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BOLU MINTIKASINDA ORMAN URUNLERI TASIMACILIGININ
SURE BAKIMINDAN PLANLANMASI

Do¢. Dr. Turgay AYKUT V

Kisa Ozet

Bolu mintikasinda orman Urinleri tasimacihiginim siire bakimindan
planlanmasiyla ilgili bu calismada, arazide yapilmis bulunan sire efcld-
letinden elde edilen degerlerden ve bir formilden yararlanarak, degisik
kosullar icin tasimada kullanilacak kamyon sayilari saptanmis ve bunlarla
ilgili devir slreleri hesaplanarak siire, ara¢ ve ekipman planlamasinda
kullaniimistir.

GIRIS
Tasimada yikleme sirasinda bazen, yikleyicilerin ya da yukleme ekibinin yuk-

lemek i¢in bos kamyon bekledigi, bazen de bos kamyonlarin yiklenmek igin sira bek-
ledikleri uygulamada sik sik gorilebilen bir bigimdir.

Bu durumda yukleme ve tasima safhalarinin iyi bir bicimde duzenlenmesi ge-
rekmekte ve bu saglanamadigi takdirde tasima masraflari gerekenden daha yuksek
olmaktadir.

Sire etudleriyle tesbit edilmis bulunan degerleri, orman drinleri tasimaciliginin
sire bakimindan planlanmasinda kullanmak ve yukleme ve tasima islerinin iyi bir
bicimde diizenlenmesi ile siire kaybmi 6nlemek gerekmektedir. isletme masraflari
bu sayede minimum olmaktadir.

Bilindigi gibi yukleyicilere ve kamyonlara calismadi§i zamanlarda da bir mas-
raf yapilmaktadir. Bu masraflar sabit masraflar icinde yer almaktadir.

Eger yikleme ekiplerinin ya da yikleme araclarimn toplam kapasitesi, kamyon-
larin sefer sayisina dolayisiyla bunlarin toplam kapasitesine esit bir hale getirilir ve
bu iki is safhasi gerektigi sekilde dizenlenerek herhangi bir aracin ya da yikleme
ekiplerinin zaman kaybetmesi o6nlenecek olursa, masraflar da bu oranda azaltilmis
olmaktadir.

Bu duzenlemenin en iyi bir sekilde yapilabilmesinde cesitli faktdrler rol oyna-
maktadir. Bunlar :

Tasima mesafesi, yol sartlari (i1slak, kuru), tasman tomruklarin boyutlari, ta-
sit araglarinin mekanik nitelikleri ve bu araclarin gidis ve doénls icin harcadiklari
siire ve mevsim degisiklikleri gibi faktérlerdir.

i) 1.U. Orman Fakiltesi Orman isletme Kirstsi, istanbul.
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Bu degiskenler yikleme ve tasimada mevcut tasima planini ve dizenini bozma-
ya calisirlar ve uygulamada ancak nadiren ylzde yuz verimli bir dizen meydana
getirilebilir.

1. SURE PLANLAMASINDA KULLANILAN FORMUL

Gelistirilmis bulunan asagidaki formil yardimiyla ylkleme ve tagimada sire
etudlerinden elde edilmis bulunan sonuglarin uygulanmasiyla verimli bir ¢alisma du-
zeni meydana getirmek mimkiin olmaktadir.

M/H) B
K=g ~y) +1

Burada K : Tasima icin gerekli kamyon sayisi
Her seferde gidis ve dénls icin katedilen toplam mesafe (km)
Her seferde ortalama gidis-dénis hizi (km/saat)

Bosaltma suresi (desimal saat)

< m I =Z

Yikleme suresi (desimal saat)

1 : Sabit sayl

Yukarida verilmis bulunan formile dikkat edilecek olursa tasman malzeme ti-
pine ait bir unsur verilmemistir. Bu nedenle, formil, tomruk, c¢akil, kum ya da bas-
ka herhangi bir materyal ya da malzeme i¢in kullanilabilmektedir.

2. FORMULDEKI UNSURLARIN BULUNMASI

Bu formilin usdline gore kullanilmasi icin formuldeki unsurlarin degerlerini
saptamak gerekmektedir.

Bir .6rnek olarak yapilacak bir tasima igin, tasima isi planlanmis ve tasina-
cak tomruk hacmi ve ortalama gidis - donus mesafesi hesap edilmis ya da Olcilmus
bulunsun.

Bu unsurlardan ortalama hiz (km/saat) tasimanin yapilacag: yollarin standar-
dindan ya deneysel rakamlarla yaklasik olarak ya da bu yollar Gzerinde yapilmis olan
slire etudleri ile saptanabilmektedir.

Kamyon ya da treylerler icin ortalama yuk hacmi, sire etiidleri sirasinda 6lgil-
mis bulunan ornek ylkler ile tesbit edilmekte ve m3 ile ifade edilmektedir.

Degisik kapasiteli kamyon ve treyler i¢in beher yiuk ve bu yukin yikleme si-
resi yine sire etidleri ile tesbit edilmektedir. Yiklemede, ortalama tomruk hacmi-
nin, birim hacim ylkleme siresi Uzerine pek tabii bir etkisi mevcuttur. Baska bir
deyimle, buylk hacimli tomruklar daha kiguk olanlara nazaran daha cabuk yuklen-
mektedir. Yikleme siresi yapilan islemlerde kolaylik saflamak Uzere desimal saat
olarak ifade edilmis bulunmaktadir.

Bosaltma siresi de yiklemede oldugu gibi desimal saat ile ifade edilmektedir.
Bosaltma siresi, bosaltma yerindeki bitin zaman sarfini kapsamakta, yani bosalt-
ma dahil, tomruk yukunln ¢6zilmesi, kamyonun bosaltma yerinde gerekli manevra
v.b. gibi sireleri kapsamaktadir.
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Formille ilgili uygulamalara ge¢meden o6nce, formilin unsurlarina ait ve Bolu
mintikasinda yapilmis bulunan siire etlidlerinden elde edilen yiukleme, tasima ve bo-
saltma safhalari ve tasima hizlariyla ilgili ortalama degerleri vermek yerinde ola-
caktir.

2.1. Bolu mintikasinda ortalama ytkleme sireleri

Bolu mintikasinda, yukleme ile ilgili siire ettudleri elle ve vincle olmak Utzere iki
bicimde yapiimistir.

Bu etidlerden elle ylikleme etldleri, farkli yogunlukta dolayisiyla agirlikta ol-
malari nedeniyle yaprakli ve igne yaprakli aga¢ tomruklariyla ve 30'ar adet olmak
lizere iki tarzda yapilmis ve bu etidlerde 478 adet (283,873 m3) yaprakli aga¢ tom-
rugu ve 1050 adet (403,007 m3) igne yaprakli aga¢ tomrugu kullantimistir.

Elle yiklemede oldugu gibi vincle yiklemeyle ilgili siire etidleri de ayni tarzda
yani yaprakli ve igne yaprakl aga¢ tomruklariyla 30’ar adet olmak (izere ayri ayri
yurltilmis ve bu etiidlerde 546 adet (310,749 m3) yaprakl afac¢ tomrugu ve 772 adet
(378,422 m3) igne yaprakli aga¢ tomrugu kullaniimis bulunmaktadir.

2.1.1. Elle yukleme

Tomruklarin kamyonlara elle yiklenmesinde toplam calisma siresi doért grupta
mitalda edilmis olup bu gruplar 6n hazirhik siresi, ylikleme ve dlzeltme siresi ve
slire kayiplaridir.

On hazirlik siresine kamyonun yiiklenmeye hazirlanmasi, yiilkleme agaglarinin
getirilmesi, dayandirilmasi ve uzaklastirilmasi, istifteki tomruklarin yiklemeye el-
verisli duruma getirilmesi sireleri dahil edilmistir.

Yikleme ve dizeltme siresi de ¢ alt gruba ayrilmis olup bunlar hazirhik siresi,
esas ylkleme siiresi ve yardimci sirelerdir.

Hazirlik siresine, istiften hangi tomrugun yikleneceginin tesbiti isi yani isin
planlanmasi ve tomruklarin zemin Uzerinde dizeltilmesi streleri dahil edilmistir.

Esas ylkleme siresi icine kaldirma siuresi ve tomruklarin kamyonda duzeltil-
mesi slreleri dahildir.

Yardimci sire icinde de kancalarin cakilmasi, yikleme agaclarinin yeniden da-
yandirilmasi, kamyon sandik kapaklarinin kaldirilmasi, zincirinin baglanmasi ve tom-
ruk yukinin baglanmasi sireleri miatala edilmis bulunmaktadir.'

Hareket siresi, kamyonun baska bir istife sevki siresi ile kamyonun baska bir
depoya sevki surelerini kapsamaktadir.

on hazirlik suresi, yukleme ve bosaltma siiresi ve hareket siresinin toplami bize
gercek calisma sUresini vermektedir.

Siure kayiplari ise kacinilamiyan siire kayiplari olup, kaldirma sirasinda dizelt-
me, yukleme agaclarinin kirilmasi, kendir halatin kopmasi, tomrugun kaymasi ya
da dusmesi, beklemeler, diger kacinilmaz sire kayiplari ve dinlenmeler gibi is safha-
larim kapsamaktadir.

Luzumsuz sire kayiplari ise kacinilabilir siire kayiplart oldugu icin hesaplara
dahil edilmemistir.
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Gercek calisma siresi ile.siire kayiplarinin toplami bize toplam calisma siresini
vermektedir.

Daha once de agiklandi§gi gibi tomruklarin kamyonlara elle yiklenmesiyle ilgili
etudler, farkli yogunlukta dolayisiyle agirlikta olmalari nedeniyle yaprakli ve igne
yaprakli aga¢ tomruklariyla olmak (zere iki kisimda mutalda edilerek yapiimis
bulunmaktadir.

2.1.1.1. Yaprakli aga¢ tomruklarinin kamyonlara elle yiuklenmesinde ortalama
ylikleme sireleri

Bolu mintikasinda, syaprakli aga¢ tomruklarinin kamyonlara elle yuklenmesiyle
ilgili olarak yapilmis bulunan otuz bir adet sire etlidinde 478 adet (283,873 m3) yap-
rakli aga¢ tomrugu kullanilmis olup, arazide ve yerinde elde edilmis bulunan de-
gerlerden yararlanarak, elle yliklemede cesitli is safhalarina ait ortalama sireler da-
kika ve desimal saat olarak hesaplanmis bulunmaktadir.

Bu etid kosullarinda ortalama 6n hazirlik siresi 16,21 dakika (ortalama 0,27
desimal saat), ortalama yukleme ve dizeltme siresi 77,99 dakika (ortalama 1,30 de-
simal saat) ve ortalama hareket suresi de 1,58 dakika (ortalama 0,02 desimal saat)
olarak hesaplanmis olup, bunlarin toplami olan ortalama gercek calisma siresi de
95,78 dakika (ortalama 1,59 desimal saat) olarak tesbit edilmis bulunmaktadir. Or-
talama sire kayiplari ise 8,43 dakika (ortalama 0,14 desimal saat) olarak bulunmus-
tur.

Ortalama gercek calisma siresi ile ortalama sire kayiplarinin toplami olan or-
talama toplam c¢alisma slresi de 104,12 dakika (ortalama 1,73 desimal saat) olarak
hesaplanmistir.

Ayrica her bir is safhasinin toplam c¢alisma slresine gdre ortalama ylizde oran-
lari da asa§ida oldugu gibi hesaplanmis bulunmaktadir.

on hazirhik slresi ortalama % 14,84 ; yiukleme ve dizeltme siresi ortalama %
76,04 ve hareket siiresi de ortalama % 1,60 dir. Bunlarin toplami olan gercek c¢alis-
ma slresi ortalama % 92,48 ve sire kayiplari da ortalama % 7,52 olarak bulunmus-
tur.

Bunlardan baska, yaprakli aga¢ tomruklarinin kamyonlara elle yiklenmesinde
birim hacim ortalama is saati de 75,527 dakika/m3 (S = 17,110) olarak hesaplan-
mis bulunmaktadir. .

Bu etid kosullarinda ortalama yiuk hacmi 9,157 m3 beher yilkteki ortalama tom-
ruk sayisi 15,42; ortalama tomruk hacmi 0,593 m3, ortalama kaldirma yuksekligi
1,67 m, ortalama yikleme agaci boyu 4,40 m. ve yiklemeyi yapan ekiplerdeki orta-
lama isci sayisi da 6,77 idi.

2.1.1.2. igne yaprakli agag tomruklarinin kamyonlara elle yiiklenmesinde orta-
lama yukleme sireleri

igne yaprakli aga¢ tomruklarimn kamyonlara elle yiklenmesiyle ilgili olarak
yapilmis bulunan otuz adet siire etlidiinde 1050 adet (403,007 m3) igne yaprakl agac
tomrugu kullanilmis olup, arazide ve yerinde elde edilmis bulunan bu degerler-
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den yararlanarak elle yiuklemede cesitli is safhalarina ait ortalama sureler dakika
ve desimal saat olarak hesaplanmistir.

Bu etud kosullarinda ortalama o6n hazirlik siresi 17,48 dakika (ortalama 0,29
desimal saat), ortalama yikleme ve dizeltme siresi 88,17 dakika (ortalama 1,47 de-
simal saat), ortalama hareket siuresi de 0,65 dakika (ortalama 0,01 desimal saat)
olarak hesaplanmis olup, bunlarin toplami olan ortalama gercek c¢alisma siresi de
106,30 dakika (ortalama 1,77 desimal saat) olarak tesbit edilmis bulunmaktadir. Or-
talama slre kayiplari ise 6,01 dakika (ortalama 0,10 desimal saat) olarak bulunmus-
tur.

Ortalama gergek calisma siresi ile ortalama siire kayiplarinin toplami olan or-
talama toplam ¢alisma suresi de 112,31 dakika (ortalama 1,87 desimal saat) olarak
hesaplanmistir.

Ayrica herbir is safhasinin toplam calisma slresine gdre ortalama yilizde oran-
lar1 da asagida oldugu gibi hesaplanmis bulunmaktadir.

On hazirhik siiresi ortalama % 15,67 ; yikleme ve dizeltme siresi ortalama %
78,12 ve hareket suresi de ortalama % 0,53 dir. Bunlarin toplami olan gercek calis-
ma suresi ortalama % 94,32 ve sire kayiplari da ortalama % 5,68 olarak bulunmus-
tur.

Bunlardan baska, igne yaprakli aga¢c tomruklarinin kamyonlara elle yiklenme-
sinde birim hacim ortalama is saati de,40,041 dakika/m3 (S = 13,650) olarak he-
saplanmistir.

Bu etiid kosullarinda ortalama yiik hacmi 13,433 m3 beher yikteki ortalama tom-
ruk sayisi 35,00 ; ortalama tomruk hacmi 0,383 m3 ortalama kaldirma yuksekligi 1,75
m, ortalama ylkleme agaci boyu 558 m. ve yuklemeyi yapan ekiplerdeki, ortalama
isci sayisi da 4,73 idi.

