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Abstract

The m ainteııance of the forest roads includes constructing and 
reconditioniııg tlıe pavenıents, m aintaiııing the stream  Crossing structures along 
the route, eleaııing and im proving the ditciıes, and straiglıteniııg the Iıoles and 
barrovvs on the roadvvay. In  this study, pavem ent construction activities in a 
sample forest road section, especially vvith Iıeavy trafilc loads, are examined in 
various aspects. The research vvas perform ed in the forest of Sarıyer Forest 
Enterprises, located in the İstanbul D istrict D irectorate of Forestry. The pavem ent 
of a B type forest road vvith 02 code in Rumeli Feneri vvas examiııed and various 
field m easurem ents vvere taken suclı as cross section, slope, and soil compaction 
values. The deform ation of the pavements in first year after construction vvas 
examined and the suitability of the pavem ent vvas also analyzed.

K ey  W ords: Pavem ent, forest road, com paction , c a ısh e d  m ateria l

1. Introduction

Iıı o rder to take the advantage o f  m ain  forestry  ac tiv ities suclı as pro tection , 
affo restation , m anagem ent, recrea tion , and fire fighting , a vvell constn ıc ted  and 
m ain ta ined  forest road  netvvork should be estab lished  at fırst. T here  are T ype A  and 
T ype B fo rest roads in T u rkey  to p rov ide  access into the fo rested  areas (G D F, 1984). 
T hese  fo rest roads are constructed  by  considering  road  types and sizes, in tended  usage, 
and land conditions. A fte r the construction , the fo rest roads shou ld  be m ain tained  and 
repa ired  at certa in  periods to p reserve structural in tegrity  and travel quality  o f  the forest
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roads (A kay, 2006). I f  the m ain tenance and rep a ir activ ities are not perform ed, 
defo rm ations form ed on road  surface m ay b lo ck  the usage  o f  the road . T he pavem ent 
construction  activ ities on  approx im ate ly  17% o f  the forest roads have been  com pleted  in 
T u rkey  (A car and  E ker, 2001).

W heel load  and  nom inal g round  pressu re  resu lts  in tem porary  deform ations on 
bo th  pavem en t and substructure  a long the roadvvay (B ayoğ lu , 1997). D ue to the pressure 
o f  the w heels on  the ground, the substructu re  m oves to the sidevvard, causing the 
b reakdow ns. A dd itionally , a fter a certain  period , the access o f  the road  can be 
com plete ly  closed  due to the excessive am ount o f  m oisture , breakdovvns, and ruins 
caused  b y  heavy  load and lack  o f  road  m ain tenance  (F igüre  1).

Ovenveight \vheel load „ _
° Surface

material
punctııred
iııto the
subgrade

F igüre 1. Shear failure o f  a road surface b ecause  o f  o v en v e ig h t w heel load 
Şekil 1. T ekerlek  yükü altında yol yüzey in in  b iç im  değ işik lik leri 
(K elle r and Sherar, 2003)

A ccord ing  to FA O  (1998), local factors such  as the su rfac ing  m ateria l, clim ate 
and traffıc m ix, grad ien t, and vehicle speed  in fluence  the rate o f  surface deterioration . 
F o r exam ple, re-g rad ing  is suggested  after 20000  veh icle  passes as a typical interval. 
T he fo llo\ving ind icates the average num ber o f  veh ic le  passes vvith respect to re-grad ing  
in tervals:

V ehicles p e r vear R e-g rad ing  in terval
>  20000  less than  one year
1 2 0 0 0 -2 0 0 0 0  1 year
8000 -  12000 2 years
6000 -  8000 3 years
5 0 0 0 - 6 0 0 0  4  years
< 5 0 0 0  5 years

Surface m ain tenance  can  be also com pu ted  depend ing  on the tim ber volüm e 
tran spo rted  över the road  such as 2.5 cm  ro ck  d isp lacem en t for every  4500  m 3 tim ber 
hau l (A kay  and Sessioııs, 2003). ICramer (2001) sta ted  that m ain tenance, road  drainage, 
pavem en t, and d itch  im provem ent ac tiv ities m ust b e  p erio d ica lly  schedu led  in every  
year.

