнаружилось, что в 90- е гг. в 

Азербайджане и Грузии произошло значительное снижение объемов перевозок, что 

явилось результатом резкого сокращения экономической активности в течении 

последних пяти лет. Однако предстает, что начало восстановления экономическоей 

активности в Армении с 1994 г. сопровождается резким ростом объемов движения.

Консультант изучил возможность использования прогнозов объемов движения, 
которые будут сделаны региональным проектом по прогнозу перевозок ТРАСЕКА. 
Однако в результате обсуждений с "В.С. Аткинс Интернешенл", одной из двух 

консультативных фирм, занятых выполнением данного проекта, обнаружилось, что 

данные прогнозы не будут готовы до самого конца 1997 г. , что окажется слишком 

поздним сроком для того, чтобы использовать их в проекте ТРАСЕКА системы 

состоянием покрытия. Интенсивность движения придется

используя имеющуюся
управления
спрогнозировать в рамках ресурсов проекта 
информацию о перспективах макроэкономического роста и прогнозы перевозок, 
полученные в ходе консультативных изучений последнего времени, перечисленных в 

первом отчете о ходе выполнения работ.

PMS,

Копии всех данных о перевозках, собранных и проанализированных в ходе данного 

проекта, будут предоставлены консультантам, выполняющим региональный проект 

прогнозирования движения ТРАСЕКА. Эта информация уже была предоставлена 

проекту ТРАСЕКА через г-на М.Симса из "Tractebel Development".

Последние оценки эксплуатационных затрат транспортных средств в странах 

ТРАСЕКА основываются на применении под-модели эксплуатационных затрат 

транспортных средств HDM-11I (VOCM). Эта же модель используется в данном 

проекте, полевые работы в основном были связаны с уточнением предыдущих 

вводимых данных по эксплуатационным расходам транспортных средств.

Были получены оценки эксплуатационных затрат по шести категориям 

репрезентативных видов транспорта, включая:

TRACECA-PMS: 243-58821VPR-1RDOC
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пассажирские легковые автомобили
служебные машины (миниавтобусы, пикапы и пр.)

большегрузные автобусы
2- х осевые грузовики
3- х осевые грузовики 

грузовики с числом осей более 3-х

Результаты HDM-III VOCM были получены для каждого репрезентативного типа 

автотранспорта в виде уравнений, где эксплуатационные затраты соотнесены с 

неровностями поверхности. Эти уравнения для каждого типа транспорта и страны 

были введены в модели системы управления состояние покрытия для каждой 

страны.

В первом отчете о ходе выполнения работ констатировалось, что данные о 

количестве происшествий будут неадекватными для количественного выражения 

аварийных затрат, если масштабы исследования и анализа не будут выходить за 

рамки данного проекта. Дальнейшие полевые работы в Закавказье подтвердили 

первоначальные результаты. Из всех посещенных стран только Армения приступила 

к решению проблемы дорожной безопасности, поручив провести полномасштабное 

изучение дорожной безопасности.

Была собрана информация об уровне расходов на содержание и реконструкцию 

автомагистралей в последний период. В 90-х гг. произошло резкое падение этих 

расходов в реальном выражении, которые ни коим образом даже не приближаются 

к необходимому уровню.
Через восемь месяцев после начала проведения работ, в середине марта 1996 г., 

должно быть завершено изучение затрат и финансирования использования дорог, 
соответствующий отчет ожидается в ноябре 1996г.

Для изучения затрат и финансирования использования дорог была собрана 

информация о характере и использовании межгосударственной и, что еще более 

важно, внутригосударственной автодорожной сети в каждой стране. Целью является 

разбивка дорожной сети в каждой стране по типу покрытия, расчетным стандартам 

(по прочности покрытия) и размаху перевозок.
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Семинары

Помимо вышеуказанных семинаров по ознакомлению с оборудованием, были 

проведены семинары и посещения мест по вопросам:

Битумные связующие материалы, состоящие из следующих основных тем
Материалы: существующее положение дел с битумом, заполнителями, 

асфальтовой продукцией 

усовершенствований 

Расчеты покрытия: существующие стандарты по асфальтобетонным (АС) 

покрытиям, стандарты/методы расчетов в Европе и Северной 

Америке
Контроль за качеством, требования к лабораторным испытаниям почв и 

материалов
Реконструкция / усиление/укрепление асфальтобетон ных покрытий,

техника нанесения покрытия, оборудование 

Техника повторного использования материалов и оборудования для 

асфальтобетона

необходимость внесенияи

Аспекты лорожной безопасности и расчетов дорог, состоявшие из следующих 

основных тем:

геометрические характеристики дорог: горизонтальный и вертикальный
(дорога/ширина полос),профили, поперечное 

примыкания/пересечения
сечение

сигнализация: дорожные знаки и маркировка 
содержание дорог зимой
информирование населения/программы информирования 

применение в жизнь регулирующих правил

Подробности тем вышеприведенных семинаров даются в ПРИЛОЖЕНИИ 4.

В настоящий момент готовится подробная оценка соответствующих стандартов в

предпринимается ее сравнение с европейскими и 

западными стандартами, они будут представлены в отчете в ноябре 1996 г.
государствах-получателях и
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4.4 Создание BMS/PMS (системы управления мостами/состоянием 

покрытия-)

В предыдущем отчете о ходе выполнения работ № 1 давалась информация о 

существующих структурах организации/управления и об идущей реорганизации по 

созданию системы PMS/BMS в отдельных государствах-получателях.

В течении отчетного периода о ходе выполнения работ была собрана более 

подробная информация по шести государствам-получателям, которая приводится в 

таблицах ниже.
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Регион: Центральн. Азия 
Страна 1, Узбекистан

ОЦЕНКАТРЕБОВАНИЯ РЕКОМЕНДАЦИИ
1.1 Подтверждено Кабинетом 

Министров
Сформирована группа PMS/BMS в 
УЗАВТОЙУЛ

Решения администрации для 
внедрения PMS/BMS 
Определение ответственных 
институтов/ управлений 
Организация структуры для сбора 
данных и содержания 
централизованной базы данных

1.11 .Административные 
структуры

1.1 соответств.

1.21.2 1.2 соответств.

1.3 Со дня провозглашения1.3 1.3 Соответств. не полностью
рекомендована при реорганизации 
совместная техническая работа

независимости децентрал, система, 
в настоящее время преобразования 
соответственно требованиям 
PMS/BMS
Бюджет имеется в распоряжении и1.4 Получение бюджетных средства для 

группы PMS/BMS
1.4 1.4 также как и в 1.3

как в 1.3 в наст, время реорганизов
2.1 PMS/BMS группы от 3 до 52.1 Получение в распоряжение 

квалифицированных специалистов 
Обучение сбору данных, их оценки 
и PMS/BMS программе.

/.Персональные
структуры

2.1 соответств.
инженеров
Проведено обучение по всем 
аспектам в настоящем проекте 
ТРАСЕКА

2.2 2.2 Рекомендуется продолжение обучения 
для улучшения системы сбора данных 
и содержания базы данных, 
оптимизац. программы и составление 
рекомендаций по содержанию.

2.3 Обучение под 2.2 должно быть
расширено, с тем чтобы провести 
обучение группы спец., которая в 
последствии будет заниматься обучен. 
специалистов по областям.__________

2.2

2.3 В рамках реорганизации включены 
также области..

2.3 Развитие персонала

3.1 Помещении УЗАВТОЙУЛ3.1 Получение в распоряжение 
помещения для группы PMS/BMS 
Компьютерное и программное 
обеспечение PMS/ BMS 
Транспорт для полевых работ и 
сбора данных

3. Технические 
структуры

3.1 соответств.

3.2 Было с настоящим проектом 
доставлено
Мало автомобилей в распоряжении, 
но в настоящий момент ситуация 
меняется
Не имеется в распоряжении 
(только 1 компл. приборов / оснащ

3.2 3.2 соответств.

3.3 3.3 3.3 Еще не соответств., но в связи с 
идущими преобразован, ожидается 
улучшение, рекоменд. наблюден

3.4 Доставка приборов оборудования по 
окончании преобраз. (Пун.1.3и 1.4)

3.4Приборы и оборудование для 
обследован, дорог и покрытий

3.4
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Регион: Центральна Азия 
Страна 2» Киргизстан

ТРЕБОВАНИЯ ОЦЕНКА РЕКОМЕНДАЦИИ
1.1 Решения администрации для 

внедрения PMS/BMS 
Определение ответственных 
и нституто ty'y пра влени й 
Организация структуры для сбора 
данных и содержания 
централизованной базы данных

1.1 Подтверждено Министерством1 .Административные 
структуры

1.1 соответств.
транспорта
Сформирована группа PMS/BMS в 
КИ РГИЗДОРТР АНСП РОЕКТ

1.2 1.2 1.2 соответств.

1.3 1.3 В настоящее время преобразов, 
соответств. требованиям. В серед, 
октября состоится заседание 
институтов/ у правлен, с Минтранс, 
для разработки предл. по улучшен.
В распоряжен. имеется очень .малая 
часть бюджета и как в 1.3

1.3 Соответств. не полностью
убедительно рекомендуется при 
реорганизации совместная 
техническая работа

Получение бюджетных средства для 
группы PMS/BMS

1.4 1.4 1.4 также как и в 1.3

запланир. последующие улучшения
2.1 PMS/BMS группы от 3 до 52.1 Получение в распоряжение 

квалифицированных специалистов
2.2 Обучение сбору данных, их оценки 

и PMS/BMS программе.

2. Персональные 
структуры

2.1 соответств.
инженеров

2.2 Проведено обучение по всем
аспектам в настоящем проекте 
ТРАСЕКА

2.2 Обучение установки системы для 
сбора данных, содержания базы 
данных, оптимизац программы и 
составлен рекомендаций по 
содержанию

2.3 Рекомендуются дальнейшие
наблюдения _______

2.3 Не имеется информации2.3 Развитие персонала

3.13.1 КИРГИЗДОРТРАНСПРОЕКТ 
переезжает в другое здание, где для 
ТРАСЕКА PMS/BMS предусмотрено 

помещение.
Было с настоящим проектом 
доставлено
Не имеется автомобилей в 
распоряжени
Не имеется в распоряжении 
(только 1 компл. приборов / оснащ

Получение в распоряжение 
помещения для группы PMS/BMS

3. Технические 
структуры

3.1 соответств.

3.23.2 Компьютерное и программное 
обеспечение PMS/ BMS 
Транспорт для полевых работ и 
сбора данных
Приборы и оборудование для 
обследован, дорог и покрытий

3.2 соответств.

3.33.3 3.3 После выполнения пункта 3.4 
рекомендуется к финансированию

3.4 Доставка приборовоборудования по 
окончании преобраз. (ПунЛ.Зи 1.4)

3.43.4
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Регион: Центральн. Азия 
Страна 3, Казахстан

ТРЕБОВАНИЯ ОЦЕНКА РЕКОМЕНДАЦИИ
Подтверждено Министерством 
транспорта и коммуникаций 

1.2 Существует группа PMS/BMS в 
КАЗДОРНИИ

1.11.1 Решения администрации для 
внедрения PMS/BMS

1.2 Определение ответственных 
институтов/управлений

1.3 Организация структуры для сбора

1 .Административные 
структуры

1.1 соответств.

1.2 соответств.

1.3 Существует централизованная база 
данных и система сбора данных

1.3 соответств.
данных и содержания 
централизованной базы данных 

1.4 Получение бюджетных средства для 
_____дэуппы PMS/BMS________________

1.4 Бюджет имеется в распоряжении 1.4 соответств.

2.1 PMS/BMS группы от 3 до 5 
инженеров

2.2 Проведено обучение по всем 
аспектам в настоящем проекте 
ТРАСЕКА

2.1 Получение в распоряжение
квалифицированных специалистов

2. Персональные 
структуры

2.1 соответств.

2.2 Рекомендуется продолжение обучения 
для улучшения системы сбора данных 
и содержания базы данных, 
оптимизац. программы и составление 
рекомендаций по содержанию.

2.3 соответств..

2.2 Обучение сбору данных, их оценки 
и PMS/BMS программе.

2.3 Работает централизованная система2.3 Развитие персонала
3.1 Помещении КАЗДОРНИИ3.1 Получение в распоряжение 

помещения для группы PMS/BMS 
Компьютерное и программное 
обеспечение PMS/ BMS 
Транспорт для полевых работ и 
сбора данных
Приборы и оборудование для 
обследован, дорог и покрытий

3. Технические 
структуры

3.1 соответств.

3.2 Было с настоящим проектом 
доставлено
Автомобили имеются в 
распоряжении
Приборы/оснащения имеются в 

распоряжении, но не все подходят 
для использования PMS/BMS и 

некоторые из них в неудовлетвор. 
состоянии (только 1 компл. 
приборов / оснащ по всему 
проекту для 8 стран)____________

3.2 3.2 соответств.

3.33.3 3.3 соответств.

3.4 3.4 Доставка приборов оборудования как 
можно скорее

3.4
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Регион: Кавказ 
Страна 1, Азербайджан

ТРЕБОВАНИЯ ОЦЕНКА РЕКОМЕНДАЦИИ
1.1 Решения администрации для 

внедрения PMS/BMS 
Определение ответственных 
институтов/управлений 
Организация структуры для сбора 
данных и содержания 
централизованной базы данных

1 .Административные 
структуры

1.1 Подтверждено в Министерстве 
экономики и АЗЕРАВТОЮОЛ 
Сформирована группа PMS/BMS в 
АЗЕРАВТОЮОЛ

1.1 соответств.

1.2 1.2 1.2 соответств.

1.3 1.3 Существует централизированная 
система сбора данных Но никаких 
признаков улучшения организации 
соответственно требованиям 
PMS/BMS
Бюджет имеется в распоряжении

1.3 Соответств. не полностью
рекомендована при реорганизации 
совместная техническая работа

Получение бюджетных средства для 
qrynnbi PMS/BMS

1.4 1.4 1.4 также как и в 1.3
для подсчета транспорта, но не для 
обследования дорог______________

2.1 Получение в распоряжение 
квалифицированных специалистов

2.2 Обучение сбору данных, их оценки 
и PMS/BMS программе.

2.1 PMS/BMS группы от 3 до 52. Персональные 
структуры

2.1 соответств.
инженеров

2.2 В октябре/ноябре 1996 будет 
проведено обучение по всем 
аспектам настоящего проекта 
ТРАСЕКА

2.3 Оценка после проведения обучения
______в октябре/ноябре. _______________

2.2 Рекомендации после проведения 
обучения в октябре/ноябре 1996

2.3 Развитие персонала 2.3 также как и в Z2

3.1 3.1Получение в распоряжение 
помещения для группы PMS/BMS 
Компьютерное и программное 
обеспечение PMS/ BMS 
Транспорт для полевых работ и 
сбора данных

Помещении АЗЕРАВТОЮОЛ3. Технические 
структуры

3.1 соответств.

3.2 3.2 Было с настоящим проектом 
доставлено
Мало автомобилей в распоряжении, 
но в настоящий момент ситуация 
меняется
Не имеется в распоряжении 
(только 1 компл. приборов / оснащ 
по всему проекту для 8 стран)_____

3.2 соответств.

3.3 3.3 3.3 После выполнения пункта 3.4 
рекомендуется к финансированию

3.43.4 Приборы и оборудование для 
обследован, дорог и покрытий

3.4 Доставка приборов/оборудования по 
окончании преобразований

TRACECA-PMS: 243-5M21VPR-1R.DOC
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INGENIEURE

Регион: Кавказ 
Страна 2, Грузия

ТРЕБОВАНИЯ ОЦЕНКА РЕКОМЕНДАЦИИ
1.1 Решения администрации для 

внедрения PMS/BMS
1.2 Определение ответственных 

институтов/ управлений
1.3 Организация структуры для сбора 

данных и содержания 
централизованной базы данных

1.1 Подтверждено Министерством по 
экономики и САКАВТОГЗА

1. Администрати вные 
структуры

1.1 соответств.

1.2 Сформирована группа PMS/BMS в 
Гос концерне САКАВТОГЗА 
Во время войны разрушены 
существующие база данных и 
организационная структура. В 
настоящее время проводятся 
некоторые меропроятия по 
преобразован.
В распоряжен. имеется очень малая

1.2 соответств.

1.3 1.3 Соответств. не полностью
убедительно рекомендуется при 
реорганизации совместная 
техническая работа

1.4 Получение бюджетных средства для 
группы PMS/BMS

1.4 1.4 также как и в 1.3
часть бюджета, запланир. улучшен.

2.1 Получение в распоряжение 
квалифицированных специалистов

2.2 Обучение сбору данных, их оценки 
и PMS/BMS программе.

2.1 PMS/BMS группы от 3 до 52. Персональные 
структуры

2.1 соответств.
инженеров

2.2 Проведено обучение по всем
аспектам в настоящем проекте 
ТРАСЕКА

2.2 Обучение установки системы для 
сбора данных, содержания базы 

данных, оптимизац программы и 
составлен рекомендаций по 
содержанию

2.3 Рекомендуются дальнейшие 
наблюдения

2.3 Не имеется информации2.3 Развитие персонала

3.1 САКАВТОГЗА переезжает в другое 
здание; где для ТРАСЕКА PMS/BMS 
предусмотрено помещение.
Было с настоящим проектом 
доставлено
Не имеется автомобилей в 
распоряжени
Не имеется в распоряжении 
(только 1 компл. приборов / оснащ 
по всему проекту для 8 стран)_____

3.1 Получение в распоряжение
помещения для группы PMS/BMS

3. Технические 
структуры

3.1 соответств.

3.23.2 Компьютерное и программное 
обеспечение PMS/ BMS

3.3 Транспорт для полевых работ и 
сбора данных

3.4 Приборы и оборудование для 
обследован, дорог и покрытий

3.2 соответств.

3.3 3.3 После выполнения пункта 3.4 
рекомендуется к финансированию

3.4 Доставка приборов/оборудования по 
окончании преобразований.

3.4

TRACECA-PMS: 245-5М2ПРЯ-1Я DOC
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Регион; Кавказ 
Страна 3, Армения

ТРЕБОВАНИЯ ОЦЕНКА РЕКОМЕНДАЦИИ
1.1 Решения администрации для 

внедрения PMS/BMS 
Определение ответственных 
институтов/ управлений

Подтверждено Министерством1.11. Адми нистрати в н ые 
структуры

1.1 соответств.
транспорта
Существует группа PMS/BMS в 
Армянском директорате по 
автодорогам
Существует централизованная база 
данных и система сбора данных

1.2 1.2 1.2 соответств.

1.3 1.3Организация структуры для сбора 
данных и содержания 
централизованной базы данных 
Получение бюджетных средства для 
группы PMS/BMS

1.3 соответств.

1.4 1.4 Бюджет имеется в распоряжении 1.4 в настоящее время соответств.
через другие проекты Интернацисг 
нального финансирования________

2.12.1 Получение в распоряжение 
квалифицированных специалистов

2.2 Обучение сбору данных, их оценки 
и PMS/BMS программе.

PMS/BMS группы от 3 до 52. Персональные 
структуры

2.1 соответств.
инженеров
Проведено обучение по всем2.2 2.2 Рекомендуется продолжение обучения 

для улучшения системы сбора данных 
и содержания базы данных, 
оптимизац. программы и составление 
рекомендаций по содержанию.

2.3 соответств..

аспектам в настоящем проекте
ТРАСЕКА

2.3 Развитие персонала 2.3 Работает централизованная систе.ма
3.13.1 Получить в распоряжение 

помещения для группы PMS/BMS 
Компьютерное и программное 
обеспечение PMS/ BMS 
Транспорт для полевых работ и 
сбора данных
Приборы и оборудование для 
обследован, дорог и покрытий

Помещении Армянского 
директората автодорог 
Было с настоящим проектом 
доставлено
Автомобили имеются в 
распоряжении
Приборы/оснащения имеются в 

распоряжении, но не все подходят 
для использования PMS/BMS и 

некоторые из них в неудовлетвор. 
состоянии (только 1 компл. 
приборов / оснащ по всему 
проекту для 8 стран)____________

3. Технические 
структуры

3.1 соответств.

3.23.2 3.2 соответств.

3.33.3 3.3 соответств.

3.4 3.4 Доставка приборов/оборудования как 
можно скорее

3.4

TRACECA-PMS: 243-5M21\PR-1R.DOC
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4.5 Таблицы

Выполненные в государствах работы по проекту в краткой форме приведены в 

таблицах ниже. Вся работа велась в виде обучения на месте, партнерами совместно 

со специалистами Консультанта, и/или в виде выполнения отдельных задач, 
ставившихся после прохождения обучения.

TRACECA-PMS: 243-5M21\PR-1R.DOC



кош28
INGENIEURE

ОТЧЕТ ВЫПОЛНЕНИЯ ПО ПРОЕКТУ

Номер проекта; TELREG 9305Название проекта: ТРАСЕКА Проект - Внедрение системы Страны: Южные республики СНГ и Грузия Форма 2.2, Стр.: 1
управления дорожными покрытиями.

Плановый период : 07/96 - 09/96 Составлено: 10/1996 Консультант Европейского союза: KOCKS CONSULT GmbH

Содержание проекта; Внедрение системы управления дорожными покрытиями и мостами ( PMS / BMS )
ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ 

(за период с июля 1996 по сентябрь 1996) 
Месяцы

ПРОВЕДЕННЫЕ МЕРОПРИЯТИЯNo ЗАТРАТЫ
Регион: Центральная Азия 
Страна!, Узбекистан

ОБОРУДОВАНИЕ
ДРУГОЕПЕРСОНАЛ 

Консультант ЕС
ПЕРСОНАЛ 

Страна партнер
И

МАТЕРИАЛЫ
87 9 Заплан ВыполнВыполн Запланир Выполн Запланир Выполн Запланир

6. ДМВ измерсния+оценка 
Измерение-f ввод данных по ДПВ 
Анализ покрытий

ДПВ ДПВ
X X 1 нед 

0.5 нед
1 нед 
0.5 нед

1 нед 
0.5 нед

1 нед 
0.5 нед

6.2
X X6.3

9. Транспортные расходы(11ДМ)
Калькулир. транспорта, расходов X X 1 нед 1 нед9.3

Обед, сост мост+опред стапдр. 
Сбор данных по мостам 
Инспектирование мостов 
Состав, существ стандар по мостам

10.
0.5 нед 
0.5 нед 
0.5 нед

10.1 X 0.5 нед 
0.5 нед 
0.5 нед

1 нед 
3 нед 
1 нед

1 нед 
3 нед 
1 нед

Оборудов для 
тсстир мостовX10.2 X

X10.3

и. Стратегия содержания мостов
Оценка сущ методов содержания 
Дискус по вопросам содержания 
Оценка стоим. содерж.+ ремонта

X X 1 нед
0.5 нед 
0.5 нед

1 нед
0.5 нед 
0.5 нед

1 нед 
0.5 нед 
0.5 нед

1 нед 
0.5 нед 
0.5 нед

11.1
11.2 X

X11.3

I {аладка PMS 4- BMS
Установка системы 
Ввод данных в PMS/BMS

12.
X 0.5 нед 

1.5 нед
0.5 нед 
1.5 нед

0.5 нед 
1.5 нед

0.5 нед 
1.5 нед

PMS/BMS
прогр

PMS/BMS
прогр

12.1
X X12.2

Модель оптимизации PMS/BMS XX 1 нед 1 нед 2 нед13. 2 нед

14. ОбучениеЧ- Семинары
Обучение^-семинар PMS/BMS 
Семинар по технол. содер мостов

X X 1 нед 
0.5 нед

1 нед
0.5 нед

1 нед 
0.5 нед

1 нед 
0.5 нед

учебн матеручебн матер14.3
X14.4

10.5 10.5 14.0Всего 14.0
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INGENIEURE

ОТЧЕТ ВЫПОЛНЕНИЯ ПО ПРОЕКТУ

Номер проекта: TELREG 9305 Страны: Южные республики СНГ и Грузия Форма 2.2, Стр.: 2Название проекта: ТРАСЕКА Проект - Внедрение системы
управления дорожными покрытиями.

Плановый период : 07/96 - 09/96 Составлено: 10/1996 Консультант Европейского союза: KOCKS CONSULT GmbH

Содержание проекта: Внедрение системы управления дорожными покрытиями и мостами ( PMS / BMS )
ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ 

(за период с июля 1996 по сентябрь 1996) 
Месяцы

ЗАТРАТЫПРОВЕДЕННЫЕ МЕРОПРИЯТИЯNo
ОБОРУДОВАНИЕРегион: Центральная Азия

ПЕРСОНАЛ 
Консультант ЕС

ДРУГОЕПЕРСОНАЛ 
Страна партнер

И
МАТЕРИАЛЫСтрана 2, Киргизия

8 9 Заплан Запланир Запланир Запланир Выполн7 Выполн Выполн Выполн

Транспортные расходы (НДМ)
Калькулир. транспорт, расходов

23.
1 нед1 недX X23.3

Обсл. сост мостТопред сгандр. 
Сбор данных по мостам 
Инспектирование мостов 
Состав, существ стандар по мостам

24.
0.5 нед 
2 нед 
0.5 нед

X 0.5 нед
2 нед
0.5 нед

1 нед 
3 нед 
1 нед

1 нед 
3 нед 
1 нед

Оборудов для 
тестир мостов

24.1
X24.2
X24.3

25. Стратегия содержания мостов
Оценка сугц меиодов содержания 
Дискус по вопросам содержания 
Оценка стоим. содерж.+ ремонта

1 нед 
0.5 нед 
0.5 нед

1 нед 
0.5 нед 
0.5 нед

1 нед
0.5 нед 
0.5 нед

1 нед 
0.5 нед 
0.5 нед

X25.1
X25.2
X25.3

Наладка PMS 4- BMS
Установка системы 
Ввод данных в PMS/BMS

26.
0.5 нед 
1.5 нед

PMS/BMS
гтрогр

0.5 нед 
1.5 нед

0.5 нед 
1.5 нед

0.5 нед 
1.5 нед

PMS/BMS
прогр

х26.1
X X26.2

1 нед 1 нед 2 нед 2 недX X XМодель оптимизации PMS27.

Обучение!-Семинары
Семин по дор безоп и проектиров 
Обучение+семинар PMS/BMS 
Семинар по техно,\. содерж мост

28.
0.2 нед 
1 нед 
0.5 нед

0.2 нед 
1 нед 
0.5 нед

0.2 нед 
1 нед 
0.5 нед

X 0.2 нед 
1 нед 
0.5 нед

учебн матер 
учебн матер

учебн матер 
учебн матер

28.2
X X28.3

X28.4
10.7 10.7 12.7 12.7Всего
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INGENIEURE

ОТЧЕТ ВЫПОЛНЕНИЯ ПО ПРОЕКТУ

Номер проекта: TELREG 9305Название проекта; ТРАСЕКА Проект - Внедрение системы Страны; Южные республики СНГ и Грузия Форма 2.2, Стр.: 3
управления дорожными покрытиями.

Плановый период : 07/96 - 09/96 Составлено: 10/1996 Консультант Европейского союза; KOCKS CONSULT GmbH

Содержание проекта: Внедрение системы управления дорожными покрытиями и мостами ( PMS / BMS )
ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ 

(за период с июля 1996 по сентябрь 1996) 
Месяцы

ПРОВЕДЕННЫЕ МЕРОПРИЯТИЯ ЗАТРАТЫNo
Регио» Центральная Азия ОБОРУДОВАН И Е

ПЕРСОНАЛ 
Консультант ЕС

ПЕРСОНАЛ 
Страна партнер

ДРУГОЕИ
МАТЕРИАЛЫСтрана 3, Казахстан

8 9 Выполн7 Заплан Выполн Запланир Выполн Запланир______
Толчкомер 
измер диет авто

ЗапланирВыполн
Обслед сосг дороН-опред станд 
Определен неровн.+обелед сост 
Рассм существ станд проектир.

32. Толчкомер 
измер диет авто 
Мерлин

1.5 нед 
0.5 нед

XXX 1.5 нед 
0.5 нед

1.5 нед 1.5 нед 
0.5 нед

32.1
X32.2

36. Дороги+эксплуат. расходы
Оценка стоимостей содержан. 0.2 нед 0.2 нед 1 недX 1 нед36.1

Транспортные расходы(НДМ)
Калькулир. транспорт, расходов

37.
1.5 нед 1.5 недX X37.3

38. Обсл. сосг мосг+опрсд сгандр. 
Сбор данных по мостам 
Инспектирование мостов 
Состав, существ стандар по мостам

0.5 нед 
2 нед 
0.5 нед

0.5 нед 
2 нед 
0.5 нед

X 1 нед 
3 нед 
1 нед

1 нед 
3 нед 
1 нед

Оборудов для 
тестир мостов

38.1
X X38.2

X38.3

39. Стратегия содержания мостов
Рассм существ методов содержан 
Дискус по вопросам содержания 
Оценка стойле содерж.+ ремонта

1 нед 
0.5 нед 
0.5 нед

1 нед 
0.5 нед 
0.5 нед

1 нед 
0.5 нед 
0.5 нед

X 1 нед 
0.5 нед 
0.5 нед

39.1
X39.2
X39.3

Наладка PMS + BMS
Установка системы 
Ввод данных в PMS/BMS

40.
0.5 нед 
1.5 нед

0.5 нед 
1.5 нед

0.5 нед 
1.5 нед

0.5 нед 
1.5 нед

PMS/BMS 
про гр

PMS/BMS
ггрогр

X40.1
X X40.2

1 нед 1 нед 2 нед 2 недX41. Модель оптимизации

42. Обучение+Семинары 
Семинар по безопастности движ. 
Обучение+ семинар PMS/BMS 
Семинар по технол. содерж мост

0.2 нед 
1 нед 
0.5 нед

0.2 нед 
1 нед 
0.5 нед

0.2 нед 
1 нед 
0.5 нед

X 0.2 нед 
1 нед 
0.5 нед

учебн матеручебн литер42.2
X X42.3

X42.4

15.213.4 13.4 15.7Всего
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INGENIEURE

ОТЧЕТ ВЫПОЛНЕНИЯ ПО ПРОЕКТУ

Номер проекта: TELREG 9305 Страны: Южные республики СНГ и Грузия Форма 2.2, Стр.: 4Название проекта: ТРАСЕКА Проект - Внедрение системы
управления дорожными покрытиями.

Плановый период : 07/96 - 09/96 Составлено: 10/1996 Консультант Европейского союза: KOCKS CONSULT GmbH

Содержание проекта: Внедрение системы управления дорожными покрытиями и мостами ( PMS / BMS )
ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ 

(за период с июля 1996 по сентябрь 1996) 
Месяцы

ЗАТРАТЫПРОВЕДЕННЫЕ МЕРОПРИЯТИЯNo
ОБОРУДОВАНИЕРегион Центральная Азия

ДРУГОЕПЕРСОНАЛ 
Консультант ЕС

ПЕРСОНАЛ 
Страна партнер

И
МАТЕРИАЛЫСтрана 4, Туркменистан

8 9 Запланир Выполнт Заплан Выполн ВыполнЗапланир Запланир Выгюлн
0.5 нед 0.5 нед43. XВстреча ознакомление

Страна 5, Таджикистан

1 нед 1 недX44. Встреча ознакомление

Регион Кавказ

Страна 1, Азербайджан

75. Исслед трансп потока-Ь оценка 
Трансп поток+ измерен осев нагр 
Прогноз транспорт движения

1 нед0.5 нед 
1.5 нед

1.0 нед 
1.0 нед

1 недXXX Опрсд осев нагр Опред осев нагр75.2
XXX75.3

76. ДИВ измерения+оценка
Выбор отдельн участ дорог 
Измерение-Невод данных по ДПВ 
Анализ покрытий

0.5 нед 
1 нед 
0.5 нед

0.5 нед 
1 нед 
0.5 нед

0.5 нед 
1 нед 
0.5 нед

0.5 нед 
1 нед 
0.5 нед

X дпв ДПВ76.1
XXX76.2

X76.3

77. Стратегия содержания
Состав сухцест меропр по содеран 
Предлож по стратег содержания

0.5 нед 
0.5 нед

0.5 нед 
0.5 нед

0.5 нед 
0.5 нед

0.5 нед
0.5 нед

X77.1
X77.2

Транспорт расходы (HDM) 
Классификац автомоб для HDM 
Эконом+финансов стоим по транс 
Калькул транспорт расходов

79.
0.5 нед 
1.5 нед 
0.2 нед

0.5 нед 
1.5 нед 
0.2 нед

1 нед
2 нед

1 нед
2 нед

X79.1
XXX79.2

X79.3

8.28.2 7.0 7.0Всего
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INGENIEURE

ОТЧЕТ ВЫПОЛНЕНИЯ ПО ПРОЕКТУ

Номер проекта; TELREG 9305 Форма 2.2, Стр.: 5Страны: Южные республики СНГ и ГрузияНазвание проекта; ТРАСЕКА Проект - Внедрение системы
управления дорожными покрытиями.

Плановый период : 07/96 - 09/96 Составлено: 10/1996 Консультант Европейского союза: KOCKS CONSULT GmbH

Содержание проекта: Внедрение системы управления дорожными покрытиями и мостами ( PMS / BMS )
ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ 

(за период с июля 1996 по сентябрь 1996) 
Месяцы

ПРОВЕДЕННЫЕ МЕРОПРИЯТИЯ ЗАТРАТЫNo
ОБОРУДОВАНИЕРегион Кавказ

ДРУГОЕПЕРСОНАЛ 
Консультант ЕС

ПЕРСОНАЛ 
Страна партнер

И
МАТЕРИАЛЫСтрана 2, Грузия

Вы ПОЛИЗапланир*7 8 9 Заплан Выполя Запланир Запланир ВыполиВыполи
86. Стратегия сбор данных 

Подгот мест эксперт, бюро 
Обработка сущ. базиса данных

0.5 нед 
1 нед

0.5 нед 
1 нед

X86.1
X X X 2 нед 2 нед86.2

0.5 нед 0.5 нед 0.5 нед 0.5 нед87. Расположение дорожной сети X

Толчкомер 
измер диет авто

Толчкомер 
измер диет авто 
Мерлин

Обслед сост дорог!-опред станд 
Определ неровн-+ обслед состоян 
Рассм существ стандарт проектир

88.
X X X X X X X 4 нед$ 

1 нед
4 нед 
1 нед

4 нед 4 нед 
1 нед

S8.1
X X88.2

89. Исслед трансп потока+оценка 
Анализ сущ дан по трансп потоку 
Трансп поток+измерен осев агруз 
Прогноз транспорта движения

1 нед 
0.5 нед 
1.5 нед

1 нед 
0.5 нед 
1.5 нед

2 нед 
1 нед

2 нед 
1 нед

X X X89.1
Опред осев нагр Опред осев нагрX89.2

X X X89.3

ДПВ ДПВ90. ДПВ измерения+оценка
Выбор типичных уч-ков дорог 
Измерение+ввод данных поДПВ 
Анализ покрытий

0.5 нед 
1 нед 
0.5 нед

0.5 нед 
1 нед 
0.5 нед

0.5 нед 
1 нед 
0.5 нед

0.5 нед 
1 нед 
0.5 нед

X X90.1
XXX90.2

X X90.3

91. Стратегия содержания
Состав сугц меропр по содержан 
Предлож. по стратегии содержан

0.5 нед 
0.5 нед

0.5 нед 
0.5 нед

0.5 нед 
0.5 нед

0.5 нед 
0.5 нед

X X91.1
X X91.2

92. Дороги+эксплуатац расходы 
Оценка стоимостей содержания 0.2 нед 1 нед0.2 нед 1 недX92.1

Транспорт расходы (HDM)
Классификац автомоб для HDM 
Эконом+ финансов стоим по транс 
Калькул транспорт расходов

93.
0.5 нед 
1.5 нед 
1 нед

0.5 нед 
1.5 нед 
1 нед

1 нед
2 нед

X 1 нед
2 нед

93.1
XX93.2

X X93.3

16.2 16.5 17.516.2Всего



KOCKSзз
INGENIEURE

ОТЧЕТ ВЫПОЛНЕНИЯ ПО ПРОЕКТУ

Форма 2.2, Стр.: 6Номер проекта; TELREG 9305 Страны: Южные республики СНГ и ГрузияНазвание проекта: ТРАСЕКА Проект - Внедрение системы
управления дорожными покрытиями.

Плановый период : 07/96 - 09/96 Составлено: 10/1996 Консультант Европейского союза: KOCKS CONSULT GmbH

Содержание проекта: Внедрение системы управления дорожными покрытиями и мостами ( PMS / BMS )
ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ 

(за период с июля 1996 по сентябрь 1996) 
Месяцы

ЗАТРАТЫПРОВЕДЕННЫЕ МЕРОПРИЯТИЯNo
ДРУГОЕПЕРСОНАЛ 

Консультант ЕС
ПЕРСОНАЛ 

Страны партнера
ОБОРУДОВАНИЕ И 

МАТЕРИАЛЫ
Регион Кавказ 
Страна 3, Армения

8 План Выполи9 План7 ВыПОЛИ План Выполн План Выполн
1 недX X 1 нед99. Встреча ознакомление

Стратегия сбор данных
Подгот мест эксперт, бюро 
Обработка суп;, базиса данных

100.
0.5 нед
1 нед

0.5 нед
1 нед

X100.1

2 нед 2 недX X100.2

0.5 нед 0.5 нед 0.5 нед 0.5 недXРасположение дорожной сети101.

Обслед сост дороН-опрсд станд
Определ неровн.+ обслед состоян

102. толчкомер 
измер дистан, 
авто Мерлин

толчкомер 
измер дистан, 
автомоб

2 нед 2 нед 1 нед 1 недXXX102.1

Исслед трансп потока+оценка 
Анализ сущ дан по трансп потоку 
Трансп поток+измерен осев нагр 
Прогноз транспорта движения

103.
1 нед
0.5 нед 
1.5 нед

1 нед
0.5 нед 
0.5 нед

2 нед 
1 нед

2 нед 
1 нед

X X103.1
X103.2 опред осев 

нагрузки
опред осев 
нагрузкиX103.3

дпв дпвДПВ измерения+оценка
Выбор типичных уч-ков дорог 
Измерение+ввод данных поДПВ 
Анализ покрытий

104.
0.5 нед
1 нед
0.5 нед

0.5 нед 
1 нед 
0.5 нед

0.5 нед 
1 нед 
1 нед

X 0.5 нед
1 нед 
0.5 нед

Компьютер Компьютер104.1

X XX104.2 принтер с комппринтер с комп
X104.3

105. Стратегия содержания
Состав сущ мероггр по содержан 0.5 недX 0.5 нед 0.5 нед 1 нед105.1

10.5 9.5 9.0 10.0Всего
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ОТЧЕТ ПО ИСПОЛЬЗОВАННЫМ РЕСУРСАМ
Проект номер : TELREG 9305 Форма 2.3 Стр.: 1Проект: Внедрение системы управления дорожным покрытием Страны: Южные республики СНГ и Грузия

Плановый период : 07/1996 - 09/1996 Составлен : 10/1996 Консультант Европейского союза : KOCKS CONSULT GMBH, Кобленц / Германия

Содержание проекта: Внедрение системы управления дорожными покрытиями и мостами ( PMS / BMS )
ВСЕГО ЗАПЛАНИРОВАНО НА ПЕРИОД ЗАПЛАНИРОВ ЗА ПЕРИОД ВЫПОЛНЕНО ВСЕГО ВЫПОЛНЕНО ОСТАТОКРЕСУРСЫ / ЗАТРАТЫ

ПЕРСОНАЛ

Управляющий проектом 20 чел.-дней 5 чед-дней 5чед-дней 15 чед-дней 5 чел-дней
Руководитель группы 
(Центральная Азия и Кавказ)

10.18 чед-мес. 4.00 чед-мес. 4.00 чед-мес.
(вкд дополнит, группу)

0.18 чед-мес.10.00 чед-мес.

Экономист по транспорту 8.00 чед-мес. 3.00 чед-мес. 3.00 чед-мес. 6.50 чед-мес. 1.50 чед-мес.
Инженер транспортник 15 чед-дней 10 чед-дней 10 чед-дней 10 чед-дней 5 чед-дней
ДПВ и (PMVBMS) специалист 9.82 чед-мес.

(7.27 мес. + 56 дней)
4.00 чед-мес. 4.00 чед-мес. 8.00 чед-мес. 1.82 чед-мес.

Инженер координатор 10.18 чед-мес. 3.50 чед-мес. 3.80 чед-мес. 7,30 чед-мес. 2,88 чед-мес.
12.00 man-months 
(10.18 мес. + 40 дней.)

Инженер по конструкциям и специалист по 
мостам

4.00 чед-мес. 3.5 чед-мес. 3,50 чед-мес. 8,50 чед-мес.
(10.18 мон. + 40 дней)

Специалист по асфальту 24 чед-дней 12 чед-дней 24 чед-дней 40 чед-дней 0 чед-дней

24 чед-дней 8 чед-дней 8 чед-днейPMS/BMS Поддержка специалистов главн. бюро 20чед-дней 4 чед-дней
0PMS/BMS Программист 88 чед-дней 33 чед-дней 88 чед-дней 33 чед-дней

50.18 чед-мес. и 
156 чед-дней

18,50 чед-мес. и 
68 чед-дней

18.30 чед-мес. и 
80 чед-дней

35.30 чед-мес. и 
173 чед-дней

14.88 чед-мес. и 
14 чед-днейИтого

ОБОРУДОВАН И Е И МАТЕРИАЛЫ

1 1 1 1 оФеникс ДПВ
1 1 1 1 оСистема определения осевой нагрузки
1 1 2 2 0Толчкомер
1 1 2 2 0Определитель дистанции
8 3 3 26Персон, компьютер включая комплект, части
8 3 3 26Лазерный принтер включая комплект, части
8 3 23 6Прогр. обеспечение,,Windows 95“
8 3 3 53Прогр. обеспечение„RoSy - PMS/BMS“

36 16 18 27 11
Итого
ДРУГИЕ ЗАТРАТЫ

1 1 оMERLIN
0Оборудование для тестирования мостов 1 компд 1 компд
01 1Итого

ВСЕГО
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INGENIEURE

ОТЧЕТ ПО СОСТОЯНИЮ ВЫПОЛНЕНИЯ

Проект номер: TELREG 9305Название проекта: ТРАСЕКА Проект - Внедрение системы 
_________________ управления дорожными покрытиями.

Страны: Южные республики СНГ и Грузия Форма 2.4, Стр.: 1

Составлен: 10/1996 Консультант Европейского союза: KOCKS CONSULT GMBH, Кобленц / Германия

Проведение работы Отклонение в плане 
+ или - %

Причины отклонения Примечания для ограничений и 
_______ предположений_______

Регион: Центральная Азия

Страна 1, Узбекистан

- 30% Дороги в южной части страны будут 
обследованы 10/1996

Обследование состояния покрытий

Выполнено
В соответствии с проектом 

Выполнено 
Выполнено

В соответствии с проектом 
В соответствии с проектом 

Выполнено

Оценка транспортного потока 
Экономия, оценка и транспорт, расходы 
Обследование состояния мостов 
Установка и наладка PMS + BMS 
Рекомендации по улучшению 
Обучение и семинары
Доставка компьютеров и програмного 
обеспечения по PMS + BMS

Страна 2, Киргизстан

Выполнено
Выполнено

В соответствии с проектом 
Выполнено 
Выполнено

В соответствии с проектом 
Выполнено 
Выполнено

Обследование состояния покрытия 
Оценка транспортного потока 
Экономия, оценка и транспорт, расходы 
Обследование состояния мостов 
Установка и наладка PMS + BMS 
Рекомендации по улучшению 
Обучение и семинары
Доставка компьютеров и програмного 
обеспечения по PMS + BMS
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ОТЧЕТ ПО СОСТОЯНИЮ ВЫПОЛНЕНИЯ

Проект номер: TELREG 9305Название проекта: ТРАСЕКА Проект - Внедрение системы 
_________________ управления дорожными покрытиями.

Страны: Южные республики СНГ и Грузия Форма 2.4, Стр.: 2

Составлен: 10/1996 Консультант Европейского союза: KOCKS CONSULT GMBH, Кобленц / Германия

Отклонение в плане 
+ или - %

Проведение работы Причины отклонения Примечания для ограничений и 
_______ предположений_______

Регион,- Центральная Азия

Страна 3, КАЗАХСТАН

Выполнено
В соответствии с проектом 
В соответствии с проектом 

Выполнено 
Выполнено

В соответствии с проектом 
Выполнено 
Выполнено

Обследование состояния покрытий 
Оценка транспортного потока 
Экономия, оценка и транспорт, расходы 
Обследование состояния мостов 
Установка и наладка PMS + BMS 
Рекомендации по улучшению 
Обучение и семинары
Доставка компьютеров и програмного 
обеспечения по PMS + BMS

Страна 4, Туркменистан

В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом

Обследование состояния покрытия 
Оценка транспортного потока 
Экономия, оценка и транспорт, расходы 
Обследование состояния мостов 
Установка и наладка PMS + BMS 
Рекомендации по улучшению 
Обучение и семинары
Доставка компьютеров и програмного 
обеспечения по PMS + BMS
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ОТЧЕТ ПО СОСТОЯНИЮ ВЫПОЛНЕНИЯ

Проект номер: TELREG 9305Название проекта; ТРАСЕКА Проект - Внедрение системы 
_________________ управления дорожными покрытиями.

Страны; Южные республики СНГ и Грузия Форма 2.4, Стр.: 3

Составлен: 10/1996 Консультант Европейского союза: KOCKS CONSULT GMBH, Кобленц / Германия

Проведение работы Отклонение в плане 
+ или - %

Причины отклонения Примечания для ограничений и 
_______ предположений_______

Регион: Центральная Азия

Страна 5, Таджикистан

В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом

Обследование состояния покрытий 
Оценка транспортного потока 
Экономия, оценка и транспорт, расходы 
Обследование состояния мостов 
Установка и наладка PMS + BMS 
Рекомендации по улучшению 
Обучение и семинары
Доставка компьютеров и програмного 
обеспечения по PMS + BMS

Регион Кавказ

Страна 1, Азербайджан

Выполнено
Выполнено

В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом

Обследование состояния покрытия 
Оценка транспортного потока 
Экономия, оценка и транспорт, расходы 
Обследование состояния мостов 
Установка и наладка PMS + BMS 
Рекомендации по улучшению 
Обучение и семинары
Доставка компьютеров и програмного 
обеспечения по PMS + BMS
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ОТЧЕТ ПО СОСТОЯНИЮ ВЫПОЛНЕНИЯ

Проект номер: TELREG 9305 Форма 2.4, Стр.: 4Страны: Южные республики СНГ и ГрузияНазвание проекта: ТРАСЕКА Проект - Внедрение системы 
_________________ управления дорожными покрытиями.
Составлен: 10/1996 Консультант Европейского союза: KOCKS CONSULT GMBH, Кобленц / Германия

Отклонение в плане 
+ или - %

Причины отклонения Примечания для ограничений и 
_______ предположений_______

Проведение работы

Регион: Кавказ

Страна 2, Грузия

Выполнено
Выполнено

В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом

Обследование состояния покрытий 
Оценка транспортного потока 
Экономия, оценка и транспорт, расходы 
Обследование состояния мостов 
Установка и наладка PMS + BMS 
Рекомендации по улучшению 
Обучение и семинары
Доставка компьютеров и програмного 
обеспечения по PMS 4- BMS

Страна 3, Армения

В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом _ 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом 
В соответствии с проектом

Обследование состояния покрытия 
Оценка транспортного потока 
Экономия, оценка и транспорт, расходы 
Обследование состояния мостов 
Установка и наладка PMS 4- BMS 
Рекомендации по улучшению 
Обучение и семинары
Доставка компьютеров и програмного 
обеспечения по PMS 4- BMS
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5. ПЛАНИРОВАНИЕ РАБОТЫ ПО ПРОЕКТУ В СЛЕДУЮЩЕМ 

ОТЧЕТНОМ ПЕРИОДЕ

5-1 Запланированная деятельность
В течении данного отчетнного периода консультативные услуги предоставлялись 

в 6 странах-получателях. В следующем отчетном периоде Консультант начнет 

работать и в Туркменистане и Таджикистане

Будут продолжены и соответственно завершены описанные ранее работы по 

проведению полевых испытаний и сбору ланных по дорогам и автомагистралям, 
главными статьями которых будут:

семинары по ознакомлению с работой оборудования
сбор и оценка данных о дорожной поверхности и состоянии дорожной 

одежды
сбор и оценка данных о состоянии мостов

Как указывалось шесть стран получили компьютерное оборудование и 

страны программные системы. В следующем отчетном периоде , все восемь 

стран-получателей получат компьютерное оборудование, а также программную 

систему RoSy-PMS/BMS.

В соответствии с выше описанным, будет продолжено обучение там, где оно еще не

три

завершено по следующим вопросам:
- использование оборудования
- сбор данных о состоянии дорог
- подготовка базы данных
- сбор данных по состоянию мостов

- использование программ PMS/BMS

Будет продолжаться работа Консультанта над транспортно-экономическими затратами 

и расходами на эксплуатацию дорог в отношении:
- сбор данных (интенсивность движения, осевые нагрузки)

- оценка роста движения
- расчет транспортных эксплуатационных расходов
- расходы на эксплуатацию дорог

Будут продолжены семинары по битумно-связующим материалам и связанной с ними 

технологии, а также по аспектам дорожной безопасности.
В ноябре 1996 года будут осуществлена ознакомительная поездка в Запад1гую Европу

TRACECA-PMS: 243-5M21\PR-lR.DOC
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5.2 Таблицы
В таблицах ниже отражена работа, которую предполагается провести в следующем 

отчетном периода в каждом из восьми государств-получателей помощи.

TRACECA-PMS: 243-M821\PR-1R.DOC



KOCKS41
INGENIEURE

ПЛАН МЕРОПРИЯТИЙ НА ПОСЛЕДУЮЩИЙ ПЕРИОД (Рабочая программа)

Форма 1.6, 
Стр.: 1

Проект номер: TELREG 9305 Страны: Южные республики СНГ и ГрузияНазвание проекта: ТРАСЕКА Проект - Внедрение системы
управления дорожными покрытиями

Составлен: 10/1996 Консультант Европейского союза: KOCKS CONSULT GMBH, Кобленц / ГерманияПлановый период: 10/1996 - 12/1996

Содержание проекта: Внедрение системы управления дорожными покрытиями ( PMS / BMS )

ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ ЗАТРАТЫМЕРОПРИЯТИЯNo
ПЕРСОНАЛ ОЮРУДОВАНИЕ ДРУГОЕРегион Центральная Азия

1996 Месяцы И
МАТЕРИАЛЫ

И10 12 Консультант Страна
партнер

Страна 1, Узбекистан
ЕС

Обслед сост дорог+опрсд станд 
Определен неровн.+обслед сост

4.
X X 1 нед 1 нед4.1

Обучение и Семинары
Дорожи безопастность и проектирование 
Ознакомит поездка

14.
0.2 нед 
1 нед

0.2 нед 
1 нед

X Учебн матер14.2
X14.5

Страна 2, Киргизстан

Обучение и Семинары
Ознакомит поездка

28.
1 нед 1 недX28.5

Страна 3, Казахстан

Обучение и Семинары
Ознакомит поездка

42.
1нед 1 недX42.5

4.2 нед 4.2 недВсего
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ПЛАН МЕРОПРИЯТИЙ НА ПОСЛЕДУЮЩИЙ ПЕРИОД (Рабочая программа )

Проект номер: TELREG 9305 Форма 1.6,
Стр^: 2

Название проекта; ТРАСЕКА Проект - Внедрение системы 
________________управления дорожными покрытиями.

Страны: Южные республики СНГ и Грузия

Составлен: 10/1996Плановый период; 10/1996 - 12/1996 Консультант Европейского союза: KOCKS CONSULT GMBH, Кобленц / Германия

Содержание проекта: Внедрение системы управления дорожными покрытиями ( PMS / BMS )

ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ ЗАТРАТЫМЕРОПРИЯТИЯNo
ПЕРСОНАЛ ОБОРУДОВАНИЕРегион Центральная Азия ДРУГОЕ

1996 Месяцы И
МАТЕРИАЛЫ

10 11 12 Консультант Страна
партнер

Страна 4, Туркменистан
ЕС

1.5 недX X 2 недСтратегия сбор данных44.

45. X 0.5 нед 0.5 недРасположение дорожной сети

XX XX 3 нед4 нед46. Обслед сосг дороН-опред станр Толчкомер Мерлин 
Измер дистанц

X X 3 нед 3 недОбслсдв трансп потока+оцснка X47. изм осев нагруз

X X 2 нед 2 нед ДПВ, принтер 
компьютер

ДПВ измсрения+оценка48.

1 недX 1 нед49. Стратегия содержания

1 нед50. X 1 недДороги+эксплуатац расходы

Транспорта расходы (HDM) 3 нед51. X X X 3 нед

52. 3 нед 3 недX X XОбслед сосг мосН-опред станд

53. X X 2 нед 2 недСтратегия содержания мостов

54. X X 2 нед 2 нед PMS/BMS програмНаладка PMS + BMS

55. X X 1 нед 2 недМодель оптимизации

56. 3 недX X X X 3 нед учеб матерОб учение+семинары

27 нед 27.5 недВсего
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ПЛАН МЕРОПРИЯТИЙ НА ПОСЛЕДУЮЩИЙ ПЕРИОД (Рабочая программа)

Проект номер: TELREG 9305 Форма 1.6, 
Стр.: 3

Название проекта; ТРАСЕКА Проект - Внедрение системы Страны; Южные республики СНГ и Грузия
управления дорожными покрытиями.

Составлен: 10/1996Плановый период: 10/1996 - 12/1996 Консультант Европейского союза; KOCKS CONSULT GMBH, Кобленц / Германия

Содержание проекта; Внедрение системы управления дорожными покрытиями ( PMS / BMS )

ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ ЗАТРАТЫМЕРОПРИЯТИЯNo
ПЕРСОНАЛ ОЮРУДОВАНИЕРегион Центральная Азия ДРУГОЕ

1996 Месяцы И
МАТЕРИАЛЫ

10 11 12Страна 5, Таджикистан Консультант Страна
партнерЕС

58. 1.5 нед 2 недX XСтратегия сбор данных

X 0.5 нед 0.5 нед59. Расположение дорожной сети

X X X X 3 нед4 нед толчком Мерлин 
измер дистанц

GO. Обслед сост дорог+опред станд

3 нед 3 недX X X61. Обследов трансп потока+оценка измер осев нагр

2 нед 2 недX X ДПВ, принтер,62. ДПВ измерения+ оценка
компьютер

1 нед 1 недX63. Стратегия содержания

1 нед 1 недX X64. Дороги+эксплуатац расходы

X 3 нед 3 нед65. X XТранспорта расходы (HDM)

3 нед 3 недX X X66. Обслед сост мостов+опред станд

2 нед 2 недX X67. Стратегия содержания мостов

2 нед 2 нед PMS/BMS прогрX X68. Наладка PMS + BMS

1 нед 2 недX69. Модель оптимизации

3 нед 3 нед учебн матерXX X X70. Обучение+ семинары

28.5 нед27 недВсего
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ПЛАН МЕРОПРИЯТИЙ НА ПОСЛЕДУЮЩИЙ ПЕРИОД (Рабочая программа)

Проект номер: TELREG 9305 Форма 1.6, 
Стр.: 4

Название проекта: ТРАСЕКА Проект - Внедрение системы 
_________________ управления дорожными покрытиями.

Страны: Южные республики СНГ и Грузия

Составлен: 10/1996Плановый период: 1С/1996 - 12/1996 Консультант Европейского союза: KOCKS CONSULT GMBH, Кобленц / Германия

Содержание проекта: Внедрение системы управления дорожными покрытиями ( PMS / BMS )

ВРЕМЕННЫЕ ОГРАНИЧЕНИЯ ЗАТРАТЫМЕРОПРИЯТИЯNo
ПЕРСОНАЛ ОБОРУДОВАНИЕ ДРУГОЕРегион Кавказ

1996 Месяцы И
МАТЕРИАЛЫ

10 И 12 Консультант Страна
партнер

Страна 1, Азербайджан
ЕС

78. Дороги+эксплуатац расходы
Оценка стоимостей содержания 0.2 нед 1 недX78.1

Обслсд сосг мост+опред станд 
Сбор данных по мостам 
Инспектирование мостов 
Состав, существ стандар по мостам

80.
0.5 нед 
2 нед 
0.5 нед

1 нед 
3 нед 
1 нед

X80.1
X X80.2 оснащен для провер 

мостовX80.3

81. Стратегия содержания мостоп 
Оценка сущ методов содержания 
Дискус по вопросам содержания 
Оценка стоим. содерж.+ ремонта

1 нед 
0.5 нед 
0.5 нед

1 нед 
0.5 нед 
0.5 нед

X81.1
X81.2
X81.3

PMS/BMS прогрНаладка PMS + BMS
Установка системы 
Ввод данных в PMS/BMS

82.
0.5 нед 
1.5 нед

X 0.5 нед 
1.5 нед

82.1
XX82.2

1 нед 2 недX83. Модель оптимизации

учебн матер84. Обучен ие+ Семинары 
Семинар по технол бит.вяж продук 
Семинар по дорожи безопостн и проектиров 
Обучение+семинар PMS/BMS 
Семинар по технол. содерж мостов 
Ознакомит поездка

1 нед 
0.2 нед 
1 нед 
0.5 нед 
1 нед

1 нед 
0.2 нед 
1 нед 
0.5 нед 
1 нед

X84.1
X84.2

X X84.3
X84.4
X84.5

11.9 нед 15.7 недВсего
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ПЛАН МЕРОПРИЯТИЙ НА ПОСЛЕДУЮЩИЙ ПЕРИОД (Рабочая программа)

Проект номер: TELREG 9305 Форма 1.Ğ,
Стр.: 5

Название проекта; ТРАСЕКА Проект - Внедрение системы 
_________________ управления дорожными покрытиями.

Страны; Южные республики СНГ и Грузия

Составлен: 10/1996Плановый период: 10/1996 - 12/1996 Консультант Европейского союза; KOCKS CONSULT GMBH, Кобленц / Германия

Содержание проекта: Внедрение системы управления дорожными покрытиями ( PMS / BMS )

ВРЕМЕННЫЕ ОГРАНИЧЕНИЯNo МЕРОПРИЯТИЯ ЗАТРАТЫ
ПЕРСОНАЛРегион Кавказ ОЮРУДОВАНИЕ ДРУГОЕ

1996 Месяцы И
МАТЕРИАЛЫ

10 11 12Страна 2, Грузия Консультант Страна
партнерЕС

94. Обслед сост мост+опрсд станд X XX 3 нед 3 нед

95. Стратегия содержания мостов X X 2 нед 2 нед

96. Наладка PMS + BMS
Установка системы 
Ввод данных в PMS/BMS

PMS/BMS прогр
X 0.5 нед 

1.5 нед
0.5 нед 
1.5 нед

96.1
X X X96.2

97. X X 1 нед 2 недМодель оптимизации

98. Обучсние+Семинары
Семинар технол бит.вяж продукт 
Семинар по дорожи безопастн и проектиров 
Обучение+ семинар PMS/BMS 
Семинар по технол. содерж мост 
Оэнакомительн поездка

учебн матер
1 нед 
0.2 нед 
1 нед 
0.5 нед 
1 нед

1 нед 
0.2 нед 
1 нед 
0.5 нед 
1 нед

X98.1
X98.2

X X98.3
X98.4

X98.5

11.7 нед 12.7 недВсего
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ПЛАН МЕРОПРИЯТИЙ НА ПОСЛЕДУЮЩИЙ ПЕРИОД (Рабочая программа )

Проект номер: TELREG 9305 Форма 1.6, 
Стр.: 6

Название проекта: ТРАСЕКА Проект - Внедрение системы 
_________________ управления дорожными покрытиями.