2.1.2. Vingle yukleme

Tomruklarin kamyonlara vingle yiklenmesinde toplam calisma siresi U¢ gruba
ayrilmis olup, bu gruplar 6n hazirhk siresi, ylkleme ve dizeltme suresi ve sire
kayiplaridir.

On hazirlik siiresine kamyonun yiklenmeye hazirlanmasi, vincin getirilmesi ve
kamyona dayandirilmasi, yikleme agaclarinin getirilmesi, dayandirilmasi ve uzak-
lastirilmasi, yikleme agaclarinin getirilmesi, dayandirilmasi ve uzaklastiriimasi ve
istifteki tomruklarin yuklemeye elverisli duruma getirilmesi sdreleri dahil edilmis-
tir.

Yikleme ve dizeltme siresi de ¢ alt gruba ayrilmis olup bunlar hazirlik si-
resi, esas yukleme siresi ve yardimci sirelerdir.

Hazirhk sdresine, istiften hangi tomrugun yikleneceginin, tesbiti isi. yani isin
planlanmasi ve tomruklarin zeminde dizeltilmesi streleri dahildir.

Esas yiukleme siresi icinde, ving cengelinin takilmasi, halat boslugunun gideril-
mesi, tomruklarin kamyon uzerine kaldirilmasi, ving cengelinin ¢ikarilmasi ve tom-
ruklarin kamyonda dizeltilmesi stireleri mutala edilmistir.

Yardimci sire iginde de kancalarin cakilmasi, yiukleme agaclarinin yeniden da-



54 TURGAY AYKUT

yandiriimasi, kamyon sandik kapaklarinin kaldirilmasi, zincirinin ba§lanmasi, vin-
cin kamyondan uzaklastiritimasi ve tomruk yukinin baglanmasi sureleri dahil edil-
mistir.

On hazirlik siresi ile yikleme ve dizeltme siiresinin toplami bize gergek calis-
ma slresini vermektedir.

Sire kayiplari ise kacinilamiyan sire kayiplari olup, kaldirma sirasinda dizelt-
me, ylkleme agaclarinin kirtlmasi, ving halatinin sikismasi, ¢odzilmesi, kopmasi ve
¢itkmasi, tomrugun kaymasi ya da dismesi, vincin kamyona yeniden dayandiriimasi,
vin¢ halatinin yeniden sarilmasi, vincin yaglanmasi ve onarimi, beklemeler, diger
kacinitlamiyan sire kayiplan ve dinlenmeler gibi is safhalarini kapsamaktadir.

Lizumsuz sire kayiplari kacginilabilir siire kayiplart oldugu icin, elle yukle-
mede oldugu gibi burada da hesaplara dahil edilmemistir.

Gercek calisma siresi ile stre kayiplarinin toplami bize toplam calisma siresini
vermektedir.

Tomruklarin kamyonlara elle yiklenmesinde oldugu gibi, tomruklarin kamyon-
lara vingle yiklenmesinde de, aga¢ cinsi bakimindan yaprakli ve igne yaprakli agag-
larin yogunluklari dolayisiyle agirliklari degistiginden, etidler bu iki cins agactan
elde edilen tomruklarla ayri ayri yaptlmis bulunmaktadir.

2.1.2.1. Yaprakh aga¢ tomruklarinin kamyonlara vincle yliklenmesinde ortala-
ma ylkleme sureleri

Yaprakli aga¢ tomruklarinin kamyonlara vingle yiuklenmesiyle ilgili olarak ya-
ptimis bulunan otuz adet siire etidinde 546 adet (310,794 m3) yaprakli aga¢ tomru-
gu kullanilmis olup, arazide ve yerinde elde edilmis bulunan degerlerden yararla-
narak, vingle yiklemede gesitli is safhalarina ait ortalama sireler dakika ve desi-
mal saat olarak hesaplanmistir.

Bu etud kosullarinda ortalama 6n hazirlik siresi 17,65 dakika (ortalama 0,29
desimal saat), ortalama ylkleme ve dizeltme siresi 94,36 dakika (ortalama 1,57 de-
simal saat) olarak hesaplanmis olup, bunlarin toplam:i olan ortalama gercek calis-
ma slresi de 112,01 dakika (ortalama 1,86 desimal saat) olarak bulunmustur. Orta-
lama sire kayiplari ise 7,15 dakika (ortalama 0,12 desimal saat) olarak hesaplan-
mistir.

Ortalama gergek calisma siresi ile ortalama siire kayiplarinin toplami 'olan or-
talama toplam c¢alisma siiresi de 119,16 dakika (ortalama 1,98 desimal saat) olarak
tesbit edilmis bulunmaktadir.

Ayrica herbir is safhasinin toplam calisma siresine gdre ortalama yizde oran-
lari da asagida oldugu gibi hesaplanmis olup, bunlar :

On hazirhk siresi ortalama % 15,31 ; yikleme ve diizeltme siiresi ortalama %
79,01 dir. Bunlarin toplami olan gergek calisma siresi ortalama % 94,32 ve siire ka-
yiplari da ortalama % 5,68 olarak hesaplanmistir.

Bunlardan baska, yaprakli aga¢ tomruklarinin kamyonlara vingle yiklenmesin-
de birim hacim ortalama is saati de 51,603 dakika/m3 (S = 4- 14,541) olarak hesap-
lanmis bulunmaktadir.
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Bu etiid kosullarinda, ortalama ylik hacmi 10,360 m3 beher yukteki ortalama
tomruk sayisi 18,20; ortalama tomruk hacmi 0,569 m3 ortalama kaldirma yiksek-
ligi 2,15 m, ortalama yikleme agaci boyu 4,78 m. ve yilklemeyi yapan ekiplerdeki
ortalama isci sayisi da 4,46 idi.

2.1.2.2. igne yaprakh agac tomruklarinin kamyonlara vingle yiiklenmesinde or-
talama ylkleme sireleri

igne yaprakli aga¢ tomruklarinin kamyonlara vingle yiiklenmesiyle ilgili olarak
yapilmis bulunan otuz adet sire etidinde 772 adet (378,422 m3) igne yaprakh
aga¢ tomrugu kullanilmis olup, arazide ve yerinde elde edilmis bulunan bu degerler-
den faydalanarak, vingle ylklemede cesitli is safhalarina ait ortalama sireler daki-
ka ve desimal saat olarak hesaplanmis bulunmaktadir.

Bu etud kosullarinda ortalama 6n hazirhik siiresi.10,75 dakika (ortalama 0,18
desimal saat), ortalama yikleme ve dizeltme slresi 84,98 dakika (ortalama 1,41 de-
simal saat) olarak hesaplanmis olup, bunlarin toplami olan ortalama gergcek calis-
ma slresi de 95,73 dakika (ortalama 1,59 desimal saat) olarak bulunmustur. Orta-
lama sire kayiplari ise 4,98 dakika (ortalama 0,08 desimal saat) olarak hesaplan-
mistir.

Ortalama gercek calisma siiresi ile ortalama sire kayiplarinin toplami olan or-
talama toplam calisma siresi de 100,71 dakika (ortalama 1,67 desimal saat) olarak
tesbit edilmis bulunmaktadir.

Ayrica her bir is safhasinin toplam calisma siresine gore ortalama yilzde oran-
lari da asa§ida oldugu gibi hesaplanmis olup, bunlar :

6n hazirhik siresi ortalama % 10,88 ; yukleme ve duzeltme slresi ortalama %
84,44 dir. Bunlarin toplami olan gercek c¢alisma siresi ortalama % 95,32 ve siire ka-
yiplari da ortalama % 4,68 olarak hesaplanmistir.

Bunlardan baska, igne yaprakli agac tomruklarinin kamyonlara vingle yiklen-
mesinde birim hacim ortalama is saati de 33,826 dakika/m3 (S = -f- 7,661) olarak
bulunmustur.

Bu etiid kosullarinda ortalama yik hacmi 12,614 m3, beher yukteki ortalama
tomruk sayisi 25,73; ortalama tomruk hacmi 0,490 m3; ortalama kaldirma yiksek-
ligi 2,32 m, ortalama yikleme agaci boyu 4,20 m. ve yiklemeyi yapan ekiplerdeki
ortalama isci sayisi da 4,23 idi.

2.2. Tomruklarin kamyonlarla ve traktor -treylerlerle tasinmasi

Tomruklarin kamyonlarla ve traktdr - treylerlerle tasinmasinda toplam calisma
sliresi U¢ grupta mutald edilmis olup, bu gruplar yukliu gidis suresi ve bununla ilgili
sire kayiplari, bosaltma siresi ve bununla ilgili stire kayiplari ve bos donus siresi
ve bununla ilgili sure kayiplaridir. "

Yukli gidis siresi ve bununla ilgili sure kayiplari yikli gidis (gercek) suresi
ve siire kayiplari olmak tzere ikiye ayrilmistir.

Stirc kayiplari kaginilmaz siire kayiplari olup bunlara- gesitli beklemeler, gerekli
manevralar, yol verme, idari kontrol, akaryakit ikmali, vasitalarin balcim ve onan-
ini, dinlenmeler, sahsi kayiplar, yemek ve difer kaginilmaz siire kayiplari dahil edil-
mistir. oo
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Gercek yuklu gidis sidresi ile siire kayiplarinin toplami bize toplam yukli gidis
suresini vermektedir.

Bosaltma silresi ve bununla ilgili sire kayiplari da iki kisimda mitala edilmistir.

Bunlardan birinci kisma depo iginde gidis slresi, depo iginde gerekli manevra-
lar, bosaltma siresi ve depo giris noktasina donis siresi dahil edilmistir. Bunlarin
toplam1 bize gergek bosaltma siresini vermektedir.

Tkirici kisma ise kaginilmaz siire kayiplari dahil olup, bu kisimda gerekli ma-
nevralar, cesitli beklemeler ve diger kaginilmaz siire kayiplari matala edilmistir.

Gergek bosaltma suresi ile stre kayiplarinin toplami bize toplam bosaltma sire-
sini vermektedir.

Uciincii gruptaki bos déniis siiresi ve bununla ilgili siire kayiplari da bos déniis
(gercek) suresi ve sure kayiplari olmak Gzere iki kisimda dusuntlmustir.

Siire kayiplari kaginilmaz sire kayiplari olup, bu kisma cesitli beklemeler, ge-
rekli manevralar, yol verme, akaryakit ikmali, vasitalarin bakim ve onarimi, dinlen-
meler, sahsi kayiplar, yemek ve diger kacinilmaz sire kayiplari dahil edilmistir.

Gercek bos donus siresi ile >sire kayiplarinin toplami bize toplam bos donis si-
resini ve toplam yukli gidis suresi, toplam bosaltma siuresi ve toplam bos doénis si-
relerinin toplami da toplam calisma siresini vermektedir.

2.2.1. Tomruklarin kamyonlarla tasinmasi

Tomruklarin kamyonlarla tasinmasiyla ilgili ettdler farkli yogunlukta dolayi-
siyle agirlikta olduklarindan yaprakli ve igne yaprakli agac tomruklariyla ayri ayri
yaptimistir.

2.21.1. Yaprakh aga¢ tomruklarinin kamyonlarla tasinmasinda ortalama tasi-
ma slreleri

Bolu mintikasinda yaprakli aga¢ tomruklarinin kamyonlarla tasinmasiyla ilgili
olarak 15,3-18,2 km. uzunlugunda yollar boyunca yapilmis bulunan bu etudlerde 712
adet (43,355 m3) yaprakli aga¢ tomrugu kullanilmis bulunmaktadir.

Bu etiid kosullarinda ortalama gercek yukli gidis stresi 71,78 dakika (ortala-
ma 1,19 desimal saat) ve bununla ilgili sire kayiplari 17,48 dakika (ortalama 2,29
desimal saat) olarak bulunmus olup, bunlarin toplami olan ortalama toplam yukli
gidis slresi de 89,26 dakika (ortalama 1,48 desimal saat) olarak teshit edilmistir.-

Ayrica yukarda verilmis bulunan herbir is safhasinin toplam calisma siresine
gore ortalama yiizde oranlari da hesaplanmistir. Bunlar :

Ortalama yukli gidis sdresi icin % 39,37 ve bununla ilgili ortalama sire kayip-
lar1 igin de % 9,88 dir. Bunlarin toplami olan ortalama yikli gidis slresi de % 49,25
olarak bulunmustur.

Ayni etlid kosullarinda ortalama gergcek bosaltma siresi 24,26 dakika (ortalama
0,41 desimal saat) ve bununla ilgili ortalama sire kayiplari 5,73 dakika (ortalama
0,09 desimal saat) olarak bulunmus olup, bunlarin toplami olan ortalama toplam bo-
saltma slresi de 29,99 dakika (ortalama 0,50 desimal saat) olarak hesaplanmistir.

Ayrica yukarda verilmis bulunan her bir is safhasinintoplam c¢alisma siresine
gore ortalama yuzde oranlari da hesaplanmis olup, bunlar :
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Ortalama gercek bosaltma sdresi igcin % 13,40 ve bununla ilgili ortalama sire
kayiplart icin de % 3,23 diir. Bunlarin toplami olan ortalama bosaltma siiresi de %
16,63 olarak bulunmustur.

Yine ayni etud kosullarinda ortalama gercek bos donls suresi 48,62 dakika (or-
talama 0,81 desimal saat) ve bununla ilgili ortalama siire kayiplari 14,65 dakika (or-
talama 0,24 desimal saat) olarak bulunmus olup, bunlrm toplami olan ortalama top-
lam bos donis siresi de 63,27 dakika (ortalama 1,05 desimal saat) olarak hesaplan-
mistir.

Ayrica yukarda verilmis bulunan herbir is safhasinin toplam calisma siresine
gOre ortalama yizde oranlari da hesaplanmistir. Bunlar :

Ortalama gercek bosaltma suresi icin % 13,40 ve bununla ilgili ortalama sire
kayiplari igin de % 7,56 dir. Bunlarin toplami olan ortalama bos donls suresi de %
34,12 olarak bulunmustur.

Bunlardan baska yukarda verilmis bulunan yukli gidis safhasi, bosaltma saf-
hasi ve bos ddénius safhalarina ait ortalama gercek calisma sirelerinin toplami olan
ortalama toplam gergek calisma siresi 144,66 dakika (ortalama 2,41 desimal saat)
ve bununla ilgili ortalama toplam(siire kayiplari da 37,86 dakika (ortalama 0,62 de-
simal saat) ve bunlarin toplami olan ortalama toplam c¢alisma suresi de 182,52 de-
simal dakika (ortalama 3,03 desimal saat) olarak hesaplanmis olup, bunlarin top-
lam calisma siresine gore ortalama ylzde oranlan asagida oldugu gibi bulunmustur.