S urfac ing



T he type o f  su rfac ing  m ateria l should  be chosen  by  considering  traffıc  load, 
frequency  o f  usage, g rade o f  road , soil type in natu ral roadbed , availab le  m ateria ls, cost, 
and aesthetics. T o  ensure a good  bo nd  betvveen the soil an d  su rfacing  m ateria l and to 
p rov ide  early  p ro tec tion  aga in s t soil erosion , c rushed  rocks o r gravel su rfac ing  m aterials 
should  be p laced  on  the su rface instan tly  afte r road  construction  (A nonym ous, 2005). 
R oad  m ain tenance  is also very  im portan t fo r vvater quality , considering  d rainage contro l 
and stream side  m anagem ent (T urton  et.al., 2005). A fte r period ic  forest operations have 
been  com pleted  and m a jö r sto rm  events has passed , fo rest roads m ust be  m ain ta ined  
during  ac tive  use to ensu re tha t the d ra inage  structures are function ing  properly . In 
sp read ing  pav em en t m aterials on the road  surface, g raders shou ld  be used  (S ko rse th  and 
Selim , 2000).

H eavy  ra insto rm s m ay cause cu t slope failu res tha t b locks d itches, d irects w ater 
flow s to the road  surface, and  erodes the su rface and  fiil slope. P roper road  surface is 
u sually  desirab le  and, in m any  cases, necessary  to add  subgrade structural suppo rt by  
im proving  the roadbed  o f  na tive  soil surface vvith m aterials suclı as g ravel, coarse rocky  
soil, c ru shed  aggregate , cobblestone, concrete  b lock , o r som e type o f  b itum inous seal 
coat or asphalt pavem en t (B ayoğlu , 1969). G ravel m aterials are m ostly  used  to ensure 
stab le  pavem en t on forest surface.

T he period ic  m ain tenance  o f  the roads shou ld  be com pleted  befo re  forest 
transporta tion  starts in sp ring  or after the fo rest transporta tion  ends in autum u. B esides, 
a pavem en t shou ld  be constructed  on the fo rest roads vvhere daily  and  annual vehicle 
traffıc vo lüm e is very  h igh  and that shou ld  be kep t open  during  the year.

P avem en t constn ıc ted  on a fo rest road  lim its the m ovem ent o f  the g round  to 
sidevvays and therefo re  it p reven ts a vertical defo rm ation  (G D F, 1984). P avem en t o f  a 
fo rest road  is d iv ided  into tvvo layers iııcluding surface course and base course (F igüre
2).

Groııııd liııc on
crosH section
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Figüre 2. R oad  tem plate  elem ents 
Şekil 2. Y ol enkesit elem anları
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M ateria ls u sed  in pavem en t construction  ac tiv ities are;
1) N atu ral stone m ateria ls (ingen ious rock, sed im en tary  rock, m etam orphic  

rocks)
2) N atu ra l aggregates (gravel, sand)
3) A rtifıc ia l aggregates (cem ent)
4) A spha lt (U m ar and A gar, 1985).

In the forest roads o f  T urkey , g ravel and crushed  rocks are genera lly  used for 
p avem en t m aterials. A sphalt is used for the fo rest roads located  in national parks, 
recrea tional areas, and  som e forest v illage roads. In last few  years, industria l \vastes 
such  as lim e m ud have been  aslo used in p avem en t construc tion  ac tiv ities (Eroğlu, 
2003; M achado  et.al., 2004).T he ob jective o f  this study  is to exam ine the pavem en t 
construc tion  activ ities in a sam ple fo rest road  section , espec ia lly  \vith heavy  traffıc 
loads. T he study  w as conducted  in forest o f  S ariyer R eg ion  F o res t E nterprises, located  
in the İs tanbul D istric t D irectorate  o f  Forestry . A  sam ple T ype B forest road  section  
vvith 02 code vvas selected  from  R um eli F eneri. V arious fie ld  data  vvere co llec ted  such 
as cross section , slope, and soil com paction  values. D efo rm ation  o f  the pavem ents after 
the First year o f  construction  vvas also e .\am ined  to evalua te  the su itab ility  o f  the 
pavem ent.

2. Material and Methods

2.1. Pavement thickness

Strevv th ickness o f  the surface m ateria ls is g enera lly  determ ined  by  “ G roup Index 
(G I)” m ethod , vvlıich vvas developed  by S teele  (1945). T here  are Fıve ca tegories in this 
m ethod  and  these ca tegories are determ ined  accord ing  to average daily  traffic. T he 
p avem en t is ca lcu la ted  accord ing  to g round  com paction , vvhich is m easured  based  on 
G roup  Index. G round  com paction  varies vvith the follovving factors;

1) M oisture  p ropo rtion  o f  g round
2) D ry  density  o f  ground
3) C onfıgura tion  o f  ground
S ince the fırst and  the second  factors can  be con tro lled  by  a good  drainage and 

com pression  o f  subgrade, g round com pac tion  shall on ly  be  reflec ted  by  the th ird  factor, 
vvhich refers to the structure o f  ground. G roup  Index  m ethod  vvas developed  based  on 
this assum ption .