Страны: Южные республики СНГ и Грузия

Составлен: 10/1996Плановый период: 10/1996 - 12/1996 Консультант Европейского союза: KOCKS CONSULT GMBH, Кобленц / Германия

Содержание проекта: Внедрение системы управления дорожными покрытиями ( PMS / BMS )

ВРЕМЕННЫЕ ОГРАНИЧЕНИЯNo МЕРОПРИЯТИЯ ЗАТРАТЫ
ПЕРСОНАЛРегион Кавказ ОБОРУДОВАНИЕ ДРУГОЕ

1996 Месяцы И
МАТЕРИАЛЫ

10 11 12Страна 3, Армения Консультант Страна
партнерЕС

102. Обслед сосг дорог-Ропрсд станд 
Определ неровн.+ обслед состоян X 1 нед 1 нед102.1

105. Стратегия содержания
Предлож. по стратегии содержан X 0.5 нед 0.5 нед105.2

106. Дороги+эксплуатац расходы 
Оценка стоимостей содержания 1 недX 0.2 нед106.1

Транспорт расходы (HDM)
Классификац автомоб для HDM 
Эконом+ финансов стоим по транс 
Калькул транспорт расходов

107.
0.5 нед 
1.5 нед 
1 нед

1 нед
2 нед

107.1 X
X X107.2

107.3 X

3 недXX X 3 нед108. Обслед сост Mocr-t-опред станд

109. Стратегия содержания мостов X X 2 нед 2 нед

PMS/BMS прогрно. Наладка PMS + BMS
Установка системы 
Ввод данных в PMS/BMS

0.5 нед 
1.5 нед

0.5 нед 
1.5 нед

X110.1
X X110.2

X X 1 нед 2 нед111. Модель оптимизации

112. Обучение^-Семинары
Семинар технол бит.вяж продукт 
Семинар по безоп дорожи движен 
Обучение+семинар PMS/BMS 
Семинар по технол. содсрж мост 
Ознакомит поездка

учебн матер
X 1 нед 

0.2 нед 
1.5 нед 
0.5 нед 
1 нед

1 нед 
0.2 нед 
1.5 нед 
0.5 нед 
1 нед

112.1
X112.2

X X112.3
112.4 X

X112.5

16.9 нед 18.7 недВсего
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ПРИЛОЖЕНИЕ 1

• Биография 
Циммерманы

• Биография Поич
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БИОГРАФИЯ

Предлагаемая должность Специалист по асфальту

1. Фамилия Циммерман»

2. Имя Ханс Ульрих

3. Сентябрь 16, 1949Дата рождения

Национальность4. немец

5 Гражданский статус холостой

б. Образование

Институт Гос инженерный колледж, Любек, Германия

Дата 1969 - 1971 
1973 - 1979

Звание или полученный диплом Диплом инженера бакалавра гражданского 
строительства

Языки и степень владения ими (отметка от 1 до 5 по компете!гпюсти)7.
Разговор ПисьмоЯзык Чтение

55 5Немецкий

44 4Английский

3 3 3Французский

22 2Русский

8. Участие в профессиональных обществах

Другие знания (Компьютерн грамотность и др.)опыт в програм. языках FORTRAN,
BASIC,PASCA и microsoft office

9.

10. Старший инженер по геотехникеДолжность
Ur'

2И. Время работы в фирме:

13 Опыт работы в восточных странах

Страна Дата

1995 - 1996Узбекистан

TRACECA-PMS: 243-5M21\PR-2R_AP.DOC
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14. Профессиональный опыт:
Дата 1995 - 1996

Место Узбекистан

Компания KOCKS CONSULT GMBH

Должность Старший инженер по материалам 
контролю за качеством

и

Описание Ташкентский Аэропорт проект
реконструкции несет ответственность за 
надзор и испытания при работах по усилению 
асфальтобетоного и бетоного покрытия плогц. 
440,000 кв м на 2 ВПП

Дата 1991 - 1995

Место Германия

Наг res Pickel GmbHКомпания

Должность Главный инженер по геотехнике

Ответственность за исследование почв и 
материалов, лабораторные испытания, расчет 
покрытий и фундаментов мостов для проектов 

инфраструктуры 
автомагистрали, ж/дороги.

Описание

областив -дороги.

Дата 1990 - 1991

Место Заир

Strabag International

Старший инженер по геотехнике

При строительстве 120 км дороги Осо- 
Осокари отвечает за исследования и 
лабораторные испытания почв и строительных 
материалов, расчет покрытия (а/бетона), 
расчеты фундаментов 8 мостов и н надзор за 
работами в карьере

Компания

Должность

Описание

Дата 1989 - 1990

Место Германия

IGB Consulting Engineers 

Старший инженер по геотехнике

Компания

Должность

Описание Проектирование засыпных участков, вкл. 
обследование мест, почв, лабораторн. 
испытания, подготовка спецификаций и 
надзор за работами.

TRACECA-PMS: 243-5M2nPR.2R.AP ООС
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Дата 1988 - 1989

Место Германия

Институт защиты окружающей

Старший инженер по геотехнике

Курсы обучения мерам 
окружающей среды, 
структурными и геотехническими расчетами, 
а также со строительством и надзором (меры 

защиты наземных и поверхн. вод, 
разработка/претворение мер добычи, не 
наносящих вреда окружающей среде, защита 
от эрозии, переработка материалов)

Компания

Должность

Описание защитепо
связанными со

Дата 1984 - 1987

Место Саудовская Аравия

GTZ GmbHКомпания

Должность Главный инженер по 
лабораторным испытаниям

игеотехнике

Описание Ответственность за передачу 
обучение
проведению полевых обследований, лабор. 
испытаний, расчету фундам и контр за качесг

технологии,
лаборантовместного штата

Дата 1981 - 1983

Место Саудовская Аравия 

Kling Consult

Инженер по геотехнике и конструкциям

Компания

Должность

Дата 1980 - 1981

Место Германия

Baugrund GmbH Dr. Schwarz

Инженер по гражданскому строительству

Ответственность за геотехнические полевые 
исследования и лабор. испытания проектов 

дорог, а также за конструкт проектирование.

Компания

Должность

Описание

Дата 1972 - 1973

Место Германия

Heuer and I^ffler Consulting Engineers 

Инженер по гражданскому строительству 

Расчеты конструкций и анализ нагрузок

Компания

Должность

Описание

TRACECA-PMS: 243-58821\PR-2R_AP.DOC
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БИОГРАФИЯ

Предлагаемая должность: Инженер по проектированию и эксплуатации 
мостов

1. Фамилия ПОИЧ

2. Имя Петер

3. 24 декабря 1962Дата рождения

4. Национальность немец

5. Гражданский статус женат

6. Образование

Высшая инженерная школа ГерманияИнститут

1985 - 1989Дата

Звание или полученный диплом Диплом инженера гражданского 
строительства

Языки и степень владения ими (отметка от 1 до 5 по компетентности)7.

Чтение РазговорЯзык Письмо

5 5 5Немецкий

Английский 4 4 4

3 23Русский

8. Участие в профессиональных обществах

Другие знания (Компьютерн грамотность и др.)9.
• CADdy - CAD System
• Система управления мостами (BMS)
• R-STAB - Статическая прогр
• РСАЕ - RC Статическая прогр
• Windows, WinWord, Corel

TRACECA-PMS: 243-58821\PR-2R_AP.DOC
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10. Должность Инженер по проектированию и 
эксплуатации мостов

И. 6Время работы в фирме:

12. Общая квалификация

Инженер проектировщик с опытом работы в проектировании , восстановлении и 
эксплуатации мостов? Опыт в проведении надзора, обследований и проверок 

состояния мостов, также как и исследований для восстановления различных 
систем мостов: их
программ управления мостами (BMS).

эксплуатации и содержания при помощи компьютерных

13. Опыт работы в восточных странах

Страна Дата

14. Профессиональный опыт:

Дата 1990 - 1996

Место Германия

Verkelirs- und Ingenieurbau Consult 
GmbH

Инженер по проектированию мостов

Проектиирование восстановления ж/б 
моста на В 273 с высотой опоры 48 м

Проектирование 

расширения однопролетного моста с 
прокатной балкой из бетона на 
магистрале А 4

Обследование исторического трехпроле 
тного сводчатого моста (Год постр. 

Общая дл.
Потсдама, с тем. чтобы избежать стр-ва 

нового моста принимая во внимание 
аспекты ухода за памятниками

Компания

Должность

Описание

восстановления и

1852, 40 ш) около

TRACECA-PMS: 243-5M21\PR-2R_AP.DOC
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П роектирование 
двухпролет ного ж/б моста на В 5

Проектирование восстановления и 
усиления сводчатых мостов

Проектирование нового моста 
Бранденбурге, трехпролетный мост с 
предварительно 
конструкиями Общ дл 93 м

Проектирование и модернизация 
четырехпролетного ж/бетонного моста 

общей дл. 37 м через 

железнодорожное полотно.

П роектирование 
расширения на А10

восстановления

в

напряженными

с

6 полосного

Проверка и программа содержания для 
10 стальных, ж/бетонных и сводчатых 
мостов с дл. от 30 до 70 м с помощью
BMS .

Подготовка основных проверок мостов 
в рамках приема строительных 
сооружений 16
мостов (ж/бетон. предварит. напр.
ж/бетон с дл. до 221 м и тунелем дл. 
430 м).

строя щ.вновь

1989 - 1990Дата

Место Германия

VEB Autobahnkombinat 

Entwurfsingenieur

Сверка и документирование понтроля за 

мостами по
компьютерного обеспечения (BMS).

Компания

Должность

Описание
Ri-EBW-Prbf с помощью

TRACECA-PMS: 243-5M21\PR-2R_APDOC
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ПРИЛОЖЕНИЕ 2

• Данные состояния 
дороги

• Данные по 
покрытию

TRACECA-PMS: 243-58e21\PR-2R_AP.DOC
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ДАННЫЕ ПО СОСТОЯНИЮ ПОКРЫТИЯ
Неровности дороги/Состояние поверхности (KAZAKHSTAN)

Фактор калибрации ; С = 3.44

М 39: Гран. Киргизстана (Север. Бишкека) - Алматы

Место 
km - Post

IRIИзмерен
Длина

Толчкомер Неровност Дорожный
пикетаж

Уч-к
Длина

Кате
гория

(визуал)
BI(импул.)

(км)(м) (км) (м/км)(мм/км)etc.
1412.41
1413.17 
1414.72 
1419.07 
1419.50
1425.17 
1425.67 
1427.91
1428.17

31412 53,740
54.500 
56,050 
60,400 
60,830
66.500 
67,000 
69,240
69.500

3 0.76
1.552 А

1 А 4.35
2 А 0.43
2 А 5.67
2 А 0.50

3 2.24
2 А 0.26

НАЧАЛО ДПВ "ПИЛОТ' УЧ-КА 2
3 0.241428 1428.00

1429.00
1430.00 
1430.50 
1430.97
1431.00 
1431.96
1432.00 
1432.93
1433.00 
1433.91
1434.00

0
1.001429 1,000 4

3 1.002,000 
2,500 
2,968
3.000 
3,959
4.000 
4,931
5.000 
5,911
6.000

КОНЕЦ ДПВ "ПИЛОТ' УЧ-КА 2
76.500
77.500 
77,900 
78,770 
79,000 
80,550 
81,180

8.41430 223 6935
0.504
0.4741431

9143 10.7 4 0.03294

:
4 0.961432

0.04331 1029 11.9 4
4 0.931433

12.5 0.071085 4349
0.9141434

4 0.0911.39734313

3 0.451434.45
1435.45 
1435.85 
1436.72 
1436.95 
1438.50
1439.00
1441.00
1442.00
1442.07
1443.07
1443.09
1444.07
1444.10
1445.07 
1445.12
1446.07 
1446.14
1447.07
1447.17
1448.07
1448.18
1449.07

4 1.00
4 0.40
3 0.87

2 А 0.23
2 А 1.55

3 0.501439
2 В 2.001441 180
1 В 1.001442 1,107

429' 5.5 1 В 0.071,180 125
5.52,180 125 429' 1 В 1.00

1 В 0.012,192
3.180 
3,203
4.180 
4,223

1443
5.3415. 0.99121 1 В

0.021 в1444
5.7 1 В 0.98130 4466

0.041445 1 В
5.5 1 В 0.965,180 125 4294

2 В 0.075,2491446
2 В 0.93535' 6.71566,180

6,275 5 0.101447
512.3 0.90106497,180 310
5 0.101448 7,282

8,180 15.1 5 0.9013397390
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ДАННЫЕ ПО СОСТОЯНИЮ ПОКРЫТИЯ

Место 
km - Post

Измерен
Длина

Толчкомер Неровност Дорожный
пикетаж

IRI Уч-к
Длина

Кате
гория 

(визуал)
BI(импул.)

(км)(м/км)(м) (мм/ км) (км)etc.
51449 8,305

9,180
9,308

10,180
10,250
11,180
11,310
12,180
12,330
13.180
14.180 
14,360 
15,000
15.440
16.180
17.180 
17,490
18.180 
18,480
19.180 
19,380
20.180 
21,180 
21,570 
22,180 
22,620
23.180 
23,630
24.180 
24,640
25.180 
25,660
26.180
26.670
27.180
27.670
28.180 
28,690
29.180 
29,750
30.180
31.180 
31,780
32.180 
32,730
33.180
34.180
34.440

1449.20
1450.07
1450.20
1451.07 
1451.14
1452.07
1452.20
1453.07 
1453.22
1454.07
1455.07 
1455.25 
1455.89
1456.33
1457.07
1458.07 
1458.38
1459.07 
1459.37
1460.07 
1460.27
1461.07
1462.07 
1462.46
1463.07
1463.51
1464.07
1464.52
1465.07
1465.53
1466.07
1466.55
1467.07
1467.56
1468.07
1468.56
1469.07 
1469.58
1470.07 
1470.64
1471.07
1472.07 
1472.67
1473.07 
1473.62
1474.07
1475.07
1475.33

18824 5 0.8820.4548
1450 0.132 В

0.872 В7.8186 6389
1451 0.071 В

0.935.4 1 В122 4191
0.131452 1 В
0.874.5 1 В3435100
0.151453 1 В
0.855.8 1 В134 4603
1.004.2 1 В92 316С
0.181455 3
0.643
0.441456 3
0.7439.2264 7685
1.005.8 1 А4569133
0.312 А1458
0.692 А6252182 7.6
0.302 А1459
0.702 А6.35015146
0.201460 1 В
0.805.5 1 В126 4328

4637 1.005.9 1 В135
0.392 В1462
0.612 В5736 7.1167
0.442 В1463
0.562 В5736 7.1167
0.4531464
0.5510.2 38656252
0.462 В1465
0.542 В5702 7.0166
0.482 В1466
0.522 В6217 7.6181
0.4931467
0.5139.3227 7797
0.492 В1468
0.512 В185 6355 7.8
0.512 В1469
0.497.2 2 В170 584С
0.572 В1470
0.432 В5771 7.1168
1.002 А6492 7.9189

2 А 0.601472
0.402 А8.26733196
0.552 В1473
0.452 В5565 6.9162

2 В 1.00
0.262 ВTown sign

ALMATY
0.331475.66 2 В1475 34,770
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ДАННЫЕ ПО СОСТОЯНИЮ ПОКРЫТИЯ

ТРАСЕКА- PMS
УЧАСТОК ’ПИЛОТ" АЛЯ СИСТЕМЫ 
УПРАВЛЕНИЯ ДОРОЖНЫМ ПОКРЫТИЕМ 
ГРУЗИЯ

Участок 1
S 1 (M 1), Тбилиси-Кашури / Поти 
Длина уч-ка 11.5 km, Пикетаж км 28.2 - 39.7

GEO - 1.1 Толщина слоя покрытия

ПК км 29.2 ПК км 33.7 ПК км 38.4

40 мм Асфальт 1 слой 
110 мм Асфальт 2 слой 
250 мм Гравий 

Грунт песок - глина

30 мм Асфальт 1 слой 
120 мм Асфальт 2 слой 
100 мм Гравий 
100 мм Асфальт 

50 мм Гравий 
20 мм Асфальт 

130 мм Гравий 

Грунт песок - глина

30 mm мм Асфальт 1слой 
50 mm Asphalt 2 слой 

120 мм Гравий 
70 мм Асфальт 
80 мм Гравий 

Грунт песок - глина

GEO - 1.2 Неровность

Пикет [ км ] IR1 [ м/км 1

28.20 - 28.65 
28.65 - 29.42 
29.42 - 29.96 
29.96 - 31.16 
31.16 - 32.04 
32.04 - 33.45 
33.45 - 34.50 
34.50 - 35.13 
35.13 - 36.00 
36.00 - 37.28 
37.28 - 38.06 
38.06 - 39.11 
39.11 - 39.70

11.9
9.2
11.1
13.2
9.0
10.7
10.8
10.6
11.5
12.0
12.2
11.1
11.7
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ДАННЫЕ ПО СОСТОЯНИЮ ПОКРЫТИЯ

Участок 2
S 4 (М 4), Тбилиси - гр. Азербайджана
Длина уч-ка 12 км, пикет км 15 (км Пост 3 стар, нумер.) км27

GEO - 2.1 Толп/ина слоя покрытия

ПК км 23.3 ПК км 25.9 ПК км 29.8

50 мм Асфальт 1 слой 
70 мм Асфальт 2 слой 

430 мм Гравий 

Грунт песок - глина

50 мм Асфальт 1 слой 
30 мм Асфальт 2 слой 

100 мм Асфальт (стар сл) 
100 мм Гравий 

Грунт песок - глина

120 мм Асфальт 
400 мм Гравий 
130 мм Асфальт 

50 мм Гравий 

Грунт песок - глина

GEO - 2.2 Неровность

Пикет [ км ] IRI [ м/км ]

15.00 - 15.50
15.50 - 16.50
16.50 - 17.50
17.50 - 18.60
18.60 - 19.60
19.60 - 21.00
21.00 - 22.30 
22.30 - 22.54 
22.54 - 22.85 
22.85 - 23.02 
23.02 - 23.70 
23.70- 24.15 
24.15 - 25.20 
25.20 - 26.34 
26.34 - 27.00

6.1
8.1
8.0
10.5
9.7
9.2
8.5
19.2
14.1
15.3
15.9
21.4
14.1
13.1
14.6
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ДАННЫЕ ПО СОСТОЯНИЮ ПОКРЫТИЯ

Участок 2
S 4 (М 4), Тбилиси - гр. Азербайджана
Длина уч-ка 12 км, пикет км 15 (км Пост 3 стар, нумер.) км27

GEO -2.1 Толгчина слоя покрытия

ПК км 23.3 ПК км 25.9 ПК км 29.8

50 мм Асфальт 1 слой 
70 лам Асфальт 2 слой 

430 мм Гравий 

Грунт песок - глина

50 мм Асфальт 1 слой 
30 лам Асфальт 2 слой 

100 лам Асфальт (стар сл) 
100 мм Гравий 

Грунт песок - глина

120 лам Асфальт 
400 лам Гравий 
130 ллм Асфальт 

50 лам Гравий 

Грунт песок - глина

GEO - 2.2 Неровность

Пикет [ км ] IRI [ м/км ]

15.00 - 15.50
15.50 - 16.50
16.50 - 17.50
17.50 - 18.60
18.60 - 19.60
19.60 - 21.00
21.00 - 22.30 
22.30 - 22.54 
22.54 - 22.85 
22.85 - 23.02 
23.02 - 23.70 
23.70 - 24.15 
24.15 - 25.20 
25.20 - 26.34 
26.34 - 27.00

6.1
8.1
8.0
10.5
9.7
9.2
8.5
19.2
14.1
15.3
15.9
21.4
14.1
13.1
14.6
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T P А C E К A : Инспекция места - Регистрация повреждений
(Т R А С E С А : Bridge inspection Registration of damages)

Вид:.......
Страница:

Номер моста: Дата инспекции:

№ Замечания
Remarks

Структурный компонент
Structural component

Материал
Material

Описание повреждения
Kind of damage

Объем Нахождение повреждения
Location

<tfcao
No NPAmount

ТЯАСЕСД-PMS: 24Э-SM21VPR-2E_AP.DOC
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TRACECA - Введение в основы менеджмента мостов (BMS)

Оценка Состояния Мостов

Основные параметры оценки состояния мостов и их распределение по классам 
(Оценка качества каждого класса)

Описание состояния Оценка
качества

Неотложные
мероприятия

Конструкция не имеет или имеет минимальные, трудно заметные 
повреждения.

1 Текущее содержание

Повреждения ни в отдельности не в целом не влияют на 
стабильность конструкции, безопасность движения, долговечность 
конструкции.

Примеры типичных дифектов:
• загрязненная поверхность мешает визуальной инспекции
• небольшие неровности/неглубокая колея на проезжей части, 

тротуарах
• загрязнение деформационных швов, опорных частей и 

пространства вокруг них, швов стальных конструкций и 
технических смотровых ходов конструкций

• не выравнен растительный слой на или в непосредственной 
близости от конструкций

• незначительные осадкигрунтау>опор>/илиподмыв>опор
• грязные, нечитаемые дорожные знаки

2 Текущее и периодическое 
содержание и/или ремонт

Конструкция имеет ясно видимые повреждения, но они существенно 
не влияют на надежность. Нет существенных помех безопасности 
движения.

Существующее состояние конструкции не обеспечивает требования 
долговечности.

Примеры типичных дифектов:
• Небольшие повреждения антикоррозийной защиты и/или 

инженерного обустройства моста (перил, барьера безопасности, 
дорожных фонарей, ограждающих знаков, и.т.д.)

• инженерное обустройство моста в хорошем состоянии, но уже не 
соответствует требованиям стандартов

• незначительные повреждения откосов и стабильности насыпи, 
лестничных маршев на конусах, водоотвада с моста, 
деформационных швов, заполнения швов

• небольшие повреждения антикоррозийной защиты стальных 
пролетных строений

• средняя неровность/колея покрытия проезжей части, тротуаров
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Неотложные
мероприятия

Описание состояния Оценка
качества

Конструкция имеет значительные повреждения, которые в в 
отдельности или в целом в короткие сроки могут уменьшать 
стабильности
использования моста в целях безопасности движения (ограничения 
нагрузки, однополосное движение, организованная знаками или 
барьерами и.т.д.)

3 Капитальный ремонт
и/или реабилитация

и/или необходимость ограничениявызвать

Существующие повреждения сокращает срок службы сооружения.

Примеры типичных дифектов:
• значительные повреждения перил и плит тротуаров

на проезжей части и пешеходных• значительные повреждения 
проходов

• значительные неровности покрытия проезжей части
• значительные повреждения антикоррозийной защиты и покрытий 

стальных конструктивных элементов
• эррозия и коррозия пролетных строений и опор, начинающая 

умениьшение поперечных сечений несущих элементов
• повреждения гидроизоляции, заполнения швов, водоотвода от 

моста и гидроизоляции, потерие стабильности насыпи (подмыв 
конусов), отсутствие подвижности опорных частей и.т.д., которые 
могут вызвать другие значительные повреждения

• коррозия арматуры и несущих стальных элементов с уменьшением 
их поперечных сечений

4 Реабилитация 
реконстру кция

Конструкция имеет ссрезные повреждения, которые в отдельности 
или в целом умелыпает стабильность и/или ограничивает 
безопасность движения.

или

Долглвечность конструкции значительно уменьшилось.

Необходимо срочно принять меры по эксплуатации моста
(ограничение нагрузки, однополосное движение, организованное 
знаками, частичное закрытие моста барьерами и.т.д.) и/или 
незамедлительное устранение опасностей для безопасности движения.

Примеры типичных дифектов:
• недостаток пучков напряженной арматуры
• существенные повреждения на основных несущих элементах в 

результате перегрузки (деформации, трещины в швах объединения 
элементов, существенные трещины на уровне пучков, 
деформированные связи)

• перила, обустройство безопасности, покрытие проезжей части и 
другие элементы инженерного обустройства моста имеют 
повреждения, которые значительно снижают их функции

• повреждения структурных элементов, влекущие за собой опасность 
движения (уменьшение подмостового габарита, опосность обвала 
некоторых частей моста)
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ПРИЛОЖЕНИЕ 3

• Обследование 

нагрузок на ось
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СУММА ВЫБОРОЧНЫХ ОБСЛЕДОВАНИЙ НАГРУЗОК НА ОСЬ В СТРАНАХ ТРАСЕКА

Гос Sample Средний вес (тонны)тип
транспорта принадлеж 
____________ транспор исслед

ESA /страна

Axle 1 Axle 2 Axle 3 Axle 4 Axle 5size vehicleGVW

Large Bus 
Large Bus 
Large Bus 
Large Bus 
Large Bus 
Large Bus 
Large Bus

C.I.S Uzbekistan
Kyrgyzstan 

C.I.S Kazakhstan
Azerbaijan

8 4.27 8.21 12.48 1.0997
0.1660
0.2481
1.2341

C.I.S 9 5.053.04 8.09
8 3.43 5.57 9.00

C.I.S 8 4.97 8.35 13.32
CIS Georgia

Georgia
Georgia

5 4.73 9.54 14.27
19.19
18.95

1.9811
1.9299
2.0001

Other 5.464 9.23 4.50
All 5.05 9.40 4.509

Truck 2-axle 
Truck 2-axle 
Truck 2-axle 
Truck 2-axle 
Truck 2-axle 
Truck 2-axle All
Truck 2-axle C.I.S
Truck 2-axle Other
Truck 2-axle All

C.I.S Uzbekistan
Other Uzbekistan 

All Uzbekistan

170 3.00 4.97 0.1559
5.1235
0.1930

7.97
6 6.14 12.08 18.22

176 3.13 5.25 8.39
All Kyrgyzstan
All Kazakhstan

118 2.28 4.08 6.38 0.0686
0.0453
0.1272

2.35109 3.61 5.96
Azerbaijan 121 2.91 4.71 7.62

105Georgia
Georgia
Georgia

2.73 4.34 0.0925
0.4651
0.0974

7.07
3.453 6.62 10.07
2.75108 4.40 7.15

Truck 3-axle 
Truck 3-axle 
Truck 3-axle 
Truck 3-axle All
Truck 3-axle All
Truck 3-axle All
Truck 3-axle C.I.S
Truck 3-axle 
Truck 3-axle All

C.I.S Uzbekistan
Other Uzbekistan 

All Uzbekistan

195 3.74 4.24 4.23 12.19 0.1892
0.0846
0.1879

2 4.07 2.67 2.66 9.40
197 3.74 4.23 4.22 12.17

Kyrgyzstan
Kazakhstan
Azerbaijan

72 3.76 4.12 3.98 11.87
12.07
11.99

0.1667
0.1814
0.1792

128 3.68 4.28 4.11
258 3.62 4.24 4.16

Georgia
Georgia
Georgia

116 3.79 4.81 4.84 13.44
22.05
15.16

0.2910
2.8213
0.5004

Other 9.5629 4.71 7.78
145 5.76 5.433.97

Truck 4-axle 
Truck 4-axle 
Truck 4-axle 
Truck 4-axle 
Truck 4-axle 
Truck 4-axle 
Truck 4-axle 
Truck 4-axle 
Truck 4-axle

Uzbekistan 
Other Uzbekistan

All Uzbekistan

C.I.S 5.7827 4.27 3.27 3.69 16.88
30.02
23.45

0.3943
3.3343
1.2237

5.24 8.51 7.8527 8.42
54 4.75 7.15 5.84 5.81

All Kyrgyzstan
All Kazakhstan
All_____Azerbaijan

5.41 5.03 5.239 22.83
15.29
17.77

1.0991
0.2327
0.3810

7.16
3.60 4.89 3.828 2.98

5.31 4.2542 4.12 4.09
5.32 1.5591

2.3967
1.9529

C.I.S 5.33Georgia 
Other Georgia

All_____ Georgia

7.87 6.19 24.71
27.94
26.46

11
5.5413 8.28 7.22 6.90

6.575.44 6.3624 8.09

Truck 5-axle C.I.S
Truck 5-axle Other
Truck 5-axle All
Truck 5-axle All
Truck 5-axle All
Truck 5-axle All
Truck 5-axle C.I.S
Truck 5-axle Other
Truck 5-axle All

Uzbekistan
Uzbekistan
Uzbekistan

3.42 0.1909
2.0573
0.9092

4.09 3.34 17.87
31.89
26.38

44 3.62 3.40
5.13 5.97 7.4068 6.21 7.19

5.845.19 5.68112 4.72 4.96
4.45 4.384.30 21.26

17.35
20.28

0.3870
0.1882
0.3058

Kyrgyzstan
Kazakhstan
Azerbaijan

4.23 4.1417
56 3.174.00 3.70 3.70 3.17

4.0592 4.01 4.23 3.97 4.01
5.48 4.354.56 22.34

26.59
24.20

0.4969
1.0073
0.6477

Georgia
Georgia
Georgia

23 4.22 3.73
4.955.194.98 6.69 4.7818

4.55 5.49 5.17 4.624.3741

Источник
Примечан

Обследование осевой нагр было выполнено под рук- вом консультанта 
Другие (не-C.I.S) международ транспор ср-ва в основном из Турции и Ирана. 

GVW - Обгций вес автомобиля 
ESA - Эквив станд оси .
CIS - Содруж независ гос- в (СНГ)
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Название проекта : Проект Трасека - Создание систем управления
состоянием дорожного покрытия
TELREG 9305Номер проекта : 

Страна : Республики в южной части СНГ и Грузия

СЕМИНАР ПО БИТУМО- СВЯЗУЮЩИМ МАТЕРИАЛАМ

ОЦЕНКА МЕТОАОВ. ТЕХНОЛОГИЙ И СТАНААРТОВ В СТРАНАХ ПРОЕКТА 
ТРАСЕКА И СРАВНЕНИЕ С ЕВРОПЕЙСКИМИ И АРУГИМИ ЗАПАДНЫМИ 

МЕТОААМИ. ТЕХНОЛОГИЯМИ И СТАНААРТАМИ

1. ПРОЕКТИРОВАНИЕ ПОКРЫТИЯ

-критерии проектирования
главной целью проектирования должно быть:
- создание комфортабельных условий для пользователей дорог
- их экономическая и финансовая приемлемость
- сведение до минимума деформац. изменений покрытия

-характеристика асфальтовых слоев, несущих слоев и земляного полотна

-направления проектирования (процедура проект.)
- компьютерное
- традиционное (базирующееся на опыте)

-рассмотрение существующих проектных решений в сравнении с 
западным опытом проектирования.

сравнение стандартов, применявшихся в бывшем СССР с
- Американскими (AASHO)
- Японскими
- Канадскими
- Немецкими

- рассмотрение предложений о желаемых изменениях соответствующих 
потребностям каждой страны

2. МАТЕРИАЛЫ

-общие требования к материалам, таким как продукты дробления 
горных пород и битумам используемым в асфальтобетоне

-материалы, имеющиеся в распоряжении

-критерии выбора состава асфальта и лабораторные проверки

-дискуссии по существующей ситуации и предложения по возможным 
улучшениям
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3. КОНТРОЛЬ КАЧЕСТВА

-цель контроля качества
- кем выполняется, когда, где и почему контроль и проверка 
-дискусии существующей ситуации в сравнении с требованием качества

4. АСФАЛЬТОВАЯ ПРОДУКЦИЯ И ТЕХНИКА УСТРОЙСТВА 
ПОКРЫТИЯ

-асфальтовые продукты для дорожного стр-ва 
-асфальтовые заводы 
-методы асфальтирования и уплотнения 
-дискусии по существующей ситуации

5. ВОССТАНОВЛЕНИЕ АСФАЛЬТОВЫХ ПОКРЫТИЙ

-техника и методы в отношении к размерам повреждений на дороге

Оценка состояния дороги
- состояния поверхности
- несущей способности
- состав покрытия
- состояния структур покрытия

-повреждения поверхности, причины ухудшения дорог

-содержание, ремонт, замена и усиление покрытий дорог

-дискуссии по имеющимся в данное время методам содержания и 
предложения по улучшению

6. ТЕХНИКА И МЕТОАЫ ПОВТОРНОГО (РЕСАКЛИНП ПРИМЕНЕНИЯ 
АлЯ АСФАЛЬТОБЕТОНА

-холодная / теплая переработка, преимущества и недостатки

-традициональные методы

-повторное смешивание непосредственно на стройке 
Цель этого метода

- Улучшение носящих способностей
- Улучшение морозостойкости 

Преимущества этого метода
- Отсутствие отходов материалив при дор. стр-ве
- Защита природных ресурсов
- Уменьшение транспорта материалов
- Защита других госуд./обществен дорог в округе

-профилирование, повторное стр-во, техника смешения 
-дискуссии по существующей ситуации и возможностях ее улучшения
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Название проекта : Проект Трасека - Создание систем 
состоянием дорожного покрытия

управления

TELREG 9305Номер проекта : 

Страна : Республики в южной части СНГ и Грузия

СЕМИНАР ПО БЕЗОПАСНОСТИ АВИЖЕНИЯ И НЕКОТОРЫМ 
АСПЕКТАМ КОНСТРУКЦИИ АОРОЖНОГО ПОЛОТНА . 

Оценка стандартов безопасности движения и конструкции дорог по 
проекту ТРАСЕКА для магистралей в республиках южной части СНГ и 

Грузии в сравнении с европейскими стандартами.

1.КАТЕГОРИЯ АОРОГИ И РАСЧЕТНАЯ СКОРОСТЬ.

1.1 Стандарты СССР 2.05.02-85. 1986

КАТЕГОРИЯ РАСЧЕТНАЯ СКОРОСТЬ [Кт/ч] 
нормальные условия | участки с сильным [ сложные участки 

j боковым ветром j
150 120 80I - э
120 100 60l-b
120 100 60II
100 5080III
80 60 40IV
60 3040V

1.2 Немецкие стандарты RAS-Q. 1982

КАТЕГОРИЯ расчетная
скоростькатегория группы категория дороги [km/ч]

90-120
80-120
60-80(100)
60-80

А I международные магистрали и 
дороги дальнего следования 
промышленные дороги 
основные дороги инфраструктурыА А IIМагистрали вне населенныых 

районов A III
А IV

Скоростные дороги 
проходящие вблизи и через 
города

главные дороги (скоростные) 
основные дороги (скоростные) 
скоростные дороги

В II (60) 70 - 80 
(50) 60 - 70 
50-60В В III

В IV

с С III 50 (- 70) 
(40) 50 (60)

Главные промышленные 
дороги

главные дороги) 
основные дорогиС IV

40-50D D IVОсновные промышленные 
дороги

основные дороги 
основные улициD V нет

Дополнительные 
промышленные дорогиЕ E V нетулица

проездE VI нет

В скобках приведены особые случаи
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2. СТАНААРТЫ АОРОГ КАТЕГОРИИ А (МАГИСТРАЛИ))

2.1 Сеанларты СССР 2.05.02-85. 1986

общая
ширина

Кат обочины разделительная
полоса

вся (покрытая)

транспорта 
ый поток 

(ADT) 
[ед/день]

расчетная скорость полосы
[Кт/ч]

вся (покрытая)N. ширинаI I
I Iнорм j ветер ] труд 

i нI

43.50 m 
36.00 m
28.50 m

6.00 m (1.00m) 
6.00 m (1,00m) 
6.00 m (1 00m)

150 120 80 8 J 3.75 m 
6 ı 3.75 m 

3.75 m

3.75 m (0.75m) 
3.75 m (0.75m) 
3.75 m (0.75m)

l-a >14000 ı ı
I I
I I ±48 | 3.75 m 

6 ı 3.75 m 
4 j 3.75 m

+ 5.00 m (1,00m) 
5.00 m (1.00m) 
5.00 m (1.00m)

42.50 m 
35.00 m
27.50 m

3.75 m (0.75m) 
3.75 m (0.75m) 
3.75 m (0.75m)

120 100 60l-b >14000 ı ı
I I
I I

+ 15.00 m6000-14000 3.75 m (0.75m)120 100 2 i 3.75 m60II I I
t 80 j 50 

60 ! 40
12.00 m2.50 m (0.50m)2000-6000 100 2 3.50 mIII I

t 10.00 m200-2000 2.00 m (0.50m)80 2 3.00 mIV I I
T r 8.00 m60 40 i 30 1 J (2.25m) 1.75 m ( - - )V <200 ı

2.2 Немецкий стандарт RAS-Q. 1982

общая
ширина

Кат обочины замечрасчетная
скорость

[km/h]

i разделительная 
полоса

вся (покрытая)

транспорт 
ный поток 

(ADT) 
[ед/день]

полосы I
I I анияII вся (покрытая)N. ширин I I
ı Iа

I6 j 3.75 m \ 4.50 m (3.00 m) j 6.00 m (2x1,00m) j 37.50 m
4 ı 3.75 m ı 4.50 m (3.00 m) ı 5.00 m (2x0.50m) ı 29.00 m
2 ! 3.75 m j 3.25 m (1.75 m) j
6 j 3.50 m | 4.00 m (2.50 m) \ 4.00 m (2x0.50m) j 34.00 m
4 ı 3.50 m ı 4.00 m (2.50 m) ı 4.00 m (2x0.50m) ı 26.00 m
2 ! 3.75 m | 3.25 m (1.75 m)
2 ı 3.75 m ı 2.25 m (0.25 m) ı
4~[ 3.25 m j 2.00 m (0.50m) [ 3.00 m (2x0.50m) j 20.00 m 
2 ı 3.25 m ı 1.75 m (0.25m) ı

i45 - 61000 
29 - 39000 
14 - 27000

100-120
100-120
90-100

iiА I 14.00 m iii
54 - 66000 
35 - 42000 
22 - 27000 
14 - 21000

90-100
90-100
80-100
80-100

А II I 14.00 m iiiı iv12.00m
33 - 42000 
11 - 21000

80 (-100) 
60-80AIM 10.00 m v

2 j 3.00m ; 1.50 m ( -- ) 9.00 m11 - 14000 60-80A IV VI

ЗАМЕЧАНИЯ: (i) 1995 рабочая версия стандартов для дороги шириной 35.50 m:
- ширина правой полосы 1 х 3.75 m и левой полосы 2 х 3.50 m
- ширина разделительной полосы 5.00 m (2x0.75m покрытая)

(ii) 1995 рабочая версия стандартов для дороги шириной 29.50 m:
- ширина обочины 4.75 ш (3.25т покрытая)
- ширина разделительной полосы 5.00 m (2x0.75m покрытая)

(iii) 1995 рабочая версия стандартов для дороги шириной 15.50 m:
- количество полос 3 (2+1 попеременно)
- ширина одной полосы (1) 1 х 3.75 тс обочиной 2.75 т (0.25т покрытой)
- ширина двух полос (2) 1 х 3.50 m (правой) + 1 х 3.25 m (левой) 

с обочиной 1.75 m (0.25m покрытой)
- ширина разделительной полсы 0.50 m (покрытой)

(iv) 1995 рабочая версия стандартов для дороги шириной 10.50 m:
- ширина полосы 3.50 m
- ширина обочины 1.75 m (0.25m покрытая)

(v) 1995 рабочая версия стандартов для дороги шириной 9.50 m:
- ширина полосы 3.00 m
- ширина обочины 1.75 m (0.25m покрытая)
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3. ИЗБИРАТЕЛЬНЫЕ АСПЕКТЫ БЕЗОПАСНОСТИ ДВИЖЕНИЯ И 
КОНСТРУКЦИИ АОРОЖНОГО ПОЛОТНА

идея переменных радиусов поворота 
размер радиуса поворота после прямого участка 
разметка полос разгона и торможения 
дорожная разметка (материал: дороги 2+1) 

дорожные знаки
безопасность пешеходов и пользователей дорог в городах где проходятдороги с 
интенсивным движением
разметка предупреждающая аварийные ситуации 
содержание дорог зимой
программы информирования общественности

4.ПРАВИЛА РЕГУЛИРОВАНИЯ

4.1Точечная система учета нарушений правил дорожного лвижения (Germany!

Все нарушения влекущие за собой денежный штраф в размере превышающем 55 US$. 
подлежат специальной регистрации Пример использования этого метода вы можете видеть 
ниже:

нарушение примточки
превышение скорости вгороде 

21 - 25 km/ч 
26 - 30 km/ч 
31 - 40 km/ч 
41 - 50 km/ч 
51 - 60 km/ч
> 60 km/ч

управление тр ср в состоянии алкогольного 
опьянения

0.8 - 1.1 °/оо
> 1.1 %о

просроенный тех осмотр 
управление автомобилем без прав 
управление не застрахованным тр ср 
потеря номерного знака 
управление тр ср не имеющем знака ав ос 
износ протектера (< 1.6 mm) 
исчезновение с места проишествия 
опасный обгон
неподчинение знаку ОБГОН ЗАПРЕЩЕН
неподчинение знаку СТОП
неподчинение сигналам светофора
несоблюдение дистанции
создание аварийной ситуации
езда с выключенными габаритами во время
дождя и тумана
разворот на магистрали
обгон справа_____________________________

•••
•••
•••••
•••••
••••••

i
i

11

••••

••

••
••••

••
••••
•••
•••
••••

•••
••••
•••

ПРИМЕЧАНИЕ: (i) Лишение прав на один месяц 
(ii) Лишениеправ на два месяца

1
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Наказание предусмотренное за

СУММА ИЗ 9 ТОЧЕК: Предупредительное письмо с рекомендацией повторно пройти 
водительские курсы В случае их прохождения снимается 4 точки.

СУММА ИЗ 14 ТОЧЕК: направление на пересдачу

Направление на психологическую экспертизу В случае отказа 
лишение прав

СУММА ИЗ 18 ТОЧЕК:

4.2 Регулирование загрузки (Germany")

Для транспортных средств полный вес которых превышает >7.5 тонн за превышение 
расчетной нагрузки на мост предусмотрены следующие санкции

70 US$ 
80 US$ 
90 US$ 

140 US$ 
200 US$ 
270 US$

штраф> 5% 
>10% 
>15%
> 20 %
> 25 %
> 30 %

превышение

В случае превышения >30 % может быть рекомендована разгрузка



V

EUROPEAN UNION-TACIS

Technical Assistance to the Southern Republics of the CIS

and Georgia - TRACECA

TRADE AND TRANSPORT SE

IMPLEMENTATION OF PAVEMENT MANAGEMENT SYSTEMS

PROJECT NO.: TELREG 9305

DRAFT FINAL REPORT

STUDY OF THE COST AND FINANCING OF ROAD USAGE

VOLUME 1, MAIN REPORT

DECEMBER 1996

KOCKS CONSULT GMBH 
Consulting Engineers 

Koblenz / Germany

in association with

TECNECON, Economic 
and Transport Consultants 
London / U. K.

PH0NIX
Pavement Consultants 
Vejen / Denmark



гш KOCKSгш И
tr-p

DJUDUD UD UD I N G E N I E U R El_b

Head Office Koblenz
Stegemannstrafte 32 - 38 
56068 Koblenz

Kocks Consult GmbH • P, O Box 10 60 ■ 56010 Koblenz FRG

The European Commission 
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Tacis I A/C/7 Attn. Mr. D. Stroobants

Koblenz.Ref

243/Wi-ns/1707 19.12.1996

Dear Sir,

TRACECA Project: Implementation of Pavement Management Systems 
Project Number: TELREG 9305 

Study of the Cost and Finance of Road Usage

We take pleasure in submitting to you the draft final report of the above study comprising 
Volume 1 Main Report and Volume 2 Annex for your review and comment.

The report is submitted in six copies, five bound and one loose leaf. A copy of Volume 1 
has been forwarded by E-Mail to the Tacis Coordinating Units in the eight recipient states 
as well as to the Tacis Monitoring & Evaluation Central Asia in Almaty.
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INTRODUCTION1

This report on the Cost and Financing of Road Usage is one of the reports being 
produced under the European Union - TACIS sponsored TRACECA Project for 
the Implementation of Pavement Management Systems which is being carried 
out by Kocks Consult GmbH of Germany in association with Ph0nix Pavement 
Consultants a/s of Denmark and TecnEcon Limited of the United Kingdom. The 
geographical coverage of this study and the project of which it is a part includes 
eight countries falling within the area of the European Union’s TRACECA initiati
ve. These countries are Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, 
Tadjikistan, Turkmenistan and Uzbekistan.

The data required for the study were obtained during the course of visits to the 
project countries between March and October 1996 as well as from a previous 
study undertaken by the Consultant in Turkmenistan in 1995 and the relevant 
updated data, findings and recommendations from that study have been incor
porated into the present study. Considerable use has also been made of road 
feasibility studies carried out by other international consultants in Azerbaijan, 
Kazakhstan, and Kyrgyzstan and by one of the present consultants in Armenia. 
A certain amount of information on Tadjikistan has been made available to the 
Consultants by various multinational donor agencies.

In view of the number of countries covered by this study the problem of the cur
rency units to be used in the presentation of the findings had to be given careful 
attention. The use of a domestic currency plus at least one international curren
cy for each country would have been unwieldy in view of the amount of data to 
be analysed and presented. It has been decided, therefore to standardise on 
one international currency and because of its familiarity in all the countries co
vered, the currency chosen was the United States dollar. The use of the dollar 
also has the advantage that it is less vulnerable to the effects of local inflation 
than the individual currencies in use in the TRACECA countries. The ECU is not 
yet familiar to most officials in these countries and therfore it was decided not to 
use it in the analyses undertaken. The dollar exchange rates used were based 
on the following rates which were those prevailing in mid 1996 or at the time of 
the field visits.

405 Kyrgyz Som

4,300 Tajik Roubles
1.24 Kazakhstan Tenge

4,000 Uzbekistan Som

11.5Armenian Dram 

Azerbaijan Manat 
Georgian Lari 
Turkmenistan Manat

290
66
42

The aims and scope of the study are set out in the extract from the Terms of 
Reference for the Pavement Management System Implementation project inclu
ded in Annex 1. They can be summarised as requiring a rigorous analysis of the 
various elements making up the total costs of road use and the extent to which 
road use costs are being covered by present levels of expenditure in each 
country. The study is also required to explain the relationships between road 
user costs and road condition on the one hand, and between road condition and 
maintenance practice on the other. These elements are closely interlinked and 
an important aim of the study is to demonstrate the economic impact of changes 
in road condition resulting from different levels of maintenance expenditure. An 
important requirement of the Terms of Reference is the presentation of recom
mendations for an appropriate structure of road user charges based on the re
sults of the road use costs analyses undertaken.
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The time available for this study dictated that a short cut approach to road use 
cost analysis had to be adopted and this implied that traffic and road condition 
data had to be readily available. In general, locally available traffic data supple
mented by the Consultants’ axle load surveys have met the requirements of the 
study, but only for the main inter state and intra state inter urban road networks. 
Consideration of urban roads was outside the scope of this study given 
available time and other resource constraints. The rudimentary data availability 
for the district and local roads also precluded their inclusion. The lack of infor
mation on pavement strength data for the main inter urban road networks in all 
but two of the countries has posed some difficult but not insuperable problems. 
The limitations of the data base for a study of this nature should, however, be 
kept firmly in mind when considering the final results and recommendations.

Considerable assistance has been received from the respective highway institu
tions in all recipient states covered by the study and the Consultants would like 
to express their gratitude for the friendly co-operation extended to them during 
the course of their work.
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ROAD TRANSPORT COSTS2

General2.1

This report is concerned with the costs of road usage in the TRACECA states 
and with methods of financing these costs. In this chapter the different catego
ries of road costs are briefly introduced and their significance explained. In sub
sequent chapters road engineering and road user costs are examined in greater 
detail and the relationship between road maintenance and rehabilitation stan
dards, road condition and road user costs is established.

Road transport costs are made up of the costs of road infrastructure provision 
and maintenance, road user costs and other costs such as environmental costs 
imposed on society by road transport. In this report the main concern is with the 
first two broad categories of road transport costs. The environmental impact of 
road infrastructure maintenance and rehabilitation is usually considered to be 
relatively minor as compared with the potential impact of major new road con
struction or realignment initiatives. To the extent that this study is mainly about 
the cost and financing of road network maintenance and rehabilitation, envi
ronmental costs are not considered in any detail.

The aim of appropriate highway management policy should be to minimize total 
life cycle road transport costs over a defined network. This immediately focuses 
attention on the relationship between road costs and road user costs on the one 
hand, and on the network to be considered on the other. In most of the 
TRACECA states the road network comprises inter state (“Magistrale”) roads, 
republican or intra state roads, regional or oblast roads and district and-or local 
roads. Urban roads usually fall within one or more of these categories.

Logically discussions of road costs and methods of financing them should be at 
the total road network level since most road user charges are levied on road 
vehicles and their use regardless of what roads the are used on. An exception 
to this is toll road charging. In practice, however, data constraints usually mean 
that initially analysis has to be concentrated on the main road network. These 
will usually account for a very high proportion of inter urban vehicle kilometres. 
For administrative reasons urban roads often come within the area of responsi
bility of municipal road departments rather than the national highway department 
or agency. This often results in differences in the coverage of routine data col
lection which can make it difficult to include urban road networks in the analysis 
without a large increase in research effort. This is a more serious problem than 
the omission of local and district road networks because urban traffic contributes 
a much higher proportion of vehicle kilometres and should, therefore, have a si
gnificant influence on total road transport costs.

The time and resources available for this study have meant that considerable 
reliance has had to be placed on data already available within the individual hig
hway institutions and departments in the TRACECA states. These organisations 
are mainly responsible for the inter urban main road networks and traffic and 
other data availability is also mainly confined to these networks. For this reason, 
the study’s analyses and findings are also confined to the inter urban main road 
networks comprising the inter state and intra state roads. Urban roads are not 
included except where they form part of one or other of the above main road 
categories. The extent to which urban roads are included in the main road net
works varies from country to country, but in general they are best regarded as 
being separate.
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Road Costs2.2

Road costs are the costs of road infrastructure provision and maintenance. They 
are the costs incurred by the government department, institution or agency 
which has the task of managing the relevant highway network. These costs are 
sometimes called agency costs and it is quite common for more than one agen
cy to be involved. In addition to the national road institution or department which 
is responsible for road network administration, other government departments 
supplying traffic police services and customs inspection posts at international 
borders, for example, are also involved in the highway sector.

Road costs can be divided into fixed and variable costs and this distinction is 
important in the analyses of road use costs which form the basis of the type of 
road user charging policy discussed later in this report. Fixed costs are those 
costs which are independent of road traffic and include most of the costs of 
administering or managing the road network. In practice, there is a fixed and va
riable (traffic dependant) element in most categories of road costs. Estimates 
made by the World Bank suggest that for main roads fixed costs could account 
for the following approximate proportions of the main categories of recurrent 
costs.

per cent of main road policing costs
per cent of administration costs
per cent of routine maintenance costs
per cent of periodic maintenance costs and
per cent of interest charges on road loans, where relevant.

The above proportions can be regarded as an approximate guideline and should 
not be taken to be applicable to all circumstances.

Traditionally, road costs were equated with the costs incurred by the road agen
cy or highway department responsible for the provision and maintenance of 
road infrastructure. This rather narrow view of road costs was reinforced by the 
usual methods of annual road budget estimation and allocation.

The main problem with this traditional approach was that it did not take sufficient 
account of or attempt to quantify the costs being incurred by the users of the 
road network. These are now recognised as being significantly higher in most 
cases than the agency costs of road management. In recent years it has been 
widely recognised that road user costs should be taken into account when de
cisions are being made about the appropriate level of expenditure on roadworks.

A common problem in all the TRACECA states is that the cost of maintaining 
and rehabilitating the main road networks is significantly higher than the budgets 
being made available for the purpose. The economic and engineering results of 
this situation are examined in some detail in Chapters 3 and 4. However, the 
implications are fairly clear. Unless adequate financing for road maintenance 
and rehabilitation can be made available from the traditional general govern
ment budgetary sources, either alternative financing mechanisms have to be fo
und, or the size of the core main road networks which can be maintained to an 
adequate standard will have to be reduced.
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2.3 Road User Costs

Definition of Road User Costs Used in this Study2.3.1

Road user costs comprise vehicle operating costs, passenger time costs, the 
costs of goods in transit and accident costs. In practice, in relatively low income 
countries such as the TRACECA states passenger time costs are not particularly 
significant in comparison with the costs of vehicle operation. The situation is 
completely different in the richer economies of north America and western Euro
pe, for example, where passenger time costs are the dominant element in road 
user costs both because the scale of people movements and because of high 
personal incomes.

In this study attention is focused on the vehicle operating cost component of 
road user costs. The relative insignificance of the contribution of passenger time 
costs at current and foreseeable per capita income levels in the shurt to medium 
term has already been mentioned and this is illustrated below and in greater 
detail in Chapter 3. The cost of goods in transit is an even less important com
ponent of road user costs given the scale of road rehabilitation and maintenance 
effects on road conditions. International evidence suggests that a major reducti
on in travel time is required before there is a significant effect on the cost of 
goods in transit. The reductions in travel time resulting from improved road 
maintenance and rehabilitation are incremental rather than major and the effects 
on the cost of goods in transit are very minor. The relative unimportance of the 
cost of goods in transit as a component of road user costs is also illustrated be
low and in Chapter 3.

Accident costs are very difficult to quantify adequately unless data on the cost 
and frequency of accidents in relation to specific road features and locations is 
already available at the required level of detail. This is seldom the case unless 
an appropriate research initiative has been undertaken .The available data on 
road accidents in the TRACECA states does not permit accident costs to be 
quantified at a meaningful level of precision without a level of field research in
put which is well beyond the resources of this study. However, it is unlikely on 
the basis of international evidence that the omission of accident costs from road 
user cost estimates would have a significant impact on the results of road user 
cost based analyses in the TRACECA states

The omission of time costs of goods and passengers and accident costs means 
that the estimates of road user costs based on vehicle operating costs are 
slightly conservative, but not excessively so. Most of the analyses involving road 
user costs are concerned with changes in costs rather than absolute costs. This 
fact further reduces the potential impact of omitting time costs of goods and 
passengers.

The Importance of Road User Costs in Total Transport Costs2.3.2

Road user costs are by far the most important component of total road transport 
costs and vehicle operating costs are the most important element in road user 
costs in the TRACECA states. Estimates prepared by consultants Carl Bro In
ternational a/s in their 1995 engineering and economic feasibility study of the 
improvement of the Bishkek-Osh road in Kyrgyzstan suggest that the percenta
ge contribution of passenger time costs and goods time costs to total road user 
costs was as follows:
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Cars 
Buses 
T rucks

5 % - 8 % 
11.%- 15.% 
0.2 % -0.4 %

Passenger time costs

Cars and buses 0 % 
Trucks 0.3% - 0.5 %

Goods time costs

These findings are in agreement with our own sample analyses for other 
TRACECA states.. When the structure of traffic and the distribution of vehicle 
kilometres is taken into account the overall share of vehicle operating costs in 
road user costs is 92% to 95% for passenger cars, 85% to 89% for buses and 
over 99% for trucks.

Road user costs are overwhelmingly the most important component of total road 
transport costs in every country. In the TRACECA states annual road user costs 
on inter urban main roads currently amount to around US$ 7.9 billion. If the ap
propriate amounts were being spent on maintenance and rehabilitation, average 
annual expenditure on the main road networks in the TRACECA states would be 
of the order of US$ 531 million. Actual annual expenditure is nearer US$127 
million. Even at optimum annual expenditure levels, road costs would amount to 
no more than 6 per cent of total road transport costs.

It can be seen from the above that quite small changes in road condition will ha
ve a disproportional large impact on road user costs and, hence, on total trans
port costs. The changes in road condition resulting from inadequate maintenan
ce levels will, therefore, have a significant, adverse economic impact via increa
sing road user costs. This has important implications for planning road expendi
ture strategies and devising optimum road maintenance programmes. It is also 
the main reason why road maintenance and rehabilitation strategies should be 
based on the results of engineering and economic analysis rather than just on 
engineering estimates.

Other Costs2.4

Potentially the most important external cost of road transport is environmental 
pollution, including noise pollution. In practice, however, the main environmental 
impacts are attributable to new road projects on new alignments and urban road 
traffic rather than to road maintenance and rehabilitation. An important contribu
tor to the environmental costs of road transport in the TRACECA states is the 
low standards of vehicle emission control, but this is not something that can be 
solved by road improvements.

The omission of accident costs from our estimates of road user costs has alrea
dy been discussed above. External environmental costs are also excluded on 
the grounds that they are not quantifiable within the context of a study such as 
this and because their impact on road maintenance and rehabilitation policy is 
unlikely to be significant.
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2.5 Economic and Financial Costs

In economic and engineering feasibility studies of road investment projects it is 
customary to distinguish between financial and economic costs. Economic ana
lyses should be based on economic costs which reflect real resource costs to 
the economy. In practice this means that taxes are excluded from economic 
costs but any subsidy element in costs is included.Economic costs should also 
include adjusted or shadow prices, where perceived costs do not reflect market 
prices. Economic analyses are usually carried out in constant price terms and 
there should, therefore, be no inflation factors built into economic costs.

In the context of planning highway expenditure requirements, notably optimum 
road maintenance and rehabilitation strategies, economic costs should be used 
in the relevant engineering and economic feasibility analyses. Once the opti
mum strategies have been established, however, it is necessary to present the 
roadworks costs as conventional financial costs for budgeting and programming 
purposes.

In most of the TRACECA states there are considerable practical difficulties in 
establishing what economic costs are. While it is relatively simple to discover 
what taxes should be paid and, hence, eliminated from economic costs, it is very 
difficult to establish accurately what taxes actually are paid. There is a danger 
in understating economic costs by deducting taxes which have not actually been 
paid. Similarly, there are considerable difficulties in untangling complex cross 
subsidy elements in prevailing prices. These factors plus the considerable 
amount of fieldwork and analysis required to develop a set of appropriate sha
dow prices for individual countries means that rigorous economic costing cannot 
be undertaken within the relatively short time periods which have been made 
available for road transport studies in the region in recent years.

In this study the analysis of vehicle operating costs has been based on financial 
costs. However, the analysis of optimum road use costs is based on the World 
Bank’s analyses of optimum maintenance and rehabilitation strategies using in
ternational evidence and economic costs. Even if all taxes were paid in the 
TRACECA countries, the tax component of financial vehicle operating costs 
would not be as significant as it is in most western European countries and eco
nomic and financial vehicle operating costs are not, therefore, significantly diffe
rent. Given the low level of vehicle taxes, the main tax element is in automotive 
fuels and even this is relatively small by international standards.
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VEHICLE OPERATING COSTS3

Sources of Data3.1

In this chapter an analysis of financial vehicle operating costs for each of the 
TRACECA countries is presented. As explained in Chapter 2, attention has be
en focused on vehicle operating costs as by far the most important component 
of road user costs. However, the potential significance of including the cost of 
passenger time savings and the cost of goods in transit is also examined. The 
main purpose of the analysis is to demonstrate the importance of vehicle opera
ting costs in total transport costs and to show how they vary with road condition.

The inputs for the vehicle operating costs analyses for the TRACECA countries 
are based on data collected during field visits and on information in other con
sultants’ road feasibility study reports. Information for Turkmenistan was derived 
from the Consultant’s 1995 study for the European Bank for Reconstruction and 
Development entitled “Review of Administration and Financing of Road Impro
vement”.This information, notably on prices, was updated to reflect changes in 
Turkmenistan since 1995.

Considerable use has also been made of the following consultancy studies in 
the TRACECA countries which incorporate vehicle operating cost analyses in 
their findings:

Road Rehabilitation Study in Kyrgyzstan for the Asian Development 
Bank. This feasibility study of the improvement of the Bishkek-Osh road 
was undertaken in 1995 by Carl Bro International a/s, Hoff and Over- 
gaard a/s and Upham International Corporation

Prefeasibility Study of the Baku-Astara Road in Azerbaijan which was 
carried out by Wilbur Smith and Associates for EC TACIS in 1995 and 
1996.

Road Rehabilitation Project Kazakhstan undertaken in 1995 for the Asian 
Development Bank by Louis Berger International Inc. in collaboration with 
Kazdornii.

Reference has also been made to a number of earlier studies, notably the 
1991 “Road and Road Transport Study in Russia, Ukraine, Kazakhstan and Bel
arus” which was produced by TecnEcon and CowiConsult for the European 
Bank for Reconstruction and Development, and TecnEcon’s “Armenia Highway 
Survey” produced in 1994 for EC TACIS.