Bunlar :

Ortalama toplam gercek calisma suresi icin %79,33 ve ortalama toplam sire ka-
yiplari icin de % 20,67 dir.

Bunlardan baska, yaprakli aga¢ tomruklarinin kamyonlarla tasinmasinda birim
hacim ve birim mesafe (km/m3) igin ortalama tasima suresi 1,232 dakika (S = <
0,231) olarak hesaplanmistir.

Bu etid kosullarinda ortalama tasima mesafesi 17,620 km, ortalama yuk hacmi
8,671 m3 ortalama tomruk hacmi 0,252 m3 ve beher ylkteki ortalama tomruk sayi-
si da 34,40 adet idi.

2.2.1.2. igne yaprakh aga¢ tomruklarinin kamyonlarla tasinmasinda ortalama
tasima sureleri

igne yaprakl aga¢ tomruklarinin kamyonlarla tasinmasiyla ilgili olarak 17,0 -
32,0 km. .uzunlugunda yollar boyunca yapilmis bulunan bu etidlerde 639 adet
(174,786 m3) igne yaprakli agac tomrugu kullaniimis bulunmaktadir.

Bu etud kosullarinda ortalama gergek yuklu gidis stresi 73,93 dakika (ortala-
ma 1,23 desimal saat) ve bununla ilgili ortalama sure kayiplari 11,05 dakika (orta-
lama 0,19 desimal saat) olarak bulunmus olup, bunlarin toplami olan ortalama yuk-
10 gidis slresi de 84,98 dakika (ortalama 1,42 desimal saat) olarak tesbit edilmistir.

Ayrica yukarda verilmis bulunan herbir is safhasinin toplam g¢alisma siresine
gore ortalama ylizde oranlari da hesaplanmistir. Bunlar :

Ortalama gercek yukld gidis sdresi icin % 40,91 ve bununla ilgili ortalama sire
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kayiplari icin de % 5,42 dir. Bunlarin toplami olan ortalama yikli gidis stresi de
% 46,33 olarak bulunmustur.

Ayni etid kosullarinda ortalama gergek bosaltma siiresi 26,25 dakika (ortala-
ma 0,44 desimal saat) ve bununla ilgili ortalama siire kayiplari 1,26 dakika (orta-
lama 0,02 desimal saat) olarak hesaplanmis olup, bunlarin toplami olan ortalama
toplam bosaltma siresi de 27,51 dakika (ortalama 0,46 desimal saat) olarak bulun-
mustur.

Ayrica yukarda verilmis bulunan herbir is safhasinin toplam c¢alisma siresine
gore ortalama yizde oranlari da hesaplanmis olup, bunlar :

Ortalama gergek bosaltma siresi igin % 14,92 ve bununla ilgili ortalama sire
kayiplari icin de % 0,62 dir. Bunlarin toplami olan ortalama bosaltma siresi de %
15,54 olarak bulunmustur.

Yine ayni etid kosullarinda ortalama gergcek bos donus siuresi 47,S8 dakika (or-
talama 0,79 desimal saat) ve bununla ilgili ortalama siire kayiplari 26,95 dakika (or-
talama 0,45 desimal saat olarak bulunmus olup, bunlarin toplami olan ortalama top-
lam bos donis slresi de 74,83 dakika (ortalama 1,24 desimal saat) olarak hesaplan-
mistir.

Ayrica yukarda verilmis bulunan herbir is safhasinin toplam c¢alisma siresine
gore ortalama yuzde oranlari da hesaplanmistir. Bunlar :

Ortalama gercek bos donus siresi icin % 26,46 ve bununla ilgili ortalama sire
kayiplari igin de % 11,67 dir. Bunlarin toplami olan ortalama bos donis siresi de %
38,13 olarak bulunmustur.

Bunlardan baska yukarida verilmis bulunan yuklid gidis safhasi, bosaltma saf-
hasi ve bos donus safhalarina ait ortalama gercek c¢alisma sirelerinin toplami olan
ortalama toplam gercek calisma siuresi 148,06 dakika (ortalama 2,46 desimal saat)
ve bunlarla ilgili ortalama toplam siire kayiplari da 39,26 dakika (ortalama 0,66 de-
simal saat) ve bunlarin toplami olan ortalama toplam calisma slresi de 187,32 de-
simal dakika (ortalama 3,12 desimal saat) olarak hesaplanmis olup, bunlarin toplam
calisma siresine go6re ortalama yuzde oranlari asa§ida oldugu gibi hesaplanmistir.
Bunlar :

Ortalama toplam gergek calisma siresi icin % 82,29 ve ortalama toplam sire
kayiplari icin de % 17,71 dir.

Bunlardan baska igne yaprakli aga¢c tomruklarinin kamyonlarla naklinde birim
hacim ve birim mesafe (km/m3) icin ortalama tasima siresi de 0,623 daldka (S =
-t-0,300) olarak tesbhit edilmistir.

Bu etid kosullarinda ortalama tasima mesafesi 24,300 km ortalama yuk hac-
mi 13,445 m3, ortalama tomruk hacmi 0,273 m3 ve beher ylkteki ortalama tomruk
saylisi da 49,15 adet idi.

2.2.2. Tomruklarin traktor - treylerlerle tasinmasi

Tomruklarin Traktdr - Treylerlerle tasinmasiyla ilgili etidler sadece yaprakli agag
tomruklariyla yaptimistir,
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2.2.2.1. Yaprakli agctc tomruklarinin traktor ~treylerlerle tasinmasinda ortalama
tasima sureleri

Yaprakl agac tomruklarinin traktdr - treylerlerle tasinmasiyla ilgili olarak 18,2
km. uzunlugunda yollar boyunca yapilmis bulunan bu etidlerde 32 adet (11,184 m3)
yaprakli aga¢ tomrugu kullanilmis bulunmaktadir.

Bu etiid kosullarinda ortalama gercek yukli gidis suresi 121,63 dakika (ortala-
ma 2,02 desimal saat) ve bununla ilgili ortalama sure kayiplari 21,35 dakika (orta-
lama 0,36 desimal saat) olarak bulunmus olup, bunlarin toplami olan ortalama yuk-
It gidis suresi de 142,98 dakika (ortalama 2,38 desimal saat) olarak tesbit edilmistir.

Ayrica yukarda verilmis bulunan herbir is safhasinin toplam c¢alisma siresine
gore ortalama ylzde oranlari da hesaplanmistir. Bunlar :

Ortalama gergek yikli gidis sdresi icin % 52,82 ve bununla ilgili ortalama si-
re kayiplari i¢in de % 9,25 dir. Bunlarin toplami olan ortalama yukli gidis slresi de
% 62,07 olarak bulunmustur.

Ayni etiid kosullarinda ortalama gergcek bosaltma siiresi 11,44 dakika (ortalama
0,19 desimal saat) ve bununla* ilgili ortalama sire kayiplari 0,00 dakika (ortalama
0,00 desimal saat) olarak hesaplanmis olup, bunlarin toplami olan ortalama toplam
bosaltma siresi de 11,44 dakika (ortalama 0,19 desimal) olarak bulunmustur.

Ayrica yukarda verilmis bulunan herbir is safhasinin toplam c¢alisma siresine
gore ortalama yizde oranlari da hesaplanmis olup, bunlar :

Ortalama gercek bosaltma siresi igcin % 4,97 ve bununla ilgili siire kayiplan igin
de % Odir. Bunlarin toplami olan ortalama bosaltma siresi de yine % 4,97 olarak
bulunmustur.

Yine ayni etid kosullarinda ortalama gergek bos donis suresi 69,97 dakika (or-
talama 1,16 desimal saat) ve bununla ilgili ortalama siire kayiplari 5,89 dakika (or-
talama 0,10 desimal saat) olarak bulunmus olup bunlarin toplami olan ortalama top-
lam bos donis siresi de 75,86 dakika (ortalama 1,26 desimal saat) olarak hesaplan-
mistir.

Ayrica, yukarda verilmis bulunan herbir is safhasinin toplam c¢alisma suresine
goOre ortalama yizde oranlari da hesaplanmistir. Bunlar :

Ortalama gercek bos dénis siresi icin % 30,37 ve bununla ilgili ortalama sire
kayiplari igin de 9% 2,58 dir. Bunlarin toplami olan ortalama bos donus siresi de %
32,95 olarak bulunmustur.

Bunlardan baska, yukarida verilmis bulunan yikli gidis safhasi, bosaltma saf-
hasi ve bos donis safhalarina ait ortalama gercek c¢alisma sirelerinin toplami olan
ortalama toplam gercek c¢alisma siresi 203,04 dakika' (ortalama 3,37 desimal saat)
ve bunlarla ilgili ortalama toplam sire kayiplari da 27,24 dakika (ortalama 0,46 de-
simal saat) ve bunlarin toplami olan ortalama toplam calisma siresi de 230,28 de-
simal dakika (ortalama 3,83 desimal saat) olarak hesaplanmis olup bunlarin toplam
calisma siresine gore ortalama ytizde oranlari asagida oldugu gibi bulunmustur. Bun-
lar :
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Ortalama toplam gergek calisma slresi igin % 88,17 ve ortalama toplam sire
kayiplari igin de % 11,83 dir.

Bunlardan baska yaprakli aga¢ tomruklarinin traktor - treylerlerle naklinde birim
hacim ve birim mesafe (km/m3) icin ortalama tasima siresi de 2,450 dakika (S =
+ 0,975) olarak bulunmustur.

Bu etlid kosullarinda ortalama tasima mesafesi 18,200 km. ortalama ylk hac-
mi 5592 m3, ortalama tomruk hacmi 0,349 m3 ve beher ylikteki ortalama tomruk sa-
yisi da 16 adet idi.

2.3. Ortalama tasima hizlari

Bolu mintikasinda yapilmis bulunan tasima etiidlerinden elde edilen degerlerle
yukli gidis ve bos donls sireleri ve tasima mesafeleri esas alinarak ortalama tasi-
ma hizlari hesabedilmis bulunmaktadir.

Daha o6nce de agiklandi§gi gibi ormanlarimizda ve Bolu mintikasinda tomrukla-
rin tasinmasi kamyonlarla ve traktor -treylerlerle olmak lzere iki sekilde yapilmak-
tadir.

2.3.1. Tomruklarin kamyonlarla tasinmasinda ortalama tasima hizlari

Tomruklarin kamyonlarla tasinmasinda saptanmis bulunan ortalama tasima hiz-
lari ana orman yollarinda ve yan yollarda olmak {zere iki sikta vazedilmistir. Bun-
lar da kendi aralarinda egim istikametine gore inis asagl ve yokus yukari ve yik-
10 gidis ve bos donls olmak tzere bélimlere ayrilarak, her bélime ait ayri ayri or-
talama tasima hizlan hesap edilmis bulunmaktadir.

Buna gdre kamyonlarla ana orman vyollari Gzerinde inis asag! tasimada yukli
olarak gidiste ortalama tasima hizi 23,54 km/saat (S = +3,585), bos olarak doénis-
te ortalama hiz ise 30,29 km/saat (S = +6,433) olarak hesaplanmistir.

Yine kamyonlarla ana orman yollari tUzerinde bu kez yokus yukari tasimada,
yukli olarak gidiste ortalama tasima hizi 14,77 km/saat (s = +1,749), bos olarak
ortalama hiz da 33,79 km/saat (s = +8,839) olarak tesbit edilmis bulunmaktadir.

Kamyonlarla yan yollar lzerinde de inis asag! tasimada ylkli olarak gidiste
ortalama tasima hizi 9,35 km/saat (s = +1,921), bos olarak donlste ortalama hiz
da 12,89 km/saat (s = +3,593) olarak hesaplanmistir.

2.3.2. Tomruklarin traktor - treylerlerle tasinmasinda ortalama tasima hizlari

Tomruklarin kamyonlarla tasinmasinda oldugu gibi, traktor -treylerlerle tasin-
masinda da ortalama tasima hizlari tesbit edilmistir. Bu hizlar ana orman yollarin-
da ve yan yollarda olmak Uzere iki sikta vazedilmis olup, bunlar da kendi aralarin-
da inis asagl ve yokus yukari ve yukli gidis ve bos doniis olmak lzere bdlimlere ay-
rilarak her bdélime ait ortalama tasima hizlari ayri ayri hesap edilmis bulunmakta-
dir.

Buna gore traktor - treylerlerle ana orman yollari izerinde inis asagi tasimada yuk-
I0 olarak gidiste ortalama tasima hizi 11,24 km/saat (s = +1,586) bos olarak'do-
niste ortalama hiz ise 16,95 km/saat (s = +0,961) olarak hesap edilmistir.
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Yine traktor - treylerlerle ana orman yollari lGzerinde bu kez yokus yukari tasi-
mada yuklu olarak gidiste ortalama tasima hizi 8,87 km/saat (s = +0,367), bos ola-
rak ddénuste ortalama hiz da 17,05 km/saat (s = +0,855) olarak tesbit edilmistir.

Traktdr - treylerlerle yan yollar Uzerinde de inis asagl tasimada yikli olarak
gidiste ortalama tasima hizi 7,25 km/saat (s = +0,727) bos olarak donlste ortala-
ma hiz da 11,57 km/saat (s = +1,251) olarak hesaplanmistir.

2.4. Ortalama gidis - donls hizlarinin hesabi

Yukarda hesaplanmis bulunan yiklu olarak gidis ve bos olarak donuslere ait or-
talama tasima hizlarindan, ortalama gidis - donls hizlarinin hesabi igin, yukli ola-
rak gidis hizi ile bos olarak donis hizini toplayip ikiye bdlmekle yani aritmetik or-
talama almak suretiyle ortalama gidis - dénis hizi bulunamaz. Burada ortalama hiz,
vasitanin, her iki hizda birim mesafeyi yani bir kilometreyi katedebilmesiicin gecen
strelerin toplami olacaktir, drnegin, yukli gidis ortalama hizi 10km/saat ve bos
donls ortalama hizi da 20 km/saat ise, herhangi bir gidis - donis mesafesi igin or-
talama gidis - donus hizi 15 km/saat degildir. 20 km/saat bos donls hizinda bir ki-
lometre mesafeyi katedebilmek igin gerekli sire :

60 dakika
20 km/saat ve*a 3 dakika ve

10 km/saat yuklu gidis hizinda bir kilometre mesafeyi katedebilmek icin gerekli stre :

60 dakika
ICTkm/saat vya 3 dakika olarak bulunur.

Boylece bir kilometre gidis - donus mesafesi icin gerekli sire 9 dakika olarak bulun-
mus olur. Burada ortalama gidis donls hizi iki kilometre igin 9 dakikadir. Saatteki
ortalama hiz ise :

60 delicikci
9 dakika ~ X2 km Veya 13,3 km/saat

olarak bulunmus olur. Yukarda goruldigi gibi, birim gidis-donis mesafesini (kilo-
metre) katetmek icgin gerekli sire ve yukli gidis ve bos donis sirasindaki degisen
hizlardan, ortalama gidis-doénis hizi (km/saat) adi gecen sire vasitasiyla kesabedi-
lebilmektedir.