G roup Index  o f  a ground  can be  ca lcu la ted  b y  the follovving equation  (U m ar and 
A gar, 1985);

GI =  0.2 x (a) + 0.005 ( a x c )  +  0.01 (b x d)
vvhere



a = The am ount o f  the ground sifted vvith the sieve no. 200 that is greater than 
35 % and less than 75%  (it is expressed as a Cardinal num ber betvveen 0 -  
40)

b =  The amount o f  the ground sifted vvith the sieve no. 200 that is greater than 
15% and less than 55%  (it is expressed as a Cardinal num ber betvveen 0 -  
40)

c = The part o f  numerical liquidity limit o f  the ground that is greater than 40 
and less than 60 (it is expressed as a Cardinal num ber betvveen 0 -  20)

d = The part o f  numerical plasticity indices o f  the ground that is greater than 10 
and less than 30 (it is expressed as a Cardinal num ber betvveen 0 -  20)

A fte r ali tlıese values are ob tained , the th ickness o f  the pavem en t m ateria l can  be 
found. A n abacus vvas developed  to determ ine the p avem en t th ickness requ ired  for the 
fo rest road  (U m ar and  A gar, 1985; A ykut, 1978).

2.2. Study area

T he study  area consists o f  T ype B fo rest roads vvith 02  code, located  in S ariyer 
R egion  F orest E n terprises in İstanbul. T o ta l length  o f  the sam ple road  is abou t 2700 m 
vvith the average road  vvidth o f  4 m. T he soil type in the study area is sandy  loam y. 02 
code forest roads vvere constn ıc ted  as dirt roads abou t 15 year ago and pavem ent 
construetion  vvas no t perfo rm ed  on this road  .

T he observations o f  the sam ple road p rio r to the pavem en t ac tiv ity  ind ica ted  that 
d itehes vvere fd led  and som e parts o f  the road  surface vvere deform ed. B ased  on the field  
investigation , no passage  cou ld  be p rovided , dııe to excessive defo rm ation  on som e 
parts o f  the road. T he fu rther investigation  ind ica ted  tha t dam ages have occurred  on 
head vvall parts o f  drainage struetu res and  on cu lvert aprons (F igüre 3).
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Figüre 3. T he conditions o f  02 code forest road , diteli, and roadbed  p rio r to pavem en t 
ac tiv ities (Photo: T .O ztu rk )
Şekil 3. 02 K od no lu  orm an yo lunun  üstyap ıdan  öncek i durum u
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2.3. Pavement activity

First, the defo rm ation  on  T ype B forest road  and  the general condition  \vas 
exam ined  and pho tographed . It vvas observed  tha t a lm ost ali road  pavem en ts vvere in 
p oo r condition , fılled  vvith eroded  soil, silta tion , trees, trunks, and b ranch  residues. It 
vvas a lso  inspected  tha t som e o f  them  vvere b ro k en  and  eroded  partially . O n the o ther 
lıand, it vvas seen  that beneath  the head  and  sidevvays o f  som e cu lverts have been 
eroded.

A long  the roadvvay, cross sections vvere taken  a t every  50 m eters and soil 
com paction  value vvas m easured  from  5 d ifferen t po in ts on each  cross sec tion  by  using a 
E ije lkam p pocket penetrom eter; one po in t on cu t slope, one po in t on  fiil slope, and three 
po in ts on  travelvvay o f  the road  tem plate (F igüre 4 ). T he average m easurem ents vvere 
com puted  fo r tvvo stages o f  the sam ple road  vvhere the first stage is from  cross sec tion  1 
to 20 and the second  stage is from  cross sec tion  21 to 50.

M casıırc points w itli pcncirom ctcr

Rnad Sıırfhcc ( 3 points) M eaSl,re Poin«s  o f  P»vem ent m a,ürials l,üi8 h‘

Figüre 4. a) M easurem en t points vvhere soil com pactions vvere taken  by  p enetrom eter 
b) M easu rem en t po in ts vvhere tlıicknesses o f  the pavem en t m ateria ls vvere taken  
Şekil 4 . a) Penetrom etre  ile top rak  s ık ışm asın ın  ö lçü ldüğü  nok ta lar 
b) Ü styap ı m ateryalin in  kalın lığ ın ın  ö lçü ldüğü  nok ta lar

T he road  g rad ien t vvas m easured  betvveen each  cross sec tion  poin t. F o r each cross 
section , road  tem plate  data such as leng ths and ratios o f  cu t slope and fiil slope, vvidth o f  
d itch , and  road  vvidth vvere m easured . T lıen, the cross sec tion  data vvere sto red  into the 
Com puter using  A utoC ad  2005 softvvare. It vvas a lso  m arked  that there vvere size 8 
cu lverts and  size 2 concrete  p ipes along the roadvvay. In  the second  part o f  field  study, 
pavem en t ac tiv ity  vvas conducted . In  th is part, the construc tion  m achines vvorking on the 
p avem en t ac tiv ity  vvere exam ined , and the th ickness o f  m ateria l sp read  on the road 
surface vvas m easured  from  three d ifferen t po in ts on  the cross sections (F igüre 4). 
B esides, the vvidth o f  the pavem en t m aterial vvas determ ined  at each  m easu rem en t point.