The findings of the following two studies carried out in former communist coun
tries have also been of interest in the development of vehicle operating costs 
estimate in the TRACECA countries:

The 1993 Road User Charges Study in Romania by NEDECO, DHV 
Consultants and the Netherlands Economic Institute for the World Bank 
and the Romanian Administration of Roads.

The 1995 Study of Investment and Maintenance Strategy for the National 
and Provincial Roads in Vietnam produced in 1995 by Scott Wilson Kirk
patrick for the United Kingdom Overseas Development Administration
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Finally, estimates of vehicle operating costs by Kazdornii in Kazakhstan and the 
Armenian Road Directorate’s Project Implementation Unit in Yerevan both uti
lising all or part of the vehicle operating cost sub model in the World Bank’s Hig
hway Design and Maintenance Standards Model - HDM III - have been a particu
larly useful source of information.

Estimating Vehicle Operating Costs3.2

The vehicle operating costs estimates developed for each of the TRACECA 
countries are based on the use of the vehicle operating sub model from the 
World Bank’s HDM-III model. This vehicle operating cost model predicts the va
rious components of vehicle operating costs based on assumptions about road 
and vehicle characteristics and unit costs. For each country six representative 
categories of vehicles were selected for costing and the operating costs for tho
se vehicles were taken to be representative of the costs of all vehicles in that 
classes in each country. The following classes of representative vehicle types 
were selected for vehicle operating cost analysis:

Passenger cars
Utility vehicles comprising minibuses and pickups 
Large buses 
axle trucks 
axle trucks
Trucks with more than 3 axles

This vehicle classification is the same as that used in the traffic analyses under
taken for this study and in the traffic and vehicle operating cost inputs for the 
Pavement Management System model being implemented in the TRACECA 
countries. In each country a representative vehicle model was selected within 
each vehicle category and the cost estimates were developed for that model. 
Every attempt has been made to ensure that the representative models are the 
most widely used within their class in each country. Only in Georgia was it pos
sible to base the selection of representative vehicle models on vehicle registrati
on data. In the other countries vehicle registration data was not available at an 
adequate level of detail for this to be possible. In these countries the selection of 
representative vehicle models was based on the results of the Consultant’s mo
ving observer traffic counts and on visual observations in bus and truck parks. 
Reference was also made to the representative models selected for costing in 
the other consultants’ studies in Kyrgyzstan, Kazakhstan, Azerbaijan, Armenia 
and Turkmenistan referred to above. Most of the vehicles in use in the TRACE
CA countries are of Russian manufacture and there is, therefore, a much higher 
degree of uniformity in the representative models than would normally be ex
pected in a multi-country study. Details of the representative vehicle types and 
models used in the analysis are set out in Annex 3, Table A.3.1.

Data inputs required for the operation of the vehicle operating cost sub model 
(VOCM) can be divided in to the following six categories:

Roadway characteristics 
Vehicle characteristics 
Tyre wear data 
Vehicle utilisation data 
Unit costs
Additional model coefficients

T \USER\PROJEKTE\ABT24\TEXT\243\58821\REPORTS\FINRD-E2 DOC



KOCKS
INGENIEURE

- 10-

Where local data is not available for specified non-cost inputs, default values 
from within the model can be used. Most of the additional model coefficients 
used in this study are based on default values.

A detailed listing of all inputs for each representative vehicle for each country is 
set out in Annex 3, Table A.3.2.

A number of general observations on the input data are in order. Most of the 
technical coefficients relating to vehicle performance are based on default valu
es within the VOCM. Technical information on the representative truck models, 
which are all of Russian or Ukrainian manufacture, has been obtained from 
other studies and technical literature.

Vehicle utilisation levels are low by international standards and this reflects the 
depressed economic conditions in all the TRACECA countries during the past 5 
years and the problems faced by vehicle operators in a transition economic envi
ronment. The age of the vehicle fleet in each country is high by international 
standards and the sale of new vehicles is very low.

The scarcity of new vehicles means that it is difficult to obtain realistic informati
on on the prices of new as opposed to second hand vehicles. The prices of se
cond hand vehicles were checked at the weekly vehicle auctions in the capitals 
of the TRACECA countries visited and prices of low kilometrage vehicles was 
noted as a guide to estimating new vehicle prices. Vehicle prices are low by in
ternational standards and this reflects their predominantly Russian origin. This is 
particularly true for heavy trucks where Russian models within a given category 
tend to be significantly smaller than their international counterparts and also 
much cheaper.

The prices of petrol and diesel are important inputs in the VOCM and they are 
an important determinant of unit vehicle operating costs. Although there are lar
ge variations in the retail price of automotive fuels in the TRACECA countries, it 
is fair generalisation to state that these prices are also low by comparison with 
the prices in most advanced industrial countries and many developing countries. 
The average prices of petrol and automotive diesel in each country are summa
rized in Table 3.1. In certain cases these prices are the mid point of a range of 
retail prices observed during fieldwork. In most TRACECA countries the average 
1996 petrol price is within the range US$ 0.20 - 0.35 per litre and the diesel 
price is within the range US$ 0.20 - 0.30 per litre. Prices in Tadjikistan are signi
ficantly higher and in Turkmenistan significantly lower than these ranges. The 
price of diesel in Azerbaijan is also very low, both in relation to the price of petrol 
and in relation to diesel prices in most other TRACECA countries.
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TABLE 3.1: PETROL AND DIESEL PRICES

Automotive Fuel Prices 
(1996 average level)

Country

Petrol
(US$/litre)

Diesel
(US$/litre)

Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tajikistan
Turkmenistan
Uzbekistan

0.35 0.30
0.35 0.14
0.28 0.21
0.29 0.20
0.22 0.20
0.43 0.40
0.10 0.07
0.38 0.30

Note: In some countries the indicated fuel price is the mid
point of a range of prices observed during fieldwork. 

Source: Fuel price data and Consultant’s estimates

3.3 Relative Importance of Vehicle Operating Cost Components

The main vehicle operating cost components analysed in the VOCM are the fol
lowing:

Automotive fuel consumption 
Lubricants consumption 
Tyre consumption 
Crew time
Maintenance spare parts consumption 
Maintenance labour time 
Depreciation and interest 
Overheads (in financial costs)

The relative importance of these operating cost components varies according to 
relative prices and to the vehicle operating environment as dictated by road 
geometry and surface roughness. Fuel consumption is conventionally regarded 
as a major component of vehicle operating cost and this is largely true in most of 
the TRACECA countries. In Turkmenistan, however, where fuel prices are 
exceptionally low, fuel is a relatively minor cost item in vehicle operation. Fuel 
consumption also becomes relatively less important in overall operating costs as 
road conditions deteriorate and vehicle speeds decline. This is counterbalanced 
by a more than proportionate increase in the importance of maintenance spare 
parts consumption and vehicle maintenance costs in general.

For each TRACECA country the base financial vehicle operating costs by ve
hicle type are set out in Table 3.2. Base vehicle operating costs are the costs on 
a paved road in fair condition with surface roughness of IRI 5 metres / kilometre. 
The most significant components of base costs are fuel, maintenance parts, de
preciation and, for heavy vehicles only, tyres. Fuel generally accounts for 20 - 
35 per cent of total costs for all vehicles except utility vehicles, where the pro
portion is higher. Maintenance parts consumption is responsible for around 20 - 
25 per cent and depreciation for 10 - 25 per cent of total costs. Heavy goods
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vehicles and large buses have more tyres and higher wear and tear on them 
and for theses vehicles tyre costs can make up between 20 and 30 per cent of 
base operating costs.

The vehicle operating cost proportions shown in Table 3.3 and in Annex 3 Table 
A.3.4 are not fixed over the whole range of operating conditions. Rising surface 
roughness levels reflecting deteriorating road condition results in declining ve
hicle speeds which reduces the relative importance of fuel consumption in total 
costs. Maintenance costs, however, increase in relative significance with decli
ning road condition.

A comparison has been made of the relative importance of different operating 
costs components for different vehicle types in good and bad road conditions. 
In order to keep it manageable the comparison is restricted to three countries - 
Armenia, Kyrgyzstan and Turkmenistan - where fuel prices are respectively hig
her than the TRACECA average, in the middle of the TRACECA range and well 
below the TRACECA range. The comparison covers roads in good condition, 
denoted by an International Roughness Index (IRI) of 3 metres / kilometre, and 
bad condition (IRI 12 metres / kilometre). The results of the comparison are set 
out in Annex 3 Table A.3.4 where the cost of individual components are expres
sed as a percentage of total vehicle operating costs.
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Table 3.2 BASE VEHICLE OPERATING COSTS BY COMPONENT

Vehicle
Operating

Cost
Component

US$ per 1,000 Vehicle Kilometres

Car Utility Large
Bus

Truck 
2 axle

Truck 
3 axle

Truck 
>3 axle

ARMENIA
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

28.31 62.31 136.27 96.28 161.79 258.73
3.23 3.23 5.35 5.35 5.35 8.27
3.65 4.06 118.48 52.23 125.45

7.28
4.35

122.24
52.81
34.08
25.00

266.98
15.18
9.97

181.63
79.35
59.53
25.00

0.00 3.97 7.32 8.55
0.99 3.571.02 3.45

20.89
18.12
14.23

18.89 
11.80

47.79
43.02
26.90
20.00

39.76
16.30
14.28
25.00

7.64
0.00 10.00

89.42 122.92 408.70 261.20 538.35 904.64

AZERBAIJAN
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

28.76 58.02 64.19 40.65 79.27 121.95
7.79

268.38
16.75
10.80

147.78
97.07
64.50
20.00

3.04 3.04 5.05 5.05 5.05
4.63 4.63 117.47 

10.12
47.73 161.53

0.00 3.98 8.71 8.21
1.09 3.681.14 3.72 4.69

23.28
28.83
22.58

22.91
18.64
11.81
10.00

32.59
91.91
40.87
20.00

39.59
46.62
20.96
25.00

105.89
93.84
51.86
25.000.00

112.21 134.17 385.88 238.03 535.34 755.02

GEORGIA
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

22.68 55.54 101.29 60.76 118.76 182.89
7.97

145.04
3.11 3.11 5.16 5.16 5.16
4.06 6.50 74.81 30.77

6.06
82.89

0.00 3.10 7.05 5.72 8.81
0.77 0.83 2.92 2.90 3.46

114.18
77.60
51.45
25.00

7.84
149.68
101.03
64.15
25.00

21.07
23.46
20.67

33.13
25.12
15.80
10.00

47.80
76.54
47.89
20.00

55.79
28.35
22.99
25.000.00

95.82 153.13 383.46 237.78 484.22 692.41

KAZAKHSTAN
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

23.61 53.32
3.04

92.85 60.77 124.12 172.53
3.04 5.05 5.05 5.05 7.79
4.30 157.68

72.40
22.66
40.76
52.24
27.75
25.00

6.50 49.96
38.62
22.60
58.28
18.42
12.31
25.00

155.93
52.36
27.31

113.90
58.13
27.21
25.00

240.05
75.61
60.19

150.34
76.76
42.40
25.00

0.00 22.29
6.50

34.14
18.81
10.26
10.00

6.10
27.30
25.27
17.07
0.00

106.69 164.86 496.39 291.01 589.01 850.67
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Table 3.2 BASE VEHICLE OPERATING COSTS BY COMPONENT

US$ per 1,000 Vehicle KilometresVehicle
Operating

Cost
Component

Car Utility Large
Bus

Truck 
2 axle

Truck 
3 axle

Truck 
> 3 axle

KYRGYZ REPUBLIC
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

17.73 40.08 97.29
5.74

183.39
19.24

60.14 91.65 158.71
8.86

361.82
35.55
27.12

170.65
54.95
51.00
22.00

3.46 3.46 5.74 5.74
4.63 6.90 71.42

20.22
161.76

16.54
11.84

118.40
52.71
41.06
22.00

0.00 9.43
2.51 2.79 9.85 8.42

21.07
25.01
25.53
0.00

36.54
18.46
14.69
10.00

57.00 
60.58 
42.06
12.00

42.43
36.21
33.60
22.00

99.94 142.35 487.15 300.18 521.70 890.66

TAJIKISTAN
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

34.27
3.46
4.47

79.57 185.63 121.56 197.08 335.86
3.46 5.74 5.74 5.74 8.86
6.50 96.27

18.92
8.00

47.35
27.19
21.08
22.00

368.11

170.13
23.03
10.61

125.85
49.61
32.65
22.00

636.70

175.86
17.22

377.75
37.12 
23.79

161.67
52.12 
42.18 
22.00

1061.35

0.00 14.17
2.30 2.50 8.81

23.32
24.16
20.69

36.40
18.12
12.39
10.00

183.11

56.65
61.01
34.52
12.00

557.44
0.00

112.67

TURKMENISTAN
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

8.23 20.14 31.84 23.62 37.82 60.96
1.15 1.15 1.91 1.91 1.91 2.95
4.87 4.87 118.33

13.91
72.39
16.87

125.39
13.84

295.46
28.79
19.41

154.96
79.27
43.89
25.00

0.00 8.22
2.071.89 6.98 7.04 8.81

60.52
26.26
19.12
25.00

128.27
64.86
29.71
25.00

20.89
25.89 
16.95
0.00

26.43
16.19

46.77
72.96
35.75
22.00

9.19
10.00

79.87 98.26 252.73350.45 435.61 710.69

UZBEKISTAN
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

31.28 73.75 136.46 96.58 162.07 261.27
3.23
4.47

3.23 5.35 5.35 5.35 8.27
6.50 118.33 

12.41
69.56
14.50

125.39
12.34

268.60
25.56
17.22

153.86
77.66
42.99
20.00

0.00 6.41
1.67 1.83 6.15 6.20 7.88

125.85
61.77
28.29
20.00

23.88
29.59
19.37
0.00

34.35
20.59
11.24
10.00

45.26
70.60
34.59
20.00

54.47
23.49
16.91
10.00

113.49 167.90 449.15 297.06 548.94 875.43

Note: Financial vehicle operating costs 
Source: Consultant's estimates
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The significance of fuel prices is evident from the wide differences in the relative 
importance of fuel consumption in tntal operating costs in the three countries. In 
Armenia, where automotive fuel prices are at the top end of the range in 
TRACECA countries, fuel accounts for one third or more of total operating costs 
on roads in good condition. This drops to 20 - 30 percent of total costs on paved 
roads in bad condition. In Turkmenistan, on the other hand, fuel consumption 
only accounts for around 10 percent of total operating costs on good roads and 
6 - 8 percent on bad roads.

Tyres are a more significant cost component for heavy vehicles than for light 
passenger vehicles. Tyre costs actually decline in relative importance with in
creasing road roughness and declining vehicle speeds. Maintenance parts con
sumption increases sharply in relative importance as a component of operating 
costs as road roughness increases. Although maintenance labour increases in 
the same way, the low wage levels in the TRACECA countries means that this 
does not have as big an effect on costs as in higher income countries.

3.4 Summary of Base Vehicle Operating Costs By Vehicle Type and Country

The basic vehicle operating costs estimated for the representative vehicle types 
in the TRACECA countries are summarised in Table 3.3. These base costs are 
representative costs on paved roads in fair condition with a surface roughness 
of IRI 5 metres / kilometre.

The range of financial operating costs for each vehicle type over the TRACECA 
region can be summarised as follows:

Cars
Utility vehicles
Large buses
axle medium truck
axle heavy truck
axle heavy truck with trailer

US$ 0.08 - 0.11 per kilometre 
US$ 0.10-0.18 per kilometre 
US$ 0.35 - 0.50 per kilometre 
US$ 0.24 - 0.30 per kilometre 
US$ 0.44 - 0.64 per kilometre 
US$ 0.09 - 1.06 per kilometre

A significant part of the reason for the differences in operating costs for given 
categories of vehicles is the variation in automotive fuel prices. These vehicle 
operating costs are quite low by international standards and the main reason is 
low vehicle prices, low fuel prices and low maintenance labour and crew costs.
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TABLE 3.3: SUMMARY BASE VEHICLE OPERATING COSTS

Vehicle Operating Costs (US$ per Kilometre)Vehicle
Operating

Cost
Component

Car Truck Truck 
3 axle >3 axle

Utility Large
Bus

Truck 
2 axle

0.09 • 0.12 0.41 0.26 0.54 0.90Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyz Republic
Tajikistan
Turkmenistan
Uzbekistan

0.11 0.13 0.54 0.760.39 0.24
0.690.10 0.15 0.38 0.24 0.48

0.11 0.16 0.50 0.29 0.59 0.85
0.52 0.890.10 0.14 0.49 0.30

0.11 0.18 0.56 0.37 0.64 1.06
0.08 0.10 0.35 0.25 0.44 0.71
0.11 0.17 0.45 0.30 0.55 0.88

Note: Financial vehicle operating costs 
Source: Consultant's estimates

The Effect of Road Conditions on Vehicle Operating Costs3.5

Road Condition and Road Surface Roughness3.5.1

Deterioration in road conditions results in increases in vehicle operating costs. 
For the road user changes in road condition are mainly reflected in changes in 
surface roughness or bumpiness. There are several measures of road surface 
roughness, but the International Roughness Index (IRI) has emerged as the 
most commonly used international standard measure. The IRI reflects the cumu
lative vertical movements in a vehicle’s rear axle per kilometre and it is expres
sed in metres per kilometre. Our discussion of the relationship between road 
condition and vehicle operating costs must involve frequent references to diffe
rent levels of IRI and it is important to be quite clear about what they mean in 
qualitative terms.

The range of surface roughness usually considered in highway studies is from 
IRI 2 m/km to IRI 20 m/km. A roughness level of less than IRI 3 m/km means 
that the road is in excellent to good condition. For paved roads an IRI of 10 
m/km or more denotes a road in bad to very bad condition and anything over IRI 
12 m/km would indicate extensive pavement failure or loss of pavement. On un
paved roads roughness levels are generally higher than on paved roads and 
slightly more relaxed qualitative standards are usually applied. For example, an 
unpaved road with an IRI of less than 5 m/km would be considered to be in good 
to quite good condition and very bad condition might be considered to be IRI 15 
and over. When surface roughness levels approach IRI 20 m/km it is doubtful if 
the road retains any engineered properties and for operating purposes can be 
considered to be a track.

This study is mainly concerned with the inter state and intra state main road 
networks in the TRACECA countries and the overwhelming majority of these are 
paved. This section will, therefore, concentrate on roughness levels on paved 
roads. The following indications of road condition at different roughness levels 
will be helpful in understanding the subsequent discussion of the relationship 
between road surface roughness and vehicle operating costs.
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Roughness IRI <3.0 m/km
Vehicle speeds of over 120 km/h are comfortable. No depressions, potholes or 
corrugations are noticeable. This roughness level would be associated with high 
quality asphalt and, possibly, very good quality surface treatment. International 
evidence suggests that concrete pavements rarely achieve roughness levels this
low.

Roughness IRI 4.0 - 5.5 m/km
In vehicles travelling at 80 km/h moderately perceptible movements or large un
dulations may be felt. Defective surface is evident with occasional depressions, 
patches or potholes or many shallow potholes. In the absence of visible surface 
defects there may be moderate corrugations or large undulations. Concrete pa
vements built during the Soviet era were unlikely to have had initial roughness 
levels below IRI 4 m/km

Roughness IRI 7.0 - 8.0 m/km
At vehicle speeds of 70 - 90 km/h the ride remains reasonably comfortable, but 
there are strongly perceptible movements and swaying usually associated with 
defects. These may take the form of frequent, moderate and uneven depressi
ons or patches, and occasionally potholes.

Roughness IRI 9.0-10.0. m/km
The ride only remains comfortable at vehicle speeds of 50 - 60 km/h and there 
can be frequent sharp movements and swaying. These are associated with se
vere defects taking the form of frequent, deep and uneven depressions, patches 
and potholes.

Roughness IR111.0 -12.0 m/km
Vehicle speeds generally have to be below 50 km/h because there are many 
deep depressions and severe disintegration.

In the following discussions of surface roughness and vehicle operating costs 
the above qualitative categorisation of pavement condition will be simplified as 
follows:

IRI 3 m/km or less - good condition
IRI 5 - 6 m/km - fair condition
IRI 7 - 9 m/km - moderate to poor condition
IRI 10 m/km or over - bad to very bad condition
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Table 3.4 TOTAL VEHICLE OPERATING COSTS AT DIFFERENT ROAD SURFACE ROUGHNESS LEVELS

Total Vahid© Operating Costs <US$ million} 
if average mam road condition was;

Vehicle-Km 
on the main 

road network

Length of 
main road 

network (a)
Country

Good
(IRI 3 m/km)

Fair
(IRI 6 m/km)

Poor
(IRI 9 m/km)

Very bad 
(IRI 12 m/km)(km) (million)

3.147.8 
4,689.0 
5,005.3

17.496.0
3.109.9 
1,785.2 
7,682.6

21.825.0

1.970.0
4.496.0
2.088.4 

10,089.0
1.506.1 

620.6
3.545.4 

10,466.7

309Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tajikistan
Turkmenistan
Uzbekistan

354 404 461
967 1,095 1,236 1,392
293 336 387 444

2,004 2,360 2,756 3,190
297 341 390 444
147 166 212188
841 972 1,112

3,418
1,263
3,8622,635 3,009

Percentage Increase in Vehicle Operating Costs 
compared with those on roads in good conditionCountry

Condition ConeBtion
Poor

(IRI 9 m/km}

Condition 
Very bad 

(IRI 12 m/km)
Fair

(IRI 6 m/km)

14.5 31.0 49.4Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tajikistan
Turkmenistan
Uzbekistan

13.2 27.8 43.9
14.9 32.1 51.5
17.8 37.5 59.2
14.7 31.2 49.4

44.613.3 28.2
15.5 32.2 50.1
14.2 46.629.7

15.2 32.0 50.4ALL

Source: Consultant's estimates
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The Relationship Between Vehicle Operating Costs and Road Roughness3.5.2

The World Bank’s HDM-III model is a road simulation model and the vehicle 
operating cost sub model within it simulates the behaviour of vehicles in respon
se to actual and predicted changes in road condition and surface roughness. 
The slightly simplified vehicle operating cost sub model (VOCM) used for this 
study presents the relationship between road roughness and vehicle operating 
costs in the form of the following two alternative formulations:

VOC = a + b (IRI) + c (IRIA2) 
VOC = exp[a + b (IRI)]

VOC = unit vehicle operating cost per kilometre
IRI = road surface roughness in metres per kilometre
a and b are parameters to be solved for each vehicle type

where

In practice, the first form of the simplified model has been found to give the 
better statistical relationship in the TRACECA countries and it has been adopted 
for use in this study.

On the basis of the inputs described earlier, vehicle operating cost estimates 
have been prepared for each of the six representative vehicle types in each 
TRACECA country. The detailed results are presented in Annex 3 Table A.3.5 . 
This shows the results from the model for each vehicle type in each country and 
the unit vehicle operating costs per kilometre at IRI 3 up to IRI 15 m/km. All ope
rating costs are in US dollars.

The results can be summarised quite briefly. For each increase in road surface 
roughness of IRI 1 m/km unit vehicle operating costs rise by 5 - 7 percent for 
light vehicles and 2-5 percent for heavy vehicles. When allowance is made for 
the structure of traffic and the mix of vehicle kilometres in the TRACECA coun
tries, each increase of IRI 1 m/km in surface roughness can be shown to result 
in an increase in total vehicle operating costs of 4 - 5 percent. Translating this 
into a comparison of vehicle operating costs on roads in good, fair, poor and 
bad condition, the overall average increase in operating costs compared with a 
road in good condition are as follows:

Road in fair condition (IRI 6 m/km) - operating costs 15 percent higher

Road in poor condition (IRI 9 m/km) - operating costs 32 percent higher

Road in very bad condition (IRI 12 m/km) - operating costs 50 per cent 
higher

Total vehicle operating costs in each country have been estimated by multiplying 
the unit vehicle operating costs for each vehicle type by the total annual vehicle 
kilometres for the same vehicle types. The vehicle kilometre estimates for each 
country are described in Chapter 6. Total vehicle operating costs in each country 
at different roughness levels are shown in detail in Annex 3 Table A.3.6. The re
sults are summarised in Table 3.4. In Kazakhstan, for example, an increase in 
average main road roughness levels from , say, IRI 5 m/km to IRI 6 m/km would 
result in an increase in annual vehicle operating costs on main inter urban roads 
of US$ 123 million at present traffic levels. This is US$ 52 million or 75 percent 
more than the country’s total road budget in 1995. Examples from the other 
countries would show a similar picture.
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Road surface roughness levels have been reported to be increasing at around 7 
percent a year on the main roads in the TRACECA region and in some coun
tries such as Armenia and Georgia it could be nearer 20 per cent. Assuming an 
annual rate of increase of 10 per cent in average main road network roughness 
it would take 7 years for average network condition to deteriorate from good (IRI 
3 m/km) to fair (IRI 6 m/km) and a further 4 years for it to deteriorate to poor (IRI 
9 m/km). At the much higher rates of deterioration reported in the Caucasus re
gion the same developments would take 4 and 2 years respectively. In Armenia 
an increase in average main road network roughness from IRI 3 to IRI 6 m/km 
implies an increase in annual vehicle operating costs of US$ 45 million at 
present traffic levels and if roughness progression really is 20 percent a year, 
this loss would be incurred over only 4 years. A further increase in average 
roughness from IRI 6 m/km to IRI 9 m/km over two or three years would result in 
a further increase of US$ 50 million in vehicle operating costs at present traffic 
levels.

These operating costs magnitudes obviously have a potentially serious impact 
on costs elsewhere in the economy. They also provide a clue as to why appro
priate road maintenance and rehabilitation designed to arrest road network 
roughness progression has such a high economic priority. Such maintenance 
and rehabilitation can be undertaken for costs which are very significantly less 
than the potential savings in vehicle operating costs which they can bring about. 
For this reason appropriate road maintenance and rehabilitation programmes 
have high economic rates of return which is another way of saying that they are 
of high economic priority.

3.6 Economic Significance of Vehicle Operating Costs

In the TRACECA countries as a group vehicle operating costs on the main inter 
urban road networks amount to not less than 14 percent of Gross Domestic 
Product (GDP) or 6 percent of GDP at purchasing power parity. The estimates 
of GDP are based on data from the World Bank and the European Bank for Re
construction and Development (EBRD).

There are some variations about this average in the different countries, but only 
in Azerbaijan is it significantly different. The available data suggest that total in
ter urban main road vehicle operating costs in Azerbaijan could amount to more 
than 30 percent of GDP or 10 per cent of GDP at purchasing power parity. This 
ratio double the TRACECA region average and it seems unlikely to be correct. 
There are two possible explanations. The first is that the available estimates of 
Azerbaijan’s GDP may be too low. The second is that the data on Azerbaijan 
traffic on which our estimates of vehicle kilometres and, hence, total vehicle 
operating costs are based may be significantly overstated. However, the degree 
of overstatement of traffic volumes would have to be very large indeed to ex
plain such a high ratio of operating costs to GDP, and this to be inherently unli
kely. Given the presently available data, an underestimate of GDP seems to be 
the more plausible explanation.

The ratios of total vehicle operating costs to GDP in the TRACECA countries are 
high enough for the economic significance of rising, or indeed falling, road roug
hness levels to be self evident. A comparison of total vehicle operating costs 
and GDP in each of the TRACECA countries is set out in Annex 3 Table A.3.7. 
Background economic data are presented in Table A.3.8.
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Potential Significance of Passenger and Goods Delay Costs3.7

The overwhelming importance of vehicle operating costs in road user costs has 
already been discussed briefly in Chapter 2. The main evidence for this is the 
work undertaken in the road feasibility studies in Azerbaijan and Kyrgyzstan un
dertaken respectively by Wilbur Smith and Associates and Carl Bro International 
a/s. In the Baku - Astara road study in Azerbaijan the consultants estimated ve
hicle operating costs and passenger delay costs. In Carl Bro International’s stu
dy of the Bishkek - Osh road in Kyrgyzstan vehicle operating costs and the costs 
of delays to goods in transit were estimated.

The assessment of passenger delay costs involves the following steps:

Estimating the average number of passengers per vehicle.

Estimating the value of time for different categories of passengers which 
involves obtaining information on passenger occupations.

Estimating what proportion of passenger time saved could be used pro
ductively. This is usually based on information on trip purposes derived 
from detailed roadside interview surveys of vehicle drivers and passen
gers.

The valuation of the cost of delays to goods in transit involves valuing the goods 
making up vehicle loads and the cost of time represented by an interest rate.

The information required for these valuations is very detailed which explains why 
estimates of the cost of delays to passengers and goods is only attempted in the 
context of detailed road feasibility studies. Experience from many road feasibility 
studies in low income countries throughout the world has shown that the eco
nomic value of passenger and goods time saved is usually a very small fraction 
of the value of vehicle operating costs. This is another reason why they are so
metimes omitted from studies which are being undertaken under limited budgets 
and time constraints.

Using the methodology described above, the consultants undertaking the stu
dies in Azerbaijan and Kyrgyzstan estimated the value of delays to passengers 
and goods in transit as follows:

Azerbaijan. The valuation of passenger time was based on average wa
ge rates and on this basis, and taking account of occupational catego
ries, the time of car and bus passengers was estimated to be equivalent 
to US$ 0.51 and 0.35 per hour. However, it was assumes that only 30 
percent of car passengers’ and 20 percent of bus passengers’ trips were 
for economically productive purposes and the real value of time saved 
was accordingly reduced to these proportions of the full time value. In 
effect the real hourly value of passenger time saved was US$ 0.15 for 
car passengers and US$ 0.07 for bus passengers. The average number 
of passengers per vehicle was assumed to be two for cars and thirty 
four for large buses. The value of delays to goods in transit was not 
estimated, presumably because it was assumed to be insignificant.

In the Kyrgyzstan study passenger time values were also based on 
weekly wage rates and an undifferentiated hourly value of US$ 0.36 was 
initially estimated for passengers of all vehicle types. However, only 50 
percent of passenger time saved was assumed to be potentially used
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productively and the real value of passenger time saved was, therefore, 
US$ 0.18. Average vehicle occupancy was assumed to 3.5 passengers 
per car, 6.5 passengers per utility vehicle and 32 passengers per bus.

Kyrgyzstan cargo delay costs. The basis of the estimate was an as
sumption from origin-destination survey evidence that 10 percent of 
trucks were carrying perishable commodities, mainly fruit and vegetables, 
and 50 percent were carrying non-perishable goods. A representative 
value of US$ 200 per tonne was estimated for perishable cargoes, 0.5 
percent of the cargo was assumed to be spoiled per day and an hourly 
interest rate of US$ 0.013 was calculated. The hourly cargo delay cost 
was accordingly estimated at US$ 0.01 per tonne of truck capacity and 
this translated into the following cargo delay costs by truck type:

US$ 0.05 per hour 
US$ 0.10 per hour 
US$ 0.15 per hour

2 axle truck
3 axle truck 
>3 axle truck

In order to test the significance of passenger and goods time costs compared 
with vehicle operating costs in Azerbaijan and Kyrgyzstan we have entered as
sumed time values into the operating cost model for each country and rerun the 
model. In fact the passenger time value for Azerbaijan was rounded up to a 
uniform US$ 0.15 per hour for passengers on all vehicle types. Kyrgyzstan pas
senger time value was rounded up from US$ 0.18 per hour to US$ 0.20 per 
hour. The value of goods delay costs per hour were as set out above. The re
spective models for the two countries were then run and the results are summa
rises in Annex 3 Table A.3.9

In Azerbaijan annual passenger time costs only account for 3.9 per cent of the 
total of vehicle operating costs and passenger time costs. In Kyrgyzstan the 
proportion is 5.9 per cent. Cargo delay costs were only valued in the Kyrgyzstan 
study and they vary insignificant indeed. Compared to annual vehicle operating 
costs of US$ 324.1 million and passenger time costs of US$ 20.3 million, cargo 
delay costs amounted to only US$ 679,000 or 0.2 per cent of total road user 
costs. A number of tests for other TRACECA countries showed the same pictu
re.

In view of the low prevailing income levels and the resulting very low economic 
time values in the TRACECA states their marginal contribution to road user 
costs in the inter urban road context hardly justifies the considerable effort requi
red to quantify them. This conclusion would not, however, be necessarily valid in 
the urban road transport context.
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4 ECONOMIC IMPACT OF ROAD MAINTENANCE

4.1 Introduction

The purpose of road maintenance is to make sure that a road does not fail befo
re its design life. Successful road maintenance achieves this by reducing the 
road’s rate of deterioration and, by slowing down the rate of surface roughness 
progression, it enables road user costs to be lower than they would otherwise 
have been. The overwhelming importance of road user costs in total road trans
port costs has already been demonstrated in Chapter 3 and anything which re
duces these costs has a significant effect. The economic impact of a reduction 
in road user costs must, however, be assessed in relation to the costs of achie
ving it. In this respect, maintenance, which is a relatively low cost activity in 
comparison, for example, with new road construction, is highly desirable from 
the economic perspective as well as being good engineering practice. This is re
flected in the high economic rates of return to maintenance programmes which 
are appropriate in scale and timing. In short, road maintenance is one of the 
most appropriate uses of scarce budgetary resources in the transport sector.

In the past the main problem with road maintenance in many low income coun
tries had nothing to do with engineering or economics, but rather with image. 
Road maintenance was perceived to be a rather mundane activity with none of 
the political attractions of higher profile new construction projects. In Africa and 
Latin America this led to a neglect of road maintenance and a very high econo
mic costs were subsequently incurred. The sharp contraction in highway bud
gets in the late 1970s and 1980s came about just as the effects of neglected 
maintenance were becoming highly visible. Attitudes toward highway mainten
ance have subsequently changed and this reflects both the new budgetary rea
lities and the prompting of international donors such as the World Bank.

In the TRACECA countries highway maintenance has been inadequate in the 
1990s and the effects are becoming evident in rising road surface roughness 
levels. This means that in the more serious cases rehabilitation is needed as 
well as maintenance. In the most serious cases the situation will have deteriora
ted to a point where the pavement may have to be completely reconstructed. 
The progression from routine and periodic maintenance to rehabilitation and re
construction involves very large increases in the cost of roadworks. Inadequate 
allocations of funds to road maintenance have been a result of severe contracti
ons in state budgetary resources and this in turn has reflected the economic 
crisis experienced by most of the TRACECA countries.

4.2 Road Maintenance. Road Condition and Road User Costs

The use of computerised models to simulate pavement behaviour has enabled 
the effects of different maintenance levels on road condition and road user costs 
to be predicted with greater precision in recent years. The development of the 
World Bank’s HDM-III model and its use to analyse the economic implications of 
network deterioration in low income countries in the late 1980s did much to 
focus attention on the vital importance of appropriate maintenance. It has also 
been widely used to develop optimum maintenance and rehabilitation strategies 
for different road conditions with and v/ithout budget constraints.

Under the current TRACECA project all 8 recipient states are provided with 
hardware and software for a computerised data base and a pavement mana-

T;\USER\PROJEKTE\ABT24\TE)Cn243\58821 \REPORTS\FINRD-E3 DOC



KOCKS
INGENIEURE

-24-

gement system (PMS).The model used in this PMS to predict pavement dete
rioration and surface roughness progression is from the latest version of the 
World Bank’s Highway Design and Maintenance Standards model (HDM-IV) 
which is currently being tested. The model basically takes account of existing 
pavement condition as measured by roughness (IRI in m/km), pavement age 
and strength, the incidence of rutting and cracking, cumulative pavement dama
ge from axle loading and environmental factors represented by an environmen
tal coefficient. The specification of the roughness prediction model is as follows:

IRI, = 0.98*em,*[RI0 + 135SNCK4'5* NE,] + [0.143 * RDS,] +[ 0.0068 * CRX,] +[ 0.056 * PAT,]

Where SNCK4 = 1 + SNC - 0.00004 * HS * CRX,
= roughness at pavement age t, IRI in m/km 
= initial roughness, IRI in m/km
= cumulative equivalent standard axle loads (ESAL) at

aget, in million ESA/lane
= pavement age since construction or rehabilitation in

years
= environmental coefficient
= structural number modified for subgrade strength 
= thickness of bound layers in mm 
= area of indexed cracking (%) at time t 
= standard deviation of rut depth in mm at time t 
= area of patching (%) at time t

Rl,
Rio
NE,

t

m
SNC
HS
CRX,
RDS,
PAT,

The use of this and other pavement models in engineering and economic ana
lysis of road maintenance and rehabilitation is needed to predict the progression 
of surface roughness with or without some form of treatment, and the reduction 
of roughness resulting from a treatment. Once the year by year roughness has 
been predicted, there is a direct link with road user costs via the type of models 
illustrated in Chapter 3.

The economic analysis of alternative maintenance and rehabilitation options ta
kes the form of a discounted cash flow analysis over a defined period or life cy
cle. It is customary in this type of analysis to compare one or more defined alter
natives with an option representing doing the minimum possible. The latter is 
sometimes called the Without situation”and the former the With situation(s)’.’ It 
is important to realise that over long appraisal or life cycle periods of 10 or more 
years doing the minimum in the Without situation”is very unlikely to mean doing 
nothing. Therefore, the occasional references to the ‘do nothing situationWhich 
are encountered in some analyses are misleading and they should be avoided. 
The total engineering and road user costs under the two options are compared 
and the results are expressed in the form of different measures of economic 
feasibility or project worth. These include the Net Present Value (NPV) which is 
the sum of the discounted net benefits over the defined appraisal period, the 
NPV per kilometre, and the Internal Rate of Return (IRR ), which is the discount 
rate at which costs and benefits are equated. The Benefit/Cost Ratio (B/C ratio) 
is also sometimes used, particularly when establishing priorities under budget 
constraint. The B/C ratio is the ratio of discounted benefits to discounted costs.

These measures indicate economic priority, although on technical grounds the 
NPV and B/C ratio are superior to the IRR for this purpose. The general decision 
rule is that the higher the NPV, B/C ratio and IRR, the higher the economic 
priority of the proposed expenditure. When choosing between a number of al
ternative maintenance strategies for a given combination of road condition and 
traffic, the strategy showing the highest NPV or NPV per kilometre is normally 
chosen. The IRR is not a particularly reliable measure for ranking alternatives in 
order of economic priority, but it is widely used, particularly by international do-
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nor organisations, because its use avoids the necessity of defining the appro
priate discount rate to be used in different countries.

A detailed description of economic project appraisal methodologies is not requi
red in a study such as this. The brief summary given above is designed to provi
de sufficient background explanation to facilitate understanding of the two illu
strative examples of the economic effects of road maintenance which are set 
out in Tables 4.1 and 4.2.

These two examples are taken from the maintenance strategy analyses under
taken within the pavement management system currently being implemented by 
the Consultant in the TRACECA countries. In Table 4.1 the economic analysis 
compares the following alternative strategies for a specified road section:

Undertake routine maintenance and patching only in a do minimum 
strategy.

Provide an initial overlay, undertake routine maintenance and patching, 
and then provide a subsequent overlay at a defined roughness threshold 
level.

The table shows how roughness progresses under the alternative scenarios and 
how this affects the level of road user costs. The net economic benefits in each 
year are obtained by subtracting total transport costs under Strategy 1 from total 
transport costs under the minimum maintenance strategy (Strategy 0). The re
sults of the discounted cash flow analysis show that Strategy 1 is economically 
highly desirable and preferable to the minimum maintenance strategy because 
the NPV at the indicated discount rates is positive. If the do minimum strategy 
had been the better one, the NPV would have been negative at the indicated 
discount rates and the IRR would have been below 10 or 15 percent. The ana
lysis shows that spending US$ 788,086 more than required by the minimum 
maintenance alternative results in this instance in an undiscounted saving in to
tal transport costs of US$ 2.5 million over the appraisal period.

The second example set out in Table 4.2 involves a similar comparison of a mi
nimum maintenance strategy of routine maintenance and patching with a stra
tegy involving deferred rehabilitation in addition to routine maintenance and pat
ching. Roughness under the two alternatives is the same until Year 6 when the 
deferred rehabilitation takes place and there are, therefore, no saving in road 
user costs until Year 6. The result of this comparison shows that the strategy of 
deferred rehabilitation in this situation is of only marginal priority and its econo
mic feasibility is dependent on what is defined as the appropriate discount rate. 
If the discount rate is only 10 percent, the deferred rehabilitation strategy is ac
ceptable, but if it is 15 percent, the minimum maintenance strategy is preferable.

The analysis of optimum maintenance strategies involves repeating this type of 
analysis many times for alternative road expenditure options. In the pavement 
management system being implemented in the TRACECA countries an ex
haustive list of options is compared for each road section, and only the 20 opti
ons showing the highest economic priority are stored in the computer database 
for future reference.

Traffic volumes obviously have an important effect on road pavements, but the 
precise nature of the effect is not always clearly understood. The inclusion of 
cumulative equivalent standard axles as an important variable in the model set 
out above gives an idea of the nature of the traffic effect. This is discussed more 
fully below.
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Table 4.1 EXAMPLE OF THE ECONOMIC IMPACT OF MAINTENANCE AND REHABILITATION.

7.00Road section length ftm) u.
Pavement Roughness 

<IFB m/km)
Economic Costs lUSS’OOO)Traffic LoacflngУ eat

Minimum Maintenance {Strategy 01Cumulative
ESALs

Requited Maintenance (Strategy 1) UneflscountadEquivalent
Standard

Axles
(ESALs
miHion)

Required 
Maintenance 
■Strategy 1

Routine
Maintenance

Minimum 
Maintenance 
■Strategy 0

Other Vehicle 
Maintenance Operating 

Coats

Totai
Transport

Coats

Routine
Maintenance

Coats

Other NetVehicle
Operating

Costs

Total
Transport

Costs
Maintenance

Costs
Cah Flow

Costs Costs
No. Actual

(million) (A) (АЙВ)IB)

7.52 3.92 0.70 0.00 277.50 
287.17 
297.43 
308.21 
319.56 
331.52
354.24
384.24 
411.23
440.50 
472.20 
506.64 
559.07 
600.78 
646.38 
696.31 
750.89 
810.74 
876.55 
950.15

278.20 
287.87 
298.13 
308.91 
320.26 
332.22
354.94
384.94 
411.93
441.20 
472.90 
507.34 
559.77 
601.48 
647.08 
697.01 
751.59 
811.44 
877.25 
950.85

0.11 0.70 382.40 -335.74
49.32
53.03
57.01 
61.30 
65.92 
72.83 
85.98
95.01

104.88 
115.86

-241.65
196.78
217.55
240.89 
267.14 
296.51 
329.26 
366.19 
408.99

231.54
237.85
244.40 
251.20
258.26 
265.60
281.41

298.26
316.22 
335.62 
356.34 
342.58 
362.29
383.23 
405.49 
429.18 
454.38 
481.48 
510.36 
541.16

613.94
238.55
245.10 
251.90

258.96 
266.30
282.11

298.96
316.92 
336.32 
357.04
748.99
362.99

383.93 
406.19 
429.88 
455.08 
482.18 
511.06 
541.86

0.111996
1997
1998
1999
2000 
2001 
2002
2003
2004
2005
2006
2007
2008
2009
2010

0
7.81 4.06 0.70

0.70
0.00 0.700.23 0.000.121

8.12 4.21 0.000.35 0.70 0.000.122
4.368.43 0.70 0.000.47 0.70 0.000.123

7.76 4.52 0.70 0.000.59 0.70 0.000.124
9.11 4.68 0.70 0.000.72 0.70 0.000.135
9.46 4.86 0.700.85 0.00 0.70 0.000.136

5.0410.12
10.51
10.93
11.35
11.80
12.84 
13.33
13.85 
14.40 
14.97 
15.58 
16.22 
16.92

0.70 0.000.99 0.70 0.000.147
5.24 0.70 0.001.13 0.70 0.000.148
5.45 0.70 0.001.28 0.70 0.000.159
5.67 0.70 0.001.44 0.70 0.000.1610
3.92 0.70 0.001.61 0.70 405.700.1711
4.06 0.70 0.001.78 0.700.17 0.0012
4.21 0.701.96 0.00 0.700.18 0.0013
4.36 0.70 0.002.15 0.700.19 0.0014
4.52 0.70 0.002.35 0.700.20 0.00201115
4.68 0.70 0.002.56 0.70 0.000.212012

2013
2014
2015

16
4.86 0.70 0.002.78 0.70 0.000.2217
5.05 0.70 0.003.02 0.70 0.000.2418
5.25 0.70 0.003.27 0.70 0.000.2519

14.00 0.00 10,281.30 10,295.30 14.00 788.10 6,986.84 7,788.25 2,507.06Undiscounted Totals

Net Present Value (NPV) <g> 10% discount rate 
Net Present Value (NPV) @ 15% discount rate 
Net Present Value (NPV) @ 21.94 % discount rate

480.06
185.70

0.00

Internal Rate of Return (IRR %) 21.94

NPV per Km @ 10% discount rate 
NPV per Km @ 15% discount rate 
NPV per Km @ 21.94 % discount rate

68.58
26.53
0.00

Source: Consultant’s estimates
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Table 4.2 EXAMPLE OF THE ECONOMIC IMPACT OF DEFERRED REHABILITATION.

7.00
111 M И И111111111Traffic Loading

Road section length (km) »
Year Pavemant Roughness 

0ГО m/km)_____
Economic Costs lUSrOOO)_______________
______________ Required Maintenance (Strategy 1)

Routine 
Maintenance 

Costs

Minimum Maintenance {Strategy 0)
Other Vehicle Total

Maintenance Operating Transport
Costs Costs Costs

Cumuiative
ESAU

Equivalent OndBscounted
Routine

Maintenance
Costs

VehicleRequireu 
Maintenance 
’Strategy 1

Minimum 
Maintenance 

Strategy 0

Total NetOther
Maintenance

Costs

Standard
Axles

{ESAts
mMtoni

Cah RowOperating
Costs

Transport
CostsNo. Actual

(million) Ш ш tAHB)

7.52 7.52 0.40 0.00 158.57 
164.10 
169.96 
176.12 
182.61 
189.44 
202.42
219.57 
234.99 
251.71 
269.83 
289.51 
319.47 
343.30 
369.36
397.89 
429.08 
463.28
500.89 
542.95

0.11 158.97 
164.50 
170.36 
176.52 
183.01 
189.84 
202.82
219.97 
235.39 
252.11 
270.23 
289.91 
319.87 
343.70 
369.76
398.29 
429.48 
463.68
501.29 
543.35

0.40 0.00 158.57 
164.10 
169.96 
176.12 
182.61
189.44
142.44 
150.23 
158.47 
167.20
176.44 
186.22 
196.69 
207.80
219.58 
232.25 
245.72 
260.04 
275.34 
291.63

158.97 
164.50 
170.36 
176.52 
183.01
189.84
942.84 
150.63 
158.87 
167.60
176.84 
186.62 
197.09 
208.20
219.98 
232.65 
246.12 
260.44 
275.74 
292.03

0.000.111996
1997
1998
1999
2000 
2001 
2002
2003
2004
2005
2006
2007
2008
2009
2010

0
7.81 7.81 0.40 0.00 0.000.23

0.35
0.40 0.00

0.00
0.12
0.12

1
8.12 8.12 0.40 0.00 0.40 0.002
8.43 8.43 0.40 0.000.47 0.40 0.000.000.123
7.76 7.76 0.40 0.000.59 0.40 0.000.000.124

9.11 0.409.11 0.000.72 0.40 0.000.000.135
9.46 2.45 0.40 0.000.85 0.40 -740.02

69.33
76.52
84.52 
93.39

103.29
122.78 
135.51
149.78 
165.64 
183.36 
203.24 
225.55 
251.32

800.000.136
10.12
10.51
10.93
11.35
11.80
12.84 
13.33
13.85 
14.40 
14.97 
15.58 
16.22 
16.92

2.54 0.400.99 0.00 0.40 0.000.147
2.63 0.40 0.001.13 0.40 0.000.148
2.73 0.40 0.001.28 0.40 0.000 159
2.83 0.40 0.001.44 0.40 0.000.1610
2.93 0.40 0.001.61 0.40 0.000.1711
3.05 0.40 0.001.78 0.40 0.000.1712
3.17 0.40 0.001.96 0.40 0.000.1813
3.30 0.40 0.002.15 0.40 0.000.1914
3.44
3.59

0.40 0.00 0.402.35 0.00
0.00
0.00
0.00
0.00

0.20201115
0.40 0.002.56 0.400.2116 2012

2013
2014
2015

0.40 0.003.752.78 0.400.2217
0.403.91 0.00 0.403.020.2418

4.09 0.40 0.003.27 0.400.2519

8.00 0.00 5,875.02 5,883.02 8.00 800.00 3,950.83 4,758.83 1,124.19Undiscounted Totals

Net Present Value (NPV) @ 10% discount rate 
Net Present Value (NPV) @15% discount rate 
Net Present Value (NPV) @ 21.94 % discount rate

73.70
-33.49

0.00

Internal Rate of Return (IRR %) 12.82

NPV per Km @ 10% discount rate 
NPV per Km @15% discount rate 
NPV per Km @ 21.94 % discount rate

10.53
-4.78
0.00

Source: Consultant's estimates
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4.3 The Effect of Axle Loads on Road Pavements

Heavy vehicle traffic is a an important contributor to the deterioration of road pa
vements. This contribution to pavement damage over time is sometimes mista
kenly attributed to gross vehicle weight, but this is only true under special 
circumstances. In general, the damage caused to road pavements by vehicles is 
a function of a complex combination of factors of which the weight on the ve
hicle axles is the best known and most easily measured. Damage to bridges and 
other road structures on the other hand is a function of gross vehicle weight, but 
it is damage to pavements which is the main item of interest in the context of 
this study.

The effects on pavements considered in this section concentrate on structural 
damage, which is the most important factor influencing effective pavement life. 
Other forms of damage, such as those to wearing courses, are not discussed 
further because they can be attributed to all types of vehicles.

The axle load has traditionally been treated as the sole damage factor since the 
research undertaken in the 1950s by the American Association of State Hig
hway Officials (AASHTO). However international research undertaken over the 
last 20 years has demonstrated that the picture is more complex and that the 
following factors are also important:

the type of axle, including the number of wheels and the type of tyres, 
the axle grouping - single, tandem and triple (tridem),
The surface contact pressure of the tyres and 
the vehicle suspension system.

The precise effect and relative importance of these also varies according to 
whether the damaging potential being considered is to flexible or rigid pave
ments. The main problem with utilising the results of the more recent research is 
that it is extremely difficult in practice to obtain adequate data on all the above 
variables for each vehicle using a road. For this reason, the traditional AASHTO 
based research evidence continues to be used.

According to the AASHTO research the damage to flexible pavements from the 
passage of a single vehicle axle could be described by the following expression 
using the so-called “fourth power law”:

• Equivalence Factor = [(Axle weight)/Reference axle weight)]4 
Where
Equivalence factor 
Axle weight 
Reference axle weight

= pavement damage factor 
= the weight of a single axle in tonnes 
= a single axle weight of 8.16 tonnes

Occasionally a reference axle of 10 tonnes is also used. The exponent used is 
commonly in the range 4.0 - 4.3. In more sophisticated formulations different 
exponents are sometimes used to express the potential damage to different 
layers in flexible pavements. In the case of semi rigid or rigid pavements the ex
ponent used can be between 8 and 12. The fourth power law”suggests that the 
damage to flexible pavements increases extremely rapidly with single axle loads 
above the reference axle weight.

The damage to flexible pavements caused by a given load on tandem axles is 
less than the damage caused by the same load on two single axles. Similarly,
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the damage caused by a load on a tridem (triple) axles is even less than the 
equivalent load carried on three single axles. The AASHTO research and the 
more recent research carried out in a number of member countries of the Orga
nisation for Economic Co-operation and Development (OECD) indicate that the 
damage to flexible pavements attributable to tandem axles is just over 60 per
cent of the damage caused by the same load on two single axles. In the case of 
tridem axles the equivalent damage is 45 percent of the damage which would be 
caused by the same load on three single axles. The national axle loading regu
lations in various OECD countries take these damage ratios into account. These 
ratios embody a high, if necessary, degree of simplification because the dama
ging effect is also a function of the way the load is distributed over the axles and 
whether single or double tyres are used. In most of the discussion in this section 
twin wheeled axles are assumed. The difference in damaging power between 
single, tandem and tridem axles also grows rapidly with rising load weight. This 
is the obvious reason why only the heavier trucks have tandem or tridem axles.

The grouping and type of tyres also influences potential damage to pavements. 
For example, wide base tyres do about 92 percent of the damage of normal 
single tyres and twin tyres only do around 77 percent of single tyre damage. Fi
nally, there are also differences in the pavement damaging potential of different 
types of vehicle suspension systems. Modern suspension systems are thought 
to have only 95 percent of the pavement damaging potential of traditional sus
pension systems.

The simplified methodology for calculating the potential pavement damaging im
pact of different axle grouping and characteristics shown below provides a very 
useful basis for assessing the impact of different types of vehicles. In practice, 
conventional axle load surveys are seldom able to provide the amount of infor
mation required for this level of pavement damage evaluation. It is important ne
vertheless to have a clear idea of the pavement damage potential of different 
types of heavy vehicle because it has an important bearing on road user char
ges for heavy vehicles and on national axle loading regulations.

The total pavement damaging power of different types of heavy vehicle can be 
summarised in the following simplified model:

PD = [(АЦ/АЦ) * k, * k2 * k3]a

where AL, = load on the axle or axle grouping 
= the reference axle loadAlo

ki (type of grouping) single axle 
tandem axle 
tridem axle

= 1.0 
= 0.6 
= 0.45

k2 (type of tyres) twin tyres 
wide base tyres 
single tyres

= 1.0 
= 1.2 
= 1.3

кз (type of suspension) = 1.0 
= 0.95

traditional
improved

a is the exponent

Based on the use of this model, the OECD in its report The Impacts of Heavy 
Freight Vehicles”evaluated the pavement damaging potential of different types 
of trucks and the findings are discussed briefly below.
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4.4 The Effects of Different Types of Trucks on Pavements

Any reasonably rigorous assessment of the pavement damage attributable to 
different types of heavy goods vehicles has to take payload into account. While 
it is interesting to know the absolute pavement damage factors for different ve
hicle types, it is even more interesting to have information on these damage 
factors in relation to payload tonnes. Assuming that a given annual tonnage has 
to be transported over a road network, it is important from a vehicle licencing 
perspective to know what types of heavy goods vehicles would transport that 
tonnage at minimum damage to the pavements. With this knowledge it should 
be possible to use the vehicle licencing system to encourage vehicles with axle 
configurations which do least pavement damage in relation to load capacity.

The results of analyses carried by the OECD are summarised in Table 4.3. The
se show that gross vehicle weight is not necessarily a very good guide to the 
pavement, as opposed to bridge, damaging potential. The damage factors for 
different types of goods vehicles with different axle configurations is a much 
better guide, but the most valid basis for considering pavement damaging po
tential by heavy goods vehicles is in relation to payload capacity. The estimated 
damage factors per payload tonne of capacity show that large articulated trucks 
are usually less harmful to pavements than smaller rigid single axle trucks. The 
results in the table assume correct loading and the greater pavement damaging 
potential of 2 axle rigid trucks increases when overloading is taken into account. 
These results reflect the respective damaging potential of single, tandem and 
tridem axles discussed earlier.

None of the systems of heavy goods vehicle licencing encountered in the 
TRACECA countries appears to take these factors into account. In the longer 
term considerable gains in economic efficiency would result from reforming the 
structure of heavy vehicle licences to take pavement damage factors per tonne 
of payload capacity into account.

4.5 Vehicles and Pavement Damage in the TRACECA Countries

Axle load surveys had been undertaken by the Consultant in Armenia, Azerbai
jan, Georgia, Kazakhstan, Kyrgyzstan, Turkmenistan and Uzbekistan. The re
sults of these surveys show that most heavy goods vehicles manufactured in the 
C.I.S are smaller and have lighter axle loads than the equivalent non - C.I.S ve
hicles traversing the TRACECA road networks. The overall level of axle loading 
is very low by international standards, but it can be expected to increase in line 
with international experience in the medium to long term. The contribution of 
vehicle axle loading to pavement damage in the TRACECA countries has been 
much smaller than it would have been if international vehicle damage factors 
and incidence of vehicle overloading had been experienced.

The overall results of the axle loading surveys in six TRACECA countries are set 
out in Annex 4 Tables A.4.1 and A.4.2. The overall pavement damage factors 
for heavy goods vehicles in Table A.4.2 are low, but they still overstate the pa
vement damaging potential of the different vehicle types because they are esti
mated on a single axle basis. In other words, no reduction is made for vehicles 
with tandem or tridem axles because this information was not recorded. It should 
also be noted that the large samples of heavy vehicles weighed at each location 
included empty vehicles and vehicles with low load factors. The samples were, 
therefore, representative of the heavy vehicle flows. The average damage fac
tors using an exponent of four from all the surveys were as follows:
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Large Buses
2 axle trucks
3 axle trucks
4 axle trucks
5 axle trucks

All = 1.50 
All = 0.11 
All = 0.24 
All = 0.83 
All = 0.45

non-C.I.S = 4.87 
non-C.I.S = 1.27 
non-C.I.S = 1.92 
non-C.I.S = 1.31

The corresponding damage factors using a 10 tonne reference axle are lower.

Estimates of damage factors per payload tonne have also been estimated in 
Annex 4 Table A.4.4 assuming payload to be around 60 percent of gross vehicle 
weight, an 8.16 tonne reference axle and an exponent of 4. The resulting da
mage factors per payload tonne are summarised below:

2 axle trucks All 0.02 per payload tonne 
0.67 per payload tonneNon C.I.S

3 axle trucks All 0.03 per payload tonne 
0.11 per payload tonneNon C I S

4 axle trucks All 0.06 per payload tonne 
0.12 per payload tonne

=
Non C I S

5 axle trucks All 0.03 per payload tonne 
0.08 per payload tonneNon C.I.S =

It should be remembered that these are overestimated to the extent that no ad
justment to damage factors has been made for tandem and tridem axles. The 
damage factors per payload tonne are clearly significantly higher for non C.I.S 
vehicles than for C.I.S vehicles and this reflects higher load factors as might be 
expected from commercial operators of the more expensive international trucks. 
The relationship between the damage factors and damage factors per payload 
tonne between non C.I.S two axle trucks and multi axle trucks is similar to the 
OECD examples. The two axle truck fleets of C.I.S manufacture are dominated 
by trucks which are small by international standards and their damage factors 
and damage factors per payload tonne are very low both in comparison with in
ternational 2 axle trucks and in relation to multi axle trucks of C.I.S manufacture.

A revival of economic activity in the TRACECA countries could be expected to 
be accompanied by a significant increase in trucking activity and growing load 
factors. A greater use of larger articulated trucks of non C.I.S origin can also be 
expected. In the medium to long term it can be expected that damage factors for 
heavy goods vehicles in the TRACECA countries will move into line with interna
tionally accepted norms and the implications of this for pavement maintenance 
and rehabilitation need to be recognised.