Tersine olarak ortalama gidis - donds hizi asagidaki formil yardimiyla da dog-
rudan dogruya tayin edilebilmektedir.

Kilometre/saat olarak ortalama gidis - dénis hizi :

2 [bos donis hizi (km/saat) Xyuklu gidis hizi (km/saat) 3
— Bos donls hizi (km/saat)-i-yukld gidis hizi (km/saat)

Goruldugu gibi, birim gidis-dénis mesafesini (kilometre) katetmek icin gerekli su-
re, ortalama gidis - donus hizlarindan kolaylikla hesabedilebilmektedlr.

Bir evvelki drnekte kullaniimis bulunan bos doénis hizi 20 km/saat ve ylukli gi-
dis hizi da 10 km/saat idi. Bu degerleri yukardaki formilde yerlerine koyalim :
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Ortalama gidis - donls hizi (km/saat)

2 (20X10) 400 _
10420 ~ 30 = 1333 km/saat olarak bulunur.

Bir kilometre gidis - déniis mesafesini katetmek igin gerekli stre de :

60 dakika

13.3km/saat X2 km ya da 9 dakika olarak

bulunur.

Bu esastan hareket edilerek, daha ©6nce verilmis bulunan ortalama yukli gidis
ve bos donus hizlarindan, kamyonlarla ve traktdr - treylerlerle tasima icin ortalama
gidis - dénis hizlari hesabedilmis bulunmaktadir.

24.1. Tomruklarin kamyonlarla ve traktdr - treylerlerle tasinmasinda ortalama gi-
dis - donis hizlar

Daha once de acgiklandigi gibi, tomruklarin kamyonlarla ve traktor - treylerlerle
tasinmasmda ortalama gidis - déniis hizlari ana orman yollarinda ve yan yollarda ol-
mak Uzere iki sikta verilmis olup bunlar da kendi aralarinda e§im istikametine go-
re inis asagl ve yokus yukari olmak Uzere iki bélime ayrilarak, her bélime ait or-
talama gidis - donus hizlari ayri ayri hesap edilmis bulunmaktadir.

Buna gore kamyonlarla ana orman yollari Uzerinde inis asagl tasimada yukli
olarak gidiste ortalama tasima hizi 23,54 km/saat ve bos olarak donlste ortalama hiz
ise 30,29 km/saat olarak tesbit edilmisti.

Bu degerleri yukarda verilmis bulunan formilde yerlerine koyarak :

S 2(23,54X30,29)
Ortalama gidis-donls hizi= 552,20 09
N g3 =26,49 km/saat

olarak bulunur.

Yine kamyonlarla ana orman yollari Gzerinde bu kez yokus yukari tasimada or-
talama gidis - donus hizi 20,55 km/saat ve kamyonlarla yan yollar Gzerinde inis asa-
g1 tasimada ortalama gidis - donis hizi da 10,83 km/saat olarak bulunmustur.

Tomruklarin traktor - treylerlerle ana orman yollan (zerinde inis asa§! tasin-
masinda ortalama gidis - donts hizi 13,51 km/saat, yine tomruklarin traktor - treyler-
lerle ana orman yollari tzerinde bu kez yokus yukari tasinmasinda ortalama gidis -
dénls hizi 12,66 km/saat ve traktor - treylerlerle yan yollar zerinde inis asag! ta-
simada ortalama gidis - donts hizi da 8,91 km/saat olarak hesabedilmis bulunmak-
tadir.
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3. FORMULUN UYGULANMASI

Formildeki unsurlar ortalama degerler olarak hesaplandiktan sonra, sira for-
mulin uygulanmasina gelmektedir. Daha 6nce de ifade edildi§i gibi bu formil plan-
lanmis bir nakliyat icin gerekli kamyon sayisini bulmada veya yapilmakta ya da ya-
ptlacak olan bir nakliyatin siure bakimindan planlanmasinda ve bunun kontrolunda
yararli olmaktadir.

Buna gore yukarida elde edilmis bulunan ortalama sireleri ve hizlari formile
tatbik ederek gerekli kamyon sayisini cesitli kosullar icin ayri ayri bulmak mimkin
olabilecektir. Bu 0Ornekler yukarda incelenmis ve saptanmis bulunan cesitli kosullar
icin sirastyla yalniz kamyonlar i¢in verilmis bulunmaktadir.

3.1. Yaprakh aga¢ tomruklarinin kamyonlara elle yiklenmesi ve ana orman yollari
Uzerinde inis asag! tasinmasi
Yaprakli aga¢ tomruklarinin kamyonlarla ana orman yollari Uzerinde inis asa-
g1 tasinmasinda, her gidis - doniste katedilecek mesafe M = 35,240 km., ortalama gi-
dis - donls hizi H = 26,49 km/saat, her tomruk yiki igin ortalama bosaltma siresi
29,99 dakika ya da B = 0,50 desimal saat ve beher yuk icin ortalama elle yiukleme
slresi de 104,12 dakika ya da Y = 1,73 desimal saat olarak hesap edilmistir.

Hesap edilmis bulunan bu de§arlere gore, yukardaki kosullar altinda gerekli
kamyon sayisi daha dnce verilmis formil yardimiyla saptanmistir.

(M/H)+B |
K ~ y +1
_(35,240/26,49)+0,50
K= 1,73 +1
_1,330+050 , 1,830
= 173 173 +1

K= 1,06+1=2,06 kamyon olarak bulunur.

Normal bir ig guninde yani sekiz is saatinde tasimada kullanilacak 2,06 kam-
yonun toplam sefer sayisi asagida verildigi bicimde hesap edilmistir :

Toplam gidis - donusmesafesi : 35,240 km
Ortalamagidis - donls  hizi 026,49 km/saat olduguna gore :
Gidis - donls slresi . 35,240/26,49 = 1,33 saat/sefer

Yikleme siiresi

1,73 saat/sefer
Bosaltma siresi : = 0,50saat/sefer
Toplam devir suresi 3,56 saat/sefer
olarak bulunur.
Buna go6re her kamyonun normal bir is gininde yapacag sefer sayisi :

8,00/3,56 = 2,24 sefer olarak hesaplanir. Ve yine normal bir is giininde 2,06 kam-
yonun istirakiyle yapilan bu tasimada yapilan seferlerin toplam sayisi :
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2,06 X 2,24 = 4,61 ya da 5 sefer
olacaktir.

Bundan baska, normal bir is gininde gerekli 2,06 kamyonun tasiyabilecegi tom-
ruk yiki ile yiukleme kapasitesi belli olan yikleme ekiplerinin birbirlerine uygunlu-
gunun kontrol edilmesi lazimdir.

Her kamyon ic¢in tesbit edilen ylkleme siresi 1,73 desimal saatti. Buradan se-
kiz saatte yiklenebilecek kamyon sayisi :

8,00/1,73 = 4,62 ya da 5 kamyon
olarak bulunur.
3.2. Yaprakh agac¢ tomruklarinin kamyonlara elle yiklenmesi ve ana orman Uze-
rinde yokus yukari tasinmasi

Yaprakli aga¢ tomruklarinin kamyonlarla ana orman yollari tzerinde yokus yu-
kari tasinmasinda, her gidis - donlste katedilecek mesafe M = 35,240 km, ortalama
gidis - donus hizi H = 20,55 km/saat, beher tomruk yukl icin ortalama bosaltma si-
resi 29,99 dakika ya da B = 0,50 desimal saat ve beher yilk icin ortalama elle yiuk-
leme siresi de 104,12 dakika ya da Y = 1,73 desimal saat olarak tesbit edilmistir.

Hesap edilmis bulunan bu degerlere goére yukardaki kosullar altinda gerekli kam-
yon sayisi bir énceki 6rnekteki gibi bulunmustur :

(35.,240/20,55)4-0,50

K— 1,73 +1
(1,714 0,50 2,214
1,73 11_" 1,73 "F1

K= 1,284-1=2,28 kamyon olarak bulunur.

Normal bir is guniinde yani 8 is saatinde tasimada kullanilacak 2,28 kamyonun
toplam sefer sayisi da asagida verildigi bicimde hesap edilmistir :

Toplam gidis - déniis mesafesi : 35,240 km

Ortalama gidis - donis hizi : 20,55 km/saat olduguna gore:
Gidis - donus suresi . 35,240/20,55 = 1,71 saat/sefer

Yikleme siresi : = 1,73 saat/sefer

Bosaltma siresi : = 0,50 saat/sefer

Toplam devir siresi : = 3,94 saat/sefer

olarak bulunur.
Buna gore her kamyonun normal bir is giiniinde yapacag sefer sayisi :

8,00/3,94 = 2,03 sefer olarak hesaplanir. Ve yine normal bir is ginlnde 2,28 kam-
yonun istirakiyle yapilan bu tasimada yapilan seferlerin toplam sayisi :

2,28 X 2,03 = 4,62 ya da 5 sefer
olacaktir.
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Bundan baska, normal bir is guniinde gerekli 2,28 kamyonun tasiyabilecedi tom-
ruk yuki ile, yikleme kapasitesi belli olan ylkleme ekiplerinin, birbirlerine uygun-
lugunun kontrol edilmesi gereklidir.

Bu kosullarda her kamyon icin teshit edilen ortalama yukleme siresi 1,73 desi-
mal saatti. Buradan sekiz saatte yiklenebilecek kamyon sayisi :

8,00/1,73 = 4,62 ya da 5 kamyon

olarak kolaylikla bulunur.

3.3. Yaprakl aga¢, tomruklarinin kamyonlara elle yiklenmesi ve yan yollar lze-
rimde inis asag! tasinmasi

Yaprakli aga¢ tomruklarinin kamyonlara elle yiklenmesi ve bunlarin yan yol-
lar Gzerinde inis asag! naklinde, her gidis - donilste katedilecek mesafe M = 35,240
km, ortalama gidis-dénis hizi H = 10,83 km/saat, beher tomruk yikd icin ortala-
ma bosaltma siresi 29,99 dakika ya da B = 0,50 desimal saat ve beher yiuk icin or-
talama elle ylkleme siiresi de 104,12 dakika ya da Y = 1,73 desimal saat olarak tes-
bit edilmistir.

Tesbit edilmis bulunan bu degerlere gdére yukardaki kosullar altinda gerekli kam-

yon sayisl asagida oldugu bicimde 'hesaplanmistir. >
(35,240/10,83)4- 0,50
K— 173 +1
8,254+ 0,50 3.754
K_ 1,73 1,73

K= 2,17+1=3,17 kamyon olarak bulunur.

Normal bir is gininde yani sekiz is saatinde tasimada kullanilacak 3,17 kam-
yonun toplam sefer sayisi asagida oldugu gibi hesap edilmistir :

Toplam gidis- donlis mesafesi : 35,240 km
Ortalama gidis - donis Inzi -10,S3 km/saat olduguna gore :
Gidis - donls stresi  : 35,240/10,83 = 3,25 saat/sefer

Yikleme siresi 1,73 saat/sefer

Bosaltma siresi 0,50 sgat/sefer

Toplam devir slresi : = 5,49 saat/sefer
olarak bulunur.
Buna gore her kamyonun normal bir is giniinde yapacagi sefer sayisi :

8,00/5,48 = 1,46 sefer olarak hesaplanir. Ve yine normal bir is giniunde 3,17 kam-
yonun istirakiyle yapilan bu tasimada, yapilan seferlerin toplam sayisi :

1,46 X 3,17 = 4,62 ya da 5 sefer
olacaktir.
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Bundan baska normal bir is gininde gerekli 3,17 kamyonun tasiyabilecedi tom-
ruk yuki ile yiukleme kapasitesi belli olan yukleme ekiplerinin, birbirlerine uygun-
lugunun kontrol edilmesi lazimdir.

Her kamyon icin tesbit edilen ortalama ylkleme siresi 1,73 desimal saatti. Bu-
radan sekiz saatte yiklenebilecek kamyon sayisi :

8,00/1,73 = 4,62 ya da 5 kamyon olarak bulunur.

3.4. igne yaprakli aga¢ tomruklarinin kamyonlara elle yiklenmesi ve ana orman
yollan (zerinde inis asagl tasinmasi

igne yaprakli aga¢ tomruklarinin kamyonlara elle yiklenmesi ve bunlarin ana
orman yollari tzerinde inis asag! tasinmasinda, her gidis - donlste katedilecek mesafe
M = 48,6001un., ortalama gidis - dénds hizi H = 26,49 km/saat, beher yuk icin ortalama
elle ylikleme siresi 112,31 dakika ya da Y = 1,87 desimal saat ve her tomruk yiki
icin ortalama bosaltma slresi de 27,51 dakika ya da B = 0,46 desimal saat olarak
hesap edilmistir.

Hesap edilmis bulunan bu de@erlere gére yukardaki kosullar altinda gerekli kam-
yon sayisl :

(48,600/26,49)4-0,46
K - 1j87 +1

i8
1,834+0,46 2,294
K~ 1,87 1,87

K= 1,22+1=2,22 kamyon olarak bulunur.

Normal bir is gununde yani sekiz is saatinde tasima isinde kullanilacak 2,22 kam -
yonun toplam sefer sayisi asagida verildigi bicimde hesap edilmistir :

Toplam gidis - donlis mesafesi : 48,600 km

Ortalama gidis - donls hizi 0 26,49 km/saat olduguna gore :
Gidis - donus suresi . 48,600/26,49 = 1,83 saat/sefer
Yikleme siresi : =1,87 saat/sefer
Bosaltma siresi : = 0,46 saat/sefer
Toplam devir suresi : =4,16 saat/sefer

olarak hesaplamr.
Buna gdre her kamyonun normal bir is giininde yapacag: sefer sayisi :

8,00/4,16 = 1,92 sefer olarak hesaplanir ve yine normal bir is guninde 2,22 kam-
yonun istirakiyle yapilacak bu tasimada yapilan seferlerin toplam sayisi :

2,22 x 192 = 4,26 sefer
olacaktir.

Bundan baska normal bir is guntnde gerekli 2,22 kamyonun tasiyabilece§i tom-
ruk yukd ile yikleme kapasitesi belli olan yukleme ekiplerinin birbirlerine uygunlu-
gunun kontrol edilmesi gereklidir.
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Her kamyon igin tesbit edilen ortalama ylikleme siiresi 1,87 desimal saatti. Bu-
radan sekiz saatte yuklenebilecek kamyon sayisi :

8,00/1,87 = 4,27 kamyon olarak bulunur.

3.5. igne yaprakh aga¢ tomruklarinin kamyonlara elle yiklenmesi ve ana orman
yollan lzerinde yokus yukari tasinmasi

igne yaprakl agac tomruklarinin kamyonlara elle yiiklenmesi ve bunlarin ana
orman yollari Gzerinde yokus yukari tasinmasinda her gidis - doniste katedilecek
mesafe M = 48,600 km, ortalama gidis-ddénis hizi H = 20,55 km/saat, beher tom-
ruk yuki icin ortalama elle yiukleme stresi 112,31 dakika ya da Y = 1,87 desimal saat
ve her tomruk yukd icin ortalama bosaltma siresi de 27,51 dakika ya da B = 0,46
desimal saat olarak teshit edilmistir.