It has been  observed  tha t th ree d ifferen t sizes o f  m aterials vvere used  a long  the 
roadvvay. T h ick  m aterial has been  u sed  on the vvet and m arshy  road  su rfaces and 
norm al-s ize  and sm aller m aterial has been  u sed  on  sound  ro ad  surfaces. T he m aterials 
vvere transported  by doub le-shafted  B M C  and M ercedes b ran d ed  trucks and sp read  on 
the road  surface b y  a C aterp illa r loader. A fter the pav em en t m ateria l vvas sp read  on the 
road, the pavem en t vvas com pacted  b y  a D ynapa  type cy linder. F igııre 5 ind icates the



final status o f  pavem ent. A fter the pavem en t ac tiv ity , harvesting  opera tion  \vas 
conducted  in the forest around  sam ple road  and trees \vere ex trac ted  by  using the 
tractors th rough  the sam ple road. T o ta l tim ber vo lüm e transported  w as approx im ate ly  
600 m 3.
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F igüre 5. A  v iew  from  the forest road  after pavem en t ac tiv ity  (Photo: T .O zturk)
Şekil 5. Ü styap ı ça lışm asından  sonra orm an yo lundan  b ir görünüş

3. Results and Discussion

W ith in  the boundary  o f  the S ariyer R eg ional F orest E nterprises, pavem en t 
construction  o f  02 code road w as p lanned  in 2005 , and  go t b id  b y  the fo rest d irectorate , 
and tlıen bu ilt by  a con trac to r. T he determ ination  o f  m ateria l quantity , com puta tion  o f  
construction  costs, and  o ther necessary  ac tiv ities vvere ca rried  ou t b y  techn ic ians in the 
B ranch  o f  the M achine M ain tenance D irec to ra te  vvithin İstanbul R egional F o restry  
D istrict. T he total road  length and the am oun t o f  pavem en t m aterial vvere calcu la ted  as 
2700  m eters and 2310  m 3, respectively . T he d is tance betvveen the road  and m aterial 
sto rage vvas 14.1 k ilom eters. T h roughou t the road , six crossfie lds vvere determ ined  and 
the construc tion  costs o f  tlıose crossfie lds vvere added  onto the total costs o f  the project. 
W ith in  the fırst 800 m eters o f  the road, the estim ated  m aterial he igh t vvas determ ined  as 
20 cm , vvhereas it vvas determ ined  as 30 cm  in the rest o f  the road. T ab le  1 shovvs the 
average values o f  pavem en t th ickness and  pavem en t vvidths fo r tvvo road  stages.

B efo re starting  pavem en t construction  activ ities, the average values o f  soil 
com paction  at cut slope, fiil slope, and road surface vvas 1.75 kg /cm 2, 1.55 k g /cm 2, and
4.00  kg /cm ”, respectively . A fte r constructing  the pavem en t, the pene trom eter values 
över the road  vvere m easured  as larger than 5 kg /cm 2. T his p roved  tha t a fter the 
m ain tenance  activ ity , the road  becam e ırıore enduring , stronger, and m ore su itab le  fo r 
transporta tion  than  tha t o f  p rio r to m ain tenance. T ab le  2 indicates the average 
com paction  values and road grades for tvvo road  stages. T o ta l construction  cost o f  the 
road  is ca lcu lated  as $24000  vvith the un it co st o f  $8890  p e r km .
T ab le  1. T he average values o f  pavem en t th icknesses and vvidths for the road  section
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T ab lo  1. Y ol bö lüm leri için  üstyap ı ka lın lığ ı ve gen işliğ in in  o rta lam a değerleri

R oad  S tages 
Y ol K ıs ın ıla n

R oad
g rad ien t

A v erag e  so il co m p ac tio n  (kg/cnY ) 
O rta lam a  to p ra k  sık ışm ası