It will have been noticed that no mention has been made of passenger cars and 
other light vehicles in the above discussion. The reason for this is that they ma
ke very little contribution to pavement damage. The pavement damage factor for 
a typical passenger car of around 1.6 tonnes is only about 0.0001 and for a 
small pickup or minibus it might be of the order of 0.0015 to 0.002. A car, there
fore causes only one thousandth of the pavement damage of an average 2 axle 
truck of C.I.S manufacture. For light utility vehicles the proportion is 1 - 2 per
cent. Even allowing for the much greater number of light vehicles on the roads, 
the total pavement damage attributable to them is negligible.
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Table 4.3 PAVEMENT DAMAGING POTENTIAL OF DIFFERENT TYPES OF CORRECTLY LOADED TRUCK

Axle
Configuration

No.of 
Axles

Gross
Vehicle
Weight
(tonnes)

Truck Type Payload Pavement Damage Factors
Per Per

Per GVW
tonne

Payload
tonne(tonnes) Vehicle

S-S 2 14Rigid 2 axle 9 1.35 0.10 0.15

S-T 3 22Rigid 3 axle 14 1.22 0.06 0.09

S-S / S-SRigid 2 axle truck + 2 axle drawbar trailer 374 24 3.36 0.09 0.14

S-S / S-TRigid 2 axle truck + 3 axle drawbar trailer 5 45 29 3.22 0.07 0.11

S-T / S-TRigid 3 axle truck + 3 axle drawbar trailer 6 54 34 3.06 0.06 0.09

S-S / TArticulated 2 axle tractor + 2 axle semi trailer 4 34 21 2.23 0.07 0.11

S-T / TArticulated 3 axle tractor + 2 axle semi trailer 5 42 26 2.08 0.05 0.08

S-T / TRArticulated 3 axle tractor + 3 axle semi trailer 6 50 31 2.17 0.04 0.07

Note: The estimated damage factors take account of the reduced pavement damaging effect of tandem and triple axles.
S = single axle T = tandem axle TR = triple (tridem) axle 

Source: Organisation for Economic Co-operation and Development (OECD) - "Impacts of Heavy Freight Vehicles"
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THE FINANCING OF ROADWORKS5

General5.1

The financing of roadworks in most of the TRACECA states is nominally through 
a road fund set up by government. In Armenia, however, there is no road fund 
and financing of roads from the general government budget. In practice, the lack 
of financial independence of most of the road funds means that financing of 
roadworks operates in much the same way as if it were from the general go
vernment budget.

The main direct charges on road users are in the form of taxes on automotive 
fuels, vehicle licences and registration taxes, transit taxes on foreign (non-C.I.S) 
vehicles and taxes on vehicle acquisition. Nearly all these charges are at levels 
which are very low by international standards. Other taxes used for financing 
roadworks include turnover and - or profits taxes on enterprises linked functio
nally or locationally with the highway networks. In the economic climate experi
enced by most TRACECA states in recent years profits taxes are unlikely to ha
ve been a major contributor to highway budgets. In most cases these taxes and 
charges are at levels which are very low by international standards. In part this 
reflects a traditional philosophy of road financing inherited from the past, and it 
is also the result of a failure to make adequate adjustments in taxes and char
ges to take account of inflation. The overall effect has been a declining real 
financial contribution from road user charges to the road sectors. This has been 
accompanied by an irresistible downward pressure on general government bud
gets as a result of the economic depression of the 1990s.

5.2 Road Funds

5.2.1 Introduction

Road funds have been established in most of the TRACECA states since 1991. 
None of them can be said to possess the degree of financial and operational in
dependence which the World Bank, for example, regards as critical to their suc
cess. In practice, most of the TRACECA road funds appear to operate as an 
extension of the central government’s tax collection machinery. They have little 
effective control over how much of the money which they collect from the road 
sector is used in the road sector. A possible exception to this could be Uzbeki
stan where it is claimed that lessons learned from the problems of other road 
funds have been incorporated in the design of its own fund. The following secti
ons briefly summarise the main features of road funds in individual TRACECA 
countries.

Azerbaijan5.2.2

The Road Fund Law setting up Azerbaijan’s road fund was passed in November 
1994, but the fund effectively started operations in mid 1994.. Before the 
establishment of the road fund the financing of roadworks was from the State 
Budget. The fund is supposed to collect revenue from road user charges and 
highway related taxes and to pass this revenue on to the Ministry of Finance. 
These charges include an automotive fuel sales tax, a road use tax on enterpri
ses, a vehicle sales tax, vehicle ownership taxes and a transit tax on non - C.I.S
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foreign vehicles. The potential revenue from this transit tax is significantly redu
ced by the fact that Iranian vehicles, which constitute the majority of foreign ve
hicles, are exempted from paying it.

Fifteen percent of the revenue from the fuel tax is supposed to be passed onto 
the fund by the State Fuel Committee, but this has not happened so far. The 
Ministry of Finance decides the annual budget to be allocated to Azeravtoyol, 
the state highway organisation, so highway financing is still effectively from the 
State Budget.

In the second half of 1994 the road fund collected the equivalent of US$ 10 mil
lion. This increased to US$ 27.9 million in 1995. The road fund’s estimated re
venue collection for 1996 is equivalent to US 79.8 million, but as of August 1996 
the predicted budget allocation for roadworks by the Ministry of Finance was no 
more than US$ 10.4 million of which approximately 80 percent was for state 
highways.

5.2.3 Georgia

The law establishing Georgia’s road fund was passed in September 1995. The 
law sets out the basis of the fund, its main purpose, the provision of financial re
sources for it and the use of those resources. The main charges and taxes con
tributing to the fund’s revenues include a sales tax on automotive fuel, a road 
use tax on enterprises, taxes on vehicle ownership, a tax on the location of pu
blic utility facilities within road rights of way, contributions from lotteries and traf
fic fines, and a transit tax on foreign vehicles entering Georgia and on Georgian 
vehicles carrying foreign export cargoes.

In the first seven months of 1996 the proceeds from road user charges and ta
xes amounted to the equivalent of US$ 9.46 million. Of this, just over 40 percent 
came from transit taxes on foreign vehicles, 29 percent from road use taxes on 
enterprises, 25 percent from vehicle ownership taxes and only 4.1 percent from 
taxes on fuel. Indications from the first half of 1996 are that expenditure on 
roadworks was running at around 60 percent of the total proceeds from the 
fund.

5.2.4 Kazakhstan

Up to 1992 expenditure on roads in Kazakhstan was financed from the National 
Budget. In December 1991 two categories of road funds were established by 
government decree, the National Road Fund for national road maintenance and 
development and the Regional (Oblast) Road Funds for local road maintenance 
and development. Road fund revenue was originally designed to come from the 
proceeds of a road use tax on enterprises, a purchase tax on vehicles, a ve
hicle ownership tax based on vehicle horse power, a tax on petroleum products 
and vehicle tyres, a tax on the income of transport companies and a transit tax 
on foreign vehicles entering Kazakhstan.

The structure of road use taxes and user charges was modified in 1994, but the 
new arrangements were rescinded in the second half of 1995. As of mid 1996 a 
number of road funding arrangements were under consideration by the Go
vernment. In general, Kazakhstan’s experience with operating a road fund has 
not been satisfactory.
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Road fund revenue dropped from the equivalent of US$ 185 million in 1993 to 
US$ 92 million and US$ 100 million respectively in 1994 and 1995. The latest 
available information on the main sources of road fund revenue only relate to 
1993 when road use taxes accounted for 47 percent and taxes on fuel and ve
hicle tyres contributed a further 36 percent of the total. In 1993 road fund reve
nue and expenditure on roads were almost in balance. Since then, however, ex
penditure on roads has been only 50 percent of road fund revenue in 1994 and 
70 percent in 1995. The balance has presumably gone into the Government’s 
general tax revenues.

5.2.5 Kyrgyzstan

The establishment of a road fund has been under consideration for the past two 
years, but as of May 1996 the necessary legislation had not been passed.

5.2.6 Tadjikistan

Tadjikistan has a road fund responsible for collecting road user charge revenue, 
but details on the operation of the fund are not available.

5.2.7 Turkmenistan

Turkmenistan’s road fund was only established in 1995 and it became operatio
nal at the beginning of 1996. Its objectives were the financing of requirements 
for the maintenance, rehabilitation and development of State roads. The fund’s 
financial resources were originally intended to come from the excise duty on 
automotive fuels, transit charges on foreign vehicles and the annual vehicle re
gistration tax. Subsequently, the abolition of special government departmental or 
agency accounts meant that the road fund could not be operated as a financially 
independent entity. A further blow to the fund’s resources was the removal of 
the proceeds of the excise tax on automotive fuels from its control. The fund’s 
managing authority is Turkmenautellari.

The estimated financial resources of the fund in 1996 are the equivalent of US$ 
17 million to US$ 20 million depending on whether official or commercial 
exchange rates are used, This represents a significant increase on the US$ 7 
million made available for roads out of the state budget for in 1995.

5.2.8 Uzbekistan

Uzbekistan originally established a road fund in 1993. It has been mainly finan
ced out of taxes on enterprises and institutions at the state, oblast (regional) and 
rayon (district) level, taxes on vehicle ownership and transit taxes on foreign 
vehicles entering the country. The fund is responsible for financing all road
works, but its resources do not include a tax on automotive fuel. The only part of 
the country levying a tax on fuel is the Semi Autonomous Republic of Karakal- 
pakistan where a 7 percent fuel tax is in force.The road fund is administered by 
Uzavtoyul, the state highway organisation.

The amount of fund revenue raised at just over the equivalent of US$ 100 mil
lion may be insufficient, but Uzbekistan appears to be one of he few TRACECA
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countries with a road fund where a significant part of fund revenue is not appro
priated by the finance ministry for non - road uses.

5.3 Road User Charges and Road Related Taxes

5.3.1 General

In the following sections the details of road user charges and road related taxes 
in individual TRACECA countries are briefly summarised. The information on 
these charges was collected during visits to the various countries in the course 
of the Project.

5.3.2 Armenia

Armenia is in the process of introducing a new road tax and draft legislation was 
supposed to have been presented to Parliament in September 1996. The 
present structure of charges and taxes is similar to those in force in most of the 
other TRACECA countries and the most distinguishing feature of the new Ar
menian proposals will be the much greater reliance to be placed on the 
proceeds from a fuel tax.

The main features of the proposed new road tax are as follows:

The 2 percent tax on the revenues of enterprises involved in vehicle ope
ration and the 0.43 percent tax on the incomes of all other enterprises 
will be replaced by a fuel levy.

The levy or tax on petrol and diesel will be at the rate of 12 percent.

The Ministry of Finance estimates that the new fuel tax will raise just over the 
equivalent of US$ 7 million in a full year and the stated intention is that this will 
be specifically assigned to road expenditure. This would be an advance on the 
road budgets of US$ 1.65 million in 1994 and US$ 4.15 million in 1995. It should 
be noted, however, that only one third of the 1995 road budget allocation had 
been paid out as of June 1996. The predicted 1996 fuel tax yield will also be re
quired to cover a local counterpart contribution of around US$ 864,000 to an 
International Development Association (IDA) credit.

5.3.3 Azerbaijan

The existing road taxes and road user charges comprise the following:

A 0.5 percent tax on the turnover of road vehicle operating companies 
and a 0.3 percent tax on the turnover of trading companies and certain 
other types of company.

A 2 percent vehicle sales tax.

A vehicle ownership tax levied on the basis of a complicated formula in
volving the multiplication of a percentage of the minimum wage rate by
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vehicle horse power. For private cars the relevant percentage is 2 and for 
other vehicles it is 5.

International transit tax on foreign vehicles entering the country, but 
specifically exempted from this tax are Iranian vehicles which make up 
the largest group of foreign (non C I S) vehicles. The following transit tax 
rates have been in force in 1996:

Cars - US$ 15 per entry

Buses - from US$ 30 per entry for buses of 12 passenger capacity 
to US$ 100 for buses with a capacity of more than 30 passengers.

Trucks attract a transit tax of from US$ 100 (less than 10 tonnes) 
to US$ 180 for trucks of more than 24 tonnes. It is not clear whe
ther the truck tonnage refers to payload capacity or gross vehicle 
weight. There are additional weight related transit charges based 
on truck weight. These range from US$ 0.15 per kilometre for 
trucks weighing 37 - 41 tonnes to US$ 1.8 per kilometre for trucks 
weighing more than 81 tonnes.

In the absence of vehicle weighing equipment at each border post 
it is not clear how the truck weight assessments for transit tax pur
poses is made or how the relevant number of kilometres for char
ging is calculated. In addition to transit charges on vehicles, there 
are transit charges on vehicle loads. These range from US$ 100 
per load for a hot very dangerous1'load to US$ 400 per load for a 
"very dangerous" load.

A petrol sales tax of from US$ 3.07 - 3.74 per tonne, depending on 
octane level, and a tax on automotive diesel of US$ 2.20 per tonne. 
There is also a retail sales tax on automotive fuels of 15 percent.

Azerbaijan has a system of complex road taxes and user charges, but in the ab
sence of information on the relative contribution of the different charges to total 
road fund revenue it is difficult to judge their effectiveness as a source of reve
nue. What is beyond dispute is that total revenue raised from road users is 
insufficient and the proportion passed on as road budgets is even more inade
quate.

5.3.4 Georgia

A tax for the use of public roads is levied on the profits and - or turnover of 
specified enterprises. There is a 2 percent profits tax on enterprises operating 
passenger transport services. Municipal buses are exempt. The profit tax rate is 
0.5 percent for banking organisations and 0.1 percent for other business organi
sations. Trading enterprises must also pay a 0.1 per cent tax on their turnover. 
Enterprises located within 50 metres of a public road in densely settled areas 
and within 100 metres in less densely populated areas have to pay double the 
above tax rates. Organisations selling automotive fuels also have to pay a fuel 
tax, and their liability to pay profit taxes is reduced in line with their liability to pay 
the fuel tax. The fuel tax is in the form of a value added tax of 5 percent.

There is a vehicle ownership tax based on engine capacity. The rates for diffe
rent vehicle types is as follows:
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Cars- L)S$ 0.20 per horse power
Buses-from US$ 0.50 per horse power for vehicles with less than 13 
seats to US$ 2.00 per horse power for vehicles with more than 30 seats. 
Trucks from US$ 1.00 per horse power for vehicles of less than 11 ton
nes to US$ 3.00 per horse power for vehicles of more than 40 tonnes.

The annual registration - ownership tax has to be paid before the annual safety 
check and when a vehicle is re-registered on change of ownership.

A transit tax is levied on foreign vehicles entering Georgia and on owners of 
Georgian vehicles loaded with foreign cargoes for re-export abroad. The transit 
tax rates levied on entry into Georgia are as follows:

Cars
Buses (less than 13 seats)
Buses (13-29 seats)
Buses (30 or more seats)
Trucks (less than 11 tonne payload capacity) 
Trucks (11 - 20 tonne payload capacity) 
Trucks (21 - 39 tonne payload capacity) 
Trucks (40 or more tonnes payload capacity)

US$ 20.00 
US$ 40.00 
US$ 80.00 
US$ 130.00 
US$ 130.00 
US$ 160.00 
US$ 220.00 
US$ 300.00

Payment of this tax can be made in US dollars or in other currencies.

Finally, there are taxes on public utility facilities located within State road right of 
way and on roadside advertising hoardings. The utility tax is levied at the rate of 
the equivalent of US$ 0.10 per linear metre of facility within the right of way. The 
tax rate on roadside advertising hoardings ranges from the equivalent of US$ 20 
per square metre of hoarding on national roads to US$ 15 per square metre on 
intra state (republican) roads and US$ 5 per square metre on local roads.

The State Tax Office is responsible for raising these taxes and road user char
ges and for the accounting and financial contrive of the road fund.

5.3.5 Kazakhstan

Under the 1994 restructuring of road financing the main road taxes and user 
charges were as follows:

Special road tax of 1.0 percent of turnover levied on all enterprises. The 
proceeds were split in the proportions 30 per cent for national roads and 
70 percent for Oblast funds.

A tax of 1.0 percent on vehicle purchases with the proceeds going to 
Oblast funds.

An annual transport tax linked to vehicle size.

A value added tax on fuel, lubricants and tyres the proceeds being de
stined for the Oblasts.

A levy of 2.0 per cent on transporters’ turnover with the revenue going to 
national roads.
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As mentioned earlier, these arrangements were rescinded during the second 
half of 1995 and alternative financing arrangements are still being considered by 
the Government.

5.3.6 Kyrgyzstan

In recent years road related taxes and road user charges have comprised the 
following:

an annual road tax of 0.8 percent of turnover levied on most enterprises. 
Trading companies and privatised or small scale agricultural enterprises 
pay at the rate of 0.08 per cent of turnover.

a levy of 2 percent on the turnover of all transport companies, which has 
now become a voluntary contribution

an excise tax on petrol of the equivalent of US$ 4.1 per tonne. A similar 
tax on diesel was abolished in 1995

a vehicle registration tax of 5 percent of the vehicle’s value on transfer of 
ownership

an annual vehicle licence tax of approximately US$ 0.90 per horse power 
of engine capacity for trucks and US$ 0.02 per horsepower on cars

A 10 percent import levy on imported cars from outside the C.I.S.

Revenue from these sources goes into the Government’s central budget and it 
is not specifically allocated to the Ministry of Transport for expenditure on roads.

A draft of a Republican Road Fund Law was prepared by the Ministry of Trans
port as part of the Automobile Road Act which has been under consideration by 
the Ministry of Finance since early 1995. The objective of this would be to 
establish a dedicated road fund which would legally tie specified sources of re
venue to expenditure on roads. Under the draft proposals there would be 13 
different sources of revenue, either existing or newly proposed. Proposed new 
charges and taxes would include the following:

a value added tax on fuels and tyres

licencing fees for transport activities

duties on heavy axles and large vehicles

toll fees for selected roads and tunnels

a transit tax on foreign vehicles entering Kyrgyzstan

As of May 1996 the Ministry of Transport was attempting to add supplementary 
proposals focusing on existing taxes and charges. Revenue from taxes paid by 
vehicle owners amounted to around US$ 5.4 million in 1994. Revenue from au
tomotive fuel taxes might have contributed a further US$ 0.8 million. These re
venues are clearly inadequate in relation to expenditure requirements, but total
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Government revenue in 1994 only amounted to the equivalent of US$ 181.8 mil
lion.

5.3.7 Turkmenistan

The main road user charges in force in Turkmenistan include transport licence 
fees, taxes for vehicle inspection , vehicle registration fees, fuel tax, import du
ties on vehicles and transit fees for international (non - C.I.S) vehicles. The main 
features of current charges and taxes are as follows:

Road transport licence fees. These have been applicable to internatio
nal road transport enterprises since May 1996. Before then they were al
so applied to domestic transport enterprises, but at a much lower rate. 
Foreign freight carriers now pay monthly fees at the following rates per 
vehicle:

Trucks with a carrying capacity of less than 10 tonnes US$ 20 
Trucks with carrying capacity of 10 - 20 tonnes 
Truck with carrying capacity of more than 20 tonnes

US$ 50 
US$ 100

Annual vehicle inspection fees are collected by the Police Department 
of the Ministry of the Interior. The fee for Turkmen vehicle owners is the 
equivalent of US$ 0.12 per vehicle and for foreign owners the fee is US$ 
4.00 per vehicle. It is not immediately apparent why inspection of foreign 
owned vehicles should be thirty three times more expensive than for do
mestic vehicle owners.

Vehicle registration fees in the form of fees for vehicle licence plates 
are the equivalent of US$ 7.50 for Turkmen and US$ 100.00 for foreign 
owners.

Duties on passenger vehicles imported from outside the C I S and Iran 
are levied at the rate of 10 percent of the vehicle’s declared import value 
which cannot be less than US$ 1,000. There are also additional Customs 
charges of 0.2 percent to cover the administrative paperwork.

Transit charges on international vehicles entering Turkmenistan are 
as follows:

US$ 50 
US$ 100 
US$ 150

Trucks of less than 10 tonnes carrying capacity 
Trucks of 10 to 20 tonne carrying capacity 
Trucks of more than 20 tonnes carrying capacity

Passenger vehicles attract the following transit charges: 
Cars
Buses with less than 20 seats 
Buses with 13 to 30 seats 
Buses with more than 30 seats

US$ 30 
US$ 25 
US$ 50 
US$ 100

In 1995 vehicles from the C.I.S countries (except Azerbaijan, Georgia 
and Ukraine) and from Afghanistan, Iran and Turkey were exempt and if 
this is still the case, the potential revenue yiel from this charge seems 
rather limited.
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• Excise tax on motor fuels are at the rate of 55 percent and 60 per cent of 
the respective ex refinery prices of petrol and diesel. In October 1996 these 
were the equivalent of US$ 0.047 - 0.052 per litre for petrol and 0.038 per 
litre for diesel. Even allowing for distribution costs, the economic opportunity 
cost of Turkmen refined automotive fuels is probably nearer US$ 0.30 per 
litre. The above percentage rates seem to be quite high, but the ex refinery 
prices on which the tax is based are so extraordinarily low by international 
standards that this results in a very low duty in practice.

• Annual tax on road vehicles. This is based on a specified multiple of the 
minimum wage and in US dollar equivalent terms the tax rates are approxi
mately as follows:

Cars
Buses (depending on seating capacity) 
Rigid trucks (depending on capacity)
Road tractors (depending on horse power) 
Semi trailer (depending on load capacity)

US$ 10 
US$ 40-100 
US$ 100- 1,000 
US$ 150-400 
US$ 50 - 250

Until the beginning of 1996 revenues from some of the above taxes went into 
special Ministry of Road Transport accounts at the Bank of Turkmenistan. 
However, all special accounts were abolished in January 1996 and these reve
nues now go into the State Budget. Revenues from vehicle inspection are allo
cated to the special Road Traffic Safety Fund which comes under the jurisdiction 
of the Ministry of the Interior. Revenues from transit charges are supposed to be 
directly allocated to the Road Fund administered by Turkmenautoellari, but there 
is some doubt as to whether the full hard currency receipts are being transferred 
to the fund.

5.3.8 Uzbekistan

Uzbekistan has the traditional mix of road taxes on enterprises, taxes on vehicle 
purchase and ownership and a transit tax on foreign vehicles. Except in Kara- 
kalpakistan there is no automotive fuel tax.

The profits tax on enterprises operating road vehicles is levied at the rate of 2.0 
percent. The purchases tax on vehicles is at 5.0 percent for cars and 10 per 
cent for buses and trucks. The transit tax on foreign (non-C.I.S) vehicles ente
ring the country has been fixed at US$ 150.0, but this figure appears to have 
been arrived at arbitrarily and not based on rigorous analysis.

5.4 Road Budgets and Expenditure on Roads

The traumatic economic conditions experienced by most of the TRACECA 
countries since 1991 have been reflected in severely constrained government 
budgets and sharply reduced levels of expenditure on roads. Consequently, ex
penditure levels on roads appear to be low both by historical standards and by 
the standards of other countries of similar income levels.

The available evidence on expenditure on roads, total central government ex
penditure and Gross Domestic Product which is set out in Table 5.1 has to be 
treated with considerable caution because of the uncertain quality of the data, 
but it does indicate a fairly consistent pattern. All the countries except Turkme-
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nistan and Uzbekistan are spending significantly less per kilometre on their state 
road networks than was being spent in the mid 1980s. In Azerbaijan, Ka
zakhstan, Kyrgyzstan and Tadjikistan the prevailing levels of expenditure on 
state roads are less than half of the levels between 1983 and 1985. In Armenia 
it is just over half.

Expenditure on roads appears to lie within the range 0.2 - 1.9 per cent of total 
central government expenditure in 1995/1996. In Tadjikistan, however, it ap
pears to be only 0.2 per cent. For the TRACECA countries, excluding Tadjiki
stan, expenditure on roads is 0.16 - 0.35 per cent of Gross Domestic Product. 
Once again, Tadjikistan is well below the range at only 0.05 percent of GDP.

Historical and international comparisons are only interesting up to a point. The 
main interest in any analysis of expenditure levels on roads is how they compare 
with required expenditure levels. This is the subject of the next chapter.
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Table 5.1 TRACECA COUNTRIES - EXPENDITURE ON ROADS 1983/85 - 1995/96

State Road Network Length Average Annual Budget / Expenditure on Roads Expenditure on roads 
as % of:Per Km of:

Intra
state

{Republic}
(km)

Total Inter State 
roads

Period Inter
State

Intra State 
roads

Combined inter* 
and Intra state 

roads (d) 
(US*)

central
government
expenditure
(1995-96)

Country
Total GDP

(US* (a)
(km) million) (US*) (US*) (1995)

3,188
3,208

1,907
1,579

12.201,281
1,629

5,547
4,052

2,6971983-85
1995-96

3,827
2,058

Armenia
6.60 0.90 0.24

6,028
4,689

4,330
3,280

26.70
10.40

8,894
7,381

1,698
1,409

2,677 4,429
2,218

1983-85
1995-96

Azerbaijan
1.20 0.35

3,843
4,059

5,453
5,005

5.101,610 1,724
5,106

6041983-85
1995-96

935Georgia
4.83946 1.90 0.25965

32,009
11,364

45,041
17,496

51.33
25.80

13,032
6,132

1,616
4,207

1983-85
1995-96

946 1,140
1,475

Kazakhstan
0.160.80

6,310
2,363

9,159
3,110

13.802,849 2,627
6,956

1983-85
1995-96

843 1,507
1,672

Kyrgyzstan
5.20748 0.70 0.21

2,787 4,097
1,785

6.04 1,728 1,3541,310
1,089

1,4741983-85
1995-96

Tajikistan

696 0.90 826 0.20 0.05504

7,069
5,468

4.97
10.00

5,329
3,748

1,785
5,815

1,740
1,720

3501983-85
1995-96

703Turkmenistan
1,829 2.00 0.20(b)

16,969
21,825

42.11
62.73

15,313
20,432

5,612
14,917

9891,656
1,393

2,482
2,874

1983-85
1995-96

Uzbekistan
2,053 0.80 0.30

(a) In 1983-1985 this is based on actual allocations. In 1995-1996 it isonly based on actula allocations in Kazakhstan 
and Uzbekistan. Elsewhere is is the per km expenditure if the inter state roads absorbed the whole budget.
(b) Total government expenditure is underestimated and expenditure on roads as a percentage of it is , therefore, 
overstated.
Consultant’s estimates based on data obtained in each country.
Government expenditure data from EBRD and GDP data from EBRD and the World Bank.

Note:

Source:
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ROAD USE COSTS AND EXPENDITURE6

6.1 General

In this chapter estimates are presented of the total costs of using the inter state 
and intra state road networks in each of the TRACECA countries. These costs 
are undiscounted life cycle costs presented on an average annual basis. The 
road use costs are then compared with the budget - expenditure levels in each 
country as presented in the last chapter and the excess of required maintenan
ce and rehabilitation expenditure over existing expenditure levels shows the 
scale of the financing gap, if any.

At this early stage it is important to distinguish clearly between road use costs 
and road user costs. Road user costs were discussed at some length in 
Chapter 3 where they were defined as including the following categories of 
costs incurred by road users:

Vehicle operating costs
Passenger delay costs
The costs of delays to goods in transit.

Accident costs to road users are also included in road user costs, but they have 
not been quantified in this study in the absence of adequate data.

Road use costs are the other main component of total road transport costs, na
mely the costs of building, maintaining and managing or administering roads. 
These costs include the costs of routine annual maintenance, periodic mainten
ance and rehabilitation, which are usually incurred by the highway agency or 
department, and the administrative, policing and other costs incurred by other 
agencies or government departments.

Although the potential importance of environmental costs in total transport costs 
is acknowledged, espec;ally where new addition to road infrastructure is invol
ved, they are not discussed further in this study which is mainly concerned with 
road maintenance and rehabilitation in an inter urban context.

The cost of maintaining and rehabilitating road networks is a function of their in
itial characteristics and condition, the levels and characteristics of traffic using 
them, factors associated with the road’s physical environment, and the unit 
costs of roadworks. A rigorous assessment of future road network maintenance 
and rehabilitation requirements should normally be based on detailed informati
on by road section on road condition, pavement roughness, pavement strength 
and a number of other engineering factors likely to affect future pavement life 
and the nature and costs of future roadworks. The assessment would also in
clude detailed analysis of present and future traffic by vehicle type and axle 
loading and an analysis of road user costs at different road pavement roug
hness levels. Predictions also have to be made of future pavement performance 
and pavement surface roughness based on an assessment of the expected im
pact of traffic.

The most rigorous basis for estimating future road network maintenance and re
habilitation requirements would be an engineering and economic analysis of al
ternative treatment strategies on a section by section basis. This is the type of 
approach envisaged in the use of the computerised pavement management sy
stem being demonstrated in each country as part of this Project. The nature and
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cost of all the section level strategies would be brought together to create a 
network level road expenditure programme over time and the total costs of this 
would be calculated on a year by year basis. This approach is very demanding 
of resources and as a minimum it needs to be based on a detailed highway da
tabase of the type which is not yet available in the TRACECA countries at the 
network level. In summary this is the future aim of the current project which can 
be seen as the first, the important step for the implementation of the PMS.

A slightly simpler approach, which is still fairly demanding of highway data, in
volves describing the network in a matrix of hypothetical representative sections 
combining defined road and traffic characteristics. Optimum maintenance and 
rehabilitation strategies would be developed for each of these representative 
road sections on the basis of engineering and economic cost benefit analyses, 
probably using a computerised model of some sort. In this optimisation analysis 
different potential, initial and subsequent road expenditure plans would be com
pared with a “do minimum” scenario in a discounted cash flow analysis and the 
plan or strategy showing the highest economic Net Present Value (NPV), NPV 
per kilometre or Benefit -Cost Ratio would be selected. The optimum strategy for 
each section would be the one minimising total discounted life cycle transport 
costs in which, it will be remembered, road user costs are the main compo- 
nent.The optimum strategy and the implied road agency expenditure programme 
over time for each section would be set out and the road costs for all sections 
would be added up to form an overall expenditure programme from which the 
average annual road expenditure requirements for the network would be ascer
tained.

It is important to be clear about the role of road user costs in this process. Road 
user costs are a vital component of the optimum strategy analysis because they 
are the largest component of total transport costs associated with each scenario 
being compared. However, once the optimum maintenance and rehabilitation 
strategy for each section has been found on the basis of engineering and eco
nomic cost benefit analysis, the focus of attention moves to road or road use 
costs. These are the future highway agency costs which will dictate road ex
penditure requirements and , hopefully, budgets.

The approach to the estimation of road use costs described later in this chapter 
is of necessity a highly simplified version of the representative section approach 
described above. The road use cost analysis has had to be based mainly on 
readily available data in the highway departments in each country. An exception 
to this is vehicle axle load data which was collected in a series of special sur
veys conducted by the Consultant. With the possible exception of Kazakhstan, 
none of the TRACECA countries has a highway database capable of sustaining 
the above type of analysis. The detailed databases created for the pilot road 
sections selected for the introduction and training of the pavement management 
system under the Project covered approximately 30 kilometres of main road in 
each country. These sections were not though for and also are too short to form 
a representative sample of pavement characteristics suitable for extrapolation to 
the network level. However, all socalled TRACECA roads (marked as ROAD 
CORRIDOR on the TRACECA Map) were inspected and data recorded for road 
surface condition category/class with relation to IRI (roughness).
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Table 6.1 PAVEMENT STRENGTH INDICATORS IN SELECTED C.I.S COUNTRIES

Modified Structural Number (SNC) by Design 
Standard Assumed In Road Use Cost Analyses

Country

I II III IV V

4.5 4.0 2.6 2.6 2.4Armenia (a) 
Armenia (b) 7.5 4.8 4.0 3.0 2.3

4.9 4.0 3.8 3.5 2.9Azerbaijan
Georgia
Kazakhstan
Kyrgyz Republic
Tajikistan
Uzbekistan

5.0 3.54.2 3.2 2.6
4.6 4.0 3.0 2.4 2.0
4.6 3.9 3.0 2.8 1.5
4.6 3.9 3.0 2.8 1.5
4.7 4.0 3.0 2.5 2.0

Estimates of Structural Numbers By design Category 
made in other studiesCountry

III III IV V

Carl Bro International a/s 
Kyrgyz Republic 
(Bishkek - Osh Road) 612 3.9 3.6 2.8

TecnEcon - The Armenia 
Highway Survey"______

CowiConsult and TecnEcon 
"Road and Road Transport 
St4dy in Russia, Ukraine, 
Kazakhstan and Belarus"

1454.0
850.0

6.2 6.8 4.6 1.9Russia - Moscow area 
Russia - St Petersburg area 
Russia - Samara area 
Russia - Tjumen area 
Russia - Irkutsk area

4.2 5.1 4.6 3.9 2.3
476 5.6 4.6 4.2 3.2 2
235 3.8 4.1 3.6
592 4.4

962 4.6 4.2 3.2 2.8 2.3Kazakhstan - 2 areas (a) 
Ukraine - 2 areas 1,190 4.2 2.3 1.4

10 tonne design:
Normal layer coefficients 
Reduced layer coefficients

8.0 7.0
6.5 5.5

6 tonne design:
Normal layer coefficients 
Reduced layer coefficients

5.0 4.5 4.0 3.0 2.0
4.0 3.5 3.0 2.5

(a) Assumed from design standards
(b) Based on benkelman beam survey results.

Note:

Consultant's estimate.
CowiConsult and TecnEcon - "Roads and Road Transport Study" 

(Russia, Ukraine, Kazakhstan and Belarus) - for EBRD, 1992 
Carl Bro International a/s - Road (Bishkek-Osh) Rehabilitation Project 

- for Asian Development Bank (1995)

Sources:
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The methodology used for estimating road use costs is based on a short cut ap
proach suggested by the World Bank and this is described in greater detail be
low. However, even this short cut approach requires the following network level 
information:

representative daily traffic levels by vehicle type 
axle loading by vehicle type 
pavement strength

The next section sets out the estimates of the above traffic and pavement 
strength inputs for each country and the process by which they were obtained.

The Characteristics and Utilisation of the Main Road Networks6.2

Characteristics of the Main Road Networks6.2.1.

The highway institutions and agencies in the TRACECA countries have more or 
less readily available road inventory information on road geometries and pave
ment type, visual road condition survey information and information on the de
sign standard to which individual road sections were built. Except in Armenia 
and Kazakhstan, there is very little information on pavement strength as measu
red by Benkelman Beam surveys and virtually no pavement roughness survey 
data. In general, more and better information is available for the inter state roads 
than for the intra state or old republican roads. The lack of information on the 
characteristics of district and local roads precluded their inclusion in the road 
use cost study, even though they form the largest part of each country’s public 
road network.

The World Bank’s short cut approach to road use cost analysis being adopted 
for this study uses information on pavement strength (modified structural num
ber) as a proxy for pavement characteristic and condition. The absence of pa
vement strength data in most TRACECA countries is, therefore, a potential 
obstacle to this form of analysis. Information on road design standards is, howe
ver, widely available and this provides the somewhat imperfect guide to potential 
pavement strength which has had to be used in this study. The main features of 
the geometric and pavement design standards used in the C.I.S are shown in 
Annex 6 Table A.6.2. There are, however, differences in pavement design de
tails from country to country, reflecting the differences in geography and climate.

The structural numbers for different pavement design categories shown in An
nex 6 Table A.6.2 are based on normal pavement layer coefficients for road 
construction in the West. However, there are reasons to believe that layer coef
ficients for roads built in the former Soviet Union can be considerably lower. The 
reason for this is that roadworks often deviated from the design standards in 
their implementation. The use of poorer than specified quality materials, variati
ons in sub base thickness and low compaction levels have been three of the 
more common examples mentioned by highway engineers in the TRACECA and 
other C.I.S countries. In the “Roads and RoadsTransport Study of Russia, 
Ukraine, Kazakhstan and Belarus” carried out by CowiConsult and TecnEcon for 
the EBRD in 1992 it was suggested that a general reduction in theoretical layer 
coefficients of, around, 20 percent was warranted when assessing pavement 
strength from the design standards. According to the AASHTO Guide for Design 
of Pavement Structures, this corresponds to a reduction of E-module by 20 per
cent or CBR values by 30 percent for unbound materials. Our assumptions
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about road design standards and pavement strength are based on the above 
suggestion that a 20 percent reduction in the layer coefficients should be made.

The assumptions used in this study about pavement strength for roads of diffe
rent design standards are summarised in Table 6.1. This table also shows esti
mates which have been made in a number of other studies in recent years in the 
C.I.S. In Armenia there are two alternative pavement strength assumptions. The 
first is based on design standards as in the other countries, and the second is 
based on the results of a benkeiman beam survey carried out in 1995. The re
sults of our statistical analysis of the results of this survey are presented in An
nex 6 Table A.6.3. The deflections recorded in the survey were converted to 
Modified Structural Number using a formula recommended in the World Bank’s 
documentation of its HDM-III model.The survey was extensive and the sample of 
over 2,500 observations was very large . It was, therefore, hoped that the results 
could form the basis of a more rigorous approach to linking pavement strength 
to design standards in the TRACECA countries. In practice, however, we have 
some reservations about the data largely arising from the high degree of uni
formity of deflection levels recorded across large lengths of road and different 
design standards. This may have been the result of the equipment used or its 
calibration. In the case of Armenia, therefore, the road use cost analysis descri
bed later in this chapter is undertaken on the basis of the alternative assumpti
ons about pavement strength shown in Table A.6.3. Deflection surveys have al
so been undertaken in Kazakhstan in recent years, but the results were only 
available in the form of a qualitative summary. No alternative pavement strength 
estimates based on deflection survey results could, therefore, be made.

The length of inter state and intra state roads falling within the five different de
sign categories in each country are shown in Annex 6 Table A.6.1 In each 
country this summary has been based on an analysis of the detailed section by 
section road data made available by the respective highway institutions. For 
certain countries the quality of data available for the intra state network was of 
variable coverage and in these cases it has been necessary to make assumpti
ons about applicable design categories based on the distribution over the rest of 
the intra state network. In the case of Azerbaijan it should be noted that the intra 
state road network defined for this study does not include roads in the occupied 
territories. There is no up to date information on these roads.

6.2.2 Utilisation of the Main Road Networks

The analysis of traffic levels on the main road networks has largely been based 
on the results of routine classified traffic surveys undertaken by the respective 
highway institutes. Most TRACECA countries inherited efficient traffic counting 
and analysis procedures for inter urban main roads, but subsequent budget cuts 
have had a significant adverse effect on the coverage of traffic counting pro
grammes in certain countries. Inter state roads are covered in greater detail than 
are the intra state roads in most countries and for this reason the traffic estima
tes for inter state roads are more reliable than those for the intra state network.

The traffic estimates for intra state roads in Tadjikistan, Uzbekistan, Armenia, 
and Georgia are considered to be less reliable than those for the other coun
tries. In Georgia the traffic counting programme virtually ceased between 1991 
and 1995 and the counts undertaken within the last eighteen months have con
centrated on selected inter state roads. Even now, the traffic survey coverage of 
Georgia’s inter state road network is inadequate and the Consultant carried out 
supplementary classified volume counts on three inter state roads. The estima-
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tes of traffic on Georgia’s intra state road network are based on the results of 
the extensive routine surveys undertaken in the period before 1990, in particular 
between 1986 and 1990. The average traffic levels indicated in these surveys 
have then been significantly reduced in accordance with the observed reduction 
in traffic on inter state roads where recent data made possible a comparison of 
1986-1990 and 1995-1996 traffic levels. In Armenia an excellent traffic counting 
programme has been established, but it is focused on the inter state road net
work. The only information on intra state road traffic levels is from traffic counts 
undertaken on roads which were inter state roads but which have recently been 
classified as intra state roads. Some of the traffic data collected as part of the 
1994 “Armenia Highway Survey” comes under this category.

Where traffic data on the intra state networks were inadequate estimates have 
been based on analysis of traffic levels by road design category on inter state 
roads and on the original traffic levels inherent in the design category. The traffic 
thresholds for each design category are as follows:

Average daily traffic (ADT) over 7,000
ADT 3,000 - 7,000
ADT 1,000- <3,000
ADT 100- <1,000
ADT < 100

Design Standard category I. 
Design Standard category II 
Design Standard category III 
Design Standard category IV 
Design Standard category V

The significant reductions in traffic which have taken place in most TRACECA 
countries since 1990/1991 may well have nullified a large part of the traffic 
growth which took place in 1970s and 1980s after the roads were constructed. 
For this reason, the traffic ranges in the design standard categories may well 
offer a better guide to current traffic ranges on the intra state roads than would 
have been the case in a continuous traffic growth environment.

The vehicle classification system used in routine traffic counts in all TRACECA 
countries except Armenia has a vehicle weight based classification for goods 
vehicles. In this system trucks are, with some local variations, classified as fol
lows:

trucks of less than 3 tonnes 
trucks of 3 - <5 tonnes 
trucks of 5 - 8 tonnes 
trucks of over 8 tonnes

An axle based truck classification system is more commonly used internationally 
and is required for use in the World Bank’s HDM-III model. In this study and in 
the PMS programme system provided to each of the recipient states under the 
current Project the following vehicle classification system has been used for 
traffic and axle load inputs. Armenia has also adopted a similar axle based ve
hicle classification system since traffic surveys were undertaken for the 
“Armenia Highway Survey” in 1994.

Passenger cars, jeeps etc.
Utility vehicles (minibuses, pickups and small vans) 
Large buses 
axle trucks
axle trucks or truck-trailer combinations
trucks or truck-trailer combinations of more than 3 axles
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The Consultant carried out a large number of moving observer counts on diffe
rent types of road in each country. Classified volume counts of buses and trucks 
were carried out as part of the axle load surveys undertaken in Armenia, Azer
baijan, Georgia, Kazakhstan, Kyrgyzstan, Turkmenistan and Uzbekistan. Addi
tional comprehensive classified volume counts were also carried out in Georgia. 
The results of all these counts were used to convert the results of the official 
routine counts to the above axle based classification.

The estimates of traffic by road design class were based on detailed analysis of 
the combined road section and traffic count data. The results of this analysis for 
each country are presented in Annex 6 Table A.6.4. The overall utilisation of 
each country's inter state and intra state networks in terms of vehicle kilometres 
by vehicle type is presented in Table 6.2 below. In the TRACECA region as a 
whole cars account for just over half the inter urban vehicle kilometres and light 
utility vehicles make up a further 9 per cent of the total. Large buses account for 
just under 4 per cent and trucks for just under one third.

Overall, approximately 45 percent of inter urban vehicle kilometres are on inter 
state roads and 55 per cent are on intra state roads. However, this overall pictu
re is heavily influenced by the very large intra state road networks in Ka
zakhstan and Uzbekistan. In the other TRACECA countries the inter state net
works carry a significantly larger share of total inter urban vehicle kilometres 
than the intra state networks.

The distribution of equivalent standard axle (ESAL) kilometres shows a very 
different picture of the potentially damaging impact of vehicles in terms of net
work utilisation.The summary of ESAL kilometres which is presented in Table 
6.3 shows a very different pattern between vehicle types as might be expected 
from the discussion of pavement damage from axles in Chapter 4. Light vehicles 
contribute less than 0.2 percent of total ESAL kilometres on inter urban main 
roads in the TRACECA countries. Large buses account for 32 percent of total 
ESAL kilometres and trucks account for just over 67 percent. The overall distri
bution of ESAL kilometres between inter state and intra state roads is once 
again heavily influenced by Kazakhstan and Uzbekistan in showing inter state 
roads carrying only 39 per cent of the total. In most countries the inter state net
work carries between two thirds and three quarters of inter urban ESAL kilome
tres. Detailed estimates of ESAL kilometres by road design standard on inter 
state and intra state road networks in each country are presented in Annex 6 
Table A.6.5.
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Table 6.2 TRACECA COUNTRIES - VEHICLE KILOMETRES BY MAIN ROAD CATEGORY AND VEHICLE TYPE 1996

Vehicle Kilometres (million)
Country CarRoad

Class
Road Utility Bus Truck

2-axle
Truck
3-axle

Truck
>3-axle

TOTAL
Length

(km)

Inter State 
Intra State (Rep.) 

Total Main

1,057.7
289.2

129.8Armenia 1,569.1
1,578.7

90.1 117.3 108.2 23.5 1,526.6
443.446.5 16.8 45.2 36.2 9.5

3,147.8 1,346.9 176.3 106.9 162.5 144.4 33.0 1,970.0
% total 68.4 8.9 5.4 8.2 7.3 1.7 100.0

Azerbaijan Inter State 
Intra State (Rep.) 

Total Main

1.409.0
3.280.0

1,272.8
694.5

279.2
325.9

143.5
133.1

521.1
542.6

109.0
151.7

159.3
164.2

2,484.9
2,012.0

4,689.0 1,967.3 605.1 276.6 1,063.7 260.7 323.5 4,496.9
% total 43.7 13.5 6.2 23.7 5.8 7.2 100.0

Georgia Inter State 
Intra State (Rep.) 

Total Main

946.0
4,059.3

1,202.4
436.1

58.4 113.3 68.1 64.4 26.8 1,533.4
555.020.0 35.7 26.8 24.2 12.2

5,005.3 1,638.5 78.4 149.0 88.6 39.094.9 2,088.4
% total 3.878.5 7.1 4.5 4.2 1.9 100.0

6,132.0
11,364.0

2.594.0
3.715.0

194.0
322.0

93.0 4.223.0
5.866.0

Kazakhstan Inter State 
Intra State (Rep.) 

Total Main

45.0 811.0
986.0

486.0
549.0 230.064.0

1,797.0 1,035.0 323.0 10,089.017,496.0 6,309.0 516.0 109.0
% total 62.5 5.1 1.1 17.8 10.3 3.2 100.0

Inter State 
Intra State (Rep.) 

Total Main

747.6
2,362.3

423.6
460.9

51.8 30.0 103.0
156.0

54.6 25.7 688.7
817.4

Kyrgyz Rep.
83.5 43.6 37.7 35.7

3,109.9 135.3 73.6 259.0 92.3 61.4 1,506.1884.5
% total 58.7 9.0 4.9 17.2 6.1 4.1 100.0

Inter State 
Intra State (Rep.) 

Total Main

Tajikistan 1,089.1
696.1

337.4 27.8 20.5 92.4 50.5 16.5 545.1
43.2 6.4 2.5 13.5 6.2 3.7 75.5

1,785.2 380.6 34.2 23.0 105.9 56.7 20.2 620.6
% total 3.7 17.1 9.1 3.3 100.061.3 5.5

Turkmenistan Inter State 
Intra State (Rep.) 

Total Main

1,211.6
6,471.0

761.3
741.4

119.1
201.9

162.2 532.6
190.8

64.2 149.9
474.1

1,789.3
1,756.149.3 98.6

211.5 723.4 162.8 624.0 3,545.47,682.6 1,502.7 321.0
% total 42.4 9.1 6.0 20.4 4.6 17.6 100.0

137.6
699.9

119.4
580.7

3,072.5
7,556.8

Uzbekistan Inter State 
Intra State (Rep.) 

Total Main

1,393.0
20,432.0

1.416.6
2.777.6

430.5
727.0

116.0
254.5

852.4
2,517.1

21,825.0 4,194.2 1,157.5 370.5 3,369.5 837.5 700.1 10,629.3
% total 39.5 10.9 3.5 31.7 7.9 6.6 100.0

Note: Main roads are defined as the inter state (magistrale) and intra state (republican) road networks. 
Consultant's estimates based on the national authorities' road and traffic data.Source:
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Table 6.3 TRACECA COUNTRIES - ESAL KILOMETRES BY MAIN ROAD CATEGORY AND VEHICLE TYPE

ESAL Kilometres (million)
CarCountry Road

Class
Road Utility Bus Truck Truck Truck

2-axle 3-axle >3-axle
TOTAL

Length
(km)

Inter State 
Intra State (Rep.) 

Total Main

0.11 0.18 57.19
0.07 10.69

18.96 44.06
7.30 14.75

128.86
36.20

Armenia 1,569.1
1,578.7

8.36
0.03 3.36

0.25 67.883,147.8 0.14 26.26 58.81 11.72 165.06
% total 0.08 0.15 41.12 15.91 35.63 100.007.10

Inter State 
Intra State (Rep.) 

Total Main

0.39 177.10
0.46 164.29

66.29
69.02

53.92
55.56

317.36
316.59

Azerbaijan 1.409.0
3.280.0

0.13 19.53
27.190.07

633.954,689.00.20 0.85 341.39 135.31 46.72 109.48
% total 0.03 0.13 53.85 21.34 7.37 17.27 100.00

0.08 226.66
0.03 71.38

6.64 32.22
2.61 12.09

30.29
13.78

296.01
99.93

Inter State 
Intra State (Rep.) 

Total Main

946.0
4,059.3

0.12Georgia
0.04

395.940.16 0.11 298.04 9.25 44.31 44.075,005.3
100.00% total 0.04 0.03 75.27 2.34 11.19 11.13

156.40
210.66

0.27 11.09
0.45 16.00

36.72
44.66

88.08
99.60

19.98
49.58

Inter State 
Intra State (Rep.) 

Total Main

6,132.0
11,364.0

0.26Kazakhstan
0.37

0.72 27.09 81.38 187.68 69.56 367.0717,496.0 0.63
100.00% total 0.17 0.20 7.38 22.17 51.13 18.95

37.51
46.98

0.04 0.07 4.97 7.07 9.10 16.26
22.59

Kyrgyz Rep. Inter State 
Intra State (Rep.) 

Total Main

747.6
2,362.3 0.05 0.12 7.24 10.70 6.28

15.38 38.85 84.493,109.9 0.09 0.19 12.21 17.77
100.00% total 0.22 14.45 21.03 18.20 45.980.11

2.38 6.34 8.41 27.63Inter State 
Intra State (Rep.) 

Total Main

1,089.1
696.1

0.03 0.04 10.43Tajikistan
4.600.29 0.93 1.03 2.330.01 0.01

32.232.67 7.27 9.44 12.761,785.2 0.04 0.05
100.00% total 0.12 0.16 8.28 22.56 29.29 39.59

439.50 
1,462.00

0.60 127.61 164.52
1.01 274.39 476.78

25.86 120.77
128.24 581.31

1,393.0
20,432.0

0.14Inter State 
Intra State (Rep.) 

Total Main

Uzbekistan
0.27

1,901.501.61 402.00 641.30 154.10 702.0821,825.0 0.41
100.08.1 36.9% total 0.0 0.1 21.1 33.7

Note: Main roads are defined as the inter state (magistrale) and intra state (republican) road networks. 
Consultant's estimates based on the national authorities' road and traffic data.Source:
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Indicative Estimates of Road Use Costs6.3

General6.3.1

The estimated cost of using road networks in each country should be a basic in
put into any discussion about highway financing and road user charging policy. 
Without a realistic estimate of road use costs, decisions about road budgets are 
made in a vacuum and any cost recovery policy lacks a credible foundation. 
Road use costs are defined in this study as the average annual costs of main
taining, rehabilitating and managing road networks over a life cycle of several 
years. It will be noticed that the cost of adding to the road networks by building 
new roads is not included in this definition which is basically limited to recurrent 
costs . The cost of new roads should be considered separately under a capital 
investment cost heading, However, new roads start incurring recurrent costs as 
soon as maintenance commences. These recurrent costs should obviously be 
included in our definition of road use costs. In practice, very few new roads are 
being built in the TRACECA countries.

Road use costs can be divided into fixed and variable costs. Variable costs 
comprise that portion of costs which is dependent on traffic and loading. In the 
long run most road costs are variable to some degree, but it is usual practice to 
include as a minimum the costs of policing and administration and interest on 
loans in fixed road costs. There are also portions of routine and periodic main
tenance and rehabilitation which are considered to be fixed . It is important to be 
able to distinguish between fixed and variable road use costs because the dis
tribution between the two has a significant influence on the optimum structure of 
road user charges. The allocation of road costs between fixed and variable ele
ments usually requires rather detailed research and can be time consuming 
which was not part of this study, and therefore the division of road costs betwe
en fixed and variable elements has been based on the results of analyses car
ried out by and for the World Bank in many low income countries.

Methodology Used for Estimating Road Use Costs6.3.2

World Bank Short Cut Analysis of Road Use Costs6.3.2.1

The approach to estimating road use costs adopted in this study is based on a 
short cut methodology suggested by the World Bank. This methodology is 
based on a series of analyses of optimum maintenance strategies using the 
Highway Design and Maintenance Standards model (HDM-III) and data from a 
wide range of road studies in low income countries. In the analysis optimum 
maintenance strategies and the associated life cycle average annual road use 
costs were developed for a range of combinations of traffic, pavement strength 
and pavement loading. This range of combinations can be considered as a 
three dimensional matrix made of cells comprising different combinations of traf
fic, pavement strength and traffic loading. The optimum maintenance strategy 
for each combination, or cell in the matrix, involves routine maintenance plus the 
application of periodic thick or thin overlays at pavement roughness thresholds 
defined as optimum on the basis of extensive analysis using HDM-III. It also in
cludes reconstruction where relevant.The average annual road use costs as
sociated with each optimum maintenance and rehabilitation strategy are then 
recorded. The results of the World Bank analysis are set out in Table 6.4.
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TABLE6-4.XLS

Table 6.4 AVERAGE ANNUAL ROAD USE COSTS UNDER OPTIMUM MAINTENANCE STRATEGIES

ESA per 
Lane

Optimum Strategy Road UseCosts (US$ per km per yeaf)Average
annual
daily

traffic
(AADT)

Pavement
Strength
(Modified
Structural
Number)

Treatment intervention Non-traffic
related
(fixed)
costs

overlay
thickness

(mm)

roughness
threshhold

(m/km)

Traffic related (variable) costs Total 
Road Use 

Costs

per
Year

(million)
Vehicle
related

Axle loading 
related

Sub
Total

Moderate traffic loading with norma! truck composition

80 3.010,000
6,000
3.000 

10,000
6.000
3.000
1.000

1.740
1.000
0.260
1.740
1.000
0.260
0.053
0.014
0.260
0.053
0.014
0.260
0.053
0.014

3,806
3,155
2,955
3,921
3,270
3.211 
3,062 
2,562
3.212 
3,062 
2,562 
3,272 
3,122 
2,622

3.216
3.217 
2,647 
3,365 
3,038 
2,391

636 3,852
3,649
3,225
6,032
4,772
3,031

7,658
6,804
6,180
9,953
8,042
6,242
3,524
2,939
7,988
5,004
3,104
9,558
5,975
3,560

8
80 3.0 4328
80 3.0 5788
80 3.0 2,667

1,734
5

80 3.05
40 3.5 6405

7.080 145 317 4625
80 7.0300 128 249 3775
40 3.53.000

1.000
2,648 2,128

1,563
3 4,776

1,94280 5.0 3793
7.080300 206 336 5423

80 3.5 3,323
1,336

3.000
1.000

2,963
1,517

6,286
2,853

2
40 4.02
80 7.0300 290 648 9382

Light traffic loading with norma/ truck composition

0.500
0.130
0.025
0.013

80 3.0 3,155
3,211
3,062
2,622

6,000
3.000
1.000

3,217
2,391

6,586
6,207
4,750
3,380

214 3,431
2,996
1,688

8
80 3.5 6055
80 5.0 379 1,3093
80 7.0300 290 468 7582

Source: World Bank - "Management and Financing of Roads" 1995.
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The pavement strength levels considered range from strong pavements with a 
modified structural number (SNC) of 8 to weak pavements with an SNC of 2. 
Average daily traffic ranges from 10,000 to 300 vehicles and traffic loading ran
ges from 1.74 million to 13,000 equivalent standard axles per lane per year we
re taken for use in the analysis. Analyses were undertaken under alternative as
sumptions about traffic composition, notably the proportion of trucks in the total. 
For the purpose of this study the moderate and light traffic loading assumption 
with normal (20 percent) truck composition was taken to be the most appropriate 
in view of the low axle loading recorded in the axle surveys carried out in the 
TRACECA countries.

In its analysis the World Bank distinguishes between fixed and variable road use 
costs. The distinction is based on the results of many international studies and, 
for recurrent maintenance and rehabilitation costs, on the results of HDM-III 
analysis. In this analysis the results of the model runs with predicted traffic were 
compared with runs where no traffic data was input. The results of the no traffic 
runs showed the non traffic related or fixed cost components of recurrent costs . 
All policing and road administration costs were taken as fixed costs and the or
der of magnitude of these items was based on the results from several interna
tional studies.

The road user costs used in the World Bank’s HDM-III based maintenance stra
tegy analyses were derived from a range of international studies and relations
hip between road user costs and pavement roughness would have been derived 
from the model. Predicted traffic growth rates used in the analysis are not speci
fied by the World Bank, but they would presumably also be based on a wide 
range of international experience.

The economic and financial unit costs used in the World Bank analyses were al
so based on extensive international evidence. Economic costs were used in the 
strategy analyses. The unit costs on which the Bank’s road use cost analysis 
was based were as follows:

Treatment
Routine maintenance 
Reseal
Thin overlay (40mm)
Thick overlay (80mm) 
Reconstruction (+2 SNC) 238,000

Financial cost (US$/km) 
1,700 + 0.5 (AADT) 
22,400
56.000
90.000

280.000

Economic cost (US$/km) 
1,450 + 0.43 (AADT) 
19,400 
47,600 
76,200

There are considerable variations in and uncertainties about the unit costs of 
roadworks in the C.I.S countries and this largely reflects local price distortions. 
The results of a comparison of unit costs of different roadworks used in a num
ber of studies sponsored by international donors in recent years are set out in 
Annex 6 Table A.6.7. There is little discernible pattern in these costs and consi
derable uncertainty about realistic unit costs in the TRACECA countries. In view 
if this it was decided to use the unit costs in the World Bank’s analysis and not 
to attempt to modify them to take account of possible local price factors.

It is not possible without a considerable amount of research to determine to 
what extent the results of the World Bank analyses would overstate or understa
te road use costs when applied to the TRACECA countries. To the extent that 
unit costs within the TRACECA region are below international levels in low in
come countries, the results would tend to overstate these costs, but there is little 
persuasive evidence either way. There is a tendency to overstate the loading 
related road use costs because the vehicle damage factors used in the Bank’s 
maintenance strategy analyses are higher than present damage factors in the
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TRACECA region. However, there may also be a tendency to understate costs 
in those parts of the TRACECA region subject to severe winter weather because 
the HDM-III was not specifically designed to simulate pavement behaviour under 
extreme freeze-thaw conditions. On balance, the assumption in this study is that 
the road use costs predicted in the Bank’s analyses for different combinations of 
pavement strength, traffic and loading are of the right order of magnitude.

Adaptation of the World Bank’s Road Use Cost Estimates6.3.2.2

The results of the short cut method of road use cost analysis suggested by the 
World Bank have been adapted for use in this study. The following main inputs 
for the analysis for each country have been prepared as described earlier in this 
chapter:

Average daily traffic by vehicle type and road design category 
Vehicle kilometres by vehicle type and road design category 
ESAL kilometres and ESA per lane per year by road design category 
Pavement strength as measured by modified structural number for each 
road design category.

A series of regression analyses has been undertaken on the results of the 
World Bank analysis shown in Table 6.4 to permit interpolation between the va
lues indicated for pavement strength, traffic and loading. The results of these 
regression analyses have been used to estimate fixed and variable road use 
costs resulting from the insertion of the estimated input values for each country. 
The results of this process are presented in Annex 6 Table A.6.6. The analysis 
has been run separately for inter state roads and intra state roads.

The regression models used for estimating fixed and variable road use cost va
lues are as follows:

FC = 2,716.7 -SNC(51.7) + AADT(0.54)-3,459.7(ESALY)
Adjusted RA2= 0.88

AADTVC = -414.2 - SNC(39.1) + AADT(2.8) -20,385.9(ESALY)
Adjusted RA2 = 0.83

TOTALVC = 995.3 - SNC(431.4) + AADT(4.46) - 32201.7(ESALY)
Adjusted RA2 = 0.85

where:
FC Fixed costs

Traffic related variable costs 
Total variable costs 
modified structural number 
average daily traffic
equivalent standard axle per lane per year

=
AADTVC
TOTALVC

=

SNC
AADT
ESALY

The loading related variable costs were calculated by subtracting traffic related 
variable costs from total variable costs.
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6.3.3 Estimated Annual Road Use Costs

The results of the estimates of average annual road use costs are summarised 
in Table 6.5. The detailed results for each country are presented in Annex Table 
A.6.6. It is emphasised that given the nature of the data on which they are 
based, particularly the pavement strength assumptions, the resulting estimates 
must be regarded as indicative rather than definitive.

These estimates understate total road use costs in each country because they 
do not include most urban , district and local roads. It is felt that even for the in
ter state and intra state road networks these costs should be considered to be 
conservative for a number of reasons. In the first place, the present situation 
with regard to the comparable light axle loading in TRACECA countries may 
change if there is a switch over time to the use of heavier trucks and if vehicle 
overloading becomes more common in line with international experience. Both 
of these factors would increase pavement damage costs and are likely to be an 
increasingly common feature of the road transport sector when sustained eco
nomic recovery starts to take place. Secondly, these road use costs do not in
clude bridge costs, except in Turkmenistan where they were estimated to 
amount to around 9 percent of potential road use costs.