Hesap edilmis bulunan degerlere gore, bu kosullar altinda gerekli kamyon sayisi :

(48,600/20,55)+ 0,46

K— 1,87 +1
2.365+0,46 ,, 2825 ,.
K- 487  +1_ 1871

K= 1,51+1=2,51 ya da 3 kamyon
olarak bulunmustur.
Normal bir is ginlnde, yani sekiz is saatinde tasima isinde kullanilacak 2,51
kamyonun toplam sefer sayisi asagida verildigi bicimde hesap edilmistir :

Toplam gidis - donis mesafesi : 48,600 km

Ortalama gidis - donls hizi : 20,55 km/saat olduguna gore :
Gidis - donis suresi . 48,600/20,55 = 2,36 saat/sefer
Yikleme siresi : = 1,87 saat/sefer
Bosaltma sdresi : = 0,46 saat/sefer
Toplam devir suresi = 4.69 saat/sefer

olarak bulunur. Buna gdre her kamyonun normal bir is glniinde yapacag! sefer sa-
yisi :

8,00/4,69 = 1,70 sefer olarak hesaplanir.

Ve yine normal bir is gininde 2,51 kamyonun istirakiyle yapilacak bu tasimada ya-
ptlan seferlerin toplam sayisi :

2,51 X 1,70 = 4,26 sefer
olacaktir.

Bundan baska normal bir is giuninde gerekli 2,51 kamyonun tasiyabilecedi tom-
ruk yukid ile, yikleme kapasitesi belli olan yikleme ekiplerinin birbirlerine uygun-
lugunun kontrol edilmesi gereklidir.
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Her kamyon icin tesbit- edilmis bulunan ortalama yukleme siresi 1,87 desimal
saatti. Buradan sekiz saatte ylklenebilecek kamyonlarin sayisi :

8,00/1,87 = 4,27 kamyon

olarak bulunur.

3.8. igne yaprakli agac tomruklarinin kamyonlara elle yiiklenmesi ve yan yollar
llzerinde inis asag! tasmmasi

igne yaprakli aga¢ tomruklarinin kamyonlara elle yiiklenmesi ve bunlarin.yan
yollar Gzerinde inis asagl tasimasinda, her gidis - donilste katedilecek mesafe M =
48,600 km., ortalama gidis - donts hizi 10,83 km/saat, beher tomruk yiki igin orta-
lama elle yukleme siresi 112,31 dakika ya da Y = 1,S7 desimal saat ve beher tom-
ruk yuku icin ortalama bosaltma siuresi de 27,51 dakika ya da B = 0,46 desimal saat
olarak hesap edilmistir: - -

Hesap edilmis bulunan bu degerlere gore, yukardaki kosullar altinda gerekli
kamyon sayisi asa§ida verildigi bigcimde hesap edilmistir :

(40.600/10.83)4-0.46
K—". 187 +1
4.487+0.46 , ,4.947

K~ 1.87 1.87 +1
K= 2,641-1=3.04 ya da 4 kamyon olarak bulunmustur.

Normal bir is glninde, yani sekiz is saatinde tasima isinde kullanilacak 3,64 kam -
yonun toplam sefer sayisi asagida verildigi sekilde hesap edilmistir :

Toplam gidis - donus mesafesi : 48,600 km

Ortalama gidis - donus hizi 010,83 km/saat olduguna gdre :
Gidis - donlis siiresi  : 48,600/10,83 = 4,48 saat/sefer
Yikleme siresi : = 1,87 saat/sefer
Bosaltma suresi : = 0,46 saat/sefer
Toplam devir siresi = 6,81 saat/sefer

olarak hesaplanir.
Buna g6re her kamyonun normal bir is giniinde yapacag: sefer sayisi :

8,00/6,81 = 1,17 sefer olarak bulunur. Ve yine normal bir is giiniinde 3,64 kam-
yonun istirakiyle yuritiulen bu tasimada yapilan seferlerin toplam sayisi :

1,17 X 3,64 = 4,25 sefer olacaktir.

Bundan baska normal bir is gininde gerekli 3,64 kamyonun tasiyabilecedi tomruk
yukl ile yukleme kapasitesi belli olan yilikleme ekiplerinin birbirlerine uygunlugu-
nun kontrol edilmesi gereklidir.

Her kamyon igin tesbit edilmis bulunan yikleme siresi 1,87 desimal saatti. Bu-
radan sekiz saatte yuklenebilecek kamyon sayisi :
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8,00/1,87 = 4,27 kamyon olarak bulunur.

3.7. Yaprakh agag, tomruklarinin kamyonlara vingle yiklenmesi ve ana orman yol-
lar1 GUzerinde inis asagl tasmmasi

Yaprakli aga¢ tomruklarinin kamyonlara vingle yiklenmesi ve bunlarin ana or-
man yollari Gzerinde inis asag! tasimasinda, her gidis - doniste katedilecek mesafe
M = 35,240 km, ortalama gidis - dénus hizi H = 26,49 km/saat, beher tomruk yuki
icin ortalama vingle yikleme siiresi 119,16 dakika ya da Y = 1,98 desimal saat ve
her tomruk yuku icin ortalama bosaltma siresi de 29,99 dakika ya da B = 0,50 de-
simal saat olarak hesap edilmistir.

Hesap edilmis bulunan bu degerlere gore gerekli kamyon sayisi :

(35.240/26,49)4-0.50

K* 1,98 +1
1,330+0.50 1,830
K— 1,98 +1- 198

== 0,92+1=1,92 yada 2 kamyon
olarak bulunmustur.

Normal bir is gliniinde, yani sekiz is saatinde tasima isinde kullanilacak 1,92
kamyonun toplam 3efer sayisi da :

Toplam gidis - donus mesafesi : 35,240 km

Ortalama gidis - donus hizi © 26,49 km/saat olduguna gore :
Gidis - donls suresi  : 35,240/26,49 =133 saat/sefer

Yukleme siresi : =1,98 saat/sefer

Bosaltma siresi : =0,50 saat/sefer

Toplam devir siuresi : = 3,81 saat/sefer o - e

olarak hesaplanmistir.
Buna gdre her kamyonun normal bir is giintinde yapacagi sefer sayisi :
8,00/3,81 = 2,10 sefer

olarak hesaplanir. Ve yine normal bir is glninde 1,92 kamyonun istirakiyle yapilan
bu tasimada yapilan seferlerin toplam sayisi :

1,92 X 2,10 = 4,03 sefer

olacaktir. Bundan baska, normal bir is gununde gerekli 1,92 kamyonun tasi-
yabilece@i tomruk yuki ile yikleme kapasitesi belli olan yikleme vinglerinin birbir-
lerine uygunlugunun kontrol edilmesi lazimdir.

Her kamyon ig¢in teshit edilmis bulunan yikleme siresi 1,98 desimal saatti. Bu-
radan sekiz saatte ylklenebilecek kamyon sayisi :

8,00/1,98 = 4,04 kamyon
olarak bulunur.
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3.8. Yaprakli aga¢ tomruklarinin kamyonlara vingle yiiklenmesi ve ana orman yol-
lari Gzerinde yokus yukari tasinmasi

Yaprakli aga¢ tomruklarinin kamyonlara vingle yiklenmesi ve bunlarin ana or-
man yollari Gzerinde yokus yukari tasinmasinda, her gidis - déniste katedilecek me-
safe M = 35Qt0 km, ortalama gidis - dénis hizi H = 20,55 km/saat, beher tomruk
yikl icin ortalama vingle yikleme siresi 119,16 dakika ya da Y = 1,98 desimal saat
ve beher yuk icin ortalama bosaltma siresi de 29,99 dakika ya da B = 0,50 desimal
saat olarak tesbit edilmistir.

Tesbit edilmis bulunan degerlere gore bu kosullar altinda gerekli kamyon sayi-

(35,240/20,55)+0,50 , .

K— 1,08 11
(1,714+0,50) 2,214
1,98 1,98

K= 1,11+1=2,11 kamyon olarak bulunmustur.

Normal bir is glniinde, yani sekiz is saatinde tasima isinde kullanilacak 2,11 kam-
yonun toplam sefer sayisi da asagidaki gorildigi sekilde hesap edilmistir :

Toplam gidis - donlis mesafesi : 35,240 km

Ortalama gidis - donus hizi 120,55 km/saat olduguna gore :
Gidis - donls suresi  : 35,240/20,55 = 1,71 saat/sefer
Yukleme siresi : = 1,98 saat/sefer
Bosaltma sdresi : = 0,50 saat/sefer
Toplam devir sidresi : = 4,19 saat/sefer

olarak hesaplanmistir.
Buna gdre her kamyonun normal bir is gliniinde yapacag! sefer sayisi :
8,00/4,19 = 1,91 ya da 2 sefer
olarak bulunur. Ve yine normal bir is glnlnde 2,11 kamyonun istirakiyle yapilan bu
tasimada yapilan seferlerin toplam sayisi :
2,11 X 1.91 = 4,03 sefer
olacaktir. Bundan baska normal bir is guninde, gerekli 2,11 kamyonun tasi-

yabilecedi tomruk yukd ile, yukleme kapasitesi belli olan ylkleme vinglerinin, bir-
birlerine uygunlugunun kontrol edilmesi gereklidir.

Burada her kamyon ig¢in tesbit edilen ortalama ylkleme siiresi 1,98 desimal saat-
ti. Buradan sekiz saatte yiklenebilecek kamyon sayisi :

8,00/1,98 = 4,04 kamyon

olarak kolaylikla bulunur.
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3.9. Yaprakh aga¢ tomruklarinin kamyonlara vingle yuklenmesi ve yan yollar uze-
rinde inis asagl tasinmasi

Yaprakli aga¢ tomruklarinin kamyonlara vingle yiklenmesi ve bunlarin yan yol-
lar Gzerinde inis inis asa§! tasinmasinda, her gidis - donlste katedilecek mesafe M =
35,240 km, ortalama gidis - donis hizi H = 10,83 km/saat beher tomruk yukd igin
ortalama yikleme siresi 119,16 dakika ya da Y = 1,98 desimal saat ve beher tom-
ruk yuki icin ortalama bosaltma siresi de 29,99 dakika ya da B = 0,50 desimal saat
olarak hesap edilmistir.

Hesap edilmis bulunan degerlere gére gerekli kamyon sayisi :

. (35,240/10,83)+0,50 , .
K— 1,98 +1

3,254+0,50 3,754
1,98 +1—198 '

K= 1,89+1=2,89 ya da 3 kamyon
olarak bulunmustur.

Normal bir is glninde yani se'kiz is saatinde tasima isinde kullanilacak 2,89 kam-
yonun toplam sefer sayisi asagida oldugu gibi hesap edilmistir :

Toplam gidis - donis mesafesi : 35,240 km

Ortalama gidis - donis hizi 110,83 km/saat olduguna gore :
Gidis - donls suresi . 35,240/10,83 = 3,25 saat/sefer
Y ikleme siresi : =1,98 saat/sefer
Bosaltma siresi : = 0,50 saat/sefer
Toplam devir siresi : =5,73 saat/sefer

olarak hesaplanmistir.
Buna gore her kamyonun normal bir is giiniinde yapacagi sefer sayisi :
8,00/5,73 = 1,40 sefer olarak bulunur.

Ve yine normal bir is gununde 2,89 kamyonun istirakiyle yapilan bu tasimada, ya-
pilan seferlerin toplam sayisi :

1,40 X 2,89 = 4,04 sefer olacaktir.

Bundan baska normal bir is gliniinde gerekli 2,89 kamyonun tasiyabilecedi tom-
ruk yukd ile, ylikleme kapasitesi belli olan yikleme vinglerinin birbirlerine uygun-
lugunun kontrol edilmesi gereklidir.

Burada her kamyon icin tesbit edilen ylkleme siresi 1,98 saatti. Buradan se-
kiz saatte yuklenebilecek kamyon sayisi :

8,00/1,98 = 4,04 kamyon

olarak bulunur.
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3.10. igne yaprakli aga¢ tomruklarinin kamyonlara vingle yiklenmesi Ve ana or-
man yollari Gizerinde inis asag! tasinmasi

igne yaprakli agac tomruklarinin kamyonlara vincle yiiklenmesi ve bunlarin
ana orman yollar1 Uzerinde inis asagl tasinmasinda, her gidis - donuste katedilecek
mesafe M = 48,600 km, ortalama gidis - donls hizi 26,49 km/saat, beher tomruk yi-
ki icin ortalama vingle yikleme suresi 100,71 dakika ya da Y = 1,67 desimal saat
ve beher-tomruk yukd i¢in ortalama bosaltma siresi de 27,51 dakika ya da B = 0,46
desimal saat olarak hesap edilmistir.

Hesap edilmis bulunan bu degerlere gbre gerekli kamyon sayisi :

L f48,600/%166%9)4—0,46 i

K 1
_ 18344046 2,294
K= —p 67

K= 1,37+1=2,37 kamyon olarak bulunmustur.

Normal bir is glnilnde, yani sekiz is saatinde tasima isinde kullanilacak 2,37 kam-
yonun toplam sefer sayisi asagida oldugu gibi hesap edilmistir :

Toplam gidis - donlis mesafesi : 48,600 km

Ortalama gidis - donls hizi 126,49 Icm/saat olduguna gore :

Gidis - donls siresi 1 48,600/26,49

1,83 saat/sefer

Yiikleme siresi

1,67 saat/sefer

Bosaltma siresi 0/16 saat/sefer

Toplam devir siresi

3,96 saat/sefer
olarak hesaplanmistir.
Buna g6re her kamyonun normal bir is glinlinde yapacagi sefer sayisi :
8,00/3,96 = 2,02 sefer olarak bulunur.

Ve yine normal bir is gliniinde 2,37 kamyonun istirakiyle yurutilen bu tasima isin-
de yapilan seferlerin toplam sayisi : ~

2,02 X 2,37 = 4,79 sefer ya da 5 sefer
olacaktir.

Bundan baska normal bir is giuninde gerekli 2,37 kamyonun tasiyabilecegi tom-
ruk yuki ile, yikleme kapasitesi belli olan 3lUkleme vinglerinin birbirlerine uygun-
lugunun kontrol edilmesi gereklidir.