(% ) 
Y ol eğim i

C u t slope  
K azı şevi

R oad  S u rface  
Y ol yüzey i

Fiil slope  
D olgu  şevi

1 - 6 1.70 4 .50 1.10

2 +  3 1.80 3 .50 2 .00

A v erag e
O rta lam a

1.75 4 .0 0 1.55

T ab le  2. T he average values o f  soil com paction  and g rad ien t da ta  fo r the unpaved  road 
T ab lo  2. Ü styap ısız  yolda o rta lam a top rak  sık ışm a değerleri

R oad  stages 
Y ol K ısım ları

A v erag e  p av em en t th ick n ess  (cm ) 
O rta lam a üstyap ı ka lın lığ ı

A v erag e  p av e m e n t vvidth 
(m )

O rta lam a 
üstyap ı g en işliğ iLeft

Sol
M idd le
'O r t a

R igh t
S ağ

1 19 18 20 3 .80

2 21 20 21 3 .90

A v erag e
O rta lam a

20 19 20 .5 3 .85

D uring  the p avem en t construction  ac tiv ities , m ateria l th ickness w as m easured  
period ica lly  in each  50 m eters. F o r the fırst 1000 m eters, average  m ateria l th ickness w as 
m easu red  as 19 cm , vvhereas it vvas m easured  as 21 cm  for the res t o f  the road . A fter 800 
m  section  o f  the road, m aterial scattering  th ickness vvas p lanned  as 30 cm , bu t it vvas 
m easu red  less tlıan tha t o f  p lanned  th ickness. T he vvidth o f  m aterial sca ttering  th rough  
the road  vvas p lanned  as 3 m eters and it vvas m easu red  as it vvas.

A fte r com pleting  pavem en t activ ity , the vvidth o f  sca ttered  m aterials vvas 
m easu red  as 3 .90  m eters as an average for the fırst 1000 m eters o f  the road , vvhile it vvas 
m easu red  3 .80  m eters as an average for the res t o f  the ro ad  (F igüre 6). T he reason  for 
suclı a d ifference is b ecause  o f  using  loader vvlıen sca ttering  the m aterials, instead  o f  
grader. S im ply , loader canno t sca tter the m aterials ev en ly  and  hom ogenously , therefore , 
the m ateria l th ickness becam e differen t in d iffe ren t parts  o f  the road. In  contrast, g rader 
m ay  take the overflovved m aterials back  to the m idd le o f  the road  and  scatters the 
m ateria ls  m ore hom ogenous than  tha t o f  loader.

T he quantity  o f  the m ateria ls used  for pavem en t, ine lud ing  crossfıelds, vvas 
ca lcu la ted  as 2310 m  3. T he p lanned  m ateria l th ickness vvas sim ilar to  the th ickness o f  
the pav em en t m ateria l u sed  in the app lication . T he reason  fo r tha t the m ateria l scattering  
vvidth vvas vvider than  3 m eters (3 .80  m  and  3 .90  m).
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(A )

/ 8 0 0  ııı / 1900  m /
/ / /

T. . . . . . . . . . . . J‘* r-i. A* *r-t/r-yyA-i/f**»//—> ‘r—

Profile of road surface

(B )

Totnl leımtlı of roacl: 2700 m

Overlıeacl appearaııce of road

--------------- Plnnııing pavement lıeigJıl (A) aııd vvidtlı (B)
  Applied pavement height (A) and \vidth (B)

F igüre 6. T h ickness and w id th  o f  p lanned  and app lied  pavem en t m ateria ls 
Şekil 6. P lan lanan  ve uygu lanan  üstyap ı ka lın lığ ı ve gen işliğ i

In the last pa rt o f  the pavem en t, sca ttered  m aterial w as tigh tened  b y  a road  roller. 
D ue to insu ffıc ien tly  tigh ten ing  and uneven ly  d istribu ting  the m ateria ls, the m aterials 
have been  sca ttered  th roughou t the road  after passing  a w in ter season  (F igüre 7). O n the 
o ther hand, since the side d itehes could  not be  opened  enotıgh w hen  locating  pavem ent, 
the d itehes could  no t funetion  w ell and the m aterials have caused  dam age to the surface 
o f  the road , follovving w in ter and spring  rain falls. S u itab le  m ateria ls have been  used for 
pavem en t, vvhich m eans that, in the svvamps, large m ateria ls  vvere used , vvhereas, in the 
regu la r ro ad  strueture , sm all m aterials vvere p referred . In  T ab le  3, the resu lts from  the 
sieve analyses o f  p avem en t m ateria ls vvere listed, considering  tlıick, norm al, and  thin 
m ateria ls.
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F igüre 7. T he cond ition  o f  a part o f  paved  road  -  one year Iater (Photo: T .O ztu rk ) 
Şekil 7. B ir yıl sonra üstyapı yapılm ış yo lun  b ir  bö lüm ünün  durum u

D uring  the road  construction  vvork, cu lverts and concert p ipes w ere needed  
vvithin n ine d ifferen t po in ts o f  the forest road  vvith 02 code. T hen, it vvas con tem pla ted  
tha t this p rob lem  vvas so lved  by constructing  cu lverts and concert p ipes in  a particu lar 
size. D ue to constructing  insu ffic ien t num ber o f  cu lverts and concert p ipes in necessary  
p laces, vvater from  rainfall and  cut slopes have been  accum ulated  in side d itches and  
cou ld  no t be transferred  across the road, and thus, the road  and its coa t vvere alvvays left 
hum id  and dam ped.