During the course of field visits to the TRACECA countries the engineers in the 
respective highway institutions were asked for their estimates of realistic road 
costs in the absence of a budget constraint. In most cases these estimates were 
significantly higher than the annual road use costs estimated in this study. With 
the exception of Kazakhstan, however, local estimates tended to include a si
gnificant amount of heavy reconstruction and new road construction even 
though only estimates for maintenance and rehabilitation was requested. Simi
larly, the local estimates may have been inflated by the inclusion of non state 
roads and by representing backlog maintenance needs rather than long term 
average annual requirements.

The situation in Kazakhstan is different. In early 1996, a World Bank mission 
assisted by Kazdornii carried out an analysis of the maintenance and rehabilita
tion requirements of the paved part of the state road network comprising 15,881 
kilometres using HDM-lll. The data for the analysis was supplied by Kazdornii. 
The results of this analysis indicated that annual expenditure of US$ 400 million 
(US$ 25,000 per kilometre) would be required to achieve a significant overall 
improvement in the condition of the paved state road network. A marginal im
provement in overall network condition would require annual expenditure of US$ 
200 million (US$ 12,600 per kilometre) and the expenditure of only US$ 100 mil
lion (US$ 6,300) would result in further deterioration in overall network condition. 
Our road use cost estimates for Kazakhstan suggest annual expenditure requi
rements of US$ 162 million for a 17,496 kilometre network and this suggests 
that with this level of expenditure network condition would be more or less static 
at its present standard. One possible reason for the differences is that the unit 
costs used in the World Bank mission’s analysis were higher than those used in 
our study which are based on the unit costs used by the World Bank in its short 
cut methodology. The World Bank mission did express some doubts about the 
reliability of the unit cost and traffic data on which the HDM-lll analyses were 
based and these uncertainties may account for the high resulting estimates of 
expenditure requirements.

In general, the indicative annual road use cost estimates presented in this study 
are unlikely to be overestimates. They do, however, represent a vary substantial 
increase over current expenditure levels. The summary presented in Table 6.5
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shows that average road expenditure levels in 1995/1996 ranged from 43 per
cent of annual road use costs in Uzbekistan to only 9 percent in Tadjikistan. The 
overall average for the TRACECA countries was 24 percent. Expressed diffe
rently, the current annual short fall in expenditure on the inter state and intra 
state roads is of the following orders of magnitude:

US$ 23.9 million (US$ 7,600 per kilometre) 
US$ 49.0 million (US$ 10.450 per kilometre) 
US$ 27.9 million (US$ 5,600 per kilometre) 
US$ 135.8 million (US$ 7,800 per kilometre) 
US$ 21.4 million (US$ 6,900 per kilometre) 
US$ 9.5 million (US$ 5,325 per kilometre) 
US$ 55.1 million (US$ 7,200 per kilometre) 
US$ 82.5 million (US$ 3,800 per kilometre)

Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tadjikistan
Turkmenistan
Uzbekistan

Without the sharp decline in road traffic which has taken place in most TRACE
CA countries in the 1990s the present condition of the main road networks 
would have been significantly worse than it is today. Unfortunately constraints 
on government budgets have been so severe in most of the countries that the 
decline in expenditure on road maintenance and rehabilitation has been much 
greater than the decline in network utilisation. A continuation of present expendi
ture levels will, therefore, undoubtedly result in accelerating deterioration in the 
overall conditions of what in most countries is the nation’s most important single 
category of infrastructure asset. Rising road surface roughness will cause sharp 
rises in road user costs, as shown in Chapter 3, and this will impact significantly 
on the broader structure of costs in the respective economies.

There is, therefore, an urgent need to focus attention on the problem of how to 
finance the required levels of expenditure on the maintenance and rehabilitation 
of the road networks. Modern ideas on road user charging policy are particularly 
relevant in this context and these and the potential for financing road expenditu
re from restructured road user charges are discussed in the next Chapter.
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Table 6.5 TRACECA COUNTRIES - ROAD USE COSTS AND CURRENT EXPENDITURE LEVELS ON ROADS

Average 
Expenditure 
1995/1996 

(US$ million!

Main Road Network 1995/1996 
Expenditure as 

% of Road 
Use Costs

Country Annual Road Use Costs
Inter
State
<km)

(US$ million)Intra
State
Ikml

(US$ / Km)
Total
(km)

Intra
State

Inter
State

Inter
State

Intra
StateTotal Total

1,579
3,280
4,059

11,364
2,362

3,148
4,689
5,005

17,496
3,110
1,785
7,683

21,825

6.7 21.6 9.01,569
1,409

30.6 13,766
22,214
18,922
11,187
13,911
5,693

5,701
8,567
3,720
8,184
6,858
6,034

9,721
12,668
6,593
9,236
8,553
5,826
8,474
6,653

22Armenia (a)
Azerbaijan
Georgia
Kazakhstan
Kyrgyz Republic
Tajikistan
Turkmenistan
Uzbekistan

10.4 31.3 28.1 59.4 18
5.1 17.9 15.1946 33.0 15

25.86,132 68.6 93.0 161.6 16
5.2 10.4 16.2748 26.6 20

696 0.9 6.2 4.21,089
1,212
1,393

10.4 9
6,471

20,432
10.0 65.1 15
62.7 39.1 106.1 145.2 28,069 5,193 43

14,497 50,243 64,741 126.8 531.9 14,632 6,205 8,216 24
Note: (a) Based on assumed pavement strength. If the pavement strength estimates based on the deflection survey results are used, total 

road use costs would be US$ 29.8 million a year, of which inter state roads would account for US$ 20.9 million. 
Consultant's estimatesSource:
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ROAD USER CHARGES AND COST RECOVERY7

7.1 Basic Principles

The present system of financing roads in the TRACECA countries is inadequate 
and in the absence of radical reform, the situation seems unlikely to improve. It 
would be unwise to expect that ultimately economic recovery will enable ade
quate allocations to be made out of general taxation to fully cover the costs of 
road use. Even in the richest countries increasing constraints on highway bud
gets have become common.

The present problems of road financing in the TRACECA states are by no me
ans unique to those countries. They have been experienced in equally, if not 
more severe forms in the lower income countries of Africa and Latin America. 
Attempts by governments and international donors to solve the road financing 
problems in these regions in the 1980s and early 1990s led to the emergence of 
a number of stark conclusions which stimulated the adoption of more radical ap
proaches. The starting point was a critical evaluation of two convictions under
lying the traditional approach to road financing. These were:

Roads are public goods which must necessarily be provided free of 
charge by the state because the mobility they provide is thought to be a 
citizen’s basic right.

The best way to provide and maintain roads is through the public admi
nistration.

In this respect roads have differed from other modes of transport, such as rail
ways, ports and shipping, and from most public utilities, such as gas and 
electricity, where payment for use of the facility or service has long been readily 
accepted. The special treatment of roads may have been the result of the dif
ficulty experienced in developing fair and efficient charging mechanisms for road 
use. The result was the preferential treatment of road users in comparison with 
users of other transport modes. Toll roads and the adoption of road funds with 
access to specially earmarked taxes are an exception to traditional public finan
cing of roads out of general taxation. However, tolling is only practicable in cer
tain clearly defined circumstances and properly functioning road funds are the 
exception rather than the rule.

The traditional provision of roads as a service perceived to be free is often de
fended on equity grounds, particularly in the states which are in the process of 
transition. However, road users are by no means the poorest members of 
society and they are almost certainly being subsidised by poorer members of 
society . Failure to charge for road use also means that most road users are 
unaware of the total road use costs which their travel is causing. This means 
that they make more trips than if they have to pay charges reflecting realistic 
road use cost information. They are only aware of their perceived costs of which 
the most immediately visible is usually the cost of fuel. When road charges are 
set to cover road use costs, road users have a more rational basis for deciding 
whether to make the marginal trip. Failure to charge adequately for road use has 
two linked and undesirable effects.

More trips are made and road utilisation is greater than would otherwise 
be the case. This has adverse resource consumption and environmental 
impacts.
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The resulting higher traffic levels give rise to higher road maintenance 
costs, which place increased pressure on the state budget. These extra 
demands on the state budget are the direct consequence of encouraging 
road use by charging too little for it.

The approach to highway financing which has gained much wider international 
acceptance in recent years is based on the idea that road user charging sy
stems should be designed to achieve the following objectives:

to ensure that the revenues required to provide and maintain public 
roads is raised from road users, including foreign road users, rather than 
from the general tax payer;

to price the use of public roads so as to improve economic efficiency in 
transport by removing price distortions and to charge road users in ac
cordance with their use of road facilities;

to promote equity between different categories of road users by ensu
ring, for example, that charges on vehicle operators are related to the 
road maintenance costs for which they are responsible;

to establish a link between supply and demand for road infrastructure;

to increase transparency in the road funding process so that road users 
can see what funds are being raised from which categories of users and 
for what purpose and

to provide for fair competition between road and other transport modes 
by ensuring that road transport users pay for their use of road infra
structure.

In short, road user charging policy with the above objectives should be designed 
to maximize net economic benefits by setting charges at a level at least equal to 
the cost of resources consumed by the use of the road network. These costs, 
which are sometimes called short run marginal costs, are of two types. The first 
type covers the cost of damage done to road pavements by the passage of ve
hicles and include the variable costs of managing and maintaining the network. 
The second type comprise the costs imposed by road users on other road users 
and others. These include congestion costs and “external” costs arising, for ex
ample, from noise and atmospheric pollution. However, charges only set to co
ver short run marginal costs would still result in under funding because they 
would not meet the fixed costs of road use which, as we have seen, are a signi
ficant proportion of total road use costs. A road user charging system designed 
to achieve full recovery of road use costs will, therefore, need to comprise two 
major elements, a charge or group of charges designed to cover variable or traf
fic related costs, and additional charges designed to cover fixed road use costs.

Although congestion and external costs are undoubtedly of potential significan
ce, they are not yet of great importance in the TRACECA countries where there 
is virtually no congestion on the inter urban road networks and relatively little 
congestion even in the major urban centres. The data on which this study’s 
analyses are based relate to the inter urban state roads and the problem of 
congestion costs in urban centres must be considered to lie outside the scope of 
the present work. However, the structure of road user charges discussed below
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can readily accommodate charges related to congestion and external costs 
should it be decided to include these at a later date.

7.2 An Appropriate Structure of Road User Charges

The system of road user charges outlined in this section is designed to cover the 
fixed and variable costs of road use in the TRACECA countries. The estimated 
fixed and variable road use costs on the interurban state road networks in each 
country were presented in Chapter 6. Before describing the different types of 
charges and their appropriate levels it is important to be clear about what these 
charges mean. The levels at which the recommended road user charges ha
ve been set in this study are based on the assumption that all the revenues 
from these charges go into the road system to cover road use costs. To the 
extent that the governments wish to obtain a contribution towards general tax 
revenue from road user charges, the charges would have to be set at a corre
spondingly higher level. In most of the TRACECA countries some part of exi
sting fuel taxes and other road user charges are used to finance a portion, 
however small, of road use costs. The recommended charges should, therefore 
be seen as additional to that portion of existing charges which is not used to co
ver road use costs.

The recommended structure of road user charges comprises charges designed 
to cover variable road use costs and fixed costs by means of a quasi two part 
tariff. The variable costs arise from traffic and vehicle loading and the proportion 
of costs attributable to each has already been estimated in Chapter 6. The first 
part of the two part tariff is based on a fuel levy designed to cover total variable 
road use costs. The fuel levy will not on its own be sufficient to ensure that diffe
rent categories of vehicles contribute their fair share to road cost recovery. Hea
vy vehicles impose much higher loading costs on the road network than light 
vehicles and these loading costs have to be reflected in the second part of the 
two part tariff.

The fuel levy required to cover variable road use costs is expressed per litre of 
automotive fuel. Total variable costs are , therefore, divided by total automotive 
fuel consumption in litres to obtain the fuel levy per litre. In this study no di
stinction is made between petrol and diesel, but a refinement of the fuel levy to 
differentiate between the two would be perfectly practicable given the relevant 
breakdown of consumption between the two.The estimated fuel consumption 
per vehicle kilometre is based on the analysis of vehicle operating costs descri
bed in Chapter 3 and unit consumption by representative vehicle type is then 
multiplied by the estimated annual vehicle kilometres for each category of ve
hicles to obtain total fuel consumption on inter urban state roads. This should be 
less than total automotive fuel consumption to the extent that it excludes con
sumption on urban, district and local roads.

The second part of the two part road tariff has to cover fixed costs plus an 
amount to ensure that heavy vehicles are making their full contribution to the 
variable road use costs for which they are responsible. The application of the 
fuel levy on its own will not be sufficient to cover all the load related costs impo
sed by heavy goods vehicles and the adjustment in the second part of the tariff 
is intended to make good this shortfall in heavy vehicle contributions. The se
cond part of the quasi two part tariff usually comprises one or more of the follo
wing types of charges:
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Vehicle licences

Weight and distance related charges, especially for foreign goods ve
hicles.

Both of these types of charges are in use in the TRACECA countries, but they 
are not making an adequate contribution towards cost recovery. Vehicle licence 
fees are too low and although the unit transit charges for international vehicles 
are not usually too low, the number of exemptions from them rather reduces 
their revenue earning potential. In some countries vehicles from C.I.S countries 
and from neighbouring countries contributing more than 90 per cent of interna
tional (non C.I.S) vehicle movements are exempt from paying transit charges as 
a result of inter-governmental agreements.

Detailed recommendations on road user charges in the second part of the quasi 
two part tariff are beyond the scope of this study, partly because the appropriate 
information on vehicle registrations is not readily available at the required level 
of detail. Vehicle registration data in the TRACECA countries is usually collected 
by the traffic police departments of the ministries of the interior, and there is a 
tendency to treat this information as confidential. The result is that obtaining the 
information can be time consuming and, even when it is made available, it is in 
excessively aggregated form. Information on the vehicle fleet is one of the most 
basic items of transport planning information and it should be readily available 
as a matter of course.

The analysis of appropriate transit charges for international vehicle needs to be 
based on a detailed analysis of the movements of international vehicles within 
each country so that reliable estimates of international vehicle kilometres and 
international equivalent standard axle (ESAL) kilometres by vehicle type can be 
calculated. Transit charges on international vehicles should be based on inter
national ESAL kilometres. Information on axle loads of international vehicles has 
been collected, but detailed origin destination survey is beyond the resources of 
this study and until this information is also available, there will be no adequate 
basis for estimating appropriate international transit charges. There is also a 
need to clarify the whole position on exemptions from these charges. For those 
TRACECA countries where a very large proportion of international vehicles are 
from countries which are exempt from the transit charges, decisions have to be 
made about how long the exemptions are to continue. If they are to be regarded 
as fixed by international obligations, then it is doubtful if international transit 
charges are a potentially useful source of road use cost recovery.

In this study the recommendations on the appropriate level of vehicle licences 
required to cover fixed costs and to ensure that heavy vehicles make an ade
quate contribution to cost recovery fees must be regarded as very approximate. 
They are also higher than they would be if international transit charges were ta
ken into account. It is regarded as more important for this study to show what 
the appropriate structure of road user charges should be rather than to attempt 
to make highly detailed recommendations on the basis of insufficient informati
on.

Road User Charges Required for Cost Recovery7.3

A simplified computer spreadsheet model for estimating the components of the 
quasi two part tariff needed to cover road use costs has been set up for each 
country. The fixed and variable annual road use costs for each country were
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estimated in Chapter 6 and these are the starting point for the user charge ana
lysis. The model is simplified because, as explained above, it does not distin
guish between petrol and diesel in the fuel levy, it does not include international 
transit charges, and it does not attempt to make detailed calculations of vehicle 
licence fees, but rather to indicate what order of magnitude they should be. The 
allocation of variable road use costs between different categories of vehicles is 
based on annual vehicle kilometres for the traffic or vehicle related portion and 
ESAL kilometres for the axle or loading related portion. The results of the simpli
fied model for each country are set out in Annex 7 Table A.7.1 and the method 
of calculating the individual components is explained below.

Fuel Levy. The fuel levy is required to cover total annual variable road use costs 
and it is calculated by setting the levy per litre at a rate which, when multiplied 
by annual automotive fuel consumption in litres, will just cover total variable 
costs. In this study total automotive fuel consumption has been derived from the 
vehicle operating cost analyses and estimates of annual vehicle kilometres. If 
official estimates of total automotive fuel consumption were used, these would 
be greater than the study estimates because they should also reflect vehicle 
usage on urban, district and local roads. In practice it is not usually possible to 
match the fuel levy to total variable road use costs with absolute precision 
without going to an impossibly small fraction of a currency unit.

A closer look at variable road use costs shows that heavy vehicles account for a 
very high proportion of the axle or load related portion . The axle or load related 
part can be calculated for individual vehicle types by dividing total axle related 
variable cost by annual ESAL kilometres and multiplying the result by the ESAL 
per vehicle. When the proceeds of the fuel levy for different vehicle types are 
subtracted from the total variable costs attributable to those vehicle types it is 
quite common for heavy vehicles to be shown as not covering their fair share of 
variable costs. In Table A.7.1 this is indicated by the minus signs against indivi
dual heavy vehicle categories in the “Variable Cost minus Fuel Levy” columns. 
This has to be adjusted for in the second half of the quasi two part tariff, particu
larly when establishing annual licence fee levels for the heavier vehicle catego
ries.

Vehicle Licence Fees The annual fixed costs of road use have to be covered 
by a combination of licence fees, international transit charges and, possibly 
other charges. In this context it is worth noting that duties on imports of automo
tive vehicles and tyres could be included, but the revenues from such charges 
are normally incorporated into general tax revenue. In this simplified model, it is 
assumed that fixed costs plus or minus any small balance remaining from fuel 
levy revenue need to be covered by vehicle licence revenue. The levels of an
nual licence fees for the different categories of vehicles have been arrived at by 
a process of trial and error. However, the underlying principle is based on a ca
pacity to pay concept. For buses this means taking account of passenger car
rying capacity and for heavy goods vehicles payload capacity. If international 
transit charges were included, the amount to be covered by licence fees would 
be correspondingly lower.

The fuel levies and indicative vehicle licence fees resulting from the analyses in 
Annex 7 Table A.7.1 are summarised in Table 7.1 below. It has to be emphasi
sed that these estimates assume that all the proceeds go towards full road use 
cost recovery. If governments were to insist on diverting a portion of the revenue 
from these user charges to non road uses, the fuel levies and indicative licence 
levels would have to be correspondingly higher to achieve full cost recovery. 
Conversely, if some of the revenue required for variable cost recovery is already 
obtained from existing fuel taxes, the required increase in fuel taxes would be
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equal to the fuel levy minus the portion of existing fuel tax earmarked for road 
expenditure. Similarly, if some portion of fixed road use costs were to be co
vered by transit charges on international vehicles, the indicated annual vehicle 
licence fees could be lower.

A note of caution is also in order with regard to the fuel levies. The estimated 
levies per litre have been based on automotive fuel consumption on the inter ur
ban state road networks. If these levies per litre were to be multiplied by official 
estimates of total fuel consumption based on fuel sales and import data re
flecting total road usage, the total revenue would cover variable road use costs 
on inter urban roads plus an unspecified portion of variable costs on the urban, 
district and local road networks. Alternatively, if total variable costs were divided 
by total officially estimated automotive fuel consumption, the fuel levy per litre 
would be lower than indicated, but the revenue would only cover variable costs 
on inter urban state roads. While the latter alternative may be politically more 
attractive, the former is probably the more desirable option pending the prepara
tion of the necessary estimates of road use costs on the urban, district and local 
road networks.
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Table 7.1 INDICATIVE FUEL LEVIES AND ANNUAL VEHICLE LICENCE FEES 
REQUIRED FOR FULL COST RECOVERY

Required 
Fuel Levy 
(US cents 
per litre}

Country Indicative Annual Licence Fees Per Vehicle
(US $>

Cars Utility
Vehicles

Large
Sums

Trucks 
2 axle

Trucks 
3 axle

Trucks 
> 3 axle

5.6 10 15 30Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyz Republic
Tajikistan
Turkmenistan
Uzbekistan

50 100 200
3.6 15 20 50 125 205 290
5.3 10 13 50 80 140 215
4.9 10 15 48 80 115 220
5.5 25 45 90 115 200 305
5.0 (a) (a) (a) (a) (a) (a)

101.4 15 40 100 160 205

Impossible to calculate in the absence of vehicle fleet data. 
Consultant's estimate

Note (a) 
Source:
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Table A.7.1 (continued) UZBEKISTAN - ROAD USER CHARGES REQUIRED TO COVER FIXED AND VARIABLE ROAD USE COSTS

UZBEKISTANCountry:

64,300,000 Percentage coveredFixed costs (US$)
Variable costs - vehicle related (US$) 
Variable costs - loading related (US$) 
Variable costs (US$)
TOTAL ROAD USE COSTS (US$)

99.91
43.700.000
37.100.000
80,800,000 Percentage covered 100.10

145,100,000

0.0137Fuel levy fUSS/litre)

VARIABLE COSTS OF ROAD USE (ANNUAL) Fuel levy 
(US$/veMtm)

Fuel levy Variable Costs minus
TotalVehicle

related
<us$/

Axle Vehicle
related

Axle Total
rotatedrelated

W*l
ESALSm)

Vehicle type
ШШ<U$$ / veh 0.0*37 

per litre
ШШШ
Veh-km)

ШШ
kmi IUS») №* I ) Veer Veer

0.0000
0.0000
0.0212
0.0037
0.0036
0.0195

0.0041
0.0041
0.0253
0.0078
0.0077
0.0236

17,243,270
4,758,848
1,523,243

13,853,079
3,443,227
2,878,332

8,082
31,226

7,851,071
12,531,101
3,032,341

13,645,594

17,251,352
4,790,074
9,374,314

26,384,181
6,475,568

16,523,926

0.0041
0.0041
0.0041
0.0041
0.0041
0.0041

0.0110
0.0027
0.0062
0.0044
0.0074
0.0119

46,082,254
3,076,404
2,309,512

14,864,212
6,195,825
8,354,083

-0.0069
0.0015
0.0191
0.0034
0.0003
0.0117

-28,830,902
1,713,671
7,064,802

11,519,968
279.743

8,169,843

Car
Utility
Bus

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

43,700,000 37,100,000 80,800,000 43,700,000 37,099,415 80,799,415 80,882,290 -82,875Total (US$)

to fee 
covered

Possible
annus!
licence

Potential
Licence

Variable 
Costs 
minus 

Fuel Levy

TOTAL ROAD USER 
CHAROES

ANNUAL
FIXED

COSTSVehicle type
(US*I

tmaiienl
Fee tus*/...

Vehicle km)fee Revenue
IDS»)<US»> IUS»)WS»

-28,830,902
1,713,671
7,064,802

11,519,968
279,743

8,169,843

10.0 8.460.000
3.216.000

27.020.000
14.040.000
5.520.000
5.986.000

0.0130
0.0054
0.0792
0.0086
0.0140
0.0205

54.54Car
15.0 6.29Utility
40.0 29.33 

28.90 
11.72
14.34

Bus
100.0
160.0
205.0

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

-82,875 64,217,125 64,242,000 0.013764,300,000 145.12Total

ESAL

к йоте tree 
{mrlliortl

ESA FuelVehicle

(тавот

Estimated
vehicle Consumption

Httes/vefa km)
Vehicle type per

vehiclefleet

0.0001
0.0014
1.0997
0.1930
0.1879
1.0115

0.804,194.10
1.157.50

370.50
3.369.50

837.50 
700.10

0.42846,000
214.400 
675,500
140.400 
34,500 
29,200

Car
1.62 0.19Utility

407.49
650.31
157.36
708.14

0.46Bus
0.32

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

0.54
0.87

1,925.3410,629.201,940,000
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Table A.7.1 (continued) KYRGYZ REPUBLIC - ROAD USER CHARGES REQUIRED TO COVER FIXED AND VARIABLE ROAD USE COSTS

KYRGYZ REPUBLICCountry:

10,100,000 Percentage covered 99.54Fixed costs (US$)
Variable costs - vehicle related (US$) 
Variable costs - loading related (US$) 
Variable costs (US$)
TOTAL ROAD USE COSTS (US$)

9.400.000
7.100.000

16,500,000 Percentage covered 100.31
26,600,000

0.055
Fuel levy (US$/litre)

VARIABLE COSTS OF ROAD USE (ANNUAL) Fuel levyFuel levy 
<US$/veh-km)

Variable Costs minus 
Fuel Levy

Tnjai Vehicle
related

Шв TotalAxleVehicle
related
(US$7
vahkm)

related Шreleted 
(US$/ 

ESALfcml

Vehicle type

Year
(U$$/veh 0.055 

per litre
(UŞ$/ i 

Vehdtrri)
ШШ
Yearkm) <US$) IUS»I (US$ )

0.0062
0.0064
0.0202
0.0120
0.0202
0.0595

5,520,417
844,446
459,359

1,616,493
576,071
383,215

7,432
15,916

1,026,568
1,492,882
1,292,823
3,268,260

0.0000
0.0001
0.0139
0.0058
0.0140
0.0532

5,527,849
860,362

1,485,926
3,109,375
1,868,893
3,651,475

0.0044
0.0100
0.0267
0.0166
0.0252
0.0437

3,935,096
1,354,353
1,967,328
4,287,745
2,325,037
2,681,338

0.0018
-0.0037
-0.0065
-0.0045
-0.0049
0.0158

1,592,753
-493,991
-481,402

-1,178,370
-456,144
970,137

0.0062
0.0062
0.0062
0.0062
0.0062
0.0062

Car
Utility
Bus

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

9,400,0009,400,000 7,100,000 16,500,000 7,103,880 16,503,880 16,550,897 -47,017
Total (US$)

TOTAL ROAD USER 
CHARGES

ftx^ceets Possible
annual
licence

Potential
Licence

Variable 
Costa 
minus 

Pud Levy 
tu$*)

ANNUAL
FIXED

ÇÖ&TŞ to beVehicle type №*\
(million)

coveted Fee (US$ / 
Vehicle km)fee Revenue

IDS»!<us$)(US$

25.0 6,825,000
252.000
279.000 

1,184,500
720.000
793.000

1,592,753
-493,991
-481,402

-1,178,370
-456,144
970,137

0.0122
0.0119
0.0305
0.0211
0.0330
0.0566

10.76Car
45.0 1.61Utility

Bus

Truck 2 axle 
Truck 3 axle 
Truck > 3 axle

90.0 2.25
115.0
200.0 
305.0

5.47
3.05
3.47

-47,017 10,052,983 10,053,500 0.0177 26.6010,100,000Total

Vehicle
k&ometree

(manen)

ESAL
kaometree

(manen)

ESA FuelEstimated
vehicle Consumption

Ifitres/vehfcml
perVehicle type vehiclefleet

0.09 0.0001
0.0014
0.1660
0.0686
0.1667
0.6335

0.08884.50
135.30
73.60

259.00
92.30
61.40

273,000
5.600 
3,100

10,300
3.600
2.600

Car
0.180.19Utility
0.4912.21

17.77
15.38
38.86

Bus
0.30

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

0.46
0.79

84.501,506.10298,200
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Table A.7.1 (continued) TAJIKISTAN - ROAD USER CHARGES REQUIRED TO COVER FIXED AND VARIABLE ROAD USE COSTS

TAJIKISTANCountry:

4,000,000 Percentage covered 0.00Fixed costs (US$)
Variable costs - vehicle related (US$) 
Variable costs - loading related (US$)
Variable costs (US$)
TOTAL ROAD USE COSTS (US$)

3.500.000
2.700.000
6,200,000 Percentage covered 100.45

10,200,000

0.05
Fuel levy (US $/litre)

Fuel levy 
tUS$/veh-km|

VARIAStE COSTS OF ROAD USE (ANNUAL) Fuel levy Variable Costs minus 
Fuel LevyAxle TotalTotal Vehicle

related
Aide

rotated
Vehicle 
related 
<US*/ 
vb km)

related
(US$/

ESALkm)

Vehicle type US
Year

1US$ / veh 0.05 <US$/
Veh-ton)km) (US$) WS» I per litre Year

0.0056
0.0058
0.0154
0.0114
0.0196
0.0587

2,146,471
192,878
129,713
597,245
319,771
113,922

3,188
4,011

223,506
608,588
791,812

1,072,016

2,149,660
196,889
353,219

1,205,833
1,111,583
1,185,938

0.0056
0.0056
0.0056
0.0056
0.0056
0.0056

0.0000
0.0001
0.0097
0.0057
0.0140
0.0531

0.0040
0.0093
0.0232
0.0152
0.0247
0.0420

1,522,400
316,350
533,600

1,609,680
1,397,655

848,400

627,260
-119,461
-180,381
-403,847
-286,072
337,538

0.0016
-0.0035
-0.0078
-0.0038
-0.0050
0.0167

Car
Utility
Bus

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

6,200,000 3,500,000 2,703,122 6,203,1223,500,000 2,700,000 6,228,085 -24,963Total (US$)

Feasible
annual
licence

Potential
Licence

Fixed coats 
to be 

covered j

TOTAL HOAD USER 
CHARGES

ANNUAL
FIXED

COSTS

Verfable
111ШЙ

minus 
Fuel Uvy 

(US*>

Vehicle type
ШШШ
Vehicle km)

Fee IUS$I
(minion)fee Revenue

IDS»)fUSS) <US$)(US$

0627,260
-119,461
-180,381
-403,847
-286,072
337,538

0.0040
0.0093
0.0232
0.0152
0.0247
0.0420

1.52Car
0 0.32Utility
0 0.53Bus
0 1.61Truck 2 axle 

Truck 3 axle 
Truck >3 axle

0 1.40
0 0.85

-24,963 3,975,037 0 0.01004,000,000 6.23Total

ESAL
kBcmetrea

<mi№on)

ESA FuelVehicle 
квоте tree 
(тЯКоп)

Estimated
vehicle Consumption

(fitras/vehkro)Vehicle type par
vehiclefleet

0.04 0.0001
0.0014
0.1160
0.0686
0.1667
0.6335

0.08380.60
34.20 
23.00

105.90
56.70
20.20

Car
0.05 0.19Utility
2.67 0.46Bus

0.307.27
Truck 2 axle 
Truck 3 axle 
Truck >3 axle

9.44 0.49
12.76 0.84
32.23620.600
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Table A.7.1 (continued) KAZAKHSTAN - ROAD USER CHARGES REQUIRED TO COVER FIXED AND VARIABLE ROAD USE COSTS

KAZAKHSTANCountry:

57,300,000 Percentage covered 99.81Fixed costs (US$)
Variable costs - vehicle related (US$) 
Variable costs - loading related (US$) 
Variable costs (US$)
TOTAL ROAD USE COSTS (US$)

60.500.000
43.900.000

104,400,000 Percentage covered 100.08
161,700,000

0.0492Fuel levy (US$/litreJ

VARIABLE COSTS OF ROAD USE (ANNUAL) Fuel tojjySxi 
(US$/veh-km)

Foal levy Variable Costa minus Uvy_____Aide Total Vshicto
related

TotalAxle
related

Vehicle 
related 
(US$ t

vahkm)

related

(US$ f 
ESALkm)

Vehicle type

Veer
(U$$/veh 0.0492 

per litre
US»/IMS»/

Veh-ltm)kml (US») IUS» ) ms a) Year

37,832,739
3,094,261

653,633
10,775,944
6,206,512
1,936,911

0.0060
0.0060
0.0060
0.0060
0.0060
0.0060

0.0000
0.0002
0.0297
0.0054
0.0217
0.0257

0.0060
0.0062
0.0357
0.0114
0.0277
0.0317

75,459
86,403

3,233,176
9,736,377

22,455,812
8,298,277

37,908,198
3,180,664
3,886,808

20,512,322
28,662,324
10,235,188

0.0040
0.0091
0.0228
0.0150
0.0306
0.0425

25,108,482
4,671,245
2,488,339

26,877,370
31,622,562
13,714,451

Car 0.0020
-0.0029
0.0128

-0.0035
-0.0029
-0.0108

12,799,715
-1.490,581
1,398,469

-6,365,048
-2,960,238
-3,479,262

Utility
Bus

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

60,500,000 43,900,000 104,400,000 60,500,000 43,885,504 104,385,504 104,482,449Total (US$) -96,945

Variable
ШЩМ;
minus 

Fuel Levy
(US» I

ftxedcuats

ЩШ be
covered

Possible
annual
licence

Potential
Licence

TOTAL ROAD USER 
CHARGES

ANNUAL
FIXED

COSTSVehicle type
Fee <us$/

Vehicle km)
Mfflm

fee Revenue
(US»I(U$$) №*l(US»

10.0 10.113.000
1.230.000 
2,075,750

18.816.000 
15,651,500
9.306.000

12,799,715
-1,490,581
1,398,469

-6,365,048
-2,960,238
-3,479,262

0.0056
0.0114
0.0419
0.0254
0.0457
0.0713

35.22Car
15.0 5.90Utility
47.5 4.56Bus
80.0

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

45.69
47.27
23.02

115.0
220.0

-96,945 57,203,055 57,192,250 0.016057,300,000 161.67Total

ESAL 
квоте tree
(тавот

ESA FuelEstimated
vehicle

Vehicle 
квоте tree 

(тЙВоп)
Consumption 
ISttes/veh km)

tvpe per
vehicleBeet

0.0001
0.0014
0.2480
0.0453
0.1814
0.2148

0.081,011,300
82,000
43,700

235,200
136,100
42,300

6.309.00
516.00
109.00

1.797.00
1.035.00

323.00

0.63Car
0.180.72Utility

27.09
81.36

187.68
69.56

0.46Bus
0.30

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

0.62 '-ЖФ0.86
10,089.00 367.041,550,600
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Table A.7.1 (continued) GEORGIA - ROAD USER CHARGES REQUIRED TO COVER FIXED AND VARIABLE ROAD USE COSTS

GEORGIACountry:

15,200,000 Percentage covered 100.24Fixed costs (US$)
Variable costs - vehicle related (US$) 
Variable costs - loading related (US$) 
Variable costs (US$)
TOTAL ROAD USE COSTS (US$)

10,100,000
7,600,000

17,700,000 Percentage covered 99.99
32,900,000

0.0534
Fuel levy fUSS/titre)

Fuel levy 
<US$/veb-km)

VARIABLE COSTS OF ROAD USE (ANNUAL) Fuel levy Venable Costa minus
Total Vehicle

«elated
Axle TotalVehicle 

related 
<US$ t 

vehkm)

Axle
rotatedrelated

liiiil
ESAL-fcm)

Vehicle type

Year
us*/(US$ / veh 0,0534 

per litre
IMS*/

Vehdtm)tUS$) ws»i (US$ )km) Year

7,924,176
379,161
720,600
458,959
428,491
188,613

3,145
2,107

5,720,289
177,421
851,003
845,608

7,927,321
381,268

6,440,888
636,380

1,279,494
1,034,222

0.0000
0.0000
0.0384
0.0019
0.0096
0.0217

0.0048
0.0049
0.0432
0.0067
0.0144
0.0265

0.0043
0.0106
0.0257
0.0154
0.0302
0.0465

0.0048
0.0048
0.0048
0.0048
0.0048
0.0048

7,077,543
828,939

3,835,081
1,464,554
2,677,882
1,813,945

0.0005
-0.0057
0.0175
-0.0087
-0.0158
-0.0200

849,778
-447,671

2,605,807
-828,174

-1,398,388
-779,723

Car
Utility
Bus

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

17,700,000 10,100,000 7,599,573 17,699,57310,100,000 7,600,000 17,697,944 1,630Total (US$)

Fixed costs 
to be 

covered

Potential 
contribution 
to Fixed Cost 

coverage 
№$\

TOTAL ROAD USER 
CHARGES

Variable 
Costa 
minus 

Fuel Levy

Possible
annual
licence

ANNUAL
FIXED

COSTSVehicle type <US$/ 
Vehicle km) (rrtfffien)tee

(US*)fUSSltus»
10.0 3.606.000 

178,750 
510,000

2.288.000
3.752.000
4.902.000

849,778
-447,671

2,605,807
-828,174

-1,398,388
-779,723

0.0065
0.0129
0.0292
0.0395
0.0726
0.1722

10.68Car
12.5 1.01Utility
50.0 4.35Bus
80.0 3.75Truck 2 axle 

Truck 3 axle 
Truck >3 axle

140.0
215.0

6.43
6.72

15,236,7501,630 15,201,630 0.015815,200,000 32.93Total

ESA FuelEstimated
vehicle

ESAt
kilometres
(mitten)

Vehicle 
квоте tree
ьтш

Consumption 
(fitres/veh km)

perVehicle type vehiclefleet

0.0001
0.0014
2.0001
0.0974
0.5004
1.1296

0.080.161,638.50
78.40

149.00
94.90
88.60
39.00

360,600
14,300
10,200
28,600
26,800
22,800

Car
0.11 0.20Utility

298.04 0.48Bus
0.299.25Truck 2 axle 

Truck 3 axle 
Truck >3 axle

0.5744.31
44.07 0.87

395.942,088.40463,300
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Table A.7. (continued) AZERBAIJAN - ROAD USER CHARGES REQUIRED TO COVER FIXED AND VARIABLE ROAD USE COSTS

AZERBAIJANCountry:

17,400,000 Percentage covered 100.26Fixed costs (US$)
Variable costs - vehicle related (US$) 
Variable costs - loading related (US$)
Variable costs (US$)
TOTAL ROAD USE COSTS (US*)

25.600.000
16.400.000
42,000,000 Percentage covered 99.77
59,400,000

0.03633Fuel levy (US$/Utre)

VARIABLE COSTS OF BOAP USE (ANNUAL) Variable Cost» 
Fuat Levy

Fuel levy 
<U$*/velHtm)

Fuel levy................................III!

VsNde 
related 
IUS» t 

veh-ttm)

TotalTotal V abide 
related

Axle
related

Axle

■ tus* t
ESAL4«n)

Vehicle type W$*/veh 0.03633 
pay litre

US*/ (US*/
Veh-fcm)

US*/ 
: YearYear<U$»I (USM (US» )km)

0.0000
0.0000
0.0319
0.0033
0.0046
0.0088

0.0057
0.0057
0.0376
0.0090
0.0103
0.0144

11,199,466
3,444,720
1,574,631
6,055,443
1,484,116
1,841,624

5,089
21,915

8,830,663
3,500,234
1,208,565
2,832,014

11,204,556
3,466,635

10,405,295
9,555,677
2,692,680
4,673,639

0.0029
0.0065
0.0165
0.0117
0.0196
0.0313

0.0057
0.0057
0.0057
0.0057
0.0057
0.0057

5,781,371
3,913,464
4,564,401

12,402,090
5,107,740

10,136,046

0.0028
-0.0007
0.0211

-0.0027
-0.0093
-0.0169

5,423,185
-446,829

5,840,893
-2,846,413
-2,415,060
-5,462,408

Car
Utility
Bus
Truck 2 axle 
Truck 3 axle 
Truck >3 axle

42,000,00025,600,000 16,400,000 25,600,000 16,398,481 41,998,481 41,905,112Total (US*) 93,368

Fixed costs 
to be 

covered

Possible
annual
Bcence

PotentialANNUAL
FIXED

mmm
Variable 
Coats 
minus 

Fuel Levy 
(US*)

TOTAL ROAD USER 
MS CHARGES

/
licenceVehicle type

'I I '
(US*)

(ntiWonl
fee ШШШШ

ШШШ:fa* revenue
ius*rtus$> tus*>(US*

5,423,185
-446,829

5,840,893
-2,846,413
-2,415,060
-5,462,408

15.00
20.00 
50.00

125.00
205.00
290.00

4.446.000
510.000
550.000

5.662.500
2.275.500
4.002.000

0.0052
0.0073
0.0185
0.0170
0.0283
0.0437

10.23
4.42

Car
Utility

5.11Bus
18.06Truck 2 axle 

Truck 3 axle 
Truck >3 axle

7.38
14.14

17,493,368 17,446,00093,368 0.0132 59.3517,400,000Total

Estimated
vehtet*

ESA FuelVehicle 
kilo metres

ESAt
kilometres
(roffljon)

Consumption
(litres/veh-km)

petVehicle type vehiclefleet

1,967.30
605.10
276.60

1,063.70
260.70
323.50

0.20 0.0001
0.0014
1.2341
0.1272
0.1792
0.3384

0.08296,400
25,500
11,000
45,300
11,100
13,800

Car
0.85 0.18Utility

341.39
135.31
46.72

109.48

0.45Bus
0.32

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

0.54
0.86

633.954,496.90403,100
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Table A.7.1 ARMENIA - ROAD USER CHARGES REQUIRED TO COVER FIXED AND VARIABLE ROAD USE COSTS

ARMENIACountry:

10,600,000 Percentage covered 99.83Fixed costs (US*)
Variable costs - vehicle related (US*) 
Variable costs - loading related (US*) 
Variable costs (US*)
TOTAL ROAD USE COSTS (US*)

11,700,000
7,600,000

19,300,000 Percentage covered 100.04
29,900,000

0.0556
Fuel levy (USS/litreJ

VARIABLE COSTS OF ROAO USE (ANNUAL) 
Tots! Vehicle

related

PueHevy
(US*/veh-km)

Fuel levy Variable Costs 
minus Fuel Levy.....TotalVehicle Axle

related 
(US*/ 

уеЫгго) ЕБАЫяя)

Axle
relatedrelated

tus*/Vehicle type
(US* / veh 0,0666 

per litre
US* t (US* } 

Yeh-km)
US* /ШШfus») (us*) Year(US*)Im)

8,000,168
1,046,573

634,953
965,200
857,691
195,416

6,202
11,359

3,124,774
1,209,202
2,708,230

540,233

8,006,370
1,057,932
3,759,727
2,174,401
3,565,921

735,649

0.0059
0.0059
0.0059
0.0059
0.0059
0.0059

0.0000
0.0001
0.0292
0.0074
0.0188
0.0164

0.0059
0.0060
0.0352
0.0134
0.0247
0.0224

0.0045
0.0099
0.0253
0.0178
0.0300
0.0480

6,057,661
1,744,012
2,699,720
2,899,603
4,329,765
1,577,610

0.0014
-0.0039
0.0099

-0.0045
-0.0053
-0.0256

1,948,708
-686,080

1,060,007
-725,201
-763,844
-841,961

Car
Utility
Bus

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

11,700,000 7,600,00019,300,000 19,300,00011,700,000 7,600,000 19,308,371 8,371Total (US$)

Potential 
Licence 

Fee Ш 
Revenue 

(US*)

Fixed costs 
to be 

covered

Possible
annual
Bcence

ANNUAL
FIXED
COSTS

Variable 
Coats 
minus 

Fuel Levy 
(U$*l

TOTAL ROAD USER 
CHARGESVehicle type

" (ÜS9 ,
VnhieicMtm)

........................ ... I ' i(US* I 
(manen)fee

(US*) tus$)(US*

1,948,708
-686,080

1,060,007
725,201

-763,844
-841,961

10 2.940.000 
577,500 
699,000

1.775.000
3.150.000
1.440.000

0.0067
0.0132
0.0318
0.0288
0.0518
0.0917

9.00Car
15 2.32Utility
30 3.40Bus
50 4.67Truck 2 axle 

Truck 3 axle 
Truck >3 axle

100 7.48
200 3.02

10,591,629 10,581,500-8,371 0.015210,600,000 29.89Total

ESAESAt FuelVehicle
kilometres
(mttBon)

Estimated
vehicle Consumptionkilometres

(roBEon)
parVehicle type vehiclefleet

0.0001
0.0014
0.6348
0.1616
0.4073
0.3566

0.081,346.90
176.20
106.90
162.50
144.40
32.90

0.13294.000
38.500 
23,300
35.500
31.500 

7,200

Car
0.180.25Utility
0.4567.86

26.26
58.81
11.73

Bus
0.32

Truck 2 axle 
Truck 3 axle 
Truck >3 axle

0.54
0.86

165.051,969.80430,000
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Table A.6.7 COMPARISON OF ROAD REHABILITATION AND MAINTENANCE COSTS - EASTERN EUROPE AND C.I.S COUNTRIES

Umt Costs <US$ / kilometre! assuming 7 $ metre pavementKazakhstan Armenia Turkmenistan f;
Bepubfic

Azerbaijan Croatia
World Bank АЙО - 

revised 
estimates 

1934

Type of Roadworks World Bank 
Mission end 

KstdomB 
1996

Armenia 
Highway 

Survey {D ita*

m ($>PRİ 131 m <6)

1Э9Р 1995 1995 1993 1995 1ЭВВ
Periodic Maintenance

9,600-17,100 14,025 7,000 12,750 12,000Surface Dressing 11,475 23,025

78,2004cm Overlay 52,500 34,425 56,025

4cm Overlay with 
levelling course 97,500

50,000 32,0005cm Overlay

30,375
42,750
53,906

5cm Overlay without levelling 
5cm Overlay + 40% Levelling 
5cm Overlay + 100% Levelling

109,2006cm Overlay

6cm Overlay (cold mix 
asphalt) inc.preparation 
of the old pavement

52,500

144,600 90,0008cm Overlay 90,000 96,000

8cm Overlay with 
levelling course 135,000

120,0009cm Overlay 
10cm Overlay 167,100

Overlay (inc.repair & 
regulation of existing surface 
where necessary)

75,000

Repair, regulation, overlay 
& full edge strengthening 
where necessary

101,775

Repair, regulation, overlay 
& full edge strengthening 128,550 189,975

Strengthening (5cm surface 
layer & 8cm base course) 135,000

257,000 200,000 120,000 136,500 225,000 225,000Partial Reconstruction

167,063Heavy reconstruction

Reconstruction of existing 
pavement (full depth) 503,550

Reconstruction of existing 
road (inc. embankment) 680,325

(1) TecnEcon - "The Armenia Highway Survey"
(2) Kocks Consult & TecnEcon - “Review of Administration and Financing of Road Improvement"
(3) Carl Bro International a/s - "Road Rehabilitation Project for Asian Development Bank - Kyrgyz Republic"

(Bishkek - Osh Road]
(4) World Bank
(5) Wilbur Smith & Associates - "Pre-Feasibility Study of Baku-Astara Road"
(6) World Bank - quoted in "Highway Rehabilitation & Maintenance in Central & Eastern Europe - A Survey"

Sources:
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Table A.6.6 (continued) UZBEKISTAN - ANALYSIS OF ANNUAL ROAD USE COSTS

UZBEKISTANCountry:

Average Annual Coats t USS KmESA pot 
Lane/Year 

ImiUionl

Average Annual Costs (US$ mBIkm) 
Variable CostsFixed

Costs
AADTSNC TOTAL 

ROAD USE 
COSTS

LengthDesign
Standard
Category

Road
Class TOTAL

COSTS
Fixed (No 
Traffic)

Variable Costs Vehicle Axle 
Related Related

Sub(km)
AADT ESAL Total Total

6,971
5,907
2,941
2,101

0.090
0.150
0.080
0.070
0.030

5,941
5,193
3,879
3,484

17,094
12,918
6,076
3,946

10,069
7,870
4,167
3,088

27,163
20,787
10,243
7.034

33,104
25,980
14,122
10,518

4.7 4.5 13.0 7.6 20.6 25.17591Inter State 
Inter State 
Inter State 
Inter State 
Inter State 
Inter State

4.0 2.3 11.65.7 3.5 9.34452
3.0 1.80.5 0.8 0.5 1.31303
2.5 0.2 0.2 0.2 0.4 0.5524

9822.0 0.0 0.0 0.0 0.0 0.075
14,155 8,5055,388 22,659 28,047 19.7 11.8 31.6 39.11,393 7.5Total

0.070
0.060
0.030
0.020
0.010

4.7 3,994
1,764

0.0 0.0 0.0 0.0 0.09951Intra State 
Intra State 
Intra State 
Intra State 
Intra State 
Intra State

3,148 2,058
1,010
1,130
1,004

3,258
2,827
2,824
2,741

5,206
1,777
1,793
1,149

8,464
4.604
4,617
3,890

38.44.0 14.8 14.3 9.3 23.64,542
5,950
7,462
1,483

2
7676823.0 16.8 4.6 6.0 10.6 27.43
663565 21.1 8.4 13.4 34.52.5 4.94

300 144 5.82.0 4.1 0.2 1.5 1.75
1,1762,778 1,237 2,413 5,191 49.3 106.156.8 24.0 25.320,432Total

2,004 3,7052,945 1,701 6,650 64.3 43.7 37.1 80.9 145.121,825TOTAL

Consultant's estimatesSource:



Table A.6.6 (continued) TAJIKISTAN - ANALYSIS OF ANNUAL ROAD USE COSTS

TAJIKISTANCountry:

Average Annua) Costs t USS Km Average Annual Costs (US? maiion)ESA per 
Lane/Year 
(million)

iliiliiiil.i

Fixed
Cost»

———■—

TOTAL 
ROAD USE 

COSTS

Variable CostsAADTSNCLengthDesign
Standard
Category

Road
Variable CostsFixed (No 

Traffic)
TOTAL
COSTS

Vehicle Axle 
Related Related

Sub(km)Class
AADT ESAL Total Total

6,008
4,407
3,524
3,180

17,567
9,160
4,419
2,595

10,371
5,647
3,167
2,161

27,939
14,807
7,586
4,755

33,946
19,213
11,110
7,935

0.1 0.2 0.20.030
0.020
0.010
0.010
0.000

0.0 0.16,702
3,618
1,840
1,186

4.661Inter State 
Inter State 
Inter State 
Inter State 
Inter State 
Inter State

0.80.4 0.2 0.60.23.9432
3.71.2 1.5 1.1 2.53.03363
1.40.6 0.5 0.4 0.82.81784

8911.55275
6.21,811 2,242 1,608 3,851 5.662 2,0 2.4 1.8 4.21.089Total

01Intra State 
Intra State 
Intra State 
Intra State 
Intra State 
Intra State

5,484
2,889

3,466
2,261
1,205

8,951
5,151
2,189

1.30.010
0.010
0.000
0.000

3,691
3,228
2.864
2,716

12,642
8,379
5,053
3,694

0.4 0.6 0.4 0.92,233
1,294

3.91032
0.2 0.80.3 0.50.33.01003

985 0.70.1 0.2 0.30.42.8 5401404
0 978 978 0.2 0.3 1.30.1142 1.01.53545

4.22,963 1,424 1,576 3,000 1.0 2.15,963 2.1 1.1696Total

2,261 1,923 1,596 3,519 5,779 6.3 10.33.5 2.74.01,785TOTAL
Consultant’s estimatesSource:



Table A.6.6 (continued) KYRGYZ REPUBLIC - ANALYSIS OF ANNUAL ROAD USE COSTS

KYRGYZ REPUBLICCountry:

Average Annual Costs I US$ Km Average Annual Costs (US$ гойюо) 
Variable Costs

ESA per 
lane/Year 
(minion)

i'i i H i I i i i'i'i i'i i'i'iYi'iTOTAL 
ROAD USE 

COSTS

iHll’ill'i Vi'Fixed
Costs

AADTSNCLengthDesign
Standard
Category

Road
Class Fixed (No 

Traffic)
Variable Costs SubTOTAL

COSTS
Vehicle Axle 
Related Related

(km)
AADT ESAL Total Total

0.040
0.040
0.020
0.020

7,897
5,735
3,329
2,856

27,305
15,971
3,383

0.610,251
6,195
1,543

16,142
9,686
2,556
1,155

43,447
25,657

5,939
2,047

51,344
31,392
9,268
4,903

0.3 0.2 0.54.6 0.1121Inter State 
Inter State 
Inter State 
Inter State 
Inter State 
Inter State

6.63.9 1.2 3.3 2.0 5.42092
0.5 0.4 0.8 1.33.0 0.51383

1.9651 892 0.3 0.82.8 1.1 0.43894
05

3,831 6,001 4,045 10.410,046 13,876 2.9 4.5 3.0 7.5748Total

01Intra State 
Intra State 
Intra State 
Intra State 
Intra State 
Intra State

3,953
1,187

0.010
0.010
0.002
0.000

4,623
3,170
2,771
2,684

10,302
2,590

6,321
2,084

3.1 4.03.9 16,623
4,674
1,422

21,246
7,844
4,194
3,398

0.9 1.9 1.21882
2.3 1.8 4.1 6.93.0 2.88853

503 4.8381 919 3.2 0.6 1.0 1.62.81,1414
85 0 714 0.1 0.1 0.51.5 714 0.4 0.01495

3,062 2,031 16.21,772 3,803 6,865 7.2 4.9 4.1 9.02,362Total

3,247 2,985 2,318 5,303 9.4 16.5 26.68,550 10.1 7.13,110TOTAL
Consultant's estimatesSource:

- .



Table A.6.6 (continued) KAZAKHSTAN - ANALYSIS OF ANNUAL ROAD USE COSTS

KAZAKHSTANCountry:

Average Annua) Cost* (US? mBIion) 
Variable Coate

ESA per 
Lane/Year 

(million)

Average Annua) Coata / USS Km
У iViV Гни n w t+УнTOTAL

ROAD USE 
COSTS

.......Fixed
Coat*

AADTSNCLengthDesign
Standard
Category

Road
Cleat TOTAL

COSTS
Fixed (No 
Traffic)

Variable Coata Vehicle Axle 
Related Related

Sub(km)
TotalAADT ESAL Total

4.459
3,796
3,374
3,322

9,614
6,049
3,643
3,235

5,654
3,764
2,708
2,688

0.010
0.010
0.010
0.010
0.000

3,717
2,436
1,563
1,409

15,268
9,813
6,351
5,923

19,727
13,609
9,725
9,244

1.2 2.6 1.5 4.2 5.44.62721Inter State 
Inter State 
Inter State 
Inter State 
Inter State 
Inter State

6.2 16.0 22.26.2 9.94.01,634
4,037

2
25.6 39.314.7 10.93.0 13.63

1.72.4 0.6 0.6 0.5 1.11894
0.0 0.0 0.0 0.02.0 0.005

3.533 4,536 3,119 7,656 19.1 46.9 68.611,189 21.7 27.86,132Total

0.010
0.020
0.010
0.010
0.004

0.0 0.04,066
1,933
1,253

0.0 0.0 0.04.63611Intra State 
Intra State 
Intra State 
Intra State 
Intra State 
Intra State

3,488
3,206
2.997
3,018

4,436
2,775
1,557
1,589

2,811
2,193
1,694
1,858

7.248
4.968
3.251
3,447

10,736
8.174
6,248
6,465

4.0 10.3 15.26.34.0 5.01,419
9,268

2
75.820.3 46.03.0 29.7 25.73

1.7810 0.4 0.5 0.90.8273 2.44
0.2 -0.1 0.1 0.3772 0.12.0435

3,134 2,860 2,188 93.05,048 8.182 57.435.6 32.6 24.711,364Total

3,4483,274 2,514 5,962 9,235 43.9 104.3 161.660.557.317,496TOTAL
Consultant’s estimatesSource:



Table A.6.6 (continued) GEORGIA - ANALYSIS OF ANNUAL ROAD USE COSTS

GEORGIACountry:

ESA (NT 
Lane/Yaar 

(mittionl

Average Annual Costs / US$ Km Average Annual Costs (USS million) 
Variable Costs TOTAL 

ROAD USE 
COSTS

AADTSNCLength Fixed
Coat*

Design
Standard

Road
Class Fixed (No 

Traffic)
Variable Coats TOTAL

COSTS
(km) Vehicle Axle 

Related Related Total
Sub

AADT ESAL Total

0.160
0.260
0.160
0.050
0.030

9,114
7,405
4,471
1,803

6,845
5,614
4,406
3,356

21,658
14,863
8,711
3,492

12,681
8,977
5,565
2,555

5.0 34.338
23,841
14,276
6.047

41.183
29,454
18,681
9,402

37 0.3 0.8 0.5 1.3 1.51Inter State 
Inter State 
Inter State 
Inter State 
Inter State 
Inter State

4.2176 1.0 2.62 1.6 4.2 5.2
3.53 467 2.1 4.1 2.6 6.7 8.7
3.2259 0.9 0.9 0.7 1.6 2.44

8002.67 0.0 0.05 0.0 0.0 0.0
4,406 8,869 5,613 14,481 18,887946 4.2 8.4Total 5.3 13.7 17.9

0.110
0.100
0.040
0.010
0.000

6,545
2,795
1,165

5.02 0.0 0.0 0.0 0.00.01Intra State 
Intra State 
Intra State 
Intra State 
Intra State 
Intra State

3,669
3,029
2,706
2,634

5,212
1,897

3,218
1,497

8.430
3,394

4.2 12,099
6,422
3,560
2,931

84 0.32 0.4 0.3 0.7 1.0
3.53013 0.9 0.6 0.5 1.0 1.9

350 237 6163.2 8542,247
1,425
4,059

6.1 0.5 1.9 8.04 1.4
95 -250 547 2972.6 3.8 0.25 0.2 0.4 4.2

2,723 292 711 1,003 3,726 11.1 1.7 2.3Total 4.1 15.1

3,041 1,913 1,637 3,551 6,5925,005 15.2 10.1 7.6 17.8 33.0TOTAL
Consultant's estimatesSource:



Table A.6.6 (continued) AZERBAIJAN - ANALYSIS OF ANNUAL ROAD USE COSTS

AZERBAIJANCountry:

Average Annua) Costs I USS Km Average Annual Costs (US$ million)ESA per 
Lane AT ear 

(miBioo)
TOTAL 

ROAD USE 
COSTS

Fixed
Costs

iVartiefiteOoirtaAADTSNCLengthDesign
Standard
Category

Road
Claes Vehicle Axle 

Related Related
Variable Costa TOTAL

COSTS
Fixed (No 
Traffic)

Sub(km)
TotalAADT ESAL Total

7.126,164
9,102

15,379
5,596

41,543
14,699

49,250
19,129

10,503
4,181

0.130
0.100

7,707
4,430

1.1 3.8 2.2 6.04.91451Inter State 
Inter State 
Inter State 
Inter State 
Inter State 
Inter State

24.25.6 11.5 7.1 18.64.01,2642
3.803
3.504
2.905

4,766 10,853 6,600 17,453 22,219 24.6 31.36.7 15.3 9.31.409Total

4.901Intra State 
Intra State 
Intra State 
Intra State 
Intra State 
Intra State

0.080
0.050
0.020

3.650
3,251
2.997

5,124
3,090
1,781

3,234
2,095
1,423

8.357
5,186
3,204

12,008
8.437
6,200

2.0 2.8 1.8 4.6 6.64.0 2,615
1,668

5502
17.26.6 6.3 4.3 10.53.82.0333

2.1 1.2 1.0 2.2 4.39783.56974
2.905

3,264 3,153 2,143 5,296 8,561 10.7 10.3 7.0 17.4 28.13,280Total

3,715 5,466 3,482 8,948 12,664 17.4 25.6 16.3 42.0 59.44,689TOTAL
Consultant's estimatesSource:



Table A.6.6 ARMENIA - ANALYSIS OF ANNUAL ROAD USE COSTS

ARMENIACountry:

Average Annual Costs (US$ mfllkm)
I I I i I I I I I I (TI I I I I I I I N H p 1-1 i I i ■ I I I ч чч ч »4 ■ i i ı ı ı ı i ı ı i ■ ■ iVariable Costs

ESA par 
Lane'Year 
(million)

Average Annual Costs I USS Km Г-------------------------------------------------------

TOTAL 
ROAD USE 

COSTS

..... -Fixed
Costs

AADTSNCLengthDesign
Standard
Category

Road
Class Vehicle Axle 

Related Related
Variable Costs TOTAL

COSTS
SubFixed (No

Traffic)
(km)

TotalAADT TotalESAL

5.216,023
6,780
2,787
1,417

9,496
4,207
2,021
1,392

25,519
10,987
4.808
2.808

31,237
14,944
8,005
5,756

0.9 2.6 1.6 4.20.040
0.050
0.030
0.020

5,718
3.956
3,196
2,948

6,222
2,988
1,410

4.51651
Inter State 
Inter State 
Inter State 
Inter State 
Inter State 
Inter State

11.83.3 8.73.1 5.34.07892
4.02.41.6 1.4 1.03.54943
0.70.2 0.2 0.30.48413.01224
0.00.0 0.0 0.00.02.305

21.63,824 6,080 3,858 9,938 13,763 6.0 9.5 6.1 15.61,569Total

0.00.0 0.0 0.0 0.04.501Intra State 
Intra State 
Intra State 
Intra State 
Intra State 
Intra State

2.011,575
2,892

7,048
2,079

18,624
4,971
1,721

23,508
8,178
4,532
3,560

0.4 1.0 0.6 1.60.050
0.010
0.010
0.010

4,884
3,207
2,812
2,706

4,700
1,302

4.0832
1.20.4 0.3 0.70.53.51503
4.70.8 1.0 1.8735 985 2.95253.01,0454
1.129 825 854 0.8 0.0 0.2 0.32632.33005
9.02.2 2.21,378 1,379 2,757 5,695 4.6 4.42,9381,579Total

30.63,722 6,337 11.7 8.2 19.93,380 2,614 9,717 10.63,148TOTAL

Consultant's estimatesSource:
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Table A.6.5 (continued) UZBEKISTAN - EQUIVALENT STANDARD AXLE KILOMETRES BY DESIGN CLASS

Road LengthDesign
Standard

ESA per vehicle and ESAL - Kilometres (million) 
Utility Large

Vehicle
Class (km) Car Truck 

2 axle
Truck 
3* axle

Truck 
>3 axle

TOTAL
Bus

ESA per vehicle
1.09970.0001 0.0014 0.193 0.1879 1.0115

ESAL-Kilometres (metres)
81.05 
40.34

M 759 0.08 15.581 0.44
0.14
0.02

106.93
48.84

70.25
40.79

6.03

274.3
137.7M 445 0.052 7.56

M 130 0.01 5.23 19.93 6.73 1.88
M 52 0.00 0.00 0.91 0.80 3.61 7.24 1.88
M 7 0.00 0.00 0.08 0.05 0.09 0.45 0.14

1,393 0.14 25.86 120.770.60 127.61 164.52 439.5

Rep. 995 0.06 55.53
127.28
61.49
30.09

11.97
33.24
33.95
49.08

127.92
256.24
105.19
91.95

282.4
584.7
303.6
291.3

1 0.25 86.69
167.41
102.69
119.99

Rep. 4,542
5,950
7,462
1,483

0.12 0.402
Rep. 0.053 0.18
Rep. 0.044 0.18
Rep. 5.49 3.26 6.06 23.85 0.01 0.01 9.01

20,432 0.28 279.88 485.79 131.50 587.37 1,485.81.02

198.17
297.03
111.23
95.56

M + Rep. 
M + Rep. 
M + Rep. 
M + Rep. 
M + Rep.