Her kamyon ig¢in tesbit edilen ortalama yiukleme siresi 1,67 desimal saatti. Bu-
radan sekiz saatte yiklenebilecek kamyon sayisi :

8,00/1,67 = 4,79 ya da 5 kamyon

olarak bulunur.
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3.11. igne yaprakli aga¢ tomruklarinin kamyonlara vingle yilklenmesi ve ana or-
man yollari Uzerinde yokus yukari tasinmasi

igne yaprakl agac tomruklarinin kamyonlara vingle yiiklenmesi ve bunlarin ana
orman yollari Gzerinde yokus yukari tasinmasinda, her gidis-doniste katedilecek
mesafe M = 48,600 km, ortalama gidis - doénis hizi H = 20,55 km/saat, beher tom-
ruk yukl icin ortalama vingle yukleme siiresi 100,71 dakika ya da Y = 1,67 desimal
saat ve beher tomruk yiki i¢in ortalama bosaltma siresi de 27,51 dakika ya da B =
0,46 desimal saat olarak tesbhit edilmistir.

Tesbit edilmis bulunan bu degerlere gére gerekli kamyon sayisi :

(48,600/20,55)4 0.46

K~ 1,67 +1
2.365+0,46 , _ 2,325,
K~ " 167 ' 'rl— 167

K— 1,69 f 1—2,69 yada 3 kamyon
olarak bulunmustur.

Normal bir is gininde, yani sekiz is saatinde tasima isinde kullanilacak 2,69 kam-
yonun toplam sefer sayisi asagida oldugu gibi hesap edilmistir :

Toplam gidis - donus mesafesi : 48,600 km

Ortalama gidis - dénis hizi :20,55 km/saat olduguna gore :
Gidis - donls suresi . 48,600/20,55 = 2,36 saat/sefer
Yukleme siresi : = 1,67 saat/sefer
Y ikleme siresi : = 0,46 saat/sefer
Toplam devir siuresi = 4,49 saat/sefer

olarak hesaplanmistir.
Buna gdre her kamyonun normal bir is giniinde yapacagi sefer sayisi :
8,00/4,49 = 1,78 sefer

olarak bulunur. Ve yine normal bir gininde 2,69 kamyonun istirakiyle yapilan bu
tasimada, yapilan seferlerin toplam sayisi :

1,78 X 2,69 = 4,79 sefer
olacaktir.

Bundan baska normal bir is guninde gerekli 2,69 kamyonun tasiyabilecegi tom-
ruk yukd ile, yukleme kapasitesi belli olan ylkleme vinglerinin birbirlerine uygun-
lugunun kontrol edilmesi lazimdir.

Burada her kamyon icin tesbit edilmis bulunan ortalama yikleme siresi 1,67 de-
simal saatti. Buradan sekiz saatte ylklenebilecek kamyonlarin sayisi :

8,00/1,67 = 4,79 kamyon ya da 5 kamyon
olarak bulunur.
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3.12. igne yaprakh aga¢ tomruklarinin kamyonlara vingle yiiklenmesi ve yan yol-
lar Uzerinde inis asag! tasinmasi

igne yaprakl aga¢ tomruklarinin kamyonlara vingle yiiklenmesi ve bunlarin yan
yollar Gzerinde inis asa§i tasimasinda, her gidis - donliste katedilecek mesafe M =
48,600 km, ortalama gidis - déniis hizi 10,83 km/saat, beher tomruk yuki igin orta-
lama vingle yikleme siresi 100,71 dakika ya da 1,67 desimal saat ve beher tomruk
yuki igin ortalama bosaltma siiresi de 27,51 dakika ya da B = 0,46 desimal saat ola-
rak hesap edilmistir.

Hesap edilmis bulunan de§erlere gore, bu kosullar altinda gerekli kamyon sa-

yisl :
(48,600/10,83)+0,46

K* 1,67 +1
4,487+0,46 4.947 ,
K~ 1,67 +1~1,67+1

K= 2,96+1=3,96 kamyon ya da 4 kamyon
olarak bulunmustur.

Normal bir is guniinde, yani sekiz is saatinde tasima isinde kullanilacak 3,96 kam-
yonun toplam sefer sayisi asagida oldugu gibi hesap edilmistir :

Toplam gidis - déniis mesafesi : 48,600 km

Ortalama gidis - dénls hizi : 10,83 km/saat olduguna gore :
Gidis - donus suresi . 48,600/10,83 = 4,48 saat/sefer
Yikleme siresi : = 1,67 saat/sefer
Bosaltma siresi : = 0,46 saat/sefer
Toplam devir siresi : = 6,61 saat/sefer

olarak hesaplanmistir.
Buna gore her kamyonun normal bir is glininde yapacagi sefer sayisi da :
8,00/6,61 = 1,21 sefer olarak bulunur.

Ve yine normal bir is gininde 3,96 kamyonun istirakiyle yuratilen bu tasimada ya-
pilan seferlerin toplam sayisi :

1,21 X 3,96 = 4,79 sefer ya da 5 sefer

olacaktir.

Bundan baska, normal bir is gliniinde gerekli 3,96 kamyonun tasiyabilecedi tom-
ruk yuku ile yukleme kapasitesi belli olan yikleme vinglerinin birbirlerine uygunlu-
gunun kontrol edilmesi gereklidir.

Her kamyon icin tesbit edilen ortalama yukleme siresi 1,67 desimal saatti. Bu-
radan sekiz saatte yiklenebilecek kamyon sayisi :

8,00/1,67 = 4,79 kamyon ya da 5 kamyon
olarak bulunur.
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4, YUKLEME MASRAFLARININ HESABI

Tomruklarin kamyonlarla ve traktor - treylerlerle naklinde birim hacme isabet
eden yukleme masraflari, belli bir zaman periyodunda yuklenebilecek olan tomruk
yuklnin hacmi Gzerine dayanmakta ve bununla ilgili bulunmaktadir.

Bir drnek olarak bir yukleme ekibinin saatteki dcretinin 100 TL. oldugu disi-
nalsin.

Daha 6nce verilmis bulunan &rneklerden, &rnedin yapraklh aga¢ tomruklarinin
kamyonlara elle yiklenmesinde ortalama 9,157 m3 tomruk yikiu hacminin 104,12 da-
kikada ya da 1,73 desimal saatte yiklendigi belirtilmisti.

Normal bir is gininde yani sekiz is saatinde kamyonlar yiklenmeye uygun ve
hazir ise bu kosullarda 4,61 kamyonun ylklenebilecedi de teshit edilmisti.

Bu veriler yardimiyla birim hacim (beher m3 icin) yikleme masrafi (B.H.Y.M.)
asagida verilen formil ile kolayca hesap edilebilecektir :

Yikleme ekibinin

BH.Y MA saat lcreti X ~all8ma saatleri
T Yiiklenen Sef Kam\onun
kamyonlarin X eTeT % ortalama tomruk
saylisi sayisi yuka

Yukarda verilen degerler yerlerine konuldugunda :

100X8 800 3
* 2,06X2,24X9,157 —42,03- 1903 lira'm

olarak bulunur.

SONUC

Yukarda verilmis bulunan &rneklerde goruldigi gibi, diger kosullar ayni kal-
mak sartiyla hizin degismesiyle 6rnegin azalmasiyla tasimaya tahsis edilecek olan
kamyon sayisi fazlalasmakta ve buna paralel olarak sefer sayisi da azalmaktadir.
Bunun tersine olarak hizin fazlalasmasiyla da tasimada kullanilacak kamyon sayisi
azalmakta fakat sefer sayisi artmakta ve bdylece denge saglanmaktadir.

Bundan baska diger kosullar ayni kalmak kaydiyla ylkleme ve bosaltma siire-
lerinin degismesiyle, Ornegin uzamasiyla, yiiklenip bosalacak kamyon sayisi pek ta-
bii olarak azalmis olacaktir. Bu durumda, ortalama kamyon yiki belli olduguna go-
re, daha az sayida kamyon yiliklenmis oldugu igin glnlik tasima kapasitesi de azal-
mis olacaktir. Tersine olarak, yukleme ve bosaltma slrelerinin kisalmasiyla yukle-
nip bosalacak kamyon sayisi artmis olacak ve buna paralel olarak gunlik tasima
kapasitesi de fazlalasacaktir. Bu husus, ylikleme ve bosaltma sirelerinin, bir tasima
isinin verimi tGzerine olan énemli etkisini de gostermis olmaktadir.

Ayrica, formildeki unsurlardan digerleri ayni kalmak kosuluyla tasima mesafe-
sinin degismesiyle 6rnedin uzamasiyla, tasima isinde kullanilacak gerekli kamyon
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saylisi fazlalasacak buna karsilik sefer sayisi azalacak, tersine olarak tasima mesa-
fesinin kisalmasiyla da kamyon sayisi azalacak ve buna paralel olarak sefer sayisi
fazlalasacaktir.

Goruldugd tzere normal bir is glnunde yani sekiz is saatinde tasima mesafesi,
gidis - déniis hizi, yukleme ve bosaltma sirelerine bagli olarak yapilabilecek sefer
sayisi sinirli olmaktadir. Bu nedenle, nakliyat mevsiminde uzun yaz glnlerinde se-
kiz is saati yerine on ile oniki saat calisarak verimi arttirmak ve birim hacme isa-
bet eden yikleme masrafini azaltmak mimkiin olabilecektir.



planning of hauling operations in bolu region
FROM THE VIEWPOINT OF TIME

Dog. Dr. Turgay AYKUT

Abstract

This paper covers results of time studies which \vere carried out in
Bolu region. These results were applied to a formula used for planning
of hauling of logs from the vievvpoint of time in different conditions.

. INTBODUCTION

During the hauling operations it is often observed that loading crews or loading
equipments are waitlng without working for truclcs to load or trucks are idle waiting
to be loaded.

Under these conditions, it can be assumed that the hauling phase of the opera-
tion is out of balance and therefore hauling costs are rising.

If the capacity of loading crews or loading equipments to be equal to the capa-
city of trucks or truck trips were brought into balance savings could be made.

In these operations variable factors play the role. These are :

Length of truck hauling, road conditions (wet or dry) volime of the logs being
loaded, mechanical efficiency of trucks and loading equipments, round -trip travel
time and seasonal variations, ete.

When loading and hauling operations are closely integrated, the whole operation
is in balance and vraiting time is reduced to zero. Therefore operational costs will be
reduced to a minimum.

1. FORMULA

It is possible to bring a hauling operation into balance by the application of fin-
dings from number of time studies that are in conjuction with the following formula.

The formula has since been tested successfully on a number of hauling opera-
tions.

-+ .
Formula: K = (M/H) —B+1’

| Department of Forest Englneeilng, Faculty of Forestry, University of istanbul, iSTANBUL.
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Where :

K = Number of trucks required for hauling

M = Total round - trip hauling distance (in km
H = Average round - trip speed (kph).

B = Unloading time (in decimal hours).

Y = Loading time (in decimal hours).

1 = Constant number.

It should be noted that the type of matertal is not considered in this formula and
therefore the formula may be used for log, gravel or any other materlals.

2. FINDING OF THE FORMULA FACTORS

In order to use this formula it would be necessary to determinethevalue ofthe
various factors in the formula.

The average speed in kph and hauling distance in km could be estimatedfrom ex-
perience or could be established by the time studies.

mThe average load voliime in cubic meter for truck or tractor - trailer comblna-
tlon would be determined by the time studies as well.

On the other hand, loading and unloading time for trucks would be calculated
by the time study results. Times are expressed in decimal hours.

2.1. The average loading time in Bolu region

In Bolu region, loading the logs onto trucks are generally done by hand and hand
operated loading winch.

The time studies on loading the logs onto trucks have been done on 1027 deci-
duous logs (594,667 cubic meters) and 1822 conifer logs (781,429 cubic meters). It
has been observed that in loading the logs onto trucks the loading and the lifting time
are influenced by the tree species the log volime and consequently the weight of log,
the loading method, the lifting height, the log length and amount of workers in
loading crew.

The time studies have been done on loading the logs onto trucks by hand and
hand operated loading winch separately.

2.1.1. Loading the logs onto trucks by hand

Total vvorking time is considered in four groups in loading the logs onto trucks
by hand. These are; The first preparatory time, the loading and adjusting time and
the delay time.

The first preparatory time includes the time of preparing of trucks for loading,
bringing, fixing and carrying out the skid logs, adjusting and bringing the logs to
available position for loading.

The loading and adjusting time is separated in three subgroups. These are :

Preparatory time, loading time and auxiliary time. Preparatory time includes
planning of work and adjusting the logs on the ground times.

Loading time includes the lifting time and adjusting the logs on truck- time. -
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Auxiliary time is considered in the following given times. These are : Fbdng the
hooks time, refixing the skid logs time, lifting the truck side cover time, tying the
log load time.

Moving time is separated in two phases which are moving the truck at loading
site, and moving the truck to another log storage.

Sum of the first preparatory time, the loading and adjusting time and the .mo-
ving time give the actual vvorking time.

Delay times are unavoidable which are adjusting the logs durlng the loading, brea-
king the skid logs, breaking the rope time, sliding or falling of logs time waiting time
and resting time.

Total working time which is sum of the actual working time and the delay time.

The time studles have been done on loading the deciduous and the conifer logs
onto trucks by hand separately. '

S.1.1.1. Loading the deciduous logs onto trucka by hand

The time studies on loading the deciduous logs onto trucks by hand have been
done on 478 deciduous logs (283,873 cubic meters).

In these studies, the averagd first preparatory, time, the average loading and
adjusting time and the average moving time 16,21 minutes (average 0,27 decimal
hours), 77,99 minutes (average 1,30 decimal hours) and 1,58 minutes (average 0,02
decimal hours) respectively in loading the deciduous logs onto trucks by hand.

The average actual working time which is sum of times that are given above
has been calculated as 95,78 minutes (average 1,59 decimal hours) and the average
delay time has also been determined as 8,34 minutes (average 0,14 decimal hours).

The average total working time which is sum of the average actual working ti-
me and the average delay time has been determined as 104,12 minutes (average 1,73
decimal hours).

Besides, according to total working time, the average percentage of different
phases of loading times have been calculated as follows :

The first preparatory time as an average is 14,84 percent, the loading and ad-
justing time as an average is 76,04 pacent and the moving time as an average is 1,60
percent. Average percentage of the sum of these times \vhich is the actual working
time as an average is 92,48 percent and the delay time as an average is 7,52 percent.

On the other hand, the average man - hour per unit volime in loading the deci-
duous logs onto trucks by hand has been determined as 75,527 minutes per cubic me-
ter (S = £ 17,110).

Under these study conditions, the average load volime, the average number of
logs per load, the average log voliime, the average lifting height, the average skid
length and the average number of workers in crevws were 9,157 cubic meters, 15,42
logs, 0,593 cubic meters, 1,67 meters, 4,40 meters and 6,70 workers respectively.

2.1.1.8. Loading the conifer logs onto trucks by hand

The time studies on loading the conifer logs onto trucks by hand have been done
on 1050 conifer logs (404,007 cubic meters).
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In these studies, the average first preparatory time, the average loading and ad-
justing time and the average moving time 17,48 minutes (average 0,29 decimal hours),
88,17 minutes (average 1,47 decimal hours), 0,65 minutes (average 0,01 decimal hours)
respectively in loading the conifer logs onto trucks by hand.