A s a result, vvhen heavy  vehicles and truclcs vvere driven, the road  has been  
seriously  defo rm ed  and dam aged. O n the o ther hand, the sca ttered  m aterials vvere sunk 
into the g round  and could  no t function  vvell.

T he trees, trunks, soil, and o ther m ateria ls  vvere filled  in the en trance and exit o f  
the cu lverts and concert p ipes, and b lock ing  overflovv vvere c lea red  b y  a sm all 
excavator. T herefore , the constructions have been  fun c tio n ed  again. T hen , th roughout 
the road , it vvas investiga ted  that parts o f  the som e cu lverts  and concert p ipes vvere 
b ro k en  and d ropped  into the creeks. A s a so lu tion , it vvas recom m ended  that the 
struc tu res should  be repaired  and their m ain tenance  vvork shou ld  be carried  out 
regu larly . D efo rm ation  at d itches and  lost o f  pav em en t m ateria ls are shovved in  F igüre 8.
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T ab le  3. T he sum m ary  o f  sieve  analyses for the pavem en t m ateria l 
T ab lo  3. Ü styapı m ateryali için  e lek  analiz in in  özeti

N orm al P av em en t M ateria l S am ples (B ag  vveight 3 .1 0  gr)
N o rm al üstyap ı m a te ry a lin in  Ö rnek leri (T o rb a  ağ ırlığ ı)

S creen  d iam ete r B ag  n u m b er S am p le  \ve igh t (g r) P e rcen t (% )
E lek  yarıçap ı T o rb a  N u m arası Ö rn ek  ağ ırlığ ı Y ü zd e

(m m )

38.1 1 197.90 8.14

25 .4 2 4 5 3 .7 6 18.66

19.0 3 6 91 .59 2 8 .4 4

9.51 4 7 06 .64 29 .06

4.75 5 254 .88 10.48

B in d e r 6 127.15 5 .22

2 4 3 1 .9 2 100

T h ic k  P av em en t M a teria l S am ples (B ag  w e ig h t 3 .1 0  gr)
ince  Ü styap ı M a tery a lin in  Ö rnek leri

S creen  d iam eter Bag S am p le  \ve igh t P ercen t
(m m ) n u m b er (gr) (% )

50 .8 1 9 1 4 .6 9 3 5 .7 7

38.1 2 4 00 .93 15.68

25 .4 3 622.73 24 .35

19.0 4 31 6 .8 4 12.39

9.51 5 228 .03 8.92

4 .75 6 5 3 .77 2 .10

B in d er 7 2 0 .1 6 0 .79

2557 .1 5 100

T h in  P av em en t M ateria l S am ples (B ag  vveight 3 .1 0  gr)
K alın  üstyap ı m a te ry a lin in  Ö rnek leri

S creen  d iam e te r Bag S am p le  vveight P ercen t
(m m ) n u m b er (gr) (% )

38.1 1 122.80 8 .40

2 5 .4 2 143.39 9 .80

19.0 3 113.54 7.76

9.51 4 263 .0 7 17.99

4 .75 5 38 1 .0 9 26.05

B in d er 6 438.81 3 0 .00

1462.70 100
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Figüre 8. D efo rm ation  at d itches and lost o f  p avem en t m ateria ls  (Photo: T .O zturk) 
Şekil 8. Ü styap ı m ateryalin in  kaybı ve hendek le rdek i defo rm asyon

4. Conclusions

In this study, the challenges in pavem en t ac tiv ity  on forest roads are p resen ted  
and som e suggestions are p rov ided  in the light o f  the resu lts  from  a sam ple pavem en t 
construction  activ ity  on  a forest road  section  from  S ariyer reg ion  in T urkey . B efore 
starting  pavem en t on  a forest road, the crashed  and pressed  areas on  the d isto rted  parts 
o f  the road  should  be p repared  for pavem en t vvork and  the coat part o f  the road should 
be sm oothed  by  m eans o f  bu lldozer. A t this p rep ara tio n  stage o f  the road, to p roperly  
spread  m aterial, su ffic ien tly  vvide area shou ld  be se raped  at least 10 cm  deep by 
bu lldozer, vvhich vvill y ield  a good result. T herefo re , the risk  o f  the slid ing  m aterial to 
r igh t and  Ieft o f  the road  vvill be also reduced , and the bo rders o f  the vvork p laces vvill be 
kep t e lear.