1,754
4,987
6,080
7,514
1,490

0.14 0.69 136.58
167.62
66.72
30.99

193.63
216.24
109.42
121.87

27.55
40.80
35.83
49.88

556.8
722.4
323.5
298.5

1
0.17 0.542
0.063 0.20
0.044 0.18

24.20.01 5.58 9.15 3.31 6.155 0.01
1,925.421,825 0.42 1.62 407.49 650.31 157.36 708.14

Road
Class

ESA / Lane / Km / Year (million)

■a
2 axle

Design
Standard

Length
Utility

Vehicle
Truck Truck

>3*xie
TOTAL(km) Car Large

Bus 3- axle

0.01 0.02 0.09M 759 0.00 0.00 0.031 0.04
M 445 0.00 0.01 0.05 0.152 0.00 0.05 0.05
M 0.02 0.083 130 0.00 0.00 0.02 0.03 0.01

0.03M 0.00 0.01 0.01 0.074 52 0.00 0.02
M 0.00 0.01 0.00 0.01 0.035 7 0.00 0.01

0.131,393 0.00 0.00 0.11 0.03 0.420.14

0.03 0.07Rep. 995 0.00 0.00 0.01 0.02 0.001
0.03Rep. 0.00 0.01 0.00 0.062 4,542

5,950
7,462
1,483

0.00 0.02
0.00 0.01 0.03Rep. 0.00 0.00 0.013 0.01

0.020.00 0.00 0.01Rep. 0.00 0.00
0.00

0.014
0.00 0.01Rep. 0.00 0.00 0.005 0.00

0.01 0.08 0.190.00 0.0420,432 0.00 0.06

0.06 0.16M + Rep. 
M + Rep. 
M + Rep. 
M + Rep. 
M + Rep.

0.00 0.04 0.011 1,754
4,987
6,080
7,514
1,490

0.00 0.06
0.01 0.07 0.220.00 0.00 0.062 0.07

0.03 0.100.00 0.03 0.03 0.013 0.00
0.040.00

0.00
0.01 0.01 0.09

0.03
0.00 0.034

0.010.005 0.00 0.01 0.01
0.21 0.6121,825 0.00 0.14 0.20 0.050.00
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Table A.6.5 (continued) TAJIKISTAN - EQUIVALENT STANDARD AXLE KILOMETRES BY DESIGN CLASS

ESAL pet Vehicle and ESAL Km (mWion)
Road
Class

Road Car Truck 
> 3-axle

Utility Bus Truck
2-axle

Truck
3-axle

TOTAL
Length

(kml

ESAL per vehicle
0.1160.0001 0.0014 0.0686 0.1667 0.6335

ESAL Km (million)
0.00 0.00 0.08 0.226.0 0.11M 1 0.33 0.74
0.00 0.01 0.28 0.67

2.72
0.67
2.06

0.62M 2 42.9 1.33 2.91
0.01 0.02 0.77

0.27
3.79M 3 335.7

177.5
527.0

3.51 10.83
0.01M 4 0.00 1.70 2.46 5.11

M 5 0.01 0.01 0.99 2.18 2.80 8.05
0.03 0.04 6.341.089.1 2.38 8.41 10.43 27.64

1 0.0 0.00 0.00 0.00 0.00 0.00 0.00A 0.00
3.100.01A 2 103.1 0.00 0.16 0.64 0.69 1.61

A 3 99.7 0.00 0.00 0.09 0.23 0.26 0.59 1.19
4 139.8

353.5
0.00 0.00 0.04 0.06 0.08A 0.12 r 0.31

A 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00
696.1 0.00 0.01 0.29 0.93 1.03 2.33 4.59

0.00 0.221 6.0 0.00 0.08 0.11 0.33 0.74M + A 
M + A 
M + A 
M + A 
M + A

0.012 146.0
435.4 
317.3
880.5

0.01 0.43 1.31 1.31 2.94 6.01
0.023 0.02 0.86 2.95 4.06 12.014.11
0.014 0.01 0.31 0.73 1.79 2.58 5.42

0.01 0.015 0.99 2.06 2.18 2.80 8.05
1,785.2 0.04 0.05 2.67 7.27 9.45 12.76 32.23

ESAL / Lane t Km t Year (milBon)
UtiWyCar Truck 

> 3-axle
8us TOTALRoad Truck

2-axla
Truck
3'äxle

Road
Class Length

(km)

6.0 0.00 0.00 0.00 0.01 0.00 0.01 0.03M 1
2 42.9 0.00 0.00 0.00 0.00 0.00 0.01 0.02M
3 335.7

177.5
527.0

0.00 0.00 0.00 0.00 0.00 0.00 0.01M
0.00 0.00 0.00 0.00 0.00 0.00 0.01M 4

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00M
1,089.1 0.00 0.00 0.01 0.02 0.01 0.03 0.07

0.00 0.00 0.01 0.00 0.010.0 0.00 0.02A 1
0.00 0.00 0.00 0.002 103.1 0.00 0.01 0.01A

0.00 0.00 0.00 0.00 0.00A 3 99.7 0.00
0.00
0.00

0.01
0.00 0.00 0.00 0.00 0.00 0.00A 4 139.8

353.5 0.00 0.00 0.00 0.000.00 0.00A 5
0.00 0.01 0.01696.1 0.00 0.00 0.02 0.05

0.016.0 0.00 0.00 0.01 0.03 0.05M + A 
M + A 
M + A 
M + A 
M + A

1 0.00
0.00 0.00 0.00 0.01 0.01 0.01 0.032 146.0

435.4 
317.3
880.5

0.00 0.00 0.00 0.00 0.01 0.023 0.00
0.00 0.00 0.00 0.00 0.00 0.010.004
0.00 0.00 0.00 0.00 0.000.00 0.005
0.00 0.03 0.02 0.05 0.111.785.2 0.00 0.01
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Table A.6.5 (continued) KYRGYZ REPUBLIC - EQUIVALENT STANOARD AXLE KILOMETRES BY DESIGN CLASS

ESAL Kilometres (million)
Utility Truck 

> 3«xte
totalBusCar Truck

2-axle
Truck
3-axle

Design
Standard

RoadRoad
Class Length

(km)

ESAL / Vehicle
0.166O.OOOl 0.0014 0.0686 0.1667 0.6335

ESAL KM (million)
0.24
2.14

1.760.00 0.01 0.31 0.37 0.8312.2M 1
0.05 4.32 5.53 5.32 17.390.03209.2

137.6
388.6

2M
0.27 0.62 1.760.01 3.91 6.570.003M

0.00 0.01 0.07 0.55 4.97 6.20 11.814M
0.00 0.00 0.00 0.00 0.00 0.000.000.0M 5

9.10 37.520.07 4.97 7.07 16.260.04747.6M

0.03 2.60 4.10
3.19

1.13 4.21 12.08
20.06
14.38

0.020.0A 1
0.06 3.70 2.85 10.240.02187.5

885.3
1,140.5

149.0

2A
0.01 0.03 0.90 3.31 2.22 7.913A

0.00 0.04 0.10 0.07 0.24 0.450.004A
0.00 0.00 0.00 0.00 0.00 0.000.005A
0.12 7.24 10.70 6.28 22.59 46.982.362.3 0.05A

0.04 2.92 4.46 1.37 5.03 13.84
37.45
20.95
12.26
0.00

0.0212.2M + A 
M + A 
M + A 
M + A 
M + A 
M + A

1
8.72 4.990.10 8.02 15.56

11.82
6.44
0.00

396.7
1,022.9
1,529.1

149.0

0.062
3.93 3.980.01 0.04 1.173

0.01 0.11 0.660.00 5.044
0.00 0.00 0.00 0.00 0.005

0.19 12.21 17.77 15.38 38.86 84.500.093,109.9

ESAL / Km 1 Lane / Year (million)................................................................................................................................ Mini

Truck Truck
2-axle

..........Truck 
> 3-axle

II I I I I I I I III ITOTALUtility BusCarRoadRoad
Class

Design
Standard 3-axleLength

(km)

0.00 0.040.00 0.00 0.01 0.01 0.0212.21M
0.00 0.01 0.01 0.01 0.01 0.040.00209.2

137.6
388.6

2M
0.00 0.00 0.01 0.01 0.020.00 0.003M

0.020.00 0.00 0.01 0.010.00 0.004M
0.00 0.000.00 0.00 0.00 0.00 0.000.05M

0.120.00 0.00 0.02 0.02 0.02 0.05747.6M

0.01 0.00 0.01 0.020.00 0.000.0 0.001A
0.010.00 0.010.00 0.00 0.00 0.00187.5

885.3
1,140.5

149.0

2A
0.010.00 0.00 0.00 0.00 0.00

0.00
0.00

0.003A
0.000.00 0.00 0.000.00 0.004A

0.00 0.000.00 0.000.00 0.005A
0.00 0.02 0.040.00 0.01 0.010.002,362.3A

0.050.01 0.01 0.020.00 0.0112.2 0.001M+A 
M + A 
M + A 
M + A 
M + A 
M + A

0.01 0.02 0.050.01 0.020.00 0.00
0.00

396.7
1,022.9
1,529.1

149.0

2
0.01 0.02 0.030.00 0.000.003

0.020.01 0.010.00 0.00 0.00 0.004
0.000.00 0.00 0.00 0.000.000.005

0.03 0.07 0.150.030.00 0.00 0.023,109.9
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Table A.6.5 (continued) KAZAKHSTAN - EQUIVALENT STANDARD AXLE KILOMETRES BY DESIGN CLASS

ESAL t Vehicle and ESAL - Kilometres (million)............................................ .............Large
RoadRoad Class Design

Category Utility
Vehicle

TOTALlengthend Cat T rucks
(km) Bus 2-axle > 3-axleDesign

Category
3-exle

ESA / Vehicle
0.0001 0.0014 0.2481 0.0453 0.1814 0.2148

ESAL - Kilometres (million)
M 1 272 0.02 0.04 2.38 2.29 5.09 2.30 12.12

48.04
92.36

M 2 0.10 0.091,634
4,037

2.16 10.08
23.37

30.31
50.55

5.31
M 3 0.13 0.15 6.29 11.87

0.500.01M 4 189 0.01 0.27 0.99 2.13 3.90
0.00M 5 0, 0.00 0.00 0.00 0.00 0.000.00
0.266,132 0.27 11.09 36.72 88.08 19.98 156.41

320 0.03 0.04 2.34 2.29A 1 7.20 1.22 13.12
20.72

102.99
2 997 0.04 0.05 1.77A 4.90 10.13

50.37
3.83

3 6,240 0.18 8.79A 0.25 24.35 19.04
62 0.00 0.04A 4 0.00 0.19 0.20

0.14
0.16 0.60

5 0.00A 43 0.00 0.03 0.13 0.410.11
7,662 0.26 0.34 12.97 31.87 137.8368.04 24.35

Other Republican 
Other Republican 
Other Republican 
Other Republican 
Other Republican

1 41 0.00 0.01 0.33 0.38 0.43 0.27 1.42
2 422 0.03 0.02 0.71 2.82 8.93 2.62 15.12

53.063 3,028 0.08 0.08 1.91 8.96 20.25 21.77
211 0.00 0.014 0.08 0.63 3.231.95 0.56

5 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3,702 0.11 0.11 3.03 12.79 31.56 25.23 72.83

0.06 0.08TOTAL NON-LOCAL 
TOTAL NON-LOCAL 
TOTAL NON-LOCAL 
TOTAL NON-LOCAL 
TOTAL NON-LOCAL

1 633 5.05 4.96 12.71
49.37

121.17
4.29
0.14

3.79 
11.76 
52.68

26.65
83.87

248.40
2 3,053

13,305
0.16 0.15 4.64 17.80

56.693 0.40 0.47 16.99
462 0.01 0.02 0.38 1.814 1.22 7.72

5 43 0.00 0.00 0.03 0.13 0.410.11
17,496 0.63 0.72 27.09 81.38 187.68 69.56 367.07

Road Class Design
Category

Road
length

ESAL t Lane / Km / Year (million»
Car TOTALUtility

Vehicle
Truck*

——------3-axle
Largeend

.......2-axia ............> 3-axleDesign
Category

(km) Bus

1 272 0.00 0.00 0.00 0.00 0.00 0.00 0.01M
2 1,634

4,037
0.00 0.00 0.00 0.00 0.00 0.01M 0.01

3 0.00 0.00 0.00 0.00 0.01M 0.01 0.00
4 189 0.00 0.00 0.00 0.00 0.01 0.00 0.01M

0.00M 5 0 0.00 0.00 0.00 0.00 0.00 0.00
0.056,132 0.00 0.00 0.00 0.01 0.03 0.01

0.011 320 0.00 0.00 0.00 0.00 0.01 0.00
0.00
0.00

A
0.00 0.01A 2 997 0.00 0.00 0.00 0.01
0.00 0.01A 3 6,240 0.00 0.00 0.00 0.00

0.00
0.00

62 0.00 0.00 0.00 0.00 0.00 0.00A 4
0.000.00 0.00 0.00 0.00 0.00A 5 43
0.040.00 0.00 0.017,662 0.00 0.01 0.02

0.00 0.010.00 0.00 0.00 0.00Other Republican 
Other Republican 
Other Republican 
Other Republican 
Other Republican

1 41 0.00
0.020.00 0.01 0.00

0.00
2 422 0.00 0.00 0.00

0.013 3,028 0.00 0.00 0.00 0.00 0.00
0.00 0.010.00 0.00211 0.00 0.00 0.004

0.000.00 0.00 0.005 0 0.00 0.00 0.00
0.050.013,702 0.00 0.00 0.00 0.01 0.02

0.030.00633 0.00 0.00 0.01 0.01 0.01TOTAL NON-LOCAL 
TOTAL NON-LOCAL 
TOTAL NON-LOCAL 
TOTAL NON-LOCAL 
TOTAL NON-LOCAL

1
0.040.012 3,053

13,305
0.00 0.00 0.00 0.01 0.02

0.01 0.030.00 0.00 0.00 0.01 0.013
0.00 0.020.00 0.00 0.01 0.014 462 0.00
0.00 0.010.00 0.00 0.00 0.005 43 0.00
0.02 0.130.0717,496 0.00 0.00 0.01 0.03
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Table A.6.5 (continued) GEORGIA - EQUIVALENT STANDARD AXLE KILOMETRES BY DESIGN CLASS

ESA per Vehicle and ESAL- Km (million) By Vehicle Category, 1996Road Design
Standard

Total
Class Length

TOTALTrack 
>3 axle

Car Utility Large
Bias

Truck 
2 axle

Track
3axte(km)

ESA per vehicle 
2.0001 

ESAL /Km (million)
19.04 
72.65 

116.45

1.12960.0974 0.50040.0001 0.0014

23.670.45 2.38 1.790.01S 1 37 0.01
91.319.41 7.350.03 1.84S 2 176 0.04

16.48 15.77 152.26
28.38

0.04 3.45S 3 467 0.06
3.900.01 18.21 0.89 5.35S 259 0.014
0.04 0.03 0.380.30 0.01S 0.00 0.005 7

296.016.64 32.22 30.290.08 226.66946 0.12

1.010.10 0.080.02Rep. 2 0.00 0.00 0.811
1.69 16.35

25.58
47.81

1.320.01 0.00 13.01 0.3384Rep. 2
19.56 0.58 2.77 2.650.01 0.01Rep. 3 301

6.58 9.020.02 0.01 30.68 1.51Rep. 4 2,247
9.170.720.00 7.31 0.18 0.951,425 0.00Rep. 5

12.09 13.78 99.9271.38 2.614,059 0.04 0.03

24.68
107.66
177.83
76.20

19.85 0.46 2.48 1.870.01 0.01S + Rep. 
S + Rep. 
S + Rep. 
S + Rep. 
S + Rep.

1 39
8.672.16 11.10260 0.04 0.03 85.66

136.02
48.89

2
18.414.03 19.250.053 768 0.07

10.48 14.370.04 0.02 2.402,506
1,432

4
9.557.62 0.19 0.99 0.750.000.005

44.07 395.9344.30298.04 9.250.16 0.115,005

ESAL / Lane / Kra / Year (million)Total
Length

Road
Class

Design
Standard

TOTALTruck 
>3 axle

Truck 
2 axle

Truck 
3 axle

LargeCar Utility
Bus(km)

0.160.010.020.13 0.0037 0.00 0.00s 1
0.02 0.260.030.00 0.21 0.01176 0.00S 2

0.160.02 0.020.000.00 0.00 0.12S 3 467
0.050.010.04 0.00 0.010.00 0.00s 4 259
0.030.00 0.000.00 0.00 0.02 0.00s 75
0.660.060.070.00 0.52 0.010.00946

0.110.01 0.010.00 0.09 0.000.00Rep. 1 2
0.100.010.010.08 0.000.00 0.002 84Rep.
0.040.00 0.000.000.00 0.030.00Rep. 3 301
0.010.00 0.000.01 0.000.00 0.002,247

1,425
Rep. 4

0.000.000.00 0.000.00 0.00 0.00Rep. 5
0.03 0.020.010.210.00 0.004,059

0.270.020.030.010.00 0.220.00S + Rep. 
S + Rep. 
S + Rep. 
S + Rep. 
S + Rep.

391
0.360.04 0.030.28 0.010.00 0.002 260

0.02 0.210.020.000.00 0.16768 0.003
0.070.01 0.010.000.00 0.040.004 2,506
0.030.00 0.000.02 0.000.001,432 0.005

0.10 0.090.020.00 0.730.005,005
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Table A.6.5 (continued) AZERBAIJAN - EQUIVALENT STANDARD AXLE KILOMETRES BY DESIGN CATEGORY

ESAL-km (million)
UtilityCar Truck

>3-axle
Bus Truck

2-axte
Truck
3-axle

Road TOTALRoad
Class

Design
Standard Length

(Ion)
ESA per Vehicle 

1.2341 0.12720.0014 0.17920.0001 0.3384

13.30
46.51

0.03 0.07 47.97
107.25
21.88

3.18144.5
1,072.5

192.0

11.28
31.66
10.98

M 1 75.83
200.84
40.68

0.06 0.28 15.08M 2
6.480.03 0.04 1.27M 2-3

M 3
M 3-4
M 4
M 4-5
M 5

177.10 66.290.13 0.39 19.531,409.0M 53.92 317.35

Rep. 1
21.31
25.02
6578
39.76
10.36

0.01 0.05 7.26 3.01253.0
297.0 

1,159.0
874.0
371.0
326.0

2 5.81 37.45Rep.
0.01 0.08 11.56

26.64
17.85

4.492-3 9.76 50.91Rep.
0.170.03 10.99 23.62

11.55
127.22
75.47
21.32

3Rep.
0.02 0.11 6.17Rep. 3-4

0.030.01 4.84 2.18 3.90Rep. 4
0.00 0.01 2.06 0.88 0.34 0.93Rep. 4-5 4.21

Rep. 5
0.46 164.29 69.020.07 27.193,280.0 55.56 316.59

0.03 0.07 47.97
128.56
46.90
65.78
39.76
10.36

13.30
53.77
18.04
26.64
17.85

3.18M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.

1 144.5
1,325.5

489.0 
1,159.0

874.0
371.0
326.0

11.28
37.47
20.74
23.62
11.55

75.83
238.30

91.59
127.22
75.47
21.32

0.330.07 18.092 X,

0.120.04 5.762-3
0.03 0.17 10.993
0.02 0.11 6.173-4
0.01 0.03 4.84 2.18 3.904

0.01 2.06 0.880.00 0.34 0.93 4.214-5
0.00 0.00 0.000.00 0.00 0.00 0.005

0.20 0.85 341.39 135.31 46.72 109.484,689.0 633.94

ESA / Lane / Km / Year (million) 
Truck 
3-axle

Car Utility Bus Truck
2-axie

Truck
>3-axle

TOTALDesign
Standard

RoadRoad
Class Length

(km)

0.08 0.020.00 0.01144.5
1,072.5

192.0

0.00 0.02 0.13M 1
0.050.00 0.02 0.010.00 0.01 0.092M
0.060.00 0.02 0.000.00 0.03 0.112-3M

M 3
M 3-4
M 4

4-5M
5M

0.19 0.060.00 0.00 0.02 0.061,409.0 0.33M

1Rep.
0.00 0.04 0.01 0.01 0.01 0.070.002 253.0

297.0 
1,159.0

874.0
371.0
326.0

Rep.
0.00 0.04 0.02 0.01 0.020.00 0.092-3Rep.

0.03 0.01 0.00 0.010.00 0.00 0.053Rep.
0.02 0.01 0.000.00 0.010.00 0.043-4Rep.

0.00 0.01 0.01 0.00 0.01 0.030.004Rep.
0.00 0.00 0.00 0.000.00 0.00 0.01Rep. 4-5

5Rep.
0.15 0.06 0.030.00 0.053,280.0 0.00

0.08 0.02 0.010.00 0.00 0.02 0.13144.5
1,325.5

489.0 
1,159.0

874.0
371.0
326.0

1M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.

0.00 0.00 0.09 0.04 0.01 0.03 0.172
0.00 0.00 0.10 0.04 0.01 0.05 0.192-3
0.00 0.00 0.03 0.01 0.00 0.01 0.053
0.00 0.00 0.02 0.01 0.00 0.01 0.043-4

0.01 0.010.00 0.00 0.00 0.01 0.034
0.00 0.00 0.000.00 0.00 0.00 0.014-5
0.00 0.000.00 0.000.00 0.00 0.005

0.00 0.34 0.12 0.044,689.0 0.00 0.11 0.62
Source: Consultant's estimate based on axle load survey results and Azeravtoyol data.
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Table A.6.5 ARMENIA - EQUIVALENT STANDARD AXLE KILOMETRES BY ROAD DESIGN CATEGORY

ESAL km (million)
Road
Class

Car Bus Truck Truck
>3-axle

TOTALDesign
Standard

Road Utility Truck
3-axle2-axleLength

(km)
ESA per Vehicle

0.6348 0.16160.0014 0.35660.0001 0.4073

ESAL - Kilometres (million) 
14.10 
33.00

3.55 8.120.03 0.04 1.13 26.97
71.81
25.31

M 1 165.1
788.7
493.7 
121.6

0.06 0.10 9.89 23.86
10.20

4.91M 2
8.92 4.400.02 0.04 1.74M 3

0.01 1.16 1.12 1.87 0.59 4.76M 0.004
0.00 0.00 0.00 0.00 0.00 0.00 0.00M 5

18.961,569.1 0.11 0.18 57.19 44.06 8.36 128.86

0.00 0.00 0.00 0.00 0.00 0.00 0.00Rep. 1
0.28 8.08Rep. 2 83.3 0.01 0.01 3.44 1.24 3.09

3.451.51 0.82 0.86 0.25Rep. 3 150.0 
1,045.4

300.0

0.01 0.01
5.02 4.58 9.44 2.48 21.570.01 0.04Rep. 4

0.00 0.01 0.72 0.66 1.35 0.36 3.10Rep. 5
0.03 0.07 10.69 7.30 14.75 3.36 36.191,578.7

0.04 14.10
36.44
10.43

3.55 8.12 1.13 26.97
79.89
28.76
26.33

0.03M + Rep. 
M + Rep. 
M + Rep. 
M + Rep. 
M + Rep.

1 165.1
872.0 
643.7

1,167.0
300.0

11.13 26.95
11.06
11.32

5.180.07 0.112
5.22 1.980.02 0.053

6.19 3.070.01 0.04 5.704
0.00 0.01 0.72 0.66 1.35 0.36 3.105

0.25 67.88 26.25 58.81 11.72 165.053,147.8 0.13

ESA I lane / km / Year (million)
TOTALCar Utility Bus Truck Truck Truck

>3-axle
Road
Class

Road
Length

Design
Standard 2-axle 3-axle

(km)

0.02 0.01 0.01 0.00 0.040.00 0.00M 1 165.1
0.050.00 0.00 0.02 0.01 0.02 0.00788.7

493.7 
121.6

M 2
0.030.01 0.00 0.01 0.003 0.00 0.00M

0.00 0.00 0.00 0.01 0.00 0.020.00M 4
0.000.00 0.00 0.00 0.00 0.00 0.00M 5
0.131,569.1 0.00 0.00 0.06 0.02 0.05 0.01

0.00 0.00 0.00 0.00 0.000.00 0.00Rep. 1
Rep. 83.3 0.00 0.00 0.02 0.01 0.02 0.00 0.052

0.010.00 0.01 0.00 0.00 0.00Rep. 3 150.0 
1,045.4

300.0

0.00
0.00 0.00 0.00 0.00 0.00 0.010.00Rep. 4

0.00 0.00 0.010.00 0.00 0.00 0.00Rep. 5
0.03 0.01 0.03 0.001,578.7 0.00 0.00

0.01 0.00 0.04165.1
872.0 
643.7

1,167.0
300.0

0.00 0.00 0.02 0.01M + Rep. 
M + Rep. 
M + Rep. 
M + Rep. 
M + Rep.

1
0.03 0.00 0.090.00 0.00 0.04 0.012

0.040.00 0.01 0.01 0.01 0.000.003
0.030.01 0.000.00 0.00 0.01 0.014

0.00 0.00 0.010.00 0.00 0.005 0.00
0.00 0.09 0.03 0.07 0.01 0.213,147.8 0.00

Source: Consultant's estimates
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Table A.6.4 (continued) UZBEKISTAN - AVERAGE DAILY TRAFFIC AND VEHICLE KILOMETRES BY DESIGN CLASS

Road
Class

Design
Standard

Length AVERAGE DAILY TRAFFIC
(fcm) Car Utility

Vehicle
Large
Bus

Truck 
2 axle

Truck 
3 axle

Truck 
>3 axle

TOTAL

M 1 759 3,010
3,014
1,518
1,042

1,145 266 2,000
1,558

299 251 6,971
5,907
2,941
2,101

M 2 445 614 226 248 248
M 3 130 250 100 735 211 126
M 4 52 91 43 513 223 188
M 5 7 500 29 30 282 105 98236

1,393

Rep. 1 995 1,605 139489 1,237 175 348 3,994
1,764Rep. 2 4,542

5,950
7,462
1,483

738 173 70 523 107 153
Rep. 3 220 60 26 245 83 68248
Rep. 4 151 46 10 228 96 33 565
Rep. 5 153 9 9 86 32 30011

20,432

Road
Class

Design
Standard

Length Vehicle Kilometres (million)
(km) Car Utility

Vehicle
Large Truck

3- axle
Truck 

> 3 axle
TOTALTruck 

Z axleBus

M 1 759 834.0
489.5

317.1 73.7 554.1
253.0

82.9 69.5 1,931.2
959.5
139.5

M 2 445 99.7 36.7 40.2 40.3
M 3 130 72.0 4.8 34.9 10.0 6.011.9
M 52 19.8 9.7 4.2 3.6 39.94 1.7 0.8
M 5 7 1.3 0.1 0.1 0.7 0.3 0.1 2.5

1,393 1,416.6 430.5 116.0 852.4 137.6 119.4 3,072.6

Rep. 1 995 582.8
1,223.3

478.4
410.5

177.7
287.1
131.0
126.5

50.5 449.2
867.4
532.1
621.7

63.7 126.5
253.3
104.0

1,450.4
2,923.8
1.482.0
1.538.1 

162.4

Rep. 2 4,542
5,950
7,462
1,483

176.9
180.7
261.2

115.7
Rep. 3 55.9
Rep. 4 27.4 90.9
Rep. 5 82.6 4.7 5.0 46.7 17.3 6.0

20,432 2,777.6 727.0 254.5 2,517.1 699.9 580.7 7,556.6

M + Rep. 
M + Rep. 
M + Rep. 
M + Rep. 
M + Rep.

1 1,754
4,987
6,080
7,514
1,490

1.416.8
1.712.8 

550.4 
430.2

494.8
386.8
142.8 
128.2

1.003.3
1.120.4 

566.9 
631.5

47.4

146.6 
217.1
190.7 
265.5

195.9
293.7
110.0

3.381.5 
3,883.2
1.621.5 
1,578.0

164.9

124.2
152.42

3 60.7
4 28.2 94.5
5 83.9 17.6 6.14.8 5.1

21,825 4,194.1 3,369.5 837.5 700.1 10,629.21,157.5 370.5

Source: Consultant's estimate based on Uzavtoyul data
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Table A.6.4 (continued) TAJIKISTAN - AVERAGE DAILY TRAFFIC AND VEHICLE KILOMETRES BY DESIGN CLASS

Average Dally Traffic (ТЯАСЕСА avetaae)
Truck
2axle

Truck Truck 
> 3-axle

TOTAL
AADT

Utility 8usCarRoadRoad Design
Standard 3-axleLengthClass

(km)

236305 6,702
3,618
1,840
1,186

307 1,4618543,539
2,172
1,138

6.0M 1
134152 620 23930142.92M

324 186 455494335.7
177.5
527.0

M 3
158 6036 15167714M 4
68 23 89145 15628572M 5

1,089.1

221 4,031
2,233
1,294

897 2371153752,185
1,187

0.0A 1
113475 17384201103.12A

249 110 683610572899.73A
26 54093 442253303139.8

353.5
4A

1427 16 10 495 105A
696.1

Vehicle Kilometres (million)
Truck
3-axle

Truck 
> 3-nxte

TOTALTruck
2-exle

BusUtilityCarRoadRoad
Class Length

(km)

0.7 0.5 14.73.20.71.97.86.01M
3.7 2.1 56.72.4 9.74.734.02 42.9M

22.8 5.5 225.539.76.611.5139.4335.7
177.5
527.0

3M
10.2 3.9 76.89.82.34.346.34M
13.1 171.44.48.6 30.0109.9 5.45M

16.5 545.050.520.5 92.4337.4 27.81,089.1

0.00.00.0 0.0 0.00.0 0.00.01A
48.72.51.3 9.4 4.13.927.4103.12A

1.6 0.9 19.63.40.81.911.099.73A
0.5 0.2 7.20.4 0.84.8 0.5139.8

353.5
4A

0.00.0 0.00.0 0.00.0 0.05A
3.7 75.66.22.5 13.543.2 6.4696.1

0.5 14.73.2 0.70.71.97.86.0M + A 
M + A 
M + A 
M + A 
M + A

1
4.6 105.3

245.1
19.1 7.93.78.761.4146.0

435.4 
317.3
880.5

2
6.57.4 43.1 24.3150.4 13.43

84.110.7 4.12.7 10.64.851.14
13.1 171.44.48.6 30.0109.9 5.45
56.7 20.1 620.623.1 105.9380.6 34.21,785.2

Consultant's estimateSource:
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Table A.6.4 (continued) KYRGYZ REPUBLIC - AVERAGE DAILY TRAFFIC AND VEHICLE KILOMETRES BY DESIGN CLASS

AveragaDaity Traffic
Rood
Class

Design
Standard

Road Car Utility Bus Truck
2-axle

Truck
2-axle >2-axte

TOTAL
AADTLength

(l<rit)

12.2 7,063
4,090

950M 1 426 1,197
1,055

322 294 10,252
6,195
1,543

209.2
137.6
388.6

M 2 431 341 168 110
3 878 119M 18032 210 123

252M 4 61 3 57 210 69 651
0.05M

0.01A
ri.187.5

885.3
1,140.5

149.0

2,3392 316A 229 873 99 97 3,953
1,187*,T3 749 122A 69 144 53 50 •<

4 137 53 13 116A 32 30 381
5 32 7A 4 27 8 7 85

Vehicle Kilometres (million)
Design

Standard
Road
Class

Road Car Utility Bus Truck
2-axle

Truck
3-axle

TOTALTruck 
> 3-axleLength

<kml

12.2M 1 31.5 4.2 1.9 5.3 1.4 1.3 45.7
473.0

77.4
2 209.2

137.6
388.6

312.3 32.9M 26.0 80.6 12.8 8.4
3 44.1 6.0M 1.6 9.0 10.5 6.2

M 4 35.7 8.7 0.4 8.1 29.8 92.59.8
0.0M 5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

747.6 423.6 51.8M 30.0 103.0 54.6 25.7 688.6

0.01 160.1
242.0

21.6A 59.715.7 6.8 6.6 270.5
383.6
158.6

187.5
885.3

1,140.5
149.0

2 39.4A 22.3 46.5 17.1 16.2
3 57.0 22.1A 5.4 48.3 13.3 12.5
4 1.7 0.4A 0.2 1.5 0.4 0.4 4.6
5 0.0 0.0A 0.0 0.0 0.00.0 0.0

2,362.3 460.9 83.5A 43.6 156.0 37.7 35.7 817.3

12.2 25.9M + A 
M + A 
M+A 
M + A 
M + A 
M + A

1 191.5
554.3
101.1

17.6 65.1 8.2 7.9 316.2
856.6
236.0

396.7
1,022.9
1,529.1

149.0

2 72.3 48.3 127.1 30.0 24.6
3 28.0 7.0 57.3 23.9 18.7
4 37.5 9.0 0.6 9.6 30.2 10.2 97.1
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3,109.9 135.3884.5 73.6 259.0 92.3 61.3 1,505.9
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*

Table A.6.4 (continued) KAZAKHSTAN - AVERAGE DAILY TRAFFIC AND VEHICLE KILOMETRES BY DESIGN CLASS

Road
Class

RoadDeSigt? / 
Category

Average Daily Traffic
length Car Utility

Vehicle
Large Trucks TOTAL

> 3-axle(km) Bus 2-axle 3-axle

272M 1 2,464
1,625

256 97 509 282 108 3,717
2,436
1,563
1,409

2 1,634
4,037

M 102 15 373 280 41
3M 899 70 17 350 189 38

1894 810 63 15M 316 170 34
5M 0

6,132

320 2,919
1,016

222 81 433A 1 340 49 4043
1633
1297

98 20A 2 997 297 154 49
163 6,240 807 78 236 122 39A

A 4 62 443 51 7 189 49 32 772
443 7A 5 43 51 189 49 32 772

7,662

3,105
1,732

89Other Republican 
Other Republican 
Other Republican 
Other Republican 
Other Republican

1 41 246 560 157 85 4242
2641
1161

2 422 87 18 320 79404
3 3,028 730 52 7 92179 101

211 383 80 44 181 140 34 821
35 0 248 52 91 22 533117

3,702

Design
Category

Road Vehicle KBometres (такое)Road Class
Utffity

Vehicle
Largelength Car Trucks TOTALand

(km) Bus 3-axleDesign
Category

2-axle > 3-axle

272 244.7
969.1

1,324.3

25.5 9.6M 1 50.5 28.0 10.7 369.0
1.453.0
2.303.1

1,634
4,037

61.0 8.7M 2 222.5
515.9

167.1
278.7

24.7
103.6 25.3M 3 55.3

189 55.9 1.1M 4 4.4 21.8 11.8 2.3 97.2
0.0 0.0M 5 0.0 0.0 0.0 0.0 0.00

6,132 2,593.9 194.5 44.7 810.7 485.6 93.0 4,222.3

320 340.9
369.6

1,837.4

26.0 9.4 50.5 39.7 5.7A 1 472.2
594.3 

2,954.0
2 997 35.7 7.1 108.2

537.6
55.9 17.8A

177.2 35.43 6,240 277.7 88.6A
0.24 62 10.0 1.2 4.3 1.1 0.7 17.5A
0.15 43 7.0 0.8 3.0 0.8 0.5 12.1A

7,662 2.565.0 240.8 52.3 375.1 113.4703.6 4,050.1

1.341 46.5 3.7 1.3 2.3 63.5Other Republican 
Other Republican 
Other Republican 
Other Republican 
Other Republican

1 8.4
2 422 2.8 49.2 12.2266.9

807.1
13.4 62.2 406.8

1,283.43 3,028 7.7 197.8 111.6 101.457.7
0.3211 29.5 6.2 13.9 10.7 2.6 63.24
0.05 0.0 0.0 0.0 0.0 0.00 0.0

3,702 81.0 12.2 282.4 174.0 117.4 1,816.91,149.9

17.7633 632.1
1,605.5
3,968.8

55.1 20.4 109.4
392.8

1,251.4
40.0

70.1 904.7
2,454.1
6,540.5

177.9

TOTAL NON-LOCAL 
TOTAL NON-LOCAL 
TOTAL NON-LOCAL 
TOTAL NON-LOCAL 
TOTAL NON-LOCAL

1
54.72 3,053 

13,305
110.1
338.6

18.7 272.2
668.0 245.33 68.5

23.6 5.7462 95.4 11.7 1.54
0.1 0.8 0.5 12.15 43 7.0 0.8 3.0

17,496 109.2 1,796.6 1,034.6 323.8 10,089.36,308.8 516.4
Consultant's estimate based on Kazdornii data.Source:
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Table A.6.4 (continued) GEORGIA - AVERAGE DAILY TRAFFIC AND VEHICLE KILOMETRES BY DESIGN CLASS

Road Design
Standard

Total
Length

Average Daily Traffic 1996
Class

mm Utility Large
Bus

Truck 
2 axle

Truck TOTALTruck
>3axle(km) 3 axle

S 1 37 7,285 316 338705 352 118 9,114
7,405
4,471

S 2 176 5,872
3,469

280 565 293 293 101
S 3 467 177 342 208 193 82
S 4 259 1,415 62 96 97 83 1,80350
S 5 643 27 59 30 31 8007 10

946

Rep. 1 2 5,232
2,216

227 506 243 253 6,545
2,795

84
Rep. 2 84 106 213 111 111 38
Rep. 3 301 904 46 50 1,16589 54 21

2,247Rep. 4 275 12 19 19 16 10 350
5 1,425 76 3 95Rep. 7 4 4 1

4,059

Road
Class

Total
Length

Vehicle-Km (million) By Vehicle Category, 1996Design
Standard

Car TOTALUtility Large
Bus

Truck 
2 axle

Truck 
3 axle

Truck 
>3 axle(km)

S 1 37 98.4 4.3 9.5 4.6 4.8 1.6 123.1
475.7
762.1

S 2 176 377.2
591.4

18.0 36.3 18.9 18.8 6.5
S 3 467 30.2 58.2 35.5 32.9 14.0

170.4S 4 259 133.8 5.8 9.1 9.2 7.8 4.7
2.0S 7 1.6 0.1 0.2 0.1 0.1 0.05

946 58.4 68.1 64.4 26.8 1,533.41,202.4 113.3

5.3Rep. 1 2 4.2 0.2 0.4 0.2 0.2 0.1
2 84 67.5 3.2 6.5 3.4 3.4 1.2 85.2Rep.

128.0
287.1

301 99.3 9.8 6.0 5.5 2.3Rep. 3 5.1
9.8 13.1 8.0Rep. 4 2,247 225.3 15.3 15.5

49.41,425 39.7 3.7 1.8 1.9 0.6Rep. 5 1.7
555.024.2 12.24,059 436.1 20.0 35.7 26.8

128.3
560.9
890.2
457.5

39 102.6 4.4 9.9 4.8 5.0 1.7S + Rep. 
S + Rep. 
S + Rep. 
S + Rep. 
S + Rep.

1
260 444.8

690.7
21.2 42.8 22.2 22.2 7.72

41.4 38.5 16.33 768 35.3 68.0
24.6 20.9 12.74 2,506 359.1 15.7 24.4

51.51.9 2.0 0.71,432 41.4 1.7 3.85
2,088.488.5 39.05,005 1,638.5 78.4 149.0 94.9

Source: Consultant's estimate based on Sakavtogsa data
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Table A.6.4 (continued) AZERBAIJAN - AVERAGE DAILY TRAFFIC AND VEHICLE KILOMETRES BY DESIGN CLASS

Average Daily Traffic
Car Utility BusRoad Truck

2-axle
Design

Standard
Truck
3-axle

Truck
>3-axle

Road
Class

TOTAL
Length ADT

(km)

5,842
1,605
4,802

1,010 737M 144.5
1,072.5

192.0

1 1,982 336 632 10,539
3,724
6,726

222509M 2 934 215 239
380 2532-3M 727 101 463

M 3
M 3-4
M 4
M 4-5
M 5
M 1,409.0

Rep. 1
418 187253.0

297.0 
1,159.0

874.0
371.0
326.0

658Rep. 618 1822 186 2,249
2,927
1,811
1,480
1,447

522883 187Rep. 838 2312-3 266
594 286 126 495 145Rep. 3 165
475 249 1013-4 440 108Rep. 107
754 175 62 281 90Rep. 4 85
278 55 14Rep. 58 164-5 23 444

Rep. 5
3,280.0

4,689.0

Vehicle Kilometres (million)
Bus TruckCar Utility TruckRoad Truck

>3-axle
Road
Class

Design
Standard

TOTAL
2-axleLength 3-axle

(km)

308.1
628.3
336.5

53.3 38.9 104.5
365.6

17.7M 144.5
1,072.5

1920

33.31 555.9
1,457.8

471.4
199.3 86.9 84.2 93.6M 2
26.6 17.7 50.9 7.1 32.4M 2-3

M 3
M 3-4
M 4
M 4-5
M 5

1,272.9 279.2 143.5 521.11,409.0 109.0M 159.3 2,485.0

Rep. 1
60.8 38.6 17.3253.0

297.0 
1,159.0

874.0
371.0
326.0

57.1 16.8Rep. 2 17.2 207.7
317.3
766.1
472.1 
195.9

56.6 20.395.7 90.8Rep. 25.0 28.82-3
121.0 53.3 209.4

140.4
251.3
151.5

61.3 69.8Rep. 3
79.4 32.2 34.5 34.1Rep. 3-4

102.1 23.7 8.4 38.1 12.2 11.5Rep. 4
33.1 6.5 1.7 1.9 2.76.9 52.8Rep. 4-5

Rep 5
325.9 133.1 542.63,280.0 694.5 151.7 164.2 2,012.0

53.3 38.9 104.5
422.7
141.8
209.4
140.4

144.5
1,325.5

489.0 
1,159.0

874.0
371.0
326.0

308.1
689.1
432.2
251.3 
151.5

17.7 33.3M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.
M+Rep.

555.9 
1,665.5

788.7
766.1
472.1
195.9

1
237.9 104.2 101.02 110.7

83.2 38.0 32.1 61.32-3
121.0 53.3 61.3 69.83
79.4 32.2 34.5 34.13-4

102.1 23.7 8.4 38.1 12.2 11.54
33.1 6.5 1.7 6.9 1.9 2.74-5 52.8

5
4,689.0 1,967.4 605.0 276.6 1,063.7 260.7 323.5 4,497.0

Republican (Rep.) roads exclude those in the occupied areas. 
Consultant's estimate based on Azeravtoyol data.

Note:
Source:
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Table A.6.4 ARMENIA - AVERAGE DAILY TRAFFIC AND VEHICLE KILOMETRES BY DESIGN CLASS 1996

Average Daily Traffic
Road
Class

Design
Standard

Road Car Utility Bus Truck Truck
3-axle

Truck
>3-axle

TOTAL
Length 2-axle ADT

(km)

M 1 165.1 4,628
2,106

477 369 364 331 53 6,222
2,988
1,410

M 2 788.7
493.7 
121.6

237 181 213 204 48
M 3 856 159 78 151 139 27
M 4 410 92 41 157 104 37 841
M 5

1,569.1

1Rep.
2Rep. 83.3 3,681 312 178 253 250 25 4,700

1,302Rep. 3 150.0 
1,045.4

300.0

970 145 43 92 39 13
Rep. 4 285 67 21 74 61 18 525
Rep. 5 142 33 10 37 30 9 263

1,578.7

Vehicle Kilometres (million)
Road Car UtilityRoad

Class
Design

Standard
Bus Truck Truck Truck

>3-axle
TOTAL

Length 2-axle 3-axle
(km)

165.1
788.7
493.7 
121.6

278.9
606.3
154.3

28.7M 1 22.2 22.0 19.9 3.2 374.9
860.1
254.1

2M 68.3 52.0 61.2 58.6 13.8
M 3 28.7 14.1 27.2 25.0 4.9
M 4 18.2 4.1 1.8 7.0 4.6 37.31.7
M 5

1,569.1 1,057.7 129.8 90.1 117.3 108.2 23.5 1,526.5

Rep. 1 0.0 0.0 0.0 0.0 0.0 0.0
2 83.3 111.9 9.5Rep. 5.4 7.7 7.6 0.8 142.9

Rep. 3 150.0 
1,045.4

300.0

53.1 7.9 2.4 71.35.1 2.1 0.7
Rep. 4 108.6 25.4 7.9 283 23.2 7.0 200.4
Rep. 5 15.6 3.6 1.1 4.1 3.3 1.0 28.8

1,578.7 289.2 46.5 16.8 45.2 36.2 9.4 443.3

M + Rep. 
M + Rep. 
M + Rep. 
M + Rep. 
M + Rep.

1 165.1 278.9
718.2
207.4
126.8

28.7 22.2 22.0 3.2 374.9
1,003.0

325.4
237.7

19.9
872.0 
643.7

1,167.0
300.0

2 77.8 57.4 68.9 66.2 14.5
3 16.436.6 32.3 27.2 5.6
4 29.5 9.7 35.3 27.8 8.6
5 15.6 3.6 3.3 28.81.1 4.1 1.0

3,147.8 1,346.9 176.2 162.5106.9 144.4 32.9 1,969.8
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Table A.6.3 ARMENIA - ANALYSIS OF BENKELMAN SURVEY RESULTS

Design
Class

Statistical Results (SNC - Modified Structural Number)Benkelman Beam 
Survey

Road Road Location
MedianNo .of

Observations
Mean
SNC

Standard Coefficient 95% Confidence Limits 
far Mean SNC

No.
Km from Km to SNC Deviation

SNC
of Variation

(%> Upper Lower!
13.00

119.20
43.70

10.00 131 7.50M.1 Yerevan - Ashtarak 
M. 1 Ashtarak - Giumri 
M.1 Giumri - Bavra

7.50 0.80 10.67
11.79

7.60
4.96

7.40
4.88230.20 903 4.92 4.96 0.58

20.00 438 4.78 4.72 0.45 9.41 4.82 4.74

77.10 20.00 772 5.32 4.89M.2 Ashtarak - Spitak 0.90 16.92 5.38 5.26

201.00
298.98
277.08

165.00
277.18
241.18

2 361 4.12 4.04
4.04

M.4 Yeghegnadzor - Goris 
M.4 Goris - Kapan 
M.4 Goris - Kapan

0.36 8.74 4.16
4.16

4.08
2 219 4.13

4.00
0.24 5.81 4.10

3 360 4.01 0.12 4.013.00 3.99

1 131 7.50 7.50
4.70

WEIGHTED AVERAGE 0.80 7.6010.67
12.26

7.40
2 2,693 4.84

4.00
0.59 4.89 4.80

3 360 4.01 0.12 4.013.00 3.99
Note: Deflection measures in original surveys converted to Modified Structural Numbers (SNC) using the following formula:

SNC = 3.2 * (Deflection mm л-0.63)
This formula is suggested in the World Bank's "Description of the HDM-III Model" (Volume 1), notably in the discussion of pavement structural characteristics. 

Source: Consultant's estimates based on ARD survey data

Page 1



TABLE6-1.XLS

Table A.6.2 C.I.S REPUBLICS - GEOMETRIC AND PAVEMENT DESIGN STANDARDS

aOAPli&gSIO* CATEGORY
----İIİ

и I8f IV VGEOMETRIC DESIGN STANDARDS

TRAFFIC
>7,000

>14,000
>3,000-7,000
>6,000-14,000

>1,000-3,000
>2,000-6,000

100-1,000
200-2,000

<100
<200

ADT (vehicles) 
PCU / Day

DESIGN SPEED (Kph)
120150 100 80 60Flat/rolling terrain 

Winding/hilly terrain 
Mountainous terrain

100120 80 60 40
80 60 50 3040

PAVEMENT WIDTH (m)
4,6 or 8 2 2 2 1No.of lanes 

Lane width (m) 
Shoulder width (m) 
Formation width (m)

3.75 3.503.75 3.00 4.50
3.75 3.75 2.50 2.00 1.75

15.0027.5-43.5 12.00 10.00 8.00

PAVEMENT DESIGN STANDARDS

4 cm AC (hot) 5 cm AC (cold) 5 cm AC (cold) 8cm crushed 
stone with 

bitumen

9-18 cm 
crushed 
stone

Surface

5 cm AC (cold)6 cm AC (hot)
8 cm AC (hot) 
20 cm sand- 
gravel with 

cement (4-6%) 
or 20 cm crushed 

rock
20 cm sand with 
bitumen (4%) or 

20 cm loam

8 cm AC (cold)2nd layer 
3rd layer 
Base course 8 cm crushed 

stone with 
bitumen

15 cm crushed 
stone with 

bitumen

18 cm crushed 
stone-sand

19 cm crushed 
stone

16 cm crushed 
stone - sand

Sub-Base

Theoretical Structural Number (SN)

0.39 0.390.63 0.95 0.74Surface 
2nd layer 
3rd layer 
Base course 
Sub-base 
Sub-grade 
TOTAL

0.63 0.390.95
0.95

0.951.58 1.77 0.69
1.05 0.690.79
0.79 0.79 0.79 0.790.79
4.63 3.21 1.532.435.69
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Table A.6.1 (continued! UZBEKISTAN - PUBLIC ROAD NETWORK BY DESIGN CATEGORY

Road Name Road Length by Design Category (km) - January 1995Road Number 
and Category V1 II IK IV Other Total

T ashkent-Sirdarya-Gulistan-Khavast-(T  ajikistan) 
Samarkand - Bokhara - Turkmenistan 
(Kazakhstan)-Tashkent-Samarkand-Termez-(Afghanistan) 
(Turzunzade)-Dinau-Termez-(Afghanistan)
Inter State

92 52 16 0 160M34 00
283 70 12 0M37 0 3650
384 136 102 52 681M39 07

0 187 0 0 0 187M41 0
759 445 130 52 1,39307

Tashkent-Kokand-Andijan-(Osh) 
and approach road to Tashkent Airport 
Kokand-(Kanibadan)-(Bekabad)-Dzizak 
Samarkand - (Tajikistan)
Samarkand - Karshi 
Navoi - Zarafsan - Uchkuduk 
Guzar (M39)-Bokhara-Urgench-Nukus 
Nukus - Khojeili - (Turkmenistan)
Main Intra State (Republican)
Other Republican 
Total Republican

123 219 36 26A373 0 4040

49 103A376
A377
A378
A379
A380
A381

16 0 0 0 168
3 10 12 12 370 0

15 23 74 21 0 1330
116 175 0 0 0 2910
152 217 294 107 0 7700
22 20 0 0 0 0 42

480 767 432 166 0 0 1,845
18,587515 3,775 5,518 7,296 1,413 70

995 4,542 5,950 7,462 1,413 70 20,432

TOTAL MAIN INTER URBAN ROADS 1,754 4,987 6,080 7,514 1,420 70 21,825

Oblast / Regional 
Rayon / District
Sub-total Regional and District Roads

26 87 1,494 7,651
4,545

0 11,813
9,680

2,555
4,72032 84 299 0

58 171 1,793 12,196 21,4937,275 0

1,812 5,158TOTAL 7,873 19,710 8,695 70 43,318

Source: Uzavtoyul
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Table A.6.1 (continued) TAJIKISTAN - PUBLIC ROAD NETWORK BY DESIGN CATEGORY AND PAVEMENT TYPE

Location Road Length by Design Category (km)Road Number
I It III IV V Total

"M" Roads
Dushanbe-Ura Tube-(Tashkent) 
Dushanbe-Kurgan Tube-Aivaj 
Dushanbe-Turzunzade-(Termez) 
Dushanbe-Chorog
Inter State Roads

0.0 30.9M34 24.9 100.5 299.7
213.8

143.4
6.0 0.0M34 195.8 12.0 0.0
0.0 0.0 61.0 0.0 61.0M41 0.0
0.0 12.0M41 54.0 65.0 514.6383.6
6.0 42.9Sub total 335.7 177.5 527.0 1,089.1

"A” Roads
Konsomolabad-Garm-Dzirgatal-Karamyk 
(Kokand)-Kanibadan-Hudzand-Bekabad-(Dzizak) 
(Samarkand)-Ajni (M34)
Ordzonikidzabad (M41 )-Dangara-Piandj
Intra State Roads

0.0 0.0A372
A376
A377
A385

Sub-total

0.0 0.0 217.2
134.1 
112.7
232.1

217.2
0.0 98.1 36.0 0.0 0.0
0.0 5.0 14.7 50.0 43.0
0.0 0.0 49.0 89.8 93.3
0.0 103.1 99.7 139.8 353.5 696.1

MAIN ROADS 6.0 146.0 435.4 317.3 1,785.2TOTAL 880.5

0.3 8.2 24.4 17.8 49.3 100.0% of total

Note: Locations in brackets are in Uzbekistan. 
Source: Ministry of Transport

Щ. у ■■■■
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Table A.6.1 (continued) KYRGYZSTAN - PUBLIC ROAD NETWORK BY DESIGN CATEGORY

Road nameRoad Number 
and Class

Road Length by Design Category (km)
I II III IV V Other Total

Chaldovar-Bishkek- Georgijevka 
Kara Balta - Osh

12.2 119.9 0.0M39 (a) 
M41 (b)

0.0 0.0 132.1
615.5

0.0
0.0 89.3 137.6 388.6 0.00.0

12.2Inter State 209.2 137.6 388.6 0.00.0 747.6

(Dzambul)-Talas-Oetmek Pass (M41)
Tyup - (Keghen)
Tyup - Toktoyan 
Borsko'on - Kara Saja - Enichek 
Bishkek-Tokmak-Balykchi-Naryn-Torugatt - (China) 
Tyuz Ahu (M41) - Kochkorka (A365)
Osh - Uzghen - Kok Art
Sari tash - Irkeshtam
Sari Tash - Karamyk - (Tajikistan)
Intra State (Republican)

0.0 0.0 167.0A361 
A362 
A363 
A364 
A365 
A367 
A370 

A371 (c) 
A372 (c)

49.0 0.00.0 216.0
76.0

445.0
449.0
539.0 
238.3
175.0

0.0 0.0 0.0 76.0 0.00.0
0.0 80.5 267.0 97.5 0.0 0.0
0.0 0.0 30.0 322.0 

123.9
148.1 
100.0

97.0 0.0
0.0 107.0 301.1 7.0 0.0
0.0 0.0 90.2 0.0 0.0
0.0 0.0 30.0 0.045.0
0.0 0.0 0.0 78.0 0.00.0 78.0
0.0 0.0 0.0 146.0 0.00.0 146.0
0.0 187.5 885.3 1,140.5 149.0 0.0 2,362.3

Total Main Inter Urban Roads 12.2 396.7 1,022.9 1,529.1 149.0 0.0 3,109.9

127.8 0.0 1,037.1 7,380.9Other roads 0.06,934.3 15,480.1

140.0 396.7TOTAL 2,060.0 8,910.0 0.07,083.3 18,590.0

Source: Ministry of Transport 
Note:
(a) Including the Bishkek bypass
(b) Does not include the 229 km of the M41 between Osh and the Tajikistan border (the "Pamir Highway"). 

This section does not come under the jurisdiction of the Ministry of Transport in Bishkek which has no
information about it.

(c) In the absence of reliable data, this has been estimated.
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Table A.6.1 (continued) KAZAKHSTAN - PUBLIC ROAD NETWORK BY DESIGN CATEGORY

Road No. 
and Class

Road Road Length by Design Category (km)
J II III IV Other

(unpaved)
V Total

Chimkent-Aralsk-Aktiubinsk-(Russia-Samara) 
M36/M39-Kaskelen-Karaganda-Akmola-Kustanai-(Russia) 
(Russia)-Pavlodar-Semipalatinsk-Maikapchagai - (China) 
Almaty-Kaskelen-Georgievka-Djambul-Chimkent-(Uzbekistan) 
(Russia)-Petropavlovsk-Bulaevo-(Russia)
Total Inter State

33M32 135 1,691
1,594

189 0 2,048
2,096
1,125

0
M36 52 450 0 0 0
M38 51 432 642 0 0 0

130M39 455 88 0 0 6730
M51 6 162 22 0 0 0

272 1,634 4,037 189 0 6,1320

Aktubinsk-Makat-Ganushkino-(Russia)
Mamlutka-Leninskoe-Kustanai
Yezkazgan-Derzhavinsk-Petropavlovsk
Akmola-Kokshetau-Petropavlovsk
Kyzil Orda-Karaganda-Pavlodar
Karaganda-Ayaguz-Bugaz
Semipalatinsk-(Russia)
Almaty-Taldy Kurgan-Ayaguz-Ust Kaminogorsk 
Almaty-Kokpek-Chundzha-Koktal 
Sari Ozek-Jarkent-Khorgos 
Ucharal-Druzhba (Dostyk) 
Taskesken-Makanchi-Bachty -(China) 
Merke-Dzambul-Burubaital 
Georgievka-Merke 
Kokpek-Kegen-(Kyrgyzstan)
Sub Total Main Intra State (Republican)
Other Intra State (Republican)
Total Intra State (Republican)

A340
A341
A342
A343
A344
A345
A349
A350
A351
A353
A355
A356
A358
A359
A362

0 83 807 0 17 9070
0 0 404 0 0 0 404

65 41 755 62 26 9490
8 11 444 0 0 4630

76 110 1,190 0 0 1,3760
0 0 921 0 0 9210
0 13 100 0 0 1130

142 156 780 0 0 1,0780
29 276 0 0 0 0 305

0 0 232 0 0 0 232
0 0 184 0 0 0 184
0 0 190 0 0 0 190
0 151 124 0 0 2750
0 150 0 0 0 0 150
0 6 109 0 0 1150

320 997 6,240
3,028

62 43 7,662
3,702

0
41 422 211 0 0

361 1,419 9,268 273 43 0 11,364

TOTAL MAIN INTER URBAN ROADS 633 3,053 13,305 462 43 17,4960

Local roads (including urban roads) 242 1,451 19,153 41,290 2,851 4,854 69,841

GRAND TOTAL 875 4,504 32,458 41,752 2,894 4,854 87,337

Source: Consultants' estimates based on KAZDORNII and Department of Highways data.