The average actual working time which is sum of times that are given above
has been calculated as 106,30 minutes (average 1,77 decimal hours) and the delay
time has also been determined as 6,01 minutes (average 0,10 decimal hours).

The average total working time which is sum of the average actual working ti-
me and the average delay time has been determined as 112,31 minutes (average 1,87
decimal hours).

Besides, according total vvorking time, the average percentage of different pha-
ses of loading times havebeen calculated as follovvs :

The first preparatory time as an average is 15,67 percent, the loading and adjus-
ting time as an average is 78,12 percent and the moving. time as an average is 0,65 per-
cent. Average percentage of the sum of these times which is the actual working ti-
me as an average is 5,68 percent.

On the other hand, the av’erage man - hour per unit volime in loading the coni-
fer logs onto trucks by hand has been determined as 40,041 minutes per cubic meter
(S = -£.13,650).

Under these study conditions, the average load volime, the average number of
logs per load, the average log volime, the average lifting height, the average slcid
length and the average number of workers in crews were 13,433 cubic meters, 35,00
logs, 0,383 cubic meters, 1,75 meters, 558 meters and 4,73 workers respectively.

2.1.2. Loading the logs onto trucks by hand operated vvinch

The total working time is considered in four groups in loading the logs onto trucks
by hand operated winch. These are :

The first preparatory time, loading and adjusting time and the delay time.

The first preparatory time includes preparing of truck for loading, bringing and
fixing the hand operated winch, bringing and fixing the skid logs and bringing to
available position of logs for loading at stoi*age. Loading and adjusting time is se—
parated in three subgroups. These are :

The preparatory time, the loading time and the auxiliary time. The preparatory
time includes the planning of work time and the adjusting the logs on the ground
time.

Loading time includes hooking the vvinch rope hook time, the lifting time, un-
hooking the vvinch rope hook and the adjusting the logs on truck time.

Auxiliary time is considered in the follovving given times. These are : Fixing the
hooks time, refixing the skid logs, closing the truck side cover and tying the load
chains, demounting the hand operated vvinch and the tying the log load time.
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Sum of the First preparatory time and the loading and adjusting time give the
actual working time.

Delay times are unavoidable delay times which are adjusting the logs during the
loading, breaking the skid logs, slipping off, blocking, loosening and breaking of
winch rope, sliding or falling of logs, refixing the hand operated winch to truck,
rewinding in winch rope, lubricating and maintaining the hand operated winch,
vvaiting time, other delay time and resting time.

Total working time vvhich is sum of the actual working time and the delay time.

The time studies have been done on loading the deciduous and the conifer logs
onto trucks by hand operated winch separately,

The results of the time studies made within the framevvork of these studies that
are related with loading the logs onto truck by hand operated vvinch are summari-
zed as follows :

2.1.2.1. Loading the deciduous logs onto truck by hand operated voinch

The time studies on loading the deciduous logs onto trucks by hand operated
winch have been done on 546 deciduous logs (310,794 cubic meters).

In these studies, the average first preparatory time and the average loading and
adjusting time have been determined as 17,65 minutes (average 0,29 decimal hours)
and 94,36 minutes (average 1,57 decimal hours) respectively in loading the deciduous
logs, onto trucks by hand operated winch.

The average actual working time which is sum of times that are given above
has been calculated as 112,01 minutes (average 1,86 decimal hours) and the delay
time has also been determined as 7,15 minutes (average 0,12 decimal hours).

The average total working time vvhich Is sum of the average actual vvorking ti-
me and average delay time has ben determined as 119,16 minutes (average 1,98 de-

cimal hours).

Besides, according to total vvorking time, the average percentage of different
phases of loading times have been calculated as follows :

The first preparatory time as an average is 15,31 percent, the loading and ad-
justing time as an average is 79,01 percent. Average percentage of the sum of these
times wvhich is the actual vvorking time as an average is 94,32 percent and the de-
lay time as an average is 5,68 percent..

On the other hand, the average man - hour per unit volime in loading the deci-
duous logs onto trucks by hand operated vvineh has been calculeted as 51,603 minu-
tes per cubic meter (S = -4-14,541).

Under these study condltions, the average load volime, the average number of
logs per load, the average log voliime, the average lifting height, the average skid
length and the average number of vvorkers in loading crevvs were 10,360 cubic me-
ters, 18,20 logs, 0,569 cubic meters, 2,15 meters, 4,78 meters and 4,46 vvorkers res-
pectively,
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2.1.2.2. Loading the conifer logs onto trucks by hand operated toinch

The time studies on loading the conifer logs onto trucks by hand operated winch
have been done on 772 conifer logs (378,422 cubic meters).

In these studies, the average first preparatory time and the average loading and
adjusting time have been determined as 10,75 minutes (average 0,18 decimal hours)
and 84,98 minutes (average 1,41 decimal hours) respectively in loading the conifer
logs onto trucks by hand operated winch.

The average actual working time whieh is sum of times that are given above
has been calculated as 95,73 minutes (average 1,59 decimal hours) and the delay ti-
me has also been determined as 4,98 minutes (average 0,08 decimal hours).

The average total working time whieh is sum of the average actual working ti-
me and the average delay time has been determined as 100,71 minutes (average 1,67
decimal hours).

Besides according to total working time, the average percentage of dtfferent pha-
ses of loading times have been calculated as follovvs :

The first preparatory time as an average is 10,88 percent, the loading and ad-
justing time as an average is 84,44 percent. Average percentage of the sum of the-
se times which is the actual vvorking time as an average is 95,32 percent and the
delay time as an average is 4,68 percent.

On the other hand, the average man - hour per unit volime in loading the coni-
fer logs anto trucks by hand operated winch has been calculated as 33,826 minutes
per cubic meter (S = -+ 7,661).

Under these study conditions, the average load volime, the average number of
logs per load, the average log volume, the average lifting height, the average skid
length and the average number of workers in loading erews were 12,614 cubic meters,
25,73 logs, 0,490 cubic meters, 2,32 meters, 4,20 meters and 4,23 workers respectively.

2.2. The average hauling time in Bolu region

In Bolu region, hauling the logs are generally done by trucks and tractor - trailer
combinations.

It has been observed that in trucking, gradient of the road and its surface con-
ditions, tree species, volume of the load and consequently the weight of logs, hauling
distance and speed, loading and unloading time and finally the type of truck influen-
ce the trucking time.

The time studies have been done on hauling the deciduous and the conifer logs
on main or secondary logging roads by trucks or tractor - trailer combinations se-
parately.

2.2.1. Hauling the logs by trucks and tractor -trailer combinations

Total working time is considered in three groups in hauling the logs by trucks
and tractor - trailer combinations. These are :

The loaded truck or tractor - trailer travel time and its delay time, the unloading
time and its delay time and the empty truck or tractor - trailer travel time and its
delay time.
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Loaded truck or tractor -trailer travel time and its delay time is seperated in
two subgroups which are the actual loaded truck or tractor -trailer travel time and
the delay time.

The delay times include waiting time, maneuvering time, giving the way time,
control time, supplying the fuel time, maintaining of truck time, resting time, special
delay time, meal time and the other delay times.

Sum of the actual loaded truck or tractor - trailer travel time and the delay ti-
mes give the total loaded truck or tractor - trailer travel time.

Unloading time and its delay time is seperated in two subgroups.

The first one of them includes movement of truck at loading site, maneuvering
at loading site, unloading time and coming back to entering point, at loading site.
Sum of these times vvliich are given above give the actual unloading time. The second
one of them is the delay times which include maneuvering time, the kinds of waiting
time and the other delay times.

Sum of the actual unloading time and the delay time give the total unloading
time.

Empty - truck or tractor - trailer travel time and its delay time is seperated in
two subgroups which are actual empty truck or tractor - trailer travel time and the
delay time.

The delay times include the kinds of waiting time, maneuvering time, giving the
way time, supplying the fuel time, maintaining of truck time, resting time, special
delay time, meal time, and the other delay times.

Sum of the actual empty truck or tractor - trailer travel time and the delay ti-
mes give the total empty return travel time. Besides sum of the total loaded travel
time and total unloading time and total empty return travel time give the total
vvorking time.

2.2.1.1. Hauling the logs by trucks

The time studies have been done on hauling the deciduous and conifer logs se-
parately.

2.2.1.1.1. Hauling the deciduous logs by trucks

The time studies on hauling the deciduous logs by trucks have been done on 172
deciduous logs (43,355 cubic meters) and in different distances from 17 to 32 km.

In these studies, the average actual loaded truck travel time and its average de-
lay time have been determined as 71,78 minutes (average 1,19 decimal hours) and
17,48 minutes (average 0,29 decimal hours) respectively in hauling the deciduous logs
by trucks.

The average total loaded truck travel time which is sum of times that are given
above has also been calculated as 89,26 minutes (average 1,48 decimal hours).

Besides, according to total vvorking time, the average percentage of different
phases of hauling times that are given above have been determined as follovvs :
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The actual loaded truck travel time as an average is 39,37 percent and its de-
lay time as an average is 9,88 percent. Average percentage of the sum- of these ti-
mes wvvhich is the average total loaded truck travel time has also been calculated as
49,25 percent.

Under the same conditions,- the average actual unloading time and its average
delay time have been determined as 24,26 minutes (average 0,41 decimal hours) and
5,73 minutes (average 0,90 decimal hours) respectively. The average total unloading
time vvhich is sum of time that are given above has also been calculated as 29,99 mi-
nutes (average 0,50 decimal hours).

Besides according to total time, the average percentage of dlfferent pheses of
unloading times that are given above have been determined as follovvs :

The actual unloading time as an average is 13,40 percent and its delay time as
an average is 3,23 percent. Average percentage of the sum of these times wvvhich is
the average total unloading time has also been calculated as 16,63 percent.

In the same studies, the average actual empty truck travel time and its average
delay time have been determined as 48,62 minutes (average 0,81 decimal hours) and
14,65 minutes (average 0,24 decimal hours) respectively.

The average total empty truck travel time vvhich is sum of time that are given
above has also been calculated as 63,27 minutes (average 1,05 decimal hours).

Besides, according to total vvorking time, the average percentage of different pha-
ses of empty return times that are given above have been determined as follovvs :

The actual empty truck travel time as an average is 26,56 percent and its de-
lay time as an average is 7,56 percent. Average percentage of the sum of these ti-
mes which is the average total empty truck travel time has also been calculated as
34,12 percent.

On the other hand, the average total actual vvorking time vvhich is sum of the
average actual loaded truck travel time, the average unloading time and the avera-
ge actual empty truck travel time and its average total delay time have been deter-
mined as 144,66 minutes (average 2,41 decimal hours) and 37,86 minutes (average
0,62 decimal hours) respectively. Sum of these times which is the average total vvor-
king time has also been calculated as 182,52 minutes (average 3,03 decimal hours).

Besides, according to total working time, the average percentage of different pha-
ses of hauling times that are given above have been calculated as follovvs :

The total actual vvorking time as an average is 79,33 percent and the total delay
time as an average is 20,67 percent.

Furthermore, the average total trucking time per unit volime per unit distance
vvhich is sum of the average total actual vvorking time per unit volime per unit dis-
tance and the average total delay time per unit volime per unit distance has been
determined as 1,232 minutes (S = +0,2314) per cubic meter per km.

Under these study.conditions, the average hauling distance, the average load
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vollime, the average log volime and the average number of logs per load were 17,62
km., 8,671 cubic meters, 0,252 cubic meters and 34,40 logs respectively.

2.2.1.1.2. Hauling the conifer logs by trucks

The time studies on hauling the conifer logs by trucks have been done on 639
conifer logs (174,786 cubic meters) and in different distances from 17 to 32 km.

In these studies the average actual loaded truck travel time and its the avera-
ge delay time have been determined as 73,93 minutes (average 1,23 decimal hours)
and 11,05 minutes (average 0,19 decimal hours) respectively in hauling the conifer
logs by trucks.

The average total loaded truck travel time vvhich is sum of times that are gi-
ven above has also been calculated as 84,98 minutes (average 1,42 decimal hours).

Besides, according to total vvorking time, the average percentage of different
pheses of loaded hauling times that are given above have been determined as follovvs :

The actual loaded truck travel time as an average is 40,91 percent and its delay
time as an average is 542 percent. Average percentage of the sum of these times
which is the average total loaded truck travel time has also been calculated as 46,33
percent.

Under the same conditions, the average actual unloading time and its the ave-
rage delay time have been determined as 26,25 minutes (average 0,44 decimal hours)
and 1,26 minutes (average 0,02 decimal hours) respectively.

The average total unloading time which is sum of times that are given above
has also been calculated 27,51 minutes (average 0,46 decimal hours). Besides, accor-
ding to total vvorking time, the average percentage of different phases of unloading
times that are given above have been determined as follovvs :

The actual unloading time as an average is 14,92 percent and its delay time as
an average is 0,62 percent. Average percentage of the sum of these times wvvhich is
the average total unloading time has also been calculated as 15,54 percent.

In the same studies, the average actual empty truck travel time and its the ave-
rage delay time have been determined as 47,88 minutes (average 0,79 decimal hours)
and 26,95 minutes (average 0,45 decimal hours) respectively.

The average total empty truck travel time vvhich is sum of times that are given
above has also been calculated as 74,83 minutes (average 1,24 decimal hours).

Besides, according to total working time, the average percentage of different
phases of empty return times that are given above have been determined as follovvs :

The actual empty truck travel time as an average is 26,46 percent and its de-
lay time as an average is 11,67 percent. Average percentage of the sum of these ti-
mes wvhich is the average total empty truck travel time has also been calculated as
38,13 percent.

On the other hand, the average total actual vvorking time vvhich is sum of the
average actual loaded truck travel time, the average actual unuloading time and the
average actual empty truck travel time and its average total delay time have been
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determined as 148,06 minutes (average 2,46 decimal hours) and 39,26 minutes (ave-
rage 0,66 decimal hours) respectively. Sum of these times which is the average total
vvorking time has also been calculated as 187,32 minutes (average 3,12 decimal hours).

Besides, according to total vvorking time, the average percentage of different
phases of hauling times that are given above have been calculated as follows :

The total actual vvorking time as an average is 82, 29 percent and the total de-
lay time as an average is 17,71 percent.

Purthermore, the average total trucking time per unit volime per unit distance
vvhich is sum of the average total actual vvorking time per unit volime per unit dis-
tance and the average total delay time per unit volime per unit distance has been
determined as 0,623 minutes (S = +0,3008) per cubic meter per km.

Under these study conditions, the average hauling distance, the average load vo-
Iime, the average log volime and the average number of logs per load vvere 24,30
km., 13,445 cubic meters, 0,273 cubic meters and 49,15 logs respectively.