D uring  pavem en t vvork, the recom m ended  sp read ing  vvidth o f  the m ateria l should  
be com plied . T he m aterial tha t spread  vvider than it vvas n ecessary  flovvs to d itches or 
dovvnvvards from  the fiil slope and lost. A s a result, the m aterial th ickness vvill be  lovver 
and m ore m aterial vvill be vvasted. T he m ateria ls shou ld  be  sp read  on the road  by  a 
bu lldozer. B u lldozer can  d istribu te  the m ateria l on  the ro ad  hom ogeneously  and can 
be tte r ad just the th ickness o f  the spread  m aterial.

O ne o f  the rnost im portan t m atters tha t shou ld  be no ted  is that the pavem en t 
m ateria l tha t flovvs to d itches o r road sides should  no t be  taken  from  the area that exists 
and shou ld  no t be re-used  as m ixed  vvith soil. P av em en t m ateria l m ixed vvith fo rest soil 
can reduce  the resistance o f  road  surface. T h e  o ther im portan t task  in  a pavem en t 
ac tiv ity  o f  a forest road  is opening the d itches and  perfo rm ing  the m ain tenance  o f  the 
ditches. L acking  o r elosing  o f  the d itches a long  the road  sides enables the rain  vvater 
frequen tly  m oves on the road that dam ages the road  and the pavem en t m ateria l. B esides, 
beve l shou ld  be b anked  on  bo th  sides o f  road  axis on  flat p laces, and the m aterial should  
be sp read  in pavem en t ac tiv ity  by  considering  these bevels.
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Özet

O rm an yollarının balam  çalışm aları, kenar hendeklerinin düzeltilmesi ve 
açılması, yol üst yapısının inşası veya yenilenmesi, yol güzergahında yer alan sanat 
yapılarının bakım larının yapılması, yol üzerindeki çukur ve tüm seklerin 
düzeltilmesini içerm ektedir. Bu çalışmada, orm an yolları için çok önemli olan ve 
özellikle trafik  yükü fazla olan orm an yollarında gerekli olan üst yapı çalışm aları 
tüm  yönleriyle incelenm iştir. Bu araştırm a İstanbul O rm an Bölge M üdürlüğü 
bünyesinde bulunan Sarıyer O rm an İşletme Şefliği o rm anlarında yapılm ıştır. 
Çalışm ada, Rumeli feneri mevkiinde yer alan 02 kod nolu B tipi orm an yolunun 
üst yapı çalışm aları incelenerek, çeşitli ölçmeler yapılmış (enkesit, eğim, zemin 
sıkışma değerleri vb.) ve üst yapı çalışm alarının bitirilm esinden sonraki b ir yıl 
içerisinde yol üst yapısında meydana gelen deform asyonlar araştırılm ıştır ve inşa 
edilen yol üst yapısının uygun olup olmadığı ortaya konm uştur.

A nah tar Sözcükler: Ü st yapı, orm an yolu , sık ışm a, k ırılm ış m alzem e

1. Giriş

O rm an  yo lların ın  yap ım  çalışm alarından  sonra belirli p e riyod larda  bak ım  ve 
onarım  çalışm aların ın  yap ılm ası gerekm ek ted ir. Ü re tim  çalışm aları sırasında  orm an 
yo llarında  taşım a yapan  ağ ır kam yonlar neden iy le  yol ü st tabakası b üyük  zarar 
gö rm ek ted ir. Ü re tim  çalışm aları b itirilip  ü re tim  a lan ından  ay rıld ık tan  ve k ış sezonu 
b ittik ten  sonra yeni ü re tim  sezonundan  önce m utlaka yo lun  bak ım ı yap ılm alıd ır. B ak ım
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ve onarım  çalışm aların ın  düzenli ve p lan lı o la rak  yap ılm ası yo lun  ku llan ım  öm rünü 
uzatm aktad ır.

B u çalışm ada, M arm ara  B ö lgesinde yer a lan  b ir  o rm an yo lunun  ü st yapı 
ça lışm aları incelenm iştir. Ç alışm a alan ında üst yapı ka lın lık ları, üst yapı m alzem esin in  
serilişi, dağ ıtılış ı ve sık ıştırılm asındak i ku llan ılan  tekn ik le r ve üst yap ı yapıld ık tan  
sonrak i b ir yıl içerisindek i durum u incelenm iş ve so n u ç la r ç ıkarılm ıştır.