Table A.6.1 (continued) GEORGIA - PUBLIC ROAD NETWORK BY DESIGN CATEGORY

Road length by Design Category (km)Road IİİİİİRoad No. 
and Class III IVIII V Other Total

37.0Tbilisi-Kutaisi-Senaki
Senaki-Batumi
S1/S3 - Kasbegi-(Russia)
Tbilisi-Tsiteli Khidi-(Azerbaijan 
Tbilisi-Lagodekhi-(Azerbaijan) 
Tbilisi-Marneuli-Bolnisi-Guguti (Armenia) 
Marneuli-Sadakhlo-( Armenia) 
Khashuri-Borjomi-Akhaltsikhe-( Armenia) 
Tbilisi Bypass 
Total Inter State

61.0 187.0S.1 0.0 0.0 0.0 285.0
105.0
165.0

0.0 14.0 53.0S.2 38.0 0.0 0.0
0.0 0.0 57.0S.3 101.0 7.0 0.0
0.0 14.0 13.0S.4 29.0 0.0 0.0 56.0
0.0 70.0 57.0 11.0S.5 0.0 0.0 138.0
0.0 12.0 58.0 23.0S.6 0.0 0.0 93.0
0.0 5.0 3.0 26.0S.7 0.0 0.0 34.0
0.0 0.0 16.0 5.0S.8 0.0 0.0 21.0
0.0 0.0 23.0 26.0S.9 0.0 0.0 49.0

37.0 176.0 467.0 259.0 7.0 0.0 946.0

2.2Total Intra State (Republican) 83.5 301.1 2,247.1 1,425.4 0.0 4,059.3

TOTAL MAIN ROADS 39.2 259.5 768.1 2,506.1 1,432.4 0.0 5,005.3

Note: The republican road network is in the process of redefinition and it may finally be smaller than 
indicated above.

Source: Consultant's estimate based on Sakavtogsa data.
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Table A.6.1 (continued) AZERBAIJAN PUBLIC ROAD NETWORK BY DESIGN CATEGORY IN 1996

Road Name Length (km) of Inter-Urban Roads by Design categoryRoad
No.

1 II H - III III Ш • IV IV lll-IV-V V Total

Baku - Georgia border 
Approach roads

1.5 499.5 0.0 0.0M.1 0.0 0.0 0.0 0.0 501.0
0.0 87.0 0.0 0.0M.1 0.0 0.0 0.00.0 87.0

73.0Baku - Russian border 
Approach roads

155.0 0.0 0.0M.2 0.0 0.0 0.0 0.0 228.0
0.0 54.0 0.0 0.0M.4 0.0 0.0 0.0 54.00.0

70.0Baku - Astara (Iranian border) 56.0 192.0 0.0М3 0.0 0.0 0.0 0.0 318.0

Alat - Kurdamir - Yevlak 
Approach roads
Sub-Total Inter State Roads

0.0 212.0 0.0 0.0 0.0M.4 0.0 0.0 0.0 212.0
0.0 9.0 0.0 0.0 0.0 0.0M.4 0.0 0.0 9.0

144.5 1,072.5 192.0 0.0 0.0 0.0 0.0 0.0 1,409.0

Sub - Total Intra State (Republican) Roads 0.0 253.0 297.0 1,159.0 874.0 371.0 3,280.0A 326.0 0.0

TOTAL MAIN INTER URBAN ROADS 144.5 1,325.5 489.0 1,159.0 874.0 371.0 326.0 0.0 4,689.0

0.0Republican roads in occupied areas 0.0 60.0 438.0 555.0 110.0A33-A53 203.0 0.0 1,366.0

Source: Azeravtoyol

■*41
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Table A.6.1 ARMENIAN PUBLIC ROAD NETWORK BY DESIGN CATEGORY IN 1996

Length (km) of Inter-Urban Road» by Design category Urban
roods

Road Name Grand
Total

Road
No.

II IV$ vIII Total

18.4 131.5
130.7

Yerevan-Giumri-Ashotsk-Bavra (Georgia
Markara (Turk.border)-Ashtarak-Vanadzor-Tashir-Dzoramut-(Georgia)
Yerevan-Sevan-ljevan-(Azerbaijan)
Yerevan-Yeraskh-Goris-Meghri-(lran)
Verdaghbiur - Tashir 
Spitak-Giumri-Akhurit
Vanadzor-Alaverdi-Bagratashen - (Sadakhlo Georgia)
Gulakarak - Toumanian 
Vanadzor-Dilijan
Talin-Karakert-Bagaran - (Turkey)
Ashtarak-Abovian
Yerevan-Oktemberjan-Karakala - (Turkey)
Yerevan-Geghart 
Sevan-Martuni-Getap 
Martuni-Vardenis-Sotk 
Vardenis-Shorja-Tcovagugh 
Angerakot- (Nakhichevan / Azerbaijan)
Goris - Zabukh - (Azerbaijan)
Sub-Total Inter State Roads

0.0 0.0 23.80.0 149.9
179.1
152.2 
361.1

173.7
183.7 
152.2 
371.1

M.1 (E) 
M.2 (E) 
M.3 (E) 
M.4 (E)

0.0 48.4 0.0 4.60.0
63.7 40.6 42.8 5.2 0.0 0.0
38.0 209.0 77.2 36.9 10.00.0
0.0 0.0 0.0 54.0 0.0 54.0 0.0 54.0M.5
0.0 45.0 0.0 7.5 3.60.0 52.5 56.1M.6
0.0 14.4 66.0 0.0 0.0 80.3 10.9 91.2M.7
0.0 0.0 0.0 18.0 18.0 0.00.0 18.0M.8
0.0 41.6 0.0 0.0 0.0 41.60.0 41.6M.9
0.0 0.0 41.0 0.0 41.0 0.00.0 41.0M.10 

M.11 
M.12 
M.13 
M.14 
M.15 
M.16 
M.17 
M.18

0.0 0.0 25.2 0.0 0.00.0 25.2 25.2
45.0 0.0 10.7 0.0 0.0 55.7 7.0 62.7

0.0 0.0 38.1 0.0 38.1 0.00.0 38.1
0.0 134.0

42.0
0.0 0.0 0.0 134.00.0 134.0

0.0 12.0 0.0 0.0 54.0 0.0 54.0
0.0 0.0 84.0 0.0 0.00.0 84.0 84.0
0.0 0.0 23.0 0.0 23.0 0.00.0 23.0
0.0 0.0 25.4 0.0 25.4 0.0 25.40.0

165.1 788.7 493.7 121.6 0.0 59.91,569.1 1,629.0"M"

0.0 83.0Sub - Total Intra State Roads 150.0 1,045.7 1,578.7 0.0300.0 1,578.7•■ТЗР"

165.1 871.7TOTAL MAIN ROAD NETWORK 643.7 1,167.3 300.0 3,147.8 59.9 3,207.7

Local and other public roads 4,580.4

TOTAL PUBLIC ROAD NETWORK 7,788.0

Source: ARD
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Table A.4.5 SUMMARY OF EQUIVALENT STANDARD AXLES BY VEHICLE TYPE

Equivalent Standard Axles (ESA) by Vehicle Type 
(from axle load survey results)

Country

Car Utility
Vehicle

Large
Bus

Truck 
2 axle

Truck 
3 axle

Truck 
> 3 axles

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

0.0014
0.0014
0.0014
0.0014
0.0014
0.0014
0.0014

0.6348
1.2341
1.9811
0.2481
0.1660
0.1660
1.0997

0.1616
0.1272
0.0974
0.0453
0.0686
0.0686
0.1930

Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyz Republic
Tajikistan

Uzbekistan

0.4073
0.1792
0.5004
0.1814
0.1667
0.1667
0.1879

0.3566 
0.3384 
1.1296 
0.2148 
0.6335 
0.6335 
1.0115

Equivalent Standard Axles (ESA) by Vehicle Type 
(allowing for growth in truck sizes!

Utility Large 
Vehicle

Country

Car Truck 
Bus 2 axle

Truck 
3 axle

Truck 
>3 axles

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

0.0014
0.0014
0.0014
0.0014
0.0014
0.0014
0.0014

0.6348
1.2341
1.9811
0.2481
0.1660
0.1660
1.0997

0.2069
0.1628
0.1247
0.0580
0.0878
0.0878
0.2471

0.5214
0.2294
0.6406
0.2322
0.2134
0.2134
0.2405

Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyz Republic
Tajikistan
Uzbekistan

0.4565 
0.4332 
1.4460 
0.2750 
0.8109 
0.8109 
1.2948

Note: An annual growth of 2.5% in ESA/Vehicle has been assumed for trucks over 
the period 1996 - 2006

Source: Consultant's estimate based on axle survey results.
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Table A.4.4 AVERAGE PAVEMENT DAMAGE FACTORS PER PAYLOAD TONNE

Sample Pavement Damage Factors (Single Axle)
10.00 T Reference Axle

Pavement Damage Factors per Payload TonneMean
GVW

Vehicle 
Type and

Estimated
8 16 T Reference Axle 10.00 T Reference Axlesize в>1в T Reference Axle

Exponent = 4 Exponent® 4.S 
IESA3

Exponent-4 Exponent = 4,5 
(ESA)

(vehicles) Exponent® 4 Exponent “4.5 
(ESA)

Axle Exponent = 4 Exponent = 4.5 
(ESA) (ESA)(ESA) (ESAI (tonnes) (ESAI

0.01899 7.19 0.1063
4.8669

0.02 0.012 Axle HGV (all)
2 Axle HGV (non-CIS)

0.0772
5.9314

0.0471
2.1578

4.31 0.020.0309
2.3755 0.3315 12.12 0.300.827.27 0.67

1017 12.80
18.52

0.2350
1.2701

0.010.013 Axle HGV (all)
3 Axle HGV (non-CIS)

0.1720
1.1844

0.1042
0.5631

0.0689
0.4743

7.68 0.03 0.02
0.0441 0.050.1111.11 0.11

152 21.51
26.40

0.020.8342
1.9239

0.034 Axle HGV (all)
4 Axle HGV (non-CIS)

0.6991
1.7875

0.3699
0.8530

0.050.2800
0.7159

12.91
15.84

0.06
0.0556 0.050.110.12

370 22.39
28.83

0.010.4533
1.3059

0.015 Axle HGV (all)
5 Axle HGV (non-CIS)

0.3360
1.1127

0.2010
0.5790

0.030.1346
0.4456

13.43
17.30

0.03
0.03125 0.030.060.08

Note: GVW = gross vehicle weight. Payload estimated at 60 percent of GVW.
Source: Consultant's estimates based on the results of axle load surveys in six TRACECA countries.
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Table A.4.3 PAVEMENT DAMAGE FACTORS FOR THE HEAVIEST TEN PERCENT OF GOODS VEHICLES IN EACH CATEGORY

Sample
size

(vehicles)

Pavement Damage Factors (Single Axle)Vehicle 
Type and

Mean
Weight

Distribution 
of Axle 
Weight

10.00 T Standard Axle8.16 T Standard Axle
Exponent=4 Exponent-4.5 

(ESA)
Axle Exponent-4 Exponent-4.5 

(ESA) (ESA)(tonnes) (%) ШШ
2 Axle HGV (all) 

Axle 1 
Axle 2 
GVW

90
0.0385
1.5230

0.0553
1.4535

4.85
10.98

30.64
69.36

0.1248
3.2783

0.0962
3.8028

1.561615.83 100.00 3.4031 3.8990 1.5088

3 Axle HGV (all)
Axle 1 
Axle 2 
Axle 3 
GVW

102
0.0382
1.0365
0.9777

4.84
10.08

19.46
40.53
40.01

0.1238
2.3285
2.2107

0.0549
1.0324
0.9801

0.0953
2.5880
2.44129.95

2.052424.87 100.00 4.6630 5.1245 2.0674

4 Axle HGV (all)
Axle 1 
Axle 2 
Axle 3 
Axle 4 
GVW

15
0.1130 
1.8033 
2.0191 
1.6586

6.16 15.23
28.19
28.91
27.67

0.1440
1.6890
1.8675
1.5679

0.3248
3.8094
4.2121
3.5364

0.2822
4.5026
5.0415
4.1412

11.40
11.69
11.19

5.594040.44 5.2683100.00 13.967511.8827

5 Axle HGV (all)
Axle 1 
Axle 2 
Axle 3 
Axle 4 
Axle 5 
GVW

37
0.0679
0.3768
0.4490
1.6255
1.2349

5.50 0.0915
0.4199
0.4908
1.5401
1.2063

12.63
18.49
19.22
25.59
24.07

0.2064
0.9472
1.1070
3.4736
2.7207

0.1694
0.9408
1.1211
4.0586
3.0833

8.05
8.37

11.14
10.48
43.54 3.7540100.00 3.74868.4549 9.3733

Source: Consultant's estimates based on the results of axle load surveys in six TRACECA countries.
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Table A.4.2 PAVEMENT DAMAGE FACTORS FOR DIFFERENT VEHICLE TYPES IN THE TRACECA COUNTRIES

Vehicle 
Type and 

Axle

Semple
size

(vehicles)

Mean
Weight

Pavement Damage Factors (Single Axle)
8.16 T Standard Axle 10.00 T Standard Axle

Exponent -A Exponent = 4.6Exponent - 4 Exponent = 4.5 
(ESA)(tonnes) (ESA) (ESA)(ESA)

2 Axle Buses (all)
Axle 1 
Axle 2 
GVW

15
4.91 0.1311

1.3711
0.1017
1.4263

0.0581
0.6079

0.0407
0.57128.83

13.73 1.5022 1.5280 0.6660 0.6120

3 Axle Buses (non-CIS) 
Axle 1 
Axle 2 
Axle 3 
GVW

2
5.81 0.2570

1.8371
0.0925

0.2169
1.9822
0.0687

0.1139
0.8145
0.0410

0.0869
0.7939
0.0275

9.50
4.50

19.80 2.1866 2.2678 0.9695 0.9082

2 Axle HGV (all) 
Axle 1 
Axle 2 
GVW

899
2.66
4.53

0.0113
0.0950

0.0064
0.0708

0.0050
0.0421

0.0026
0.0283

7.19 0.1063 0.0772 0.0471 0.0309

2 Axle HGV (non-CIS) 
Axle 1 
Axle 2 
GVW

15
4.15 0.0669

0.9101
0.0477
0.8994

0.0297
0.4035

0.0191
0.36027.97

12.12 4.8669 5.9314 2.1578 2.3755

3 Axle HGV (all) 
Axle 1 
Axle 2 
Axle 3 
GVW

1017
3.79 0.0465

0.0984
0.0900

0.0317
0.0736
0.0666

0.0206
0.0436
0.0399

0.0127
0.0295
0.0267

4.57
4.47

12.80 0.2350 0.1720 0.1042 0.0689

3 Axle HGV (non-CIS) 
Axle 1 
Axle 2 
Axle 3 
GVW

41
0.0884
0.8263
0.3553

0.0653
0.8069
0.3122

4.45 0.0392
0.3664
0.1575

0.0262
0.3232
0.1250

7.78
6.30

18.52 1.2701 1.1844 0.5631 0.4743

4 Axle HGV (all)
Axle 1 
Axle 2 
Axle 3 
Axle 4 
GVW

152
4.62 0.1028

0.4026
0.1562
0.1727

0.0773
0.3593
0.1239
0.1386

0.0456
0.1785
0.0693
0.0765

0.0310
0.1439
0.0496
0.0555

6.50
5.13
5.26

21.51 0.8342 0.6991 0.3699 0.2800

4 Axle HGV (non-CIS) 
Axle 1 
Axle 2 
Axle 3 
Axle 4 
GVW

56
5.05
7.72
6.97
6.66

0.1467
0.8011
0.5323
0.4437

0.1154
0.7792
0.4920
0.4009

0.0650
0.3552
0.2360
0.1967

0.0462
0.3121
0.1970
0.1606

26.40 1.9239 1.7875 0.8530 0.7159

3705 Axle HGV (all) 
Axle 1 
Axle 2 
Axle 3 
Axle 4 
Axle 5 
GVW

0.0800
0.0984
0.0808
0.0975
0.0967

0.0584
0.0736
0.0590
0.0729
0.0722

0.0355
0.0436
0.0358
0.0432
0.0429

4.34 0.0234
0.0295
0.0236
0.0292
0.0289

4.57
4.35
4.56
4.55

0.3360 0.201022.39 0.4533 0.1346

1255 Axle HGV (non-CIS) 
Axle 1 
Axle 2 
Axle 3 
Axle 4 
Axle 5 
GVW

4.92 0.1322
0.2827
0.2019
0.3248
0.3644

0.1026
0.2414
0.1653
0.2822
0.3212

0.0586
0.1253
0.0895
0.1440
0.1616

0.0411
0.0967
0.0662
0.1130
0.1286

5.95
5.47
6.16
6.34

1.1127 0.579028.83 1.3059 0.4456

Source: Consultant's estimates based on the results of axle load surveys in six TRACECA countries.
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Table A.4.1 AXLE LOADING AND VEHICLE WEIGHTS BY VEHICLE TYPE IN TRACECA COUNTRIES

Weight 
Distribution 

on Axles

Weight ItonneslSempleVehicle
Standard Standard Coefhclent 

Error Devietion of Variation

Median МйШй»:9B% Confidence 
radge Tos Mean..............Wllllll............ mm

tower Uppaf

:»!ШТуреягк»
(vehidea)Wffii

(%> Ш
152 Axle Buses (all)

Axle 1 
Axle 2 
GVW

0.30 1.18 24.0 7.41 35.74.31 5.51 5.204.91
1.96 22.2 13.05 64.37.84 9.82 9.03 0.518.83

21.3 100.015.21 14.01 0.75 2.92 18.4812.2513.73

23 Axle Buses (non-CIS) 
Axle 1 
Axle 2 
Axle 3 
GVW

0.33 5.7 6.04 29.35.81 0.235.36 6.265.81
0.30 0.43 4.5 9.80 48.08.90 10.10 9.509.50

4.50 0.08 1.8 4.55 22.64.39 4.61 4.50 0.05
3.418.86 20.74 19.80 0.48 0.68 20.28 100.019.80

8992 Axle HGV (all) 
Axle 1 
Axle 2 
GVW

1.32 49.6 7.82 37.02.25 0.042.57 2.752.66
2.92 23.44 63.04.72 3.51 0.10 64.54.344.53

6.32 0.13 3.84 53.4 31.26 100.06.94 7.447.19

152 Axle HGV (non-CIS) 
Axle 1 
Axle 2 
GVW

34.21.85 44.6 6.98
23.25

5.09 3.37 0.483.214.15
65.86.50 1.34 5.20 65.25.34 10.607.97

1.72 6.65 54.9 29.72 100.010.6812.12 8.75 15.49

10173 Axle HGV (all) 
Axle 1 
Axle 2 
Axle 3 
GVW

29.60.96 25.3 10.07
18.97
21.81

3.85 3.82 0.033.733.79
0.08 2.60 56.9 35.74.73

4.63
3.584.414.57

4.47 2.63 58.8 34.73.46 0.074.31
5.63 100.010.80 0.18 44.0 39.9512.45 13.1512.80

413 Axle HGV (non-CIS) 
Axle 1 
Axle 2 
Axle 3 
GVW

4.27
8.80

0.21 1.36 30.6 7.59 24.0
41.9

4.864.45 4.04
0.66 4.24

4.28
54.5 15.18

21.81
9.087.78 6.48

34.10.67 67.94.99 7.61 6.656.30
18.52 100.015.83 21.21 18.82 1.37 8.78 47.4 37.41

1524 Axle HGV (all) 
Axle 1 
Axle 2 
Axle 3 
Axle 4 
GVW

30.7 8.77
13.56
14.02
21.51

21.54.85 4.43 0.11 1.424.394.62
30.25.45 0.27 3.37 51.87.046.50 5.96

0.26 3.21 62.6
61.4

23.85.64 4.14
4.39

5.13 4.62
24.50.26 3.235.775.26 4.75

100.010.31 47.9 48.6219.87 23.15 19.44 0.8421.51

564 Axle HGV (non-CIS) 
Axle 1 
Axle 2 
Axle 3 
Axle 4 
GVW

19.15.49 0.18 1.36 26.9 7.844.69 5.415.05
29.20.45 3.36 43.5 13.56

14.02
21.51

8.60 7.507.72 6.84
3.65 52.4 26.46.48 0.497.926.026.97

25.23.69 55.47.63 6.89 0.495.696.66
100.042.0 48.6226.34 1.48 11.0823.50 29.3026.40

3705 Axle HGV (all) 
Axle 1 
Axle 2 
Axle 3 
Axle 4 
Axle 5 
GVW

19.40.05 1.05 24.2 6.824.134.23 4.454.34
20.40.13 2.44 53.4 22.41

20.87
32.21
21.62

3.894.32 4.824.57
4.35
4.56
4.55

2.56 58.9 19.40.13
0.17

4.61 3.664.09
73.7 20.43.363.474.904.22

20.468.83.133.67 0.164.874.23
100.049.0 73.990.57 10.9719.2321.27 23.5122.39

6155 Axle HGV (non-CIS) 
Axle 1 
Axle 2 
Axle 3 
Axle 4 
Axle 5

0.10 1.17 23.8 6.82
22.41
20.87
11.89
15.25

17.15.12 5.114.724.92
2.75 46.2 20.60.256.43 6.135.475.95
2.92 53.4 19.05.20 0.265.984.965.47

21.4
22.0

0.26 2.96 48.15.996.685.646.16
3.09 48.70.286.88 6.505.806.34

100.010.83 37.6 63.8331.60 0.9726.93 30.7328.83GVW
Source: Consultant's analysis of axle load surveys carried out in Uzbekistan. Kyrgyzstan. Kazakhstan, Azerbaijan, Georgia and Armenia.
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Table A.3.9 AZERBAIJAN AND KYRGYZSTAN - BASE VEHICLE OPERATING COSTS
AND PASSENGER AND GOODS DELAY COSTS.

OS$ per 1,000 Vehicle KilometresCountry
and

UtilityCar Large
Bus

Truck 
2 axle

Cost
Component

Truck 
3 axle

Truck 
> 3 axle

AZERBAIJAN
28.76 58.02

3.04
4.63

64.19 40.65Fuel
Lubricants 
Tyres 
Crew time 
Maintenance labour 
Maintenance parts 
Depreciation 
Interest 
Overheads 
TOTAL V.O.C

79.27 121.95
7.79

268.38
16.75
10.80

147.78
97.07
64.50
20.00

3.04
4.63

5.05 5.05 5.05
117.47

10.12
47.73 161.53

0.00 3.98 8.71 8.21
1.09 1.14 3.68 3.72 4.69

23.28
28.83
22.58

22.91
18.64
11.81
10.00

32.59
91.91
40.87
20.00

39.59
46.62
20.96
25.00

105.89
93.84
51.86
25.000.00

112.21 134.17 385.88 238.03 535.34 755.02

3.67 120.00Passenger time costs n.e n.e n.e n.e

115.88 505.88V.O.C + Pass.Time

KYRGYZ REPUBLIC
17.73 40.08 97.29

5.74
183.39

19.24

60.14
5.74

71.42
20.22

91.65
5.74

161.76
16.54
11.84

118.40
52.71
41.06
22.00

158.71
8.86

361.82
35.55
27.12

170.65
54.95
51.00
22.00

Fuel
Lubricants 
Tyres 
Crew time 
Maintenance labour 
Maintenance parts 
Depreciation 
Interest 
Overheads 
TOTAL V.O.C

3.46 3.46
4.63 6.90
0.00 9.43
2.51 2.79 9.85 8.42

21.07
25.01
25.53
0.00

36.54
18.46
14.69
10.00

57.00 
60.58 
42.06
12.00

42.43
36.21
33.60
22.00

99.94 142.35 487.15 300.18 521.70 890.66

8.58 18.86 126.95 2.08 1.71Passenger Time 
V.O.C + Pass.Time

2.73

108.52 161.21 614.10 302.26 523.41 893.39

0.00 0.00 0.00 1.04 1.71Goods Delay Costs 
Road User Costs

4.10

108.52 161.21 614.10 303.30 525.12 897.49

Vehicle - Km (million)
. i m n i :'n'i ■ m   in Truck 

2 axle

------ft I . . 4ЧЧЧ++ t t* HH't................ ....Utility Large 
Bus

TotalCar Truck 
3 axfe

Truck 
> 3 axle

Country

1,967.3
884.5

605.1
135.3

276.6 1,063.7
73.6 259.0

260.7 323.5
61.4

4,496.9
1,506.1

Azerbaijan 
Kyrgyz Republic 92.3

Road User Costs (US$ '000)Country and 
Cost category UtiBtyCar Large Truck 

2 axle

Truck 
3 axle

Truck 
> 3 axle

Total
Bus

Azerbaijan

81,186 106,734 253,193 139,563 244,249
0 33,192

220,751
7,220

1,045,676
40,412

Vehicle Operating Costs 
Passenger Delay Costs 
Sub Total

0 0 0

227,971 81,186 139,926 253,193 139,563 244,249 1,086,088

Kyrgyz Republic
88,397

7,589
19,260 35,854 77,747 48,153 54,687
2,552 9,344

324,097
20,348

Vehicle Operating Costs 
Passenger Delay Costs 
Sub Total

158539 168
95,986 21,812 45,198 78,285 48,311 54,854 344,446

0 0 0 158269 252 679Goods delay costs
TOTAL R.U.C 95,986 21,812 45,198 78,555 48,469 55,106 345,125

Carl Bro International a/s - Kyrgyzstan passenger and goods delay costs 
Wilbur Smith and Associates - Azerbaijan passenger delay costs 
Consultant's estimate - other vehicle operating costs__________________

Sources:
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Table A.3.8 TRACECA COUNTRIES - BACKGROUND ECONOMIC DATA

Area
ГООО

sq.km)

PopulationCountry
Total 1994 

(million)
Total 1995 

(million)
Annual 

change (%)
Density / 

sq.km
%

urban

30 3.7 3.8 125Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyz Republic
Tajikistan
Turkmenistan
Uzbekistan

1.4 68.5
87 7.5 7.6 1.0 87 55.5
70 5.4 5.4 -0.2 77 58.0

2,717 16.8 16.8 0.1 6 59.3
198 4.5 4.5 0.4 23 38.8
143 5.8 5.9 2.0 41 32.2
488 4.4 4.6 4.6 9 44.9
447 22.4 22.9 2.2 51 41.2

GDP 1994 GDP 1995 Change(%)Country
(US$

million)
Per Capita 

(US$1
(US$

million)
Per Capita 

(US$)
GDP GDP per 

Capita

2.607.0
3.541.0
2.063.0

18.167.0
2.666.0
2.009.0
5.156.0

21.508.0

704.6
472.1 
382.0

1,081.4
592.4
346.4 

1,171.8
960.2

2,789.5
2.939.0
1.959.9 

16,532.0
2.506.0
1.767.9 
4,898.2

21,077.8

743.5
388.0
363.7
983.1
554.7
298.8 

1,064.3
920.7

Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyz Republic
Tajikistan
Turkmenistan
Uzbekistan

7.0 5.5
-17.0 -17.8

-5.0 -4.8
-9.0 -9.1
-6.0 -6.4

-12.0 -13.7
-5.0 -9.2
-2.0 -4.1

World Bank: "World Development Report 1996" - 1994 GDP, GDP per capita, 
population and land area.
EBRD: GDP growth rates 1994-1995.

Source:
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Table A.3.7 TRACECA COUNTRIES - TOTAL VEHICLE OPERATING COSTS AND GROSS DOMESTIC PRODUCT

Total Vehicle Operating Costs 
(US $ million)

@ average roughness level

Vehicle km 
on the main 

road network 
(million)

Gross
Domestic
Product

<US$
(million)

Total Main Road Vehicle 
Operating Costs as % of 
GDP with roughness at

Length of 
main road 

network (a) 
(km)

Country
IRI 3 IRI 6 IRIS IRI 3 IRI 8IRIS

(Good) (Fair) (Poor) (Good) (Fair) (Poot)

308.7
967.3
292.7 

2,003.6
297.4
146.5 
841.4

2,635.4

1.970.0
4.496.0
2.088.4 

10,089.0
1.506.1 

620.6
3.545.4 

10,466.7

353.5
1,094.7

336.3
2,360.3

341.2
166.0
971.7

3,008.9

404.0
1.236.0

387.0
2.756.0

390.0
188.0

1.112.0 
3,418.0

2,789.5
2.939.0
1.959.9 

16,532.0
2.506.0
1.767.9 
4,898.2

21,077.8

3.147.8 
4,689.0 
5,005.3

17.496.0
3.109.9 
1,785.2 
7,682.6

21.825.0

12.7 14.511.1Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tajikistan
Turkmenistan
Uzbekistan

37.232.9 42.1
17.2 19.714.9

12.1 14.3 16.7
13.6 15.611.9

8.3 9.4 10.6
17.2 19.8 22.7

16.212.5 14.3
The GDP estimates are based on World Bank 1994 population and per capita GDP estimates, 
of GDP growth between 1994 and 1995 and World Bank population growth estimates.
World Bank-"World Development Report 1996".
Consultant's estimates of total vehicle operating costs.

EBRD estimatesNote:

Source:
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Table A.3.6 (continued) UZBEKISTAN - TOTAL VEHICLE OPERATING COSTS ON MAIN ROADS AT DIFFERENT ROUGHNESS LEVELS

Total Vehicle Operating Costs (US$ million)Roughness
2-axle
Truck

Large 3-axle
Truck

Utility
Vehicle

> 3-axle 
Truck

Car Total Index
(IRI 3-100)

IRI
Bus

159.3 
161.7
164.4
167.3
170.3
173.5 
176.9
180.5
184.3 
188.2
192.3
196.6 
201.1

894.4 
941.1
988.5

1.036.8
1.085.7
1.135.4
1.185.9
1.237.1
1.289.1
1.341.8 
1,395.3 
1,449.6
1.504.5

413.5
431.8 
450.4
469.2
488.3
507.6
527.1
546.9
566.9
587.1
607.6
628.2 
649.2

174.1
184.8
196.3 
208.6
221.8 
235.7
250.5 
266.0
282.4
299.6
317.6
336.4 
356.0

572.1
590.1 
608.5
627.1
646.1
665.4
685.1
705.0 
725.3 
745.9 
766.8
788.0
809.5

422.1 
446.4
472.3
499.9
529.1
559.9
592.4
626.5
662.2
699.6
738.6 
779.2 
821.5

100.0
104.6
109.3
114.2
119.2
124.4
129.7
135.2
140.8 
146.6
152.5
158.5
164.8

2.635.4
2.756.0
2.880.5
3.008.9 
3,141.3
3.277.6
3.417.9
3.562.1
3.710.2
3.862.2 
4,018.1 
4,178.0 
4,341.8

3
4
5
6
7
8
9
10
11
12
13
14
15

Excluding urban and local / district roads 
IRI 3 m/km = good.
Consultant's estimates

Note:
IRI 5-6 m/km = fair IRI 7-8 m/km = poor IRI 10+ m/km = bad / very bad

Source:

Page 1
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Table A.3.6 (continued) TURKMENISTAN - TOTAL VEHICLE OPERATING COSTS ON MAIN ROADS AT DIFFERENT ROUGHNESS LEVELS

Total Vehicle Operating Costs (US$ milfion)Roughness
2-axle 3-axle

Truck
Large > 3 -axle 

Truck
Total Index

(IRI 3 = 100)
Utility

Vehicle
CarIRI

TruckBus(m/km)

161.5
172.3 
183.2
194.1
205.2
216.4
227.6
239.0
250.4
262.0
273.6
285.3 
297.2

63.6 411.7
427.9
444.3
461.0
477.9
495.0
512.4
530.0
547.9
566.0 
584.3
602.9
621.7

71.4 841.4
883.7 
927.2
971.7

1.017.4
1.064.3 
1,112.2
1.161.3
1.211.5 
1,262.9
1.315.4 
1,369.0 
1,423.7

27.6 100.0
105.0 
110.2
115.5 
120.9
126.5
132.2
138.0
144.0
150.1
156.3 
162.7
169.2

105.7
113.7
122.3
131.3
140.9
150.9
161.5
172.5
184.1
196.2
208.7
221.8
235.3

3
67.372.829.84
71.074.332.25
74.875.834.76
78.777.537.37
82.579.340.18
86.481.243.19
90.483.246.210
94.485.349.511
98.487.552.912
102.4
106.5 
110.7

89.956.413
92.360.114
94.964.015

Excluding urban and local / district roads 
IRI 3 m/km = good.
Consultant's estimates

Note:
IRI 7-8 m/km = poorIRI 5-6 m/km = fair IRI 10+ m/km = bad / very bad

Source:
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Table A.3.6 (continued) TAJIKISTAN - TOTAL VEHICLE OPERATING COSTS ON MAIN ROADS AT DIFFERENT ROUGHNESS LEVELS

Total Vehicle Operating Costs (US$ mitöon)Roughness
2-axle
Truck

Index
fim 3 - loo)

3-axle
Truck

> 3-axle
Truck

TotalLarge
Bus

Utility
Vehicle

CarIRI
(m/km)

12.4 36.0 33.4 20.2 146.5
152.7
159.2 
166.0 
173.0
180.2
187.8
195.5
203.6
211.9 
220.4
229.2
238.3

100.0
104.3
108.7
113.3 
118.1
123.1
128.2
133.5 
139.0
144.7
150.5
156.5
162.7

5.638.83
37.5 34.7 20.812.66.041.0

43.4
4

12.8 39.0 36.1 21.56.45
40.6 37.513.1 22.16.745.96
42.2 38.913.3 22.77.248.67

13.6 43.8 40.37.6 23.451.48
13.9 45.5 41.8 24.18.154.49
14.2 47.2 43.3

44.8
24.88.657.610

48.914.5 25.59.160.811
14.8 50.7 46.39.7 26.264.312
15.1 52.4 47.8

49.4
26.910.267.813

54.315.5 27.710.871.514
15.9 56.1 51.0 28.411.575.415

Excludes urban and local / district roads 
IRI 3 m/km = good 
Consultant's estimate

Note:
IRI 5-6 m/km = fair IRI 7-8 m/km = poor IRI 10+ m/km = bad / very bad

Source:

Page 1



VOCKYRG.XLS

Table A.3.6 (continued) KYRGYZ REPUBLIC - TOTAL VEHICLE OPERATING COSTS ON MAIN ROADS AT DIFFERENT ROUGHNESS LEVELS

Total Vehicle Operating Costs <U$$ mlWon)Roughness
Large 2-axle 

Truck
UtSity

Vehicle
3-axle
Truck

Car > 3-axle 
Truck

IRİ Total Index
HRI3 « 100)Bus(m/km)

16.9 34.5 71.4 44.079.5 51.03 297.4
311.4
326.0
341.2
357.0
373.3 
390.2
407.7
425.8
444.4
463.7
483.5
503.8

100.0
104.7
109.6
114.7 
120.0
125.5 
131.2
137.1
143.2
149.5 
155.9
162.6 
169.4

35.2 74.618.2 46.184.4 52.94
35.9 77.919.6 48.289.7 54.85
36.6 81.221.1 50.395.2 56.76

84.622.7 37.4 52.5101.1
107.2
113.7
120.5
127.6
135.1
142.8
150.8
159.2

58.77
38.3 88.024.4 54.7 60.68

91.526.2 39.1 56.9 62.79
40.1 95.128.1 59.2 64.710
41.0 98.730.1 61.5 66.811

102.4
106.1
110.0
113.8

42.132.1 63.8 69.012
43.134.3 66.2 71.113
44.236.5 68.5 73.314
45.438.9 70.9 75.615

Excludes urban and local / district roads 
IRI 3 m/km = good 
Consultant's estimate

Note:
IRI 5-6 m/km = fair IRI 7-8 m/km = poor IRI 10+ m/km = bad / very bad

Source:
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Table A.3.6 (continued) KAZAKHSTAN - TOTAL VEHICLE OPERATING COSTS ON MAIN ROADS AT DIFFERENT ROUGHNESS LEVELS

Total Vehicte Operating Costs (US$ million) index
(IRI 3 Ш 100)

Roughness
2-axle
Truck

3-axle
Truck

> 3-axle 
Truck

TotalLargeUtility
Vehicle

CarIRI
Bus(m/km)

465.4
494.2
522.9
553.5
584.0
614.6
646.9
679.3
711.6
744.0
778.1
812.2
846.4

559.9
584.8 
610.7 
636.5 
662.4 
688.3 
715.2 
742.1
770.0
798.0
825.9
854.9
883.9

257.1
266.2
275.2
284.6
294.3 
303.9
314.0
324.0
334.0
344.3
355.0
365.6
376.3

52.2 2.003.6 
2,116.4
2.237.3
2.360.3
2.484.4
2.615.3 
2,755.8
2.897.5 
3,040.2
3.189.7
3.342.4
3.502.6
3.663.4

100.0
105.6
111.7
117.8 
124.0
130.5
137.5
144.6
151.7 
159.2
166.8
174.8
182.8

75.9593.0
637.2 
687.7
738.2 
788.6
845.4
908.5
971.6 

1,034.7
1.104.1 
1,173.5
1.249.2

3
53.181.04
54.286.75
55.392.46
56.698.6 

105.3 
112.0
119.7 
127.5 
135.2
144.0
152.7
162.0

7
57.98
59.39
60.810
62.511
64.212
65.913
67.914
69.91,324.915

Excludes urban and local / district roads
IRI 5-6 m/km = fair

Note:
IRI 7-8 m/km = poor IRI 10+ m/km = bad / very badIRI 3 m/km = good 

Consultant's estimateSource:
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Table A.3.6 (continued) GEORGIA - TOTAL VEHICLE OPERATING COSTS ON MAIN ROADS AT DIFFERENT ROUGHNESS LEVELS

Total Vehicle Operating Costs (US$ million)Roughness Index
(IRI 3 - 100)Large 2-axle

Truck
3-axle
Truck

Utility
Vehicle

>3 axle 
Truck

Car TotalIRI
Bus(m/km)

20.210.8 55.5 39.4 25.3141.5
150.0
159.1
168.7 
178.9
189.8
201.1 
213.1
225.7
238.8
252.5
266.8 
281.7

292.7
306.5
321.1
336.3
352.3
369.1
386.6
404.8
423.8 
443.5
464.0
485.1
507.1

100.0
104.7
109.7 
114.9
120.4 
126.1
132.1 
138.3
144.8
151.5
158.5 
165.7
173.2

3
56.3 21.411.5 41.2

42.9
26.24

57.2 22.612.2 27.15
23.813.0 58.1 44.8 27.96

59.1 25.1 46.613.8 28.87
26.360.1 48.514.7 29.78
27.661.2 50.415.6 30.79

62.3 28.9 52.316.6 31.610
30.263.5 54.217.6 32.611

64.7 31.6 56.218.7 33.512
66.0 32.919.8 58.2 34.513

34.367.3 60.221.0 35.514
68.7 35.7 62.222.3 36.515

Excludes urban and local / district roads 
IRI 3 m/km = good 
Consultant's estimate

Note:
IRI 5-6 m/km = fair IRI 7-8 m/km = poor IRI 10+ m/km = bad / very bad

Source:
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Table A.3.6 (continued) AZERBAIJAN - TOTAL VEHICLE OPERATING COSTS ON MAIN ROADS AT DIFFERENT ROUGHNESS LEVELS

Total Vehicle Operating Costs (US$ million) : Index
lira 3 « loo)

Roughness
Large 2-ax|e

Truck
3-axle
Truck

Utility
Vehicle

> 3-axle 
Truck

TOTALCarIRI
Bus(m/km)

103.7
105.2
106.9
108.7 
110.6 
112.6
114.7 
117.0
119.3
121.7
124.3
126.9
129.7

231.9 
242.7
253.6
264.7
276.0 
287.5
299.1
310.9
322.9 
335.0
347.3
359.8
372.4

128.8
134.3
139.8
145.4
151.1
156.9 
162.8
168.7
174.7
180.8 
187.0
193.2 
199.6

74.2 228.5
236.6
244.7
253.0
261.4
270.0
278.7 
287.6
296.5
305.6 
314.9 
324.3
333.8

100.0
104.2 
108.6
113.2 
117.9 
122.8
127.8 
133.0
138.4
143.9 
149.6
155.4
161.5

967.3
1,008.2
1.050.6
1.094.7
1.140.3
1.187.4 
1,236.2
1.286.5 
1,338.4 
1,391.9 
1,447.0
1.503.6
1.561.8

200.2
211.4
223.4 
236.2
249.7
264.1
279.2
295.0
311.7
329.1
347.2
366.2 
385.9

3
78.04
82.15
86.66
91.37
96.48

101.7
107.4
113.4
119.7 
126.3 
133.2
140.5

9
10
11
12
13
14
15

Excludes urban and local / district roads 
IRI 3 m/km = good 
Consultant's estimate

Note:
IRI 5-6 m/km = fair IRI 7-8 m/km = poor IRI 10+ m/km = bad / very bad

Source:
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Table A.3.6 ARMENIA - TOTAL VEHICLE OPERATING COSTS ON MAIN ROADS AT DIFFERENT ROUGHNESS LEVELS

Total Vehicle Operating Costs (US$ million) Index
(IRI 3 = 100)

Roughness
2-axle
Truck

Utility
Vehicle

Large
Bus

3-axle
Truck

> 3-axle 
Truck

Car TotalIRI
(m/km)

42.3 39.1 71.519.9 28.0107.9
114.7 
122.1
129.8 
138.1
146.8 
156.0
165.6
175.7
186.3
197.3
208.8 
220.7

308.7 
323.0 
337.9
353.5
369.8
386.7 
404.4
422.7
441.6 
461.3
481.6
502.6 
524.2

100.0
104.6
109.5
114.5
119.8
125.3
131.0
136.9
143.1
149.4 
156.0 
162.8 
169.8

3
43.0 40.8 74.620.9 28.94
43.8
44.5

42.5 77.821.9 29.95
44.3 81.023.0 30.96

45.3 46.1 84.224.2 31.87
46.2 47.9 87.525.4 32.88

49.847.1 90.926.8 33.99
48.1 51.7 94.228.2 34.910
49.0 53.6 97.729.7 35.911
50.1 55.6 101.1

104.6 
108.2
111.7

31.2 37.012
57.651.132.9 38.113
59.652.234.6 39.214
61.753.436.4 40.315

Excluding urban and local / district roads 
IRI 3 m/km = good.
Consultant's estimates

Note:
IRI 5-6 m/km = fair IRI 7-8 m/km = poor IRI 10 + m/km = bad / very bad

Source:
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VOCUZBEK.XLS

Table A.3.5 (continued) UZBEKISTAN - VEHICLE OPERATING COSTS BY PAVEMENT ROUGHNESS LEVEL

Relationship Between Vehicle Operating Costs and Pavement Roughness (IRI)

For each vehicle category the model is of the form VOC = a + (b*IRI) + (с*1ЯГ2) 
Where VOC = Vehicle operating cost in US$ / vehicle km 

IRI = Pavement roughness (m/km)

Representative Vehicle Category 1Г2 Standard
Error

Coefficients
ba c

8.731 890E-02 
1.273387E-01 
4.182766E-01 
2.283498E-01 
4.386529E-01 
7.490906E-01

4.520043E-03
6.833320E-03
5.072220E-03
1.326489E-02
2.140778E-02
2.435702E-02

1.985542E-04 
3.511 330E-04 
2.484320E-04 
1.132072E-04 
1.412576E-04 
2.305894E-04

2.349358E-03 
4.177064E-03 
7.346437E-04 
4.305034E-04 
2.862803E + 00 
8.834298E-04

0.99807 
0.99773 
0.99987 
0.99998 
1.00000 
0.99997

Car
(Minibus / Pickup)Utility Vehicle 

Large Bus
2 - axle Truck
3 - axle Truck 
>3 - axle Truck

(Medium)
(Heavy)
(Articulated)

Vehicle Operating Costs (US$/km)
.................................................................III!........................и...............................IIIIHIIIIM 1111111...................................................................*................................ .... ......................................................................................

Roughness
Utility

Vehicle
2-axle
Truck

3-axle
Truck

> 3-axle 
Truck

Large
Bus

CarIRI
(m/km)

0.436
0.443
0.450
0.458
0.466
0.475
0.484
0.494
0.504
0.515
0.526
0.538
0.550

0.269
0.283
0.298
0.312
0.327
0.342
0.357
0.372
0.388
0.404
0.420
0.436
0.453

0.151
0.160
0.170
0.181
0.192
0.204
0.217
0.231
0.245
0.260
0.276
0.292
0.309

0.504
0.527
0.549
0.572
0.595
0.619
0.643
0.667
0.691
0.716
0.741
0.766
0.792

0.824
0.850
0.877
0.904
0.931
0.959
0.987
1.016
1.045
1.075
1.105
1.135
1.166

0.103
0.109
0.115
0.122
0.129
0.136
0.144
0.152
0.161
0.170
0.180
0.190
0.200

3
4
5
6
7
8
9
10
11
12
13
14
15
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VOCTURKM.XLS

Table A.3.5 (continued) TURKMENISTAN - VEHICLE OPERATING COSTS BY PAVEMENT ROUGHNESS LEVEL

Relationship Between Vehicle Operating Costs and Pavement Roughness (IRI)

For each vehicle category the model is of the form VOC = a + (b*IRI) + (c*IRIA2) 
Where VOC = Vehicle operating cost in US$ / vehicle km 

IRI = Pavement roughness (m/km)

RA2Coefficients Standard
Error

Representative Vehicle Category
ba c

5.625183E-02 
6.816704E-02 
3.214417E-01 
1.793641E-01 
3.233846E-01 
5.840736E-01

4.186225E-03 
5.231963E-03 
4.665640E-03 
1.443552E-02 
2.199485E-02 
2.464410E-02

1.669899E-04 
2.344881 E-04 
2.534994E-04 
6.628018E-05 
1.181139E-04 
1.889400E-04

2.424083E-03 
3.165123E-03 
7.798421 E-04 
3.920054E-04 
5.014550E-04 
7.598816E-04

0.99737
0.99743
0.99984
0.99998
0.99999
0.99998

Car
(Minibus / Pickup)Utility Vehicle 

Large Bus
2 - axle Truck
3 - axle Truck 
>3 - axle Truck

(Medium)
(Heavy)
(Articulated)

Vehicle Operating Costs (US$/km)Roughness
3-axle
Truck

> 3-axle 
Truck

LargeCar Utility
Vehicle

IRI
İliBus(m/km)

0.223
0.238
0.253
0.268
0.284
0.299
0.315
0.330
0.346
0.362
0.378
0.394
0.411

0.390
0.413
0.436
0.460
0.483
0.507
0.531
0.555
0.580
0.604
0.629
0.654
0.680

0.660
0.686
0.712
0.739
0.766
0.793
0.821
0.849
0.878
0.907
0.936
0.966
0.996

0.338
0.344
0.351
0.359
0.367
0.375
0.384
0.393
0.403
0.414
0.425
0.436
0.448

0.086
0.093
0.100
0.108
0.116
0.125
0.134
0.144
0.154
0.165
0.176
0.187
0.199

0.070
0.076
0.081
0.087
0.094
0.100
0.107
0.115
0.123
0.131
0.139
0.148
0.157

3
4
5
6
7
8
9
10
11
12
13
14
15
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VOCTAJIK.XLS

Table A.3.5 (continued) TAJIKISTAN - VEHICLE OPERATING COSTS BY PAVEMENT ROUGHNESS LEVEL

Relationship Between Vehicle Operating Costs and Pavement Roughness (IRI)

For each vehicle category the model is of the form VOC = a + (b*IRI) + (c*IRI^2)
Where VOC = Vehicle operating cost in US$ / vehicle km 

IRI = Pavement roughness (m/km)

2 StandardCoefficientsRepresentative Vehicle Category
b Errora c

8.651241E-02 
1.395357E-01 
5.158381E-01 
2.997984E-01 
5.201688E-01 
9.145111 E-01

4.531006E-03 
7.321529E-03 
6.908082E-03 
1.300297E-02 
2.233171E-02 
2.800398E-02

1.940690E-04 
3.829289E-04 
3.112893E-04 
1.560857E-04 
1.966760E-04 
3.196092E-04

0.99811
0.99777
0.99995
0.99997
0.99999
0.99997

2.301296E-03 
4.475796E-03 
5.790303E-04 
5.312163E-04 
4.505866E-04 
1.166075E-03

Car
(Minibus / Pickup)Utility Vehicle 

Large Bus
2 - axle Truck
3 - axle Truck
> 3 - axle Truck

(Medium)
(Heavy)
(Articulated)

Vehicle Operating Costs (USS/kro)Roughness
Large
Bus

2-axle 3-axle
Truck

Utffity
Vehicle

> 3-axle 
Truck

CarIRI
Truck(m/km)

0.539
0.548
0.558
0.568
0.579
0.591
0.603
0.616
0.629
0.644
0.658
0.674
0.689

0.340
0.354
0.369
0.383
0.398
0.414
0.429
0.445
0.462
0.478
0.495
0.512
0.530

0.165
0.175
0.186
0.197
0.210
0.223
0.236
0.251
0.266
0.283
0.299
0.317
0.336

0.589
0.613
0.637
0.661
0.686
0.711
0.737
0.763
0.790
0.816
0.844
0.871
0.899

1.001
1.032
1.063
1.094
1.126
1.159
1.192
1.227
1.261
1.297
1.333
1.369
1.406

0.102
0.108
0.114
0.121
0.128
0.135
0.143
0.151
0.160
0.169
0.178
0.188
0.198

3
4
5
6
7
8
9
10
11
12
13
14
15
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VOCKYRG.XLS

Table A.3.5 (continued) KYRGYZ REPUBLIC - VEHICLE OPERATING COSTS BY PAVEMENT ROUGHNESS LEVEL

Relationship Between Vehicle Operating Costs and Pavement Roughness (IRI)

For each vehicle category the model is of the form VOC = a + (b*IRI) + (c*IRr2) 
Where VOC = Vehicle operating cost in US$ / vehicle km 

IRI = Pavement roughness (m/km)

Coefficients R*2 Standard
Error

Representative Vehicle Category
ba c

7.527203E-02 
9.961271E-02 
4.466620E-01 
2.403223E-01 
4.106373E-01 
7.428843E-01

4.336024E-03 
7.367655E-03 
6.646871 E-03 
1.148466E-02 
2.150430E-02 
2.842847E-02

1.763690E-04 
3.435756E-04 
3.127660E-04 
1.196524E-04 
1.576130E-04 
2.728295E-04

0.99776
0.99752
0.99993
0.99996
1.00000
0.99998

2.337883E-03 
4.468716E-03 
6.577228E-04 
5.450614E-04 
2.763484E-04 
8.653227E-04

Car
(Minibus / Pickup)Utility Vehicle 

Large Bus
2 - axle Truck
3 - axle Truck 
>3 - axle Truck

(Medium)
(Heavy)
(Articulated)

Vehicle Operating Costs (US3/km)Roughness
> 3-axle 

Truck
2-axle 3-axle

Truck
Large
Bus

Utility
Vehicle

CarIRI
Truck(m/km)

0.276
0.288
0.301
0.314
0.327
0.340
0.353
0.367
0.381
0.395
0.410
0.425
0.440

0.469
0.478
0.488
0.498
0.509
0.520
0.532
0.544
0.558
0.571
0.586
0.601
0.617

0.477
0.499
0.522
0.545
0.569
0.593
0.617
0.641
0.666
0.691
0.717
0.743
0.769

0.831
0.861
0.892
0.923
0.955
0.988
1.021
1.054
1.089
1.123
1.159
1.194
1.231

0.125
0.135
0.145
0.156
0.168
0.181
0.194
0.208
0.222
0.237
0.253
0.270
0.287

0.090
0.095
0.101
0.108
0.114
0.121
0.129
0.136
0.144
0.153
0.161
0.171
0.180

3
4
5
6
7
8
9
10
11 t

12
13
14
15
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VOCKAZAK.XLS

Table A.3.5 (continued) KAZAKHSTAN - VEHICLE OPERATING COSTS BY PAVEMENT ROUGHNESS LEVELS

Relationship Between Vehicle Operating Costs and Pavement Roughness (IRI)

For each vehicle category the model is of the form VOC = a + (b*IRI) + (c*IRr2) 
Where VOC = Vehicle operating cost in US$ / vehicle km 

IRI = Pavement roughness (m/km)

Standard
Error

Coefficients R"2Representative Vehicle Category
ba c

7.455975E-02 
1.21 6896E-01 
4.57731 0E-01 
2.118114E-01 
4.71 5226E-01 
7.143817E-01

5.704328E-03 
7.341 310E-03 
5.63651 5E-03 
1.518606E-02 
2.275477E-02 
2.636025E-02

2.1 981 89E-04 
3.657943E-04 
4.403900E-04 
1.401869E-04 
1.827899E-04 
2.460973E-04

3.007956E-03 
4.4671 52E-03 
5.303390E-04 
3.787132E-04 
6.072921 E-04 
1.039391 E-03

0.99774
0.99767
0.99997
0.99999
0.99999
0.99997

Car
(Minibus / Pickup)Utility Vehicle 

Large Bus
2 - axle Truck
3 - axle Truck 
>3 - axle Truck

(Medium)
(Heavy)
(Articulated)

Economic Vehicle Operating Costs (US$/km)Roughness
2-axle
Truck

3-axle
Truck

> 3 -axle 
Truck

LargeUtility
Vehicle

CarIRI
Bus(m/km>

0.259
0.275
0.291
0.308
0.325
0.342
0.360
0.378
0.396
0.414
0.433
0.452
0.471

0.541
0.565
0.590
0.615
0.640
0.665
0.691
0.717
0.744
0.771
0.798
0.826
0.854

0.479
0.487
0.497
0.507
0.519
0.531
0.544
0.558
0.573
0.589
0.605
0.623
0.641

0.796
0.824
0.852
0.881
0.911
0.941
0.972
1.003
1.034
1.066
1.099
1.132
1.165

0.147
0.157
0.168
0.179
0.191
0.204
0.217
0.232
0.247
0.262
0.279
0.296
0.314

0.094
0.101
0.109
0.117
0.125
0.134
0.144
0.154
0.164
0.175
0.186
0.198
0.210

3
4
5
6
7
8
9
10
11
12
13

rr‘14
15
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VOCGEORG.XLS

Table A.3.5 (continued) GEORGIA - VEHICLE OPERATING COSTS BY PAVEMENT ROUGHNESS LEVELS

Relationship Between Vehicle Operating Costs and Pavement Roughness (IRI)

For each vehicle category the model is of the form VOC = a + (b*IRI) + (c*IRr2) 
Where VOC = Vehicle operating cost in US$ / vehicle km 

IRI = Pavement roughness (m/km)

Coefficients R*2 Standard
Error

Representative Vehicle Category
ba c

7.297534E-02 
1.150720E-01 
3.587424E-01 
1.758005E-01 
3.863084E-01 
5.856887E-01

3.936087E-03 
6.477818E-03 
4.131431 E-03 
1.200502E-02 
1.898494E-02 
2.068022E-02

1.772834E-04 
3.181135E-04 
1.794090E-04 
8.9731 74E-05 
1.394170E-04 
1.814735E-04

2.144824E-03
3.942677E-03
5.884039E-04
3.066979E-04
3.762460E-04
7.549632E-04

0.99793
0.99763
0.99985
0.99999
0.99999
0.99997

Car
(Minibus / Pickup)Utility Vehicle 

Large Bus
2 - axle Truck
3 - axle Truck 
>3 - axle Truck

(Medium)
(Heavy)
(Articulated)

Economic Vehicle Operating Costs (US$/km)Roughness
2-axle
Truck

3-axle
Truck

Large
Bus

> 3-axle 
Truck

Utility
Vehicle

CarIRI
(m/km)

0.373
0.378
0.384
0.390
0.396
0.403
0.410
0.418
0.426
0.434
0.443
0.452
0.461

0.213
0.225
0.238
0.251
0.264
0.278
0.291
0.305
0.319
0.333
0.347
0.361
0.376

0.445
0.464
0.485
0.505
0.526
0.547
0.568
0.590
0.612
0.634
0.657
0.679
0.702

0.649 
0.671 
0.694 
0.716 
0.739 
0.763 
0.787 
0.811 
0.835 
0.860 
0.885 
0.911 
0.937

0.137
0.146
0.155
0.165
0.176
0.187
0.199
0.212
0.225
0.239
0.253
0.268
0.284

0.086
0.092
0.097
0.103
0.109
0.116
0.123
0.130
0.138
0.146
0.154
0.163
0.172

3
4
5
6
7
8
9
10
11
12
13
14
15
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VOCAZERB.XLS

Table A.3.5 (continued) AZERBAIJAN - VEHICLE OPERATING COSTS BY PAVEMENT ROUGHNESS LEVEL

Relationship Between Vehicle Operating Costs and Pavement Roughness (IRI)

For each vehicle category the model is of the form VOC = a + (b*IRI) + (c*IRI*2) 
Where VOC = Vehicle operating cost in US$ / vehicle km 

IRI = Pavement roughness (m/km)

Representative Vehicle Category Coefficients fi*2 Standard
Errorba C

8.699331 E-02 
1.068999E-01 
3.598936E-01 
1.8861 38E-01 
4.332303E-01 
6.345324E-01

4.334294E-03 
4.483537E-03 
4.368106E-03 
9.560573E-03 
1.984565E-02 
2.334508E-02

1.962563E-04 
2.576305E-04 
1.925016E-04 
8.050844E-05 
1.538113E-04 
2.090501 E-04

0.99802
0.99787
0.99979
0.99997
0.99998
0.99998

2.31 3607E-03 
2.818336E-03 
7.422111 E-04 
3.872247E-04 
5.4591 50E-04 
8.143106E-04

Car
(Minibus / Pickup)Utility Vehicle 

Large Bus
2 - axle Truck
3 - axle Truck 
>3 - axle Truck

(Medium)
(Heavy)
(Articulated)

тжмтшшт шшшRoughness
sr 2-axle 3-axte

Truck
Utility

Vehicle
>3'«xie

Truck
Car Large

Bus
IRI

Truck(m/km)

0.218
0.228
0.238
0.249
0.259
0.270
0.281
0.292
0.304
0.315
0.327
0.338
0.350

0.123
0.129
0.136
0.143
0.151
0.159
0.168
0.177
0.187
0.198
0.209
0.220
0.232

0.375
0.380
0.387
0.393
0.400
0.407
0.415
0.423
0.431
0.440
0.449
0.459
0.469

0.494
0.515
0.536
0.558
0.580
0.602
0.624
0.647
0.670
0.694
0.717
0.741
0.766

0.706
0.731
0.756
0.782
0.808
0.835
0.862
0.889
0.917
0.945
0.973
1.002
1.032

0.102
0.107
0.114
0.120
0.127
0.134
0.142
0.150
0.158
0.167
0.177
0.186
0.196

3
4
5
6
7
8
9
10
11
12
13
14
15
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Table A.3.5 ARMENIA - VEHICLE OPERATING COSTS BY PAVEMENT ROUGHNESS LEVEL

Relationship Between Vehicle Operating Costs and Pavement Roughness (İRI)

For each vehicle category the model is of the form VOC = a + (b*IRI) + (c*IRIA2) 
Where VOC = Vehicle operating cost in US$ / vehicle km 