2.2.1.2.  Hauling the logs by tractor - trailer combinations
2.2.1.2.1. Hauling the deciduous logs by tractor - trailer combinations

The time studies on hauling the deciduous logs by tractor - trailer combinations
have been done on 32 deciduous logs (11,184 cubic meters) and in 18,2 km.

In these studies, the average total actual loaded tractor - trailer travel time and
its the average delay time have been determined as 121,63 minutes (average 2,02 de-
cimal hours) and 21,35 minutes (average 0,36 decimal hours) respectively in hauling
the deciduous logs by tractor - trailer combinations.

The average total loaded tractor - trailer travel time vvhich is sum of times that
are given above has also been calculated as 142,98 minutes (average 2,38 decimal
hours).

Besides, according to total vvorking time the average percentage of different pha-
ses of loaded hauling times that are given above have been determined as follovvs :

The actual loaded tractor - trailer travel time as an average is 52,82 percent and
its delay time as an average is 9,25 percent. Average percentage of the sum of these
times vvhich is the average total loaded tractor - trailer travel time has also been cal-
culated as 62,07 percent.

Under the same conditions, the average actual unloading time and its the ave-
rage delay time have been determined as 11,44 minutes (average 0,19 decimal hours)
and 0,00 minute respectively. In this phase there was no delay time. Therefore, the
average total unloading time vvhich is sum of times that are given above has also
been calculated as 11,44 minutes (average 0,19 decimal hours).

Besides according to total vvorking time, the average percentage of different pha-
ses of unloading times that are given above have been determined as follovvs :

The actual unloading time as an average is 4,97 percent and its delay time as
an average is 0 percent. Average percentage of the sum of these times vvhich is the
average total unloading time has also been calculuated as 4,97 percent.
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In the same studies, the average actual empty tractor - trailer travel time and
its average delay time have been determined as 69,97 minutes (average 1,16 deci-
mal liours) and 5,89 minutes (average 0;10 decimal hours) respectively.

The average total empty tractor - trailer travel time vvhich is sum of times that
are given above has also been calculated as 75,86 minutes (average 1,26 decimal
hours).

Besides, according to total vvorking time, the average percentage of different
phases of empty return times that are given above have been determined as follovvs :

The actual empty - tractor - trailer travel time as an average is 30,37 percent
and its delay time as an average is 2,58 percent. Average percentage of the sum of
these times wvvhich is the average total empty tractor - trailer travel time has also
been calculated as 32,95 percent.

On the other hand, the average total actual vvorking time wvvhich is sum of the
average actual loaded tractor - trailer travel time, the average actual unloading time
and the average actual empty tractor - trailer travel time and their average total de-
lay time have been determined as 203,04 minutes (average 3,37 decimal hours) and
27,24 minutes (average 0,46 decimal hours) respectively. Sum of these times vvhich
is the average total vvorking time has also been calculated as 230,28 minutes (ave-
rage 3,80 decimal hours).

Besides, according to total vvorking time, the average percentage of different
phases of hauling times that are given above have been calculated as follcvvs :

The total actual vvorking time as an average is 88,17 percent and the total de-
lay time as an average is 11,83 percent.

Furthermore, the average total hauling time per unuit volime per unit distance
wvhich is sum of the average total actual vvorking time per unit volime per unit dis-
tance and the average total delay time per unit volime per unit distance has been
determined as 2,450 minutes (S = + 0,9757) per cubic meter per km.

Under these study conditions, the average hauling distance, the average load
volime and the average number of logs per load vvere 18,20 km., 5592 cubic meters,
0,349 cubic meters and 16 logs respectively.

2.3. The average hauling speeds T *

2.3.1. The average speeds in hauling the logs by trucks

The average hauling or travel speeds on main or secondary logging roads under
different conditions have been calculated as follovvs :

The average loaded and empty truck travel speeds have been determined as 23,54
km. per hour (S = +3,5851) and 30,29 km per hour (S = +6,4333) respectively in
hauling the logs by trucks in dovvnhill transport on main logging roads.

Besides, the average loaded und empty truck travel speeds have been calculated
as 14,77 km. per hour (S = +1,7490) and 33,79 km. per hour (S = +8,8392) res-
pectively in hauling the logs by trucks in uphill transport on main logging roads. .
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2.3.2. The average speeds in hauling the logs by tractor -trailer combinations

The average hauling or travel speeds on main or secondary logging roads under
different conditions have been calculated as follows :

The average loaded and empty tractor - trailer travel speeds have been deter-
mined as 11,24 km per hour (S = + 1,5859) and 16,95 km. per hour (S = +0,9617)
respectively in hauling the logs by tractor - trailer combinations in dovvnhill trans-
port on main logging roads.

Besides, the average loaded and empty tractor - trailer travel speeds have been
calculated as 8,87 km. per hour (S = + 0,3669) and 17,05 km. per hour (S = +0,8556)
respectively in hauling the logs by tractor - trailer combinations in uphill transport
on main logging roads.

Purthermre, the average loaded and empty tractor - trailer travel speeds have
also been determined as 7,25 km. per hour (S = +0,7977) and 11,57 km. per hour
(S = +1,2516) respectively in hauling the logs by tractor - trailer combinations in
dovvnhill transport on secondary logging roads.

2.4. Determination of the average round trip travel speeds

In calculating the average speed for round - trip travel distances, where trucks
and tractor - trailer combinations operate at one speed on the loaded travel and at
another on the empty travel, it must be known that this average cannot be determi-
ned by adding the two speeds in km. per hour and dividing by two. The time requi-
red to go a km. at each speeds must be determined, vvhereupon their sum becomes
the round -trip travel unit time, If, for example, loaded truck travel speed is de-
termined at 20 km. per hour and empty truck travel speed at 30 km. per hour, the
average round - trip speed is not 25 km. per hour for any given round - trip distance.

One a unit basis of 1 km., it will take 60 minutes/30 km. per hour, or 2 minu-
tes, to travel 1 km. at 30 km. per hour and 60 minutes/20 km. per hour or 3 minu-
tes, to travel 1 km. at 20 km. per hour. The round - trip distance of 1 km., therefore,
requires 5 minutes; and the average speed is 5 minutes for 2km., equivalent to
an average hourly speed of 60 minutes/5 minutes x 2km. or 24 km. per hour.

The time required to travel a unit round - trip distance such as a km. at speeds
that vary as betvveen the loaded and empty travel trip may be determined as in the
foregoing, and the average speed in km. per hour may be determined from this time.
Conversely, the average speed can be determined directly from a formula as follovvs :

Average round - trip travel speed in km. per hour :

2 [Loaded travel speed (k.p.h.) X empty return travel speed (k.p.h.)]
~ Loaded travel speed (k.p.h.) + empty retum travel speed (k.p.h.)

and the time required for a round - trip distance such as a km. can be calculated from
this average speed. Using the previous case, vvhere the loaded travel speed was as-
sumed at 20 km. per hour and the empty return travel speed at 30 km. per hour :
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Average round - trip travel speed (k.p.h.) is :

2(20X30) 1200
— 20430 ~ 50 —24k-P-h-

Time required per km. of round - trip hauling distance :

60 minutes
= 21"k p'h— ~ km—5 minutes

When the average round - trip travel speed, or time required to travel a round - trip
distance, has been determined, the cost per km. of hauling distance of hourly fixed
time and operating cost can easily be determined by multiplying the sum of these
costs by the fraction of an hour required to make a round - trip km. at the deter-
mined average speed.

2.41. Determination of average round - trip travel speeds for trucks or tractor -
trailer combinations.

The average round - trip travel speeds of trucks or tractor -trailer combinations
have been calculated on main or secondary logging roads under different conditions
separately as follows :

The average round - trip travel speed has been determined as 26,49 km. per hour
in hauling the logs by trucks in down hill transport on main logging roads.

Besides, the average round -trip travel speed has been calculated as 20,55 km.
per hour in hauling the logs by trucks in uphill transport on main logging roads.

Furthermore, the average round - trip travel speed has also been determined as
10,83 km. per hour in hauling the logs by trucks in downhill transport on secondary
logging roads.

The average round - trip travel speed has been determined as 13,51 km. per hour
in hauling the logs by tractor - trailer combinations in downhill transport on main
logging roads.

Besides, the average round - trip travel speed has been calculated as 12,66 km.
per hur in hauling the logs by tractor - trailer combinations in uphill transport on
main logging roads.

Furthermore, the average round - trip travel speed has also been determined as
8,91 km. por hour in hauling the logs in downhill transport on secondary logging
roads.

S. APPLYING THE FORMULA

In using the formula to calculate the number of trucks requlred for a proposed
haul. According to values in different conditions which were given above have been
applied to formula separately as follovvs.

3.1. Loading the deciduous logs onto trucks by hand and their hauling in down
hill transport on main logging roads

Under these study conditions, the total round - trip travel distance, the average
round - trip travel speed, the average unloading time per load and the average hand
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loading time per load were M = 26,49 km. per hour, 39,99 minutes (or B = 0,50 de-
cimal hours) and 104,12 minutes (or Y = 1,73 decimal hours) respectively in hauling
the deciduous log by trucks in dovvnhill transport on main logging roads.

Let us calculate the trucks number reguired according to data given above :

M/H)+B
K= number of trucks required = ( y) +1

(35,240/26,49)+0,50

K* 173 +1
(35,240/26,49)+0,50 .. 1,830, ,
K— 1,73 +1~1,73 +1

K =106 1= 206 trucks

The total number of trips the 2,06 trucks could haul in a normal eight - hour day can
be calculated from the assumed data as :

Total round -trip travel distance : 35,240 km.

Average round - trip travel speed : 26,49 km. per hour.
Then :

Round - trip travel time 35,240/26,49 = 1,33 hours/trip

Loading time 1,73 hours/trip

0,50 hours/trip

Unloading time

Total eyele time

3,56 hours/trip
Therefore number of trips per truck :
8,00/3,56 = 2,25 trips,
and the total number of trips made by 2,06 fleet of trucks is :

2,06 X 2,25 = 4,61 or 5 trips
per eight - hour day.

The requirement of 2,06 trucks can be checked against the estimated loading ca-
pacity of the loading crew at total efficiency per normal day :

Assumed average loading time per truck =1,73 decimal hours : Therefore num-
ber of trucks loaded in 8 hours :

8,0/1,73 = 4,62 trucks.

S.2. Loading the deciduous logs onto trucks by hand and their hauling in uphill
tramsport on main logging roads

Under these study conditions the total round -trip travel distance, the average
round - trip travel speed, the average hand loading time per load and the average
unloading time per load were M = 35,240 km, H = 20,55 km., per. hour, 104,12 .minu-
tes (or Y = 1,73 decimal hours) and 29,99 minutes (or B = 0,50 decimal hours) res-
pectively in hauling the deciduous logs by trucks in uphill transport on main logging

roads. - : *
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Let us calculate the trucks number required according to data given above :

(35,240/20,55)+0,50 ,

K= r,73 tl
(1,714+0,50) ,. 1214
K_ 1,73 i1* 1,73

K= 1,28+1=2,28 trucks,

The total number of trips the 2,28 trucks could haul in a normal eight - hour day can
be calculated from the assumed data as :

Total round trip travel distance . 35,240 .km.

Average round - trip travel speed : 20,55 km. per hour
Then :

Round - trip travel time : 35,240/20,55 = 1,71hours/trip

Loading time ( = 1,73 hours/trip

Unloading time : = 0,50 hours/trip

Total cycle time : = 394 hours/trip

Therefore number of trips per truck :

8,00/3,94 = 2,03 trips and the total number of trips made by 2,28 fleet of trucks

2,28 X 2,03 = 4,62 trips per eight-hour day.

The reqgiurement of 2,28 trucks can be checked against the estimated loading
capacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck = 1,73 decimal hours. Therefore number
of trucks loaded in eight hours ;

8,0/1,73 = 4,62 trucks

3.3. Loading the deciduous logs onto trucks by hand and their hauling in downhill
transport on secondary logging roads

Under these study conditions the total round - trip travel distance, the average
round - trip travel speed, the average hand loading time per load and the average
unloading time per load were M = 35,240 km, H = 10,83 krrt. per hour, 104,12 minutes
(or Y = 1,73 decimal hours) and 29,99 minutes (or B = 0,50 decimal hours) respec-
tivelj= in hauling the deciduous logs onto trucks by hand in dovvnhill transport on

secondary logging roads.
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Let us calculate the trucks number required according to data given above :
(35,240/10,83)+0.50

K— 1,73 +1
3,254+0,50 3.754
1,73 ~ 1,7137*7

K= 2,17+1=3,17 trucks.

The total number of trips the 3,17 trucks could haul in a normal eight - hour day
can be calculated from the assumed data as :

Total round - trip travel distance : 35,240 km.

Average round - trip travel speed : 10,83 km. per hour.
Then :

Round - trip travel time : 35,240/10,83 = 3,25 hours/trip

Loading time : = 1,73 hours/trip

Unloading time ( = 0,50 hours/trip

Total cycle time : = 5,48 hours/trip

Therefore number of trips per truck :

8,00/5,48 = 1,46 trips and the total number of tripsmade by 3,17 fleet of trucks

1,46 X 3,17 = 4,62 trips per eight-hour day.

The requirement of 3,17 trucks can be checked against the estimated loading
capacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck = 1,73 decimal hours. Therefore num-
ber of trucks loaded in 8 hours :

8,0/1,73 —4,62 trucks.

3.4. Loading the conifer logs onto trucks by hand and their hauling la don\vnhill
transport on main logging roads.

Under these study conditions the total round -trip traveldistance, the average
round - trip travel speed, the average hand loading time per load and the average
unloading time per load were M = 48,600 km, H = 26,49 km. per hour, 112,31 minu-
tes (or Y = 1,87 decimal hours) and 27,51 minutes (or B = 0,46 decimal hours) res-
pectively in hauling the conifer logs by trucks in downhill transport on main logging
roads.

Let us calculate the trucks number required according to data given above :

(48,600/26,49)+0,46 |,
K~ 1,87 +1
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1,834+0,46 2,294 ,
K— 187 . +1— 187 't1
K= 122+ 1=2,22 trucks.

The total number of trips the 2,22 trucks could haul in a normal eight - hour day
can be calculated from the assumed data as :

Total round -trip travel distance : 48,600 km.
Average round - trip travel speed : 26,49 km. per hour.
Then :

Round - trip travel time : 48,600/26,49 = 1,83 hours/trip

Loading time 1,87 hours/trip

Unloadin time 0,46 hours/trip

Total cycle time : ‘= 3,94 hours/trip

Therefore number of trips per truck :
8,00/4,16 = 1,93 trips and the total number of trips made by 2,22 fleet of trucks

2,22 X 1,92 = 4,62 trips per eight - hour day.
The reqiurement of 2,22 trucks can be checked against the estimated loading ca-
pacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck = 1,87 decimal hours. Therefore num-
ber of trucks loaded ih 8 hours :

8,00/1,87 = 4,27 trucks.

3.5. Loading the conifer logs onto'trucks by