2. Materyal ve Metod

Ç alışm a alan ı o larak , İstanbul O rm an  B ölge M üdürlüğü  bünyesinde  bu lunan  
B ahçeköy  O rm an İşletm e M ü d ü rlü ğ ü ’ne bağ lı S arıyer O rm an  İşletm e Ş e fliğ i’nde b ir 
o rm an  yo lu  seçilm iştir. A lan ın  seç ilm esinde  göz önünde bu lundu ru lan  en önem li 
özellik , yo lun  15 yıl once yapılm ış ve hiç bak ım  gö rm em iş h am  b ir o rm an  yolu 
olm asıd ır. O rm an  alanı içerisinde 2700 m  uzun luğunda, B tipi b ir o rm an  yo lunun  üst 
yap ısı yap ılm ıştır. Y olun  gen işliğ i 4 m  ve hendek  gen iş liğ i 1 m  o larak  
p ro je lend irilm iştir. B ö lgen in  eğim i %  10-70 arasında  değ iş ik lik le r gösterm ekted ir. Ü st 
yapı ça lışm asında  C aterp illa r m arka b ir  kepçe, D ynapa m arka  b ir  s ilind ir ve çeşitli 
m arkalardak i kam yon lar ku llan ılm ıştır.

Y ap ılan  bu  çalışm ada, öncelik le  üst yapı ça lışm ası yap ılm adan  önce yolun 
m evcu t durum u fo toğraflanm ış ve incelenm iştir. Y ol güzergah ındak i deform e olm uş 
alan lar, sanat yap ılarındaki eksik lik ler, üst yapı ça lışm aları sırasında  d ikkat ed ilecek  
nok ta lar işaretlenm iştir. E nkesitle r a lınarak  b u  enkesit nok ta larında  yo lun  üç bölüm ünde 
top rağ ın  sık ışm a oranı ö lçü lm üştür. İkinci o larak , enkesit a lm an  nok ta larda  bu  kez, 
serilen  m alzem enin  kalın lık ları ö lçü lm üştür. M alzem e kalın lık ları yanında, m alzem enin  
serilm e gen işlik leri de be lirlenm iştir. Ü çüncü  ve son  o larak , ü s t yapı çalışm aları 
b itir ild ik ten  b ir yıl sonra aynı alana g id ilerek  y o lun  son durum u incelenm iş ve üst 
yap ın ın  başarı oranı ortaya konm aya ça lışılm ıştır.

3. Sonuçlar

Y ol üzerinde alm an  enkesitle r üzerinde  yap ılan  pene trom etre  ö lçüm leri 
sonucunda tüm  yol boyunca  yol yüzey in in  sık ışm a değerle ri 5 kg /cm "’n in  altında 
bu lunm uştu r. Ü st yap ı çalışm ası yap ıld ık tan  sonra yap ılan  tü m  ö lçüm ler sonucunda 
sık ışm a değerleri 5 k g /c n f ’n in  üzerinde ç ıkm ıştır. Y an i o rm an  yo lunun  dayanık lılığ ı 
ü styap ı ile arttırılm ıştır.

B tipi bu orm an yo lunda serilecek  m alzem e ka lın lığ ı ilk  800 m etre için  20 cm  ve 
geriye kalan  1900 m etre  için  30 cm  o larak  p lan lan m ıştır  . M alzem e serm e gen işliğ i 3 m  
o larak  belirlenm iştir. B u  hesap lara  göre serilecek  m alzem e m ik tarı 2310  m 3 o larak  
bu lunm uştu r. Y ap ılan  ö lçüm lerde, serilen  m alzem e kalın lık ları ilk  800 m etre için 
orta lam a 19 cm , yo lun  geri kalan  1900 m etresi için  ise o rtalam a 21 cm  olarak  
hesap lanm ıştır. M alzem e serm e gen işliğ i ise o rta lam a 3.85 m  olarak  ö lçülm üştür. 
Ö zellik le  yo lun  ik inci k ısm ında serilen  m alzem e kalın lığ ı p lan lanandan  yarı yarıya az 
olm uştur. Ü styapı m alzem esin in  serim  iş in in  b ir  yük ley ic i ile yap ılm ası nedeniyle,
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m alzem en in  se rim  kalın lık larında ve gen iş lik lerinde  büyük  fark lar o rtaya çıkm ıştır. Bu 
durum da, m alzem en in  kaybı, yani ek onom ik  kay ıp  an lam ına  gelm ektedir.

4. Teşekkür

B u çalışm aya yaptık ları yard ım larından  dolayı O rm an  M ühend isi M ahm ut 
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