IRI = Pavement roughness (m/km)

Coefficients R~2 Standard
Error

Representative Vehicle Category
ba c:

6.684633E-02 
9.929030E-02 
3.788748E-01 
2.104864E-01 
4.319778E-01 
7.666917E-01

3.896476E-03 
3.91 3661 E-03 
5.101956E-03 
9.690884E-03 
2.061 748E-02 
2.661 61 5E-02

1.715079E-04 
2.147540E-04 
1.96051 IE-04 
1.054943E-04 
1.449871 E-04 
2.463862E-04

0.99809 
0.99799 
0.99988 
0.99997 
1.00000 
0.99999

2.016702E-03 
2.328003E-03 
6.107329E-04 
4.048614E-04 
2.51 6544E-04 
7.349606E-04

Car
(Minibus / Pickup)Utility Vehicle 

Large Bus
2 - axle Truck
3 - axle Truck 
>3 - axle Truck

(Medium)
(Heavy)
(Articulated)

Vehicle Operating Costs (US$/kro)Roughness
2»axle
Truck

3*axfe
Truck

>3*axfe
Truck

LargeUtility
Vehicle

Car
Bus(m/km)

0.241
0.251
0.262
0.272
0.283
0.295
0.306
0.318
0.330
0.342
0.354
0.367
0.380

0.495
0.517
0.539
0.561
0.583
0.606
0.629
0.653
0.676
0.700
0.725
0.749
0.774

0.849
0.877
0.906
0.935
0.965
0.995
1.026
1.057
1.089
1.122
1.154
1.188
1.221

0.396
0.402
0.409
0.417
0.424
0.432
0.441
0.449
0.459
0.468
0.478
0.489
0.500

0.113
0.118
0.124
0.131
0.137
0.144
0.152
0.160
0.168
0.177
0.186
0.196
0.206

0.080
0.085
0.091
0.096
0.103
0.109
0.116
0.123
0.130
0.138
0.146
0.155
0.164

3
4
5
6
7
8
9
10
11
12
13
14
15
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Table A.3.4 RELATIVE SIGNIFICANCE OF VEHICLE OPERATING COST COMPONENTS

'' \''''' ■ ' У sivili i ı ,||İİ i •' :
Fuel Lubricant Tyres Crew Maintenance Maintenance Depredation Interest Overheads

pens

İİMİİİIII'

щштv<o.c
Vehicle Pavement 

«wgbn*** 
'm m(Ш

$$$ labour:

Armenia
100.0
100.0

17.9 1.0 22.2 17.3 0.03 34.4 3.4 3.7 0.0
3.4 4.2 0.0

Car
19.3 47.4 1.3 13.2 11.2 0.0Car 12

100.0
100.02.4 2.9 3.4

2.6 3.7 2.8

11.5 0.7 10.3 6.6 8.73 53.4Utility
Utility 5.612 39.0 33.6 1.1 6.9 4.8

5.0 100.0
100.0

0.7 10.8 6.73 34.1 1.2 28.5 1.8
1.5 30.5 1.9

11.0Bus
4.330.0 1.5 9.7 6.612 14.1Bus

10.4 100.0
100.0

6.7 5.8Truck 2 axle 
Truck 2 axle

3 39.6 2.0 20.6 3.4
2.0 18.6 3.2

10.3 1.1
7.330.5 27.0 1.6 5.1 4.812

10.6 6.7 5.0 100.0
100.01.0 24.2 1.4

1.0 21.3 1.4

17.8 0.7Truck 3 axle 
Truck 3 axle

3 32.5
3.60.9 8.2 6.012 23.2 34.5

100.0
100.00.9 30.0 1.7

0.9 28.1 1.8

17.1 1.0 9.2 6.8 2.930.2Truck >3 axle 
Truck >3 axle

3
1.2 7.6 6.5 2.227.612 24.2

Kyrgyzstan
100.0
100.0

2.3 27.2 27.7 0.019.2
11.0

3.3 4.2 0.0
3.3 4.8 0.0

16.1Car 3
3.1 18.0 0.043.3 16.512Car

1.8 7.8 100.0
100.0

20.0 14.4 11.43 30.7 2.3 4.4 7.2
4.6 5.1

Utility
Utility 4.22.2 8.0 6.92.1 48.212 18.7

100.0
100.0

1.7 12.9 8.9 2.61.1 37.2 4.0
1.3 38.9 4.0

3 20.5 11.1Bus
8.1 2.03.4 10.917.6 13.812Bus

100.0
100.0

2.4 13.0 12.0 8.01.9 24.5 7.1
1.8 22.2 6.6

9.6Truck 2 axle 
Truck 2 axle

3 21.5
9.5 5.63.3 9.512 16.6 24.9

100.0
100.0

4.61.1 32.3 3.3
1.1 27.9 3.4

17.9 2.1 11.0 8.519.2Truck 3 axle 
Truck 3 axle

3
2.4 8.0 6.9 3.233.812 13.3

2.7 100.0
100.0

6.6 6.018.9 1.0 41.4 4.1
0.9 38.4 4.2

16.4 2.93Truck >3 axle 
Truck >3 axle 5.2 2.025.9 3.2 5.414.812

Turkmenistan
100.0
100.0

35.9 23.4 0.01.4 5.6 0.0
1.3 6.0 0.0

20.3 2.211.3Car
Car

3
0.052.5 2.7 18.7 13.45.912

10.3 11.3 100.0
100.0

1.9 18.322.4 1.1 4.5 9.1
1.0 4.7 6.1

21.03Utility
Utility 6.050.3 2.3 10.1 6.112 13.4

6.5 100.0
100.0

21.4 10.59.3 0.5 33.4 4.0
0.6 0.3 4.1

12.6 1.7Bus 3
5.315.6 3.3 18.8 9.912 7.9Bus

100.0
100.0

11.7 8.4 11.216.9 2.510.5 0.8 30.8 7.3
0.7 24.4 5.8

Truck 2 axle 
Truck 2 axle

3
6.93.0 7.5 5.938.77.012

100.0
100.0

6.41.9 16.5 7.523.73 9.6 0.5 30.6 3.4
0.4 24.7 3.1

Truck 3 axle 
Truck 3 axle

11.6 5.8 4.12.16.3 41.912

100.0
100.0

2.6 11.9 6.5 3.8
0.4 42.7 4.2
0.4 38.5 4.1

18.89.2Truck >3 axle 
Truck >3 axle

3
9.5 5.9 2.82.829.112 7.0

Example taken from three countries with relatively high, medium and low fuel prices. 
Consultant's estimates based on use of HDM III Vehicle Operating Cost Sub Model

Note:
Source:
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Table A.3.3 PERCENTAGE BREAKDOWN OF VEHICLE OPERATING COSTS

% of Total Vehicle Operating CostsVehicle
Operating

Cost
Component

Truck 
2 axle

Truck 
3 axle

Utility Large Truck 
> 3 axle

Car
Bus

KYRGYZ REPUBLIC
19.97 20.03 17.5728.16 17.82

0.99
40.62

17.74Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

1.912.43 1.18 1.103.46
23.7937.65 31.014.63 4.85

6.62 3.95 6.74 3.170.00 3.99
2.02 2.801.96 2.272.51 3.04

11.70
12.44

14.13
12.06
11.19

22.70
10.10

25.67
12.97
10.32

19.1621.08
25.03
25.55

6.17
5.738.63 7.87

7.332.46 4.220.00 7.02 2.47
100.00 100.00 100.00100.00 100.00100.00

TAJIKISTAN
33.02 30.9543.45 33.30 31.6430.42Fuel

Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

1.03 1.56 0.90 0.831.893.07
31.55 26.15 26.72 35.59

3.50
3.97 3.55

3.09 5.14
2.17

3.620.00 7.74
1.58 1.672.04 1.37 2.24

12.8610.16
10.94

19.7720.70
21.44
18.36
0.00

19.88 15.23
7.399.90 7.79 4.91

6.19 5.73 5.13 3.976.77
5.98 3.462.15 2.075.46

100.00 100.00100.00 100.00 100.00100.00

TURKMENISTAN
9.35 8.68 8.5820.50 9.0910.30Fuel

Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

0.76
28.64

0.44
28.78

1.17 0.55 0.421.44
33.77 41.574.966.10

6.68 3.183.97 4.050.00 8.37
2.79 2.02 2.732.11 1.992.37

13.35
20.82
10.20

23.95
10.39

29.45
14.89

21.80
11.15

26.90
16.48

26.16
32.42
21.22
0.00

7.57 6.82 6.189.35
6.28 9.89 5.74 3.5210.18

100.00 100.00 100.00100.00 100.00100.00

UZBEKISTAN
30.38 32.51 29.52 29.84

0.94
30.68

43.9227.56Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

1.80 0.971.191.922.85
23.42 22.8426.353.873.94

2.254.88 2.923.82 2.760.00
2.09 1.44 1.971.09 1.371.47

22.93
11.25

10.08
15.72

18.34 17.5820.46
12.26

21.04
26.07
17.07 
0.00

7.91 8.87
5.69 5.15 4.917.706.69
3.37 3.64 2.284.455.96

100.00 100.00 100.00 100.00 100.00 100.00

Note: Financial vehicle operating costs 
Source: Consultant’s estimates
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Table A.3.3 PERCENTAGE BREAKDOWN OF VEHICLE OPERATING COSTS

Vehicle
Operating

Cost
Component

% of Total Vehicle Operating Costs

Car Utility Large Truck 
2 axle

Truck 
3 axle

Truck 
>3 axleBus

ARMENIA
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

31.66 50.69 33.34 36.86 30.05 28.60
3.61 2.63 1.31 2.05 0.99 0.91
4.08 3.30 28.99 20.00 23.30 29.51
0.00 3.23 1.79 3.27 1.35 1.68
1.11 0.83 0.87 1.32 0.81 1.10

23.36
20.26
15.91

15.37 11.69
10.53

15.22 22.71 20.08
8.77
6.58

9.60 6.24 9.81
6.22 6.58 5.47 6.33

0.00 8.14 4.89 9.57 4.64 2.76
100.00 100.00 100.00 100.00 100.00 100.00

AZERBAIJAN
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

25.63 43.24 16.63 17.08 14.81
0.94

30.17

16.15
2.71 2.27 1.31 2.12 1.03
4.13 3.45 30.44 20.05 35.55
0.00 2.97 2.62 3.66 1.53 2.22
0.97 0.85 0.95 1.56 0.88 1.43

20.75
25.69
20.12

17.08
13.89

8.45 16.63
19.59

19.78
17.53

19.57
12.8623.82

10.598.80 8.81 9.69 8.54
0.00 7.45 5.18 10.50 4.67 2.65

100.00 100.00 100.00 100.00 100.00 100.00

GEORGIA
Fuel
Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

23.67 36.27 26.41 25.55 24.53 26.41
3.25 2.03 1.35 2.17 1.07 1.15
4.24 4.24 19.51 12.94 17.12 20.95
0.00
0.80

2.02 1.84 2.55 1.18 1.27
0.54 0.76 1.22 0.71 1.13

21.99
24.48
21.57

21.64
16.40
10.32

12.47
19.96
12.49

23.46 
11.92

23.58
16.03
10.63

21.62
14.59

9.67 9.26
0.00 6.53 5.22 10.51 5.16 3.61

100.00 100.00 100.00 100.00 100.00 100.00

KAZAKHSTAN
22.13Fuel

Lubricants
Tyres
Crew time
Maintenance labour
Maintenance parts
Depreciation
Interest
Overheads
TOTAL

32.34 18.71 20.88 21.07
0.86

26.47

20.28
2.85 1.84 1.02 1.74 0.92
4.03 3.94 31.77

14.59
4.56

17.17
13.27

28.22
0.00 13.52 8.89 8.89
5.72 3.94 7.77 4.64 7.08

25.59
23.69
16.00

20.71 
11.41

8.21 20.03 19.34 17.67
10.52 6.33 9.87 9.02

6.22 5.59 4.23 4.62 4.98
0.00 6.07 5.04 8.59 4.24 2.94

100.00 100.00 100.00 100.00 100.00 100.00
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Table A.3.2 DATA INPUTS FOR VEHICLE OPERATING COST ANALYSIS

Vehicle Operating Cost Model
Input»

UZBEKISTAN

s $4 101 8

Large Medium
Bus 12 axlel

Trunk

Heavy

(3-axle)
Truck

Articulated
(>3-ех1в)

Truck

Untt Car UtiBty

Vehicle

Roadway Characteristics
Paved PavedPaved PavedSurface type Paved Paved

5 5Average roughness (IRQ m/km 5 5 5 5

% 5 5 5 5 5 5Average positive gradient
5 5 5 5 5% 5Average negative gradient
50 50 50 50 50% 50Proportion of uphill travel

5 5 5 5Average horizontal curvature deg/km 5 5
0.00012C 0.00012C 0.00012C 0.00012C 0.00012C 0.00012CfractionAverage superelevation

500 500 500500 500 500Altitude of terrain m.
>1 >1 >1 >1 >1 >1Effective number of lanes

Vehicle Characteristics
10,400 7,500 12,400960 1,815 4,525Tare (unladen) weight kg

600 3,500 3,500 6,000 15,000400kgLoad carried
48 138 67 147 147metric HP 41Maximum used driving power
38 208 217 46720 147metric HPMaximum used braking power

93.40 88.80 88.80 84.1098.30 94.90km/hourDesired speed
0.630.45 0.46 0.65 0.85 0.85dimensionlessAerodynamic drag coefficient

5.20 5.75m*2 1.80 2.72 6.30 5.20Projected frontal area
1,800 1,800 1,7003,500 3,300 2,300Calibrated engine speed rpm

0.95 0.95 0.95 1 1 1dimensionlessEnergy efficiency factor
1.16 1.16 1.15 1.15 1.15 1.15Fuel adjustment factor (alpha 2) dimensionless

Tyre Wear Data
6 6 10 184 4Number of tyres per vehicle

dnT3 6.85 7.60 7.30 8.39Wearable volume of rubber per tyre
0.3 0.3 0.3 0.30.3 0.3FractionRetreading cost per new tyre

1 1 1 1 1 1Maximum number of recaps
0.1640.164 0.164 0.164dm*3/mConstant term of tread wear model

12.780 12.780 12.780Wear coefficient for tread wear model 10-3 dm~3/kj 12.780

Vehicle Utilisation Data
60,000 67,50037,500 62,500 50,000km 17,500Average annual utilisation

1,500 1,500350 750 1,250 1,250hoursAverage annual utilisation
0.65 0.50 0.60 0.65Hourly utilisation ratio (HURATIO) Fraction 0.40 0.50

10 1010 15Years 15 12Average service life
NoNo No No NoUse constant service life ? No
350,000150,000 250,000 320,000 350,000 325,000kmAge of vehicle in km

2 45Passengers per vehicle 5

Unit Costs
40,000 48,000US$ 8,000 9,750 45,000 18,000New vehicle price

0.30 0.30 0.30 0.30US$/litre 0.38 0.38Fuel cost
1.40 1.401.40 1.40USS/litre 1.40 1.40Lubricants cost

New tyre cost 200 250200 200US$ 55 80

Crew time cost 0.66 0.870.66US$/hour 0.44 0.66

US $ /hourPassenger delay cost
Maintenance labout cost

0.52 0.520.52 0.52 0.52US$/hour 0.52

Cargo delay cost US$/hour
10 1010 10% 10 10Annual interest rate (%)

0.025 0.0250.025US$ 0.010 0.022Overhead per vehicle km

Additional Coefficients
0.371 0.3710.308 0.483 0.3710.308KP - Maintenance parts

1.490 8.610 13.9401.77010E-6 32.490 32.490CPo - Maintenance parts
35.310 15.650251.79013.700 13.700 3.56010E-3CPq - Maintenance parts

0.0000.000120.000 190.000 0.000120.000OlPo - Maintenance parts 652.510293.440 242.030 301.46077.14077.140CLo - Maintenance parts
0.5190.519 0.5190.5170.547 0.547CLp - Maintenance parts

0.000 0.0000.0000.000 0.000 0.006CLq - Maintenance parts
5.1503.0701.550 3.070 3.0701.550COo - Lubricants
0.1790.292 0.2920.2330.268 0.220FRATIOO - VCURVE 0.0230.0940 0.094ol о10E-4FRATI01 - VCURVE

177.7 130.9239.7 212.8 177.7259.7ARVMAX - VROUGH

1 1111 1BW - VDESIR
0.2440.3100.273 0.3100.3100.274BETA - Speed 1.0181.013 1.0131.0121.003 1.004EO - Speed

-22,955 -30,559-22,9556,014 -7,276-8,201AO - Fuel
A1 - Fuel 95.0 156.195.063.533.4 37.6

00 000A2 - Fuel 4,0023,7584,323 3,7585,630 3,846
A3 - Fuel

0a 01.3980A4 - Fuel
19.12 19.12 4.418.640 0A5 - Fuel

2,394 4,4352,3943,604 2,4794,460A6 - Fuel 26.0813.7611.50 13.7600A7 - Fuel -85-50 -85 -85-10 -12NHO - Fuel
11 10.7 1

Alpha 1
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Table A.3.2 DATA INPUTS FOR VEHICLE OPERATING COST ANALYSIS

Vehicle Operating Cost Model
Inputs

TURKMENISTAN

1 4 S $ 9 10
UnH Car Utittfy

Vehicle
Large Heavy

(3 axle)
Truck

Articulated

t> 3-axle)
Truck

Medium
(2-BXlel
Ttuek

Bus

Roadway Characteristics
Paved Paved Paved PavedPaved PavedSurface type

m/km 5 5 5 5 5 5Average roughness (IRI)
%Average positive gradient 5 5 5 5 5 5

% 5 5 5 5 5 5Average negative gradient
% 50 50 50 50Proportion of uphill travel 50 50

5deg/km 5 5 5 5 5Average horizontal curvature
fraction 0.00012C 0.00012C 0.00012C 0.00012C 0.00012C 0.00012CAverage superelevation

500 500 500 500Altitude of terrain 500 500m.
>1Effective number of lanes >1 >1 >1 >1 >1

Vehicle Characteristics
960 1,320 10,400Tare (unladen) weight kg 4,525 7,500 12,400

kg 400 1,400 3,500 4,000 6,000 1 5,000Load carried
40metric HP 41 138 67Maximum used driving power 147 147

metric HP 20 32 208 147 217 467Maximum used braking power
km/hour 98.30 94.90 93.40 88.80 88.80 84.10Desired speed

dimensionless 0.45 0.46 0.65 0.85 0.85 0.63Aerodynamic drag coefficient
m'2 1.80 6.30 5.202.72 5.20Projected frontal area 5.75

3,500 3,300 2,300 1,800 1,800Calibrated engine speed 1,700rpm
dimensionless 0.95 0.9 0.95 1 1Energy efficiency factor 1

1.16 1.16 1.15 1.15 1.15Fuel adjustment factor (alpha 2) dimensionless 1.15

' %Tyre Wear Data
4 4 6 6 10 18Number of tyres per vehicle

dm'3 6.85 7.60 7.30 8.39Wearable volume of rubber per tyre
■ 40.3 0.3 0.3 0.3 0.3Fraction 0.3Retreading cost per new tyre *' M1 1 11 1 1Maximum number of recaps

dm'3/m 0.164 0.164 0.164 0.164Constant term of tread wear model
10-3 dm~3/kj 12.780 12.780 12.780 12.780Wear coefficient for tread wear model 11

Vehicle Utilisation Data
37,500 62,500 50,000 60,000km 17,500 67,500Average annual utilisation

hours 350 750 1,250 1,250 1,500 1,500Average annual utilisation
0.65 0.50 0.60 0.65Fraction 0.40 0.50Hourly utilisation ratio (HURATIO) •“.S12 10 15 10Years 15 10Average service life

No No No No No NoUse constant service life ?

3225,000 312,500 375,000 300,000 337,500km 131,250Age of vehicle in km
2 5 45Passengers per vehicle

V
Unit Costs I46,500 20,000 42,000US$ 7,000 7,500 49,000New vehicle price

0.07 0.07 0.07US$/litre 0.10 0.10 0.07Fuel cost
US$/litre 0.50 0.50 0.50 0.50 0.50 0.50

Lubricants cost
60 200 200 200 275US$ 60New tyre cost

0.74 0.74US$/hour 0.49 0.74 0.98
Crew time cost

US$/hourPassenger delay cost
0.59 0.59 0.59 0.59 0.59 0.59US$/hourMaintenance labout cost

US$/hour
Cargo delay cost

10 10 10 10 10% 10Annual interest rate (%)
0.025 0.025 0.025US$ 0.010 0.022

Overhead per vehicle km

Additional Coefficients
0.483 0.371 0.371 0.3710.308 0.308

KP - Maintenance parts
8.6101.490 13.94010E-6 32.490 32.490 1.770

CPo - Maintenance parts
13.700 3.560 251.790 35.310 15.65010E-3 13.700CPq - Maintenance parts

190.000 0.000 0.000 0.000120.000120.000QlPo - Maintenance parts
242.030 301.460 652.510293.44077.140 77.140CLo - Maintenance parts

0.519 0.519 0.5190.5170.547 0.547
CLp - Maintenance parts

0.006 0.000 0.000 0.0000.000 0.000
CLq - Maintenance parts 3.070 5.1501.550 1.550 3.070 3.070
COo - Lubricants

0.220 0.233 0.292 0.292 0.1790.268FRATIOO - VCURVE
0 0.094 0.094 0.023010E-4 0FRATI01 - VCURVE

212.8 177.7 177.7 130.9239.7259.7ARVMAX - VROUGH

11 1 11 1
BW - VDESIR

0.310 0.310 0.2440.2730.274 0.310
BETA - Speed 1.0131.012 1.013 1.0181.003 1.004
EO - Speed

-22,955 -30,5596,014 -7,276 -22,955•8,201
AO - Fuel

63.5 95.0 95.0 156.137.633.4
A1 - Fuel 00 00 0
A2 - Fuel 3,758 3,7584,323 4,0025,630 3,846
A3 - Fuel

0 01.398 00
A4 - Fuel

8.64 19.12 19.12 4.410 0
A5 - Fuel

2,479 2,394 2,394 4,4354,460 3,604A6 - Fuel
13.7611.50 13.76 26.080 0

A7 - Fuel
-10 -12 -50 -85 -85 -85

NHO - Fuel
1 1 10.7 1

Alpha 1
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Table A.3.2 DATA INPUTS FOR VEHICLE OPERATING COST ANALYSIS

Vehicle Operating Cost Model
Inputs

TAJIKISTAN

9Ш 4 i 8 10
Unit Car treaty Large Medium

Vehicle Bus (2-axle)
:::: : ______ Truck

Иеечу 
(3 axle) 
Truck

Articulated

t>3-axhri
Truck

Roadway Characteristics
Paved Paved Paved Paved Paved PavedSurface type

5 5 5 5 5Average roughness (IRQ m/km 5

% 5 5 5 5 5Average positive gradient 5

% 5 5 5 5Average negative gradient 5 5

% 50 50 50 50 50 50Proportion of uphill travel
deg/km 5 5 5 5 5 5Average horizontal curvature
fraction 0.00012C 0.00012C 0.00012C 0.00012C 0.00012C 0.00012CAverage superelevation

1,500 1,500 1,500 1,500 1,500 1,500Altitude of terrain m.
>1 >1 >1 >1 >1 >1Effective number of lanes

Vehicle Characteristics
1,000M. 1,815 10,500 4,250 7,250 12,400Tare (unladen) weight

375 600 3,250kg 3,750 5,000 14,000Load carried
metric HP 41 40 138 67 147Maximum used driving power 147

metric HP 20 32 208 147 217 467Maximum used braking power
km/hour 98.30 94.90 93.40 88.80 88.80 84.10Desired speed

0.45 0.46dimensionless 0.65 0.85 0.85Aerodynamic drag coefficient 0.63
m*2 1.80 2.72 6.30 5.20 5.20 5.75Projected frontal area

3,500 3,300 2,300 1,800 1,800Calibrated engine speed 1,700rpm
dimensionless 0.95 0.9 0.95 1 1Energy efficiency factor 1

Fuel adjustment factor (alpha 2) dimensionless 1.16 1.16 1.15 1.15 1.15 1.15

Tyre Wear Data
4 6 6 104Number of tyres per vehicle 18

dnT3 6.85 7.60 7.30Wearable volume of rubber per tyre 8.39
0.3 0.3Fraction 0.3 0.3 0.3 0.3Retreading cost per new tyre

1 1 1 1 1Maximum number of recaps 1
dm'3/m 0.164 0.164 0.164Constant term of tread wear model 0.164

10-3 dm*3/kjWear coefficient for tread wear model 12.780 12.780 12.780 12.780

Vehicle Utilisation Data
65,000km 15,000 35,000 35,000 50,000 65,000Average annual utilisation

325hours 750 1,500 1,000 1,400 1,500Average annual utilisation
Hourly utilisation ratio (HURATIOI Fraction 0.40 0.50 0.60 0.50 0.50 0.60

Years 20 1215 17 15 15Average service life
Use constant service life ? No No No No No No

km 1 50,000 250,000 400,000 300,000 325,000 400,000Age of vehicle in km
2 5 40Passengers per vehicle

Unit Costs
us$ 10,000 50,000 17,0007,500 40,000 48,000New vehicle price

USS/litre 0.43 0.43 0.40 0.40 0.40 0.40
Fuel cost

US$/litre 1.50 1.50 1.50 1.50 1.50 1.50Lubricants cost
US$ 55 80 200 200 200 250

New tyre cost
USS/hour 0.90 0.90 0.90 1.30 1.30Crew time cost
US$/hour

Passenger delay cost
0.70US $/hour 0.70 0.70 0.70 0.70 0.70Maintenance labout cost

US$/hour
Cargo delay cost

10 10 10 10% 10 10Annual interest rate (%)
US$ 0.010 0.022 0.025 0.025 0.025Overhead per vehicle km

Additional Coefficients
0.308 0.308 0.483 0.371 0.371 0.371KP - Maintenance parts

10E-6 1.770 1.490 8.610 13.94032.490 32.490CPo - Maintenance parts
35.310 15.65010E-3 13.700 13.700 3.560 251.790CPq - Maintenance parts

120.000 120.000 190.000 0.000 0.000 0.000QlPo - Maintenance parts
301.460 652.51077.140 77.140 293.440 242.030CLo - Maintenance parts

0.517 0.519 0.519 0.5190.547 0.547
CLp - Maintenance parts

0.0000.000 0.000 0.006 0.000 0.000
CLq - Maintenance parts
COo - Lubricants

3.070 3.070 5.1501.550 1.550 3.070
0.233 0.292 0.1790.220 0.2920.268FRATIOO - VCURVE

0.094 0.02310E-4 0 0 0 0.094FRATI01 - VCURVE
130.9259.7 239.7 212.8 177.7 177.7ARVMAX - VROUGH

1 11 1 11BW - VDESIR
0.310 0.310 0.2440.310 0.2730.274BETA - Speed

1.0181.013 1.0131.003 1.004 1.012EO - Speed
-22,955 -30,559'-8,201 6,014 -7,276 -22,955

AO - Fuel
156.133.4 37.6 63.5 95.0 95.0

A1 - Fuel
0 Ö1 0 0 0

A2 - Fuel 4,0025,630' 3,846 4,323 3,758 3,758
A3 - Fuel

0 0 00 1.398
A4 - Fuel

19.12 19.12 4.410 8.640A5 - Fuel
4,4352,394 2,3944,460 3,604 2,479

A6 - Fuel
13.76 26.080 0 11.50 13.76A7 - Fuel

-12 -50 -85 -85 -85-10NHO - Fuel
1 10.7 1 1Alphal
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Table A.3.2 DATA INPUTS FOR VEHICLE OPERATING COST ANALYSIS

KYRGYZ REPUBLICVehicle Operating Coat Modal
Inputs 4 $1 5 9 10

Unit Car Utility Large Medium
Bus (2 axle)

 Truck

Heavy
(3-axlel
Truck

Articulated

(> 3-axle)
Truck

Vehicle

Roadway Characteristics
Paved Paved Paved Paved Paved PavedSurface type

m/km 5 5 5 5 5 5Average roughness (IRQ
% 5 5 5 5 5 5Average positive gradient
% 55 5 5 5 5Average negative gradient
% 50 50 50 50 50 50Proportion of uphill travel

5 5 5 5deg/km 5 5Average horizontal curvature
0.00012C 0.00012C 0.00012Cfraction 0.00012C 0.00012C 0.00012CAverage superelevation

1,250 1,2501,250 1,250 1,250 1,250Altitude of terrain m.
>1>1 >1 >1 >1Effective number of lanes >1

Vehicle Characteristics
1,045 1,815 11,000 4,175 7,080 12,400Tare (unladen) weight

600350 4,000 3,200 4,200 12,500Load carried
138metric HP 43 48 67 147 147Maximum used driving power

metric HP 20 38 200 147 217 467Maximum used braking power
98.30 94.90 93.40 88.80 84.10km/hour 88.80Desired speed

0.46 0.65 0.630.45 0.85 0.85Aerodynamic drag coefficient dimensionless
гтГ2 1.80 2.72 6.30 5.755.20 5.20Projected frontal area

3,500 3,300 2,300 1,800 1,800 1,700Calibrated engine speed rpm
0.95 0.9 0.95 1dimensionless 1 1Energy efficiency factor
1.16 1.16 1.15 1.15 1.15Fuel adjustment factor (alpha 2) dimensionless 1.15

Tyre Wear Data

I6 6 10 184 4Number of tyres per vehicle
dmA3 6.85 7.60 7.30 8.39Wearable volume of rubber per tyre

0.4 0.4 0.4Fraction 0.4 0.4 0.4Retreading cost per new tyre
0.1 0.1 0.1 0.1 0.1 0.1Maximum number of recaps

dm*3/m 0.164 0.164 0.164 0.164Constant term of tread wear model
10-3 dm*3/kj 12.780 12.780 12.780 12.780Wear coefficient for tread wear model

Vehicle Utilisation Data
33,750 67,500 26,250 60,00013,500 43,750kmAverage annual utilisation

300 750 1,500 750 1,250 1,500hoursAverage annual utilisation
Fraction 0.40 0.50 0.50 0.50 0.50 0.55Hourly utilisation ratio (HURATIO) 120 15 12 17 15 15YearsAverage service life -NoNo No No No NoUse constant service life ?

km 135,000 253,125 405,000 223,125 328,125 450,000Age of vehicle in km a2 5 32Passengers per vehicle d

Unit Costs
37,500 48,500US$ 7,000 10,000 50,000 17,000New vehicle price

0.20 0.20US$/litre 0.22 0.22 0.20 0.20Fuel cost
1.50 1.50 1.50 1.50 1.50 1.50US$/litreLubricants cost

200 150 200 250US$ 57 85New tyre cost
1.300.97 0.97 0.97US$/hour 0.65Crew time cost

US$/hourPassenger delay cost
0.78 0.78US$/hour 0.78 0.78 0.78 0.78

Maintenance labout cost
US$/hourCargo delay cost

12 12 1212 12 12%Annual interest rate {%)
0.022 0.0220.022 0.022US$ 0.010Overhead per vehicle km

Additional Coefficients
0.371 0.3710.308 0.308 0.483 0.371

KP - Maintenance parts
13.94032.490 1.770 1.490 8.61010E-6 32.490

CPo - Maintenance parts
35.310 15.65013.700 3.560 251.79010E-3 13.700CPq - Maintenance parts

0.0000.000 0.000120.000 120.000 190.000QlPo - Maintenance parts
652.510301.46077.140 77.140 293.440 242.030CLo - Maintenance parts

0.5190.547 0.547 0.517 0.519 0.519
CLp - Maintenance parts

0.0000.000 0.006 0.000 0.0000.000
CLq - Maintenance parts 5.1503.070 3.070 3.0701.550 1.550
COo - Lubricants

0.292 0.1790.233 0.2920.268 0.220FRATIOO - VCURVE
0.094 0.0230.0940 0 010E-4FRATIOI - VCURVE 130.9177.7239.7 212.8 177.7259.7ARVMAX - VROUGH

111 1 1BW - VDESIR
0.310 0.310 0.2440.310 0.2730.274

BETA - Speed
1.013 1.0181.0131.003 1.004 1.012

EO - Speed
-30,559-7,276 -22,955 -22,955-8,201 6,014

AO - Fuel
95.0 95.0 156.163.533.4 37.6

A1 - Fuel
000 0 0

A2 - Fuel
3,758 4,0023,7585,630 3,846 4,323

A3 - Fuel
00 00 1.398

A4 - Fuel
8.64 19.12 19.12 4.4100A5 - Fuel

2,394 4,4352,3944,460 3,604 2,479
A6 - Fuel 26.0813.76 13.760 11.500
A7 - Fuel -85-50 -85 -85-12-10NHO - Fuel

1 10.7 1 1
Alpha 1
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Table A.3.2 DATA INPUTS FOR VEHICLE OPERATING COST ANALYSIS

Vehicle Operating Cost Model
Inputs

KAZAKHSTAN
4 5: 9 101 8

Ufittfy
Vehicle

Car Heavy
(3-axle)
Ttuck

Unit Large Medium
Bus (2 axial

Truck

Articulated
t>3-axle)

■ Truck
Roadway Characteristics

PavedSurface type Paved Paved Paved Paved Paved
Average roughness (IRI) 5 5 5 5m/km 5 5

5 5Average positive gradient % 5 5 5 5
5 5 5Average negative gradient % 5 5 5

50Proportion of uphill travel % 50 50 50 50 50
5 5 5 5 5 5Average horizontal curvature deg/km

0.00012C 0.00012C 0.00012C 0.00012C 0.00012C 0.00012CAverage superelevation fraction
300 300 300 300300 300Altitude of terrain m.

Effective number of lanes >1 >1 >1 >1 >1 > 1

Vehicle Characteristics
1,815 3,700kg 1,200 11,100 8,200 12,400Tare (unladen) weight

400 600 3,200 3,500 7,500 15,000Load carried kg

metric HP 43 48 100 100 147 147Maximum used driving power
metric HP 20 38 200 200 255 436Maximum used braking power

98.30 94.90 93.40 88.80 88.80 84.10km/hourDesired speed
0.45 0.46 0.65 0.63Aerodynamic drag coefficient dimensionless 0.85 0.85

m*2 1.80 2.72 6.30 5.20 5.20 5.75Projected frontal area
3,300 2,3003,500 1,800 1,800 1,700Calibrated engine speed rpm

0.90.9 0.95 1Energy efficiency factor dimensionless 1 1

Fuel adjustment factor lalpha 2) dimensionless 1.16 1.16 1.15 1.15 1.15 1.15

Tyre Wear Data
184 4 6 6 10Number of tyres per vehicle

dm*3 7.60 7.30 8.39Wearable volume of rubber per tyre 6.85
Fraction 0.3 0.3 0.3 0.3 0.3 0.3Retreading cost per new tyre

1 1 1 1 1 1Maximum number of recaps
dm*3/m 0.164 0.1640.164 0.164Constant term of tread wear model

10-3 dmA3/kj 12.780 12.780 12.780 12.780Wear coefficient for tread wear model

Vehicle Utilisation Data
22,000 40,000 75,000 60,000 60,000 67,500kmAverage annual utilisation

400 800 1,500 1,500 1,500 1,500hoursAverage annual utilisation
0.40 0.50 0.65 0.55 0.65 0.65Hourly utilisation ratio (HURATIO) Fraction

Years 15 12 10 15 10 10Average service life
No No NoUse constant service life 7 No No No

300,000 337,500165,000 240,000 375,000 450,000Age of vehicle in km km
2 5 32Passengers per vehicle

Unit Costs
us$ 9,500 18,000 37,293 47,5418,525 37,115New vehicle price

USS/litre 0.29 0.20 0.20 0.200.29 0.20Fuel cost
1.32US$/litre 1.32 1.32 1.32 1.32 1.32Lubricants cost

US$ 53 80 265 146 225 225New tyre cost
1.53 3.05 2.29 2.59 2.59USS/hourCrew time cost

US$/hourPassenger delay cost
1.83US$/hour 1.83 1.83 1.83 1.83 1.83Maintenance labout cost

USS/hourCargo delay cost
10 1010 10 10Annual interest rate (%) % 10

0.025 0.025US$ 0.010 0.025 0.025Overhead per vehicle km

Additional Coefficients
0.371 0.3710.308 0.308 0.483 0.371KP - Maintenance parts

32.490 1.770 1.490 8.610 13.94010E-6 32.490CPo - Maintenance parts
3.560 251.790 35.310 15.65010E-3 13.700 13.700CPq - Maintenance parts

0.000 0.000190.000 0.000120.000 120.000OlPo - Maintenance parts
652.510242.030 301.46077.140 77.140 293.440CLo - Maintenance parts

CLp - Maintenance parts
0.519 0.5190.547 0.547 0.517 0.519
0.000 0.0000.000 0.000 0.006 0.000

CLq - Maintenance parts
3.070 3.070 3.070 5.1501.550 1.550

COo - Lubricants
0.292 0.1790.220 0.233 0.2920.268FRATIOO - VCURVE
0.094 0.0230 0.09410E-4 0 0FRATI01 - VCURVE
177.7 130.9177.7259.7 239.7 212.8ARVMAX - VROUGH

1 11 1 1 1BW - VDESIR
0.310 0.2440.274 0.310 0.273 0.310BETA - Speed
1.013 1.0181.003 1.004 1.012 1.013

EO - Speed
-7,276 -22,955 -22,955 -30,559-8,201 6,014AO - Fuel

95.0 95.0 156.137.6 63.533.4A1 - Fuel
a 00 00A2 - Fuel

3,758 3,758 4,0023,846 4,3235,630A3 - Fuel
0 000 1.398A4 - Fuel

19.12 19.12 4.410 0 8.64
A5 - Fuel

2,394 4,4354,460 3,604 2,479 2,394
A6 - Fuel

26.080 11.50 13.76 13.760A7 - Fuel
-85 -85-12 -50 -85-10NHO - Fuel

10.7 1 1 1
Alpha 1



TABLEA32.XLS

Table A.3.2 DATA INPUTS FOR VEHICLE OPERATING COST ANALYSIS

GEöfiStftVehicle Operating Cost Model
Inputs 5Ш 4 10

Utility
Vehicle

Heavy
(3-axle)
Track

UnN Car Large Medium
Bus (2 axle)

Truck

Articulated
tj-3-axle)

Truck

Roadway Characteristics
Surface type Paved Paved Paved Paved Paved Paved
Average roughness (IRI) m/km 7 7 7 7 7 7

% 5 5Average positive gradient 5 5 5 5

% 55 5Average negative gradient 5 5 5

% 50 50Proportion of uphill travel 50 50 50 50
5 5deg/km 5Average horizontal curvature 5 5 5

0.00012C 0.00012Cfraction 0.00012C 0.00012CAverage superelevation 0.00012C 0.00012C
500 500 500Altitude of terrain 500 500 500m.
>1 >1 >1Effective number of lanes >1 > 1 >1

Vehicle Characteristics
960 1,815 11,100Tare (unladen) weight 4,525 8,200 12,400
300kg 400 3,000 2,400Load carried 6,000 15,000

metric HP 41 39 100Maximum used driving power 67 147 147
20 29metric HP 197Maximum used braking power 147 255 467

98.30 94.90km/hour 93.40 88.80Desired speed 88.80 84.10
dimensionless 0.45 0.46 0.65Aerodynamic drag coefficient 0.85 0.85 0.63

m*2 1.80 2.72 6.30 5.20Projected frontal area 5.20 5.75
3,500 3,300 2,300Calibrated engine speed 1,800 1,800 1,700rpm
0.95 0.95 0.95dimensionlessEnergy efficiency factor 1 1 1

dimensionless 1.16 1.16 1.15Fuel adjustment factor (alpha 2) 1.15 1.15 1.15

Tyre Wear Data .!
4 4 6 6Number of tyres per vehicle 10 18 İdm~3 6.85 7.60 7.30Wearable volume of rubber per tyre 8.39

0.3 0.3 0.3Fraction 0.3Retreading cost per new tyre 0.3 0.3 ■J
1 1 1 1Maximum number of recaps 1 1 :5dm*3/m 0.164 0.164Constant term of tread wear model 0.164 0.164 .5

10-3 dm*3/kj 12.780 12.780Wear coefficient for tread wear model 12.780 12.780 !

Vehicle Utilisation Data
1 7,000 30,000 60,000km 40,000Average annual utilisation 40,000 50,000

350 750 1,250hours 1,150 1,000Average annual utilisation 1,250
0.50Fraction 0.40 0.50 0.50 3Hourly utilisation ratio (HURATIÖ) 0.60 0.65

17 12 10Years 15 12 10Average service life
No No No NoUse constant service life ? No No «135,000 200,000 350,000km 400,000 250,000 325,000Age of vehicle in km İ2 5 32Passengers per vehicle 3

,?
Unit Costs

us$ 9,7507,000 45,000 1 8,000 40,000 48,000New vehicle price
US$/litre 0.28 0.28 0.21 0.21 0.21 0.21Fuel cost
US$/litre 1.35 1.35 1.35 1.35 1.35 1.35Lubricants cost

US$ 50 80 200 150 200 250New tyre cost
0.20US$/hour 0.30 0.30 0.30 0.30Crew time cost

US$/hourPassenger delay cost
0.24 0.24US$/hour 0.24 0.24 0.24 0.24Maintenance labout cost

US$/hour
Cargo delay cost_______
Annual interest rate (%) % 12 12 12 12 12 12

0.010 0.020US$ 0.025 0.025 0.025Overhead per vehicle km

Additional Coefficients
0.308 0.308 0.483 0.371 0.371 0.371

KP - Maintenance parts
32.49010E-6 32.490 1.770 1.490 8.610 13.940CPo - Maintenance parts

10E-3 13.700 13.700 3.560 251.790 35.310 15.650CPq - Maintenance parts
120.000 190.000120.000 0.000 0.000 0.000QlPo - Maintenance parts
77.140 293.440 242.030 301.46077.140 652.510CLo - Maintenance parts

0.547 0.517 0.5190.547 0.519 0.519CLp - Maintenance parts
0.000 0.000 0.006 0.000 0.000 0.000

CLq - Maintenance parts
1.550 3.070 3.0701.550 3.070 5.150CÖo - Lubricants

0.268 0.220 0.233 0.292 0.292 0.179FRATIOO - VCURVE
0 0 0.09410E-4 0 0.094 0.023

FRATI01 - VCURVE
259.7 239.7 212.8 177.7 177.7 130.9ARVMAX - VROUGH

11 1 1 1 1BW - VDESIR
0.310 0.273 0.3100.274 0.310 0.244

BETA - Speed
1.003 1.004 1.012 1.013 1.013 1.018

EO - Speed
6,014 -7,276 -22,955 -22,955-8,201 -30,559AO - Fuel

37.6 63.533.4 95.0 95.0 156.1A1 - Fuel
0 00 0 0 0

A2 - Fuel
3,846 4,323 3,758 3,7585,630 4,002

A3 - Fuel
00 1.398 0 0 0

A4 - Fuel
0 8.64 19.12 19.120 4.41

A5 - Fuel
3,604 2,479 2,3944,460 2,394 4,435A6 - Fuel

0 0 11.50 13.76 13.76 26.08
A7 - Fuel

-12 -50 -85-10 -85 -85NHO - Fuel
0.7 1 1 1 1 1Alphal
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Table A.3.2 DATA INPUTS FOR VEHICLE OPERATING COST ANALYSIS

Vehicle Operating Coat Model
Inputs

AZERBAIJAN
1 4 s 6 109

UnH Car Utility
Vehicle

Large Medium
Bus (2 axle)

Trunk

Heavy
(3-axle)
Trunk

Articulated
ОЗ-axie)

lllftwiitt
Roadway Characteristics
Surface type Paved Paved Paved Paved Paved Paved

5 5 5 5 5 5Average roughness (IRQ m/km
5 5% 5 5 5 5Average positive gradient

% 5 5Average negative gradient 5 5 5 5

% 50 50 50 50 50 50Proportion of uphill travel
deg/km 5 5 5 5 5 5Average horizontal curvature
fraction 0.00012C 0.00012C 0.00012C 0.00012C 0.00012C 0.00012CAverage superelevation

100 100 100 100 100 100Altitude of terrain m.
>1 >1 >1Effective number of lanes >1 >1 >1

Vehicle Characteristics
M 960 1,300 11,100 4,525 8,200 12,800Tare lunladen) weight

300 400 3,000 2,400kg 6,000 1 5,000Load carried
39 100metric HP 41 67Maximum used driving power 147 147
29metric HP 20 197 147 255 467Maximum used braking power

98.30 94.90 93.40km/hour 88.80 88.80 84.10Desired speed
0.45 0.46 0.65 0.85 0.85 0.63dimensionlessAerodynamic drag coefficient

2.72m*2 1.80 6.30 5.20 5.20 5.75Projected frontal area
3,500 3,300 2,300 1,800 1,800 1,700Calibrated engine speed rpm
0.95 0.95 0.95 1 1 1dimensionlessEnergy efficiency factor
1.16 1.16 1.15 1.15 1.15 1.15Fuel adjustment factor (alpha 2) dimensionless

Tyre Wear Data
6 10 184 4 6Number of tyres per vehicle

dm*3 6.85 8.397.60 7.30Wearable volume of rubber per tyre
0.3Fraction 0.3 0.3 0.3 0.3 0.3Retreading cost per new tyre

1 1 1 1 1 1Maximum number of recaps
dm'3/m 0.164 0.164 0.164 0.164Constant term of tread wear model

10-3 drrT3/kj 12.780 12.780 12.780 12.780Wear coefficient for tread wear model

Vehicle Utilisation Data
62,500 40,000 40,000 56,25017,500 29,250kmAverage annual utilisation

hours 350 650 1,250 1,000 1,000 1,250Average annual utilisation
0.60 0.650.40 0.50 0.60 0.50Hourly utilisation ratio (HURATIO) Fraction

10Years 15 8 7 8 8Average service life
No No NoNo No NoUse constant service life ?

281,250131,250 175,500 218,750 240,000 200,000kmAge of vehicle in km
2 5 32Passengers per vehicle

Unit Costs
US$ 7,800 7,020 38,500 15,438 40,300 50,000

New vehicle price
0.14US$/litre 0.35 0.35 0.14 0.14 0.14Fuel cost

USS/litre 1.32 1.32 1.32 1.32 1.32 1.32
Lubricants cost

250US$ 57 57 200 150 250New tyre cost
0.43 0.57US$/hour 0.28 0.43 0.43Crew time cost

US$/hourPassenger delay cost
USS/hour 0.34 0.34 0.34 0.34 0.34 0.34Maintenance labout cost
US$/hour

Cargo delay cost 12İ12 12 12 12 12%Annual interest rate (%)
0.025US$ 0.010 0.020 0.025 0.025Overhead per vehicle km

Additional Coefficients
KP - Maintenance parts

0.371 0.371 0.3710.308 0.308 0.483
13.9408.61010E-6 32.490 32.490 1.770 1.490CPo - Maintenance parts

10E-3 13.700 13.700 3.560 251.790 35.310 15.650CPq - Maintenance parts
0.000 0.000 0.000120.000 120.000 190.000

OlPo - Maintenance parts
652.51077.140 293.440 242.030 301.46077.140CLo - Maintenance parts

0.5190.519 0.5190.547 0.547 0.517CLp - Maintenance parts
0.0000.000 0.000 0.006 0.000 0.000

CLq - Maintenance parts
3.070 3.070 3.070 5.1501.550 1.550COo - Lubricants

0.292 0.1790.268 0.220 0.233 0.292FRATIOO - VCURVE
0.094 0.0230 0.09410E-4 0 0FRATI01 - VCURVE
177.7 130.9259.7 239.7 212.8 177.7ARVMAX - VROUGH

1 1 1 11 1BW - VDESIR
0.310 0.273 0.310 0.310 0.2440.274

BETA - Speed
1.0181.013 1.0131.003 1.004 1.012EO - Speed

-30,559-8,201 6,014 -7,276 -22,955 -22,955
AO - Fuel

33.4 37.6 63.5 95.0 95.0 156.1
A1 - Fuel

00 0 00A2 - Fuel
3,758 4,002'3,846 4,323 3,7585,630A3 - Fuel

00 1.398 0 0A4 - Fuel
0 0 8.64 19.12 19.12 4.41

A5 - Fuel
3,604 2,394 2,394 4,4354,460 2,479

A6 - Fuel
26.080 11.50 13.76 13.760A7 - Fuel

-85 -85-10 -12 -50 -85
NHO - Fuel

10.7 1 1 1A[pha1_
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Table A.3.2 DATA INPUTS FOR VEHICLE OPERATING COST ANALYSIS

Vehicle Operating Cost Model
Inputs

ARMENIA
1 4 5 8 9 10

Unit Car Utility
Vehicle

Heavy
t3-a*le)
Truck

Large Medium
Bus (2-axle)

./'i;' Truck

Articulated

(> 3-axle)
Truck

Roadway Characteristics
Surface type Paved Paved Paved Paved Paved Paved

5 5Average roughness (IRI) m/km 5 5 5 5

% 5 5 5 5 5Average positive gradient 5

%Average negative gradient 5 5 5 5 5 5

% 50 50 50 50 50 50Proportion of uphill travel
deg/km 5 5Average horizontal curvature 5 5 5 5
fraction 0.00012C 0.00012C 0.00012C 0.00012C 0.00012CAverage superelevation 0.00012C

1,000 1,000 1,000 1,000 1,000 1,000Altitude of terrain m.
>1 >1 >1 >1 >1 >1Effective number of lanes

Vehicle Characteristics
960 1,320 10,400M 4,525 7,500 12,130Tare (unladen) weight
400 900 3,500 6,000 15,000Load carried 3,500

40metric HP 41 138 67 147 147Maximum used driving power
20 32 208 217 436Maximum used braking power metric HP 147

98.3 94.9 93.4 88.8 88.8 84.1Desired speed km/hour
0.48 0.65 0.85dimensionless 0.45 0.85 0.63Aerodynamic drag coefficient

m*2 1.80 2.72 6.30 5.20 5.20 5.75Projected frontal area
3,500 3,300 2,300 1,800 1,800 1,700Calibrated engine speed rpm

dimensionless 0.95 0.90 0.95 1.00 1.00 1.00Energy efficiency factor
1.16Fuel adjustment factor (alpha 2) dimensionless 1.16 1.15 1.15 1.15 1.15

Tyre Wear Data - 2İ64 4 6 10 18Number of tyres per vehicle
dm*3 6.85 7.60 7.30 8.39Wearable volume of rubber per tyre

0.3 0.3 0.3Fraction 0.3 0.3 0.3Retreading cost per new tyre
1 1 11 1 1Maximum number of recaps

dm~3/m 0.164 0.1640.164 0.164Constant term of tread wear model .5)
10-3 dm*3/kj 12.780 12.780 12.780 12.780Wear coefficient for tread wear model

1
Vehicle Utilisation Data

60,000 90,00025,000 40,000 120,000 90,000kmAverage annual utilisation
500 875 2,000 1,430 1,370 1,500hoursAverage annual utilisation

0.6 0.6 0.650.4 0.5 0.6Hourly utilisation ratio (HURATiO) Fraction 112 10 15 10 10Years 15Average service life
jNo No No No NoUse constant service life ? No

281,250 262,500 218,750 300,000km 131,250 1 56,000Age of vehicle in km ■i2 455Passengers per vehicle

Unit Costs ■ -.1
us$ 50,000 1 5,000 45,000 60,0007,000 6,000New vehicle price ~0.30.35 0.3 0.3 0.3US$/litre 0.35Fuel cost

1.4 1.4US$/litre 1.4 1.4 1.4 1.4Lubricants cost
200US$ 50 200 150 25045New tyre cost

0.39 0.39 0.39 0.52US$/hour 0.26Crew time cost
US$/hourPassenger delay cost

0.31 0.31 0.31 0.31 0.31 0.31US$/hourMaintenance labout cost
US$/hourCargo delay cost

12 12 1212 12 12Annual interest rate (%) %
0.025 0.025US$ 0.01 0.02 0.025Overhead per vehicle km

Additional Coefficients
0.371 0.371 0.3710.308 0.308 0.483KP - Maintenance parts

13.94032.490 1.770 1.490 8.61010E-6 32.490CPo - Maintenance parts
35.310 15.65013.700 3.560 251.79010E-3 13.700CPq - Maintenance parts

0.0000.000 0.000120.000 120.000 190.000QlPo - Maintenance parts
301.480 652.51077.140 293.440 242.03077.140CLo - Maintenance parts

0.519 0.519 0.5190.547 0.547 0.517CLp - Maintenance parts
0.0000.006 0.000 0.0000.000 0.000CLq - Maintenance parts

3.070 5.1501.550 3.070 3.0701.550COo - Lubricants
0.292 0.1790.233 0.2920.268 0.221

FRATIOO - VCURVE
0.094 0.0230 0 0.094010E-4FRATI01 - VCURVE

130.9177.7 177.7259.7 239.7 212.8
ARVMAX - VROUGH

11 11 11BW - VDESIR
0.2440.273 0.310 0.3100.274 0.308

BETA - Speed
1.013 1.0181.004 1.012 1.0131.003EO - Speed

-30559-7276 -22955 -22955-8201 6014
AO - Fuel

95.0 156.163.5 95.033.4 37.6
A1 - Fuel

0 00 00A2 - Fuel
400237583846 4323 37585630A3 - Fuel

0 01.398 00A4 - Fuel
19.12 4.418.64 19.1200A5 - Fuel 44352394 23943604 24794460A6 - Fuel
13.76 26.0811.50 13.760 0

A7 - Fuel
-85-85 -85-12 -50-10

NHO - Fuel
1 10.7 1 1

Alpha 1
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Representative Vehicle Models Selected for Vehicle Operating Cost AnalysisTable A.3.1

Representative Vehicle Types/Models
Medium Heavy

3-axle
Truck

Heavy
Truck+Trailer 

5-axles

Country
Utility
vehicle

LargeCar 2-axle
TruckBus

Lada 124 
Lada 124 
Lada 124 

Lada 2106 
Lada 2107 
Lada 124 
Lada 124 

Lada 1600

Eraz 762vgp 
GAZ 52 

Raf 2203 
Raf 2203 
Raf 2203 
Raf 2203 

Eraz 762vgp 
Raf 2203

Ikarus 256 Zil 130-80 Kamaz 5320 Kamaz 5410 
Kamaz 5411 2 
Kamaz 54112 
Kamaz 5410 

Kamaz 54112 
Kamaz 5411 2 
Kamaz 54112 
Kamaz 54112

Armenia
Azerbaijan
Georgia
Kazakhstan
Kyrgyzstan
Tajikistan
Turkmenistan
Uzbekistan

Ikarus 25058 Zil 130 431410 Kamaz 53212 
Ikarus 25058 Zil 130-80 Kamaz 53212 
Ikarus 25058 GAZ-SAZ 53B Kamaz 53212 

Ikarus 250 
Ikarus 256 
Ikarus 256 
Ikarus 256

Zil 130 
Zil 130 

Zil 130-80 
Zil 130-80

Kamaz 5320 
Kamaz 5320 
Kamaz 5320 
Kamaz 5320

Consultant's estimateSource:

Page 1
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TACIS - TRACECA PROGRAMME

Design guidelines and codes relating to road signage, and to geometric design of rural highways, 
including rural road intersections, are to be reviewed in detail with local experts and compared to 
current Western practice. Suggestions for revision are to be made. They should recommend the 
most suitable Western design guidelines for adoption, noting any adaptations, if considered 
necessary.

Work in this section should be closely coordinated with the road safety seminars, to promote a 
maximum of local input.

3.6 Study Tour and Seminars

A study tour to Western Europe is to be provided for twenty persons, to be nominated by the 
Consultant and approved by the Recipient States. The tour is to focus on routine maintenance 
practice, bitumen bound materials technology and road safety.

The Consultant is to arrange site visits and demonstrations, such as to
• working road and bridge maintenace units
• bituminous bound materials production plants
• in-situ surface recycling operations
• on-site expositions and explanations of road safety dispositions
About five full working days is to be foreseen, plus appropriate acclimatisation/briefing and 
debriefing periods. Participants should meet West European counterpans, and be able to question 
them on all aspects of the activities they are shown. Russian language interpreters are to be in 
attendance.

Short seminars are to be organised in each' of the Recipient States to present overviews, 
explanations of state-of-the-art PMS, bituminous bound products technology, bridge maintenance 
techniques and concepts of road safety, to Roads Directorate senior staff. Seminar manuals are to 
be prepared in the Russian language.

Road safety presentations should cover the most recent and ongoing work in the West concerned 
with the prediction of accidents and implementation of safety measures (eg. eonllict techniques of 
safety situation analysis, the economic analysis of safety measures, recent case studies and risk 
analysis findings). It may be assumed that the basic principles and established standards of road 
safety design are already known by the local authorities.

Bridge maintenace presentations should include the most recent Western practice for treatment of 
cracking, concrete removal, patch repairs, sprayed concrete, external reinforcement, 
supplementary prestress, corrosion countermeasures, surface treatments, coating of 
reinforcement, cathodic protection, desalination and realkalisation..

3.7 Cost and Financing of Road Usage

The present system of taxes is neither effective in financing road maintenance, nor inn *" IJ. I . 1

allocating the incremental cost of road usage within the economy. Furthermore, it could provoke

TO!? '-MS - П



TACIS - TRACECA PROGRAMME

distortion of demand within the transport sector. The general problem has been reviewed in 
previouse reports by Western consultants.

This study is to present a rigorous, authoritative analysis embracing:
• the cost of road usage

• the elements comprising vehicle operating costs and their dependency on road 
condition

• the dependency of condition on maintenance practice
• the eventual reconstruction costs under scenarios such as do-nothing, minimum 

maintenance and optimised scenarios
• the incremental deterioration of pavements under the effect of axle loads

• the advantages and disadvantages of the present collection systems, including for example
• a comparison with marginal cost pricing
• the impact of transit fees across the region
• distortions to competition between modes
• distortions to vehicle and fuel demand

• external costs of road transport
• foreign exchange components in overall cost of road transport, for the different states

Recommendations are to be made for workable, balanced, systems of levying taxes on road use, 
and the equitable allocation of funds to road maintenance. The cost inputs are to be considered 
separately for each State.

A loll analysis of tolling of roads and bridges is beyond the scope of this study. However any 
obvious candidate projects may be cited and used as an example.

The order of magnitude of time and safety costs and savings are to be estimated and presented, 
but separately from direct costs. The elfects of congestion may be included qualitatively.

(Till, collaboration with the Ministries of IZconomy and Finance in the preparation of this analysis 
and recommendations, will be essential for the output to have any impact.

Serious price distortions (eg.through subsidies) have been encountered. Shadow pricing is to be 
applied as appropriate, but applications should then be clearly explained.

The cost and financing analysis described in this section is to be issued as a separate report dealing 
with this single issue. It should be clear and concise, to address a readership of Officials in the 
TRACECA states, foreign consultants (eg to Ministries of Economy and Finance), as well as 
other decision makers, who may be presumed unfamiliar with transport economics. It should be 
strictly objective, and applicable as a reference document for negotiations between Ministries of 
Transport and Ministries of Economy and Finance in the Region. It should emphasise the local 
consequences and obligations of road maintenance policies, rather than seeking to justify IFI 
intervention.
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Dear Sir,

TRACECA Project: Implementation of Pavement Management Systems 
Project Number: TELREG 9305 

Study of the Cost and Finance of Road Usage

We take pleasure in submitting to you the draft final report of the above study comprising 
Volume 1 Main Report and Volume 2 Annex for your review and comment.

The report is submitted in six copies, five bound and one loose leaf. A copy of Volume 1 
has been forwarded by E-Mail to the Tads Coordinating Units in the eight recipient states 
as well as to the Tads Monitoring & Evaluation Central Asia in Almaty.

The Russian version is presently under translation and will be submitted together with the 
diskette as soon as completed.
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KOCKS CONSULT GMBH 
Consulting Engineers

uUlrich Sprick Ulrich Willems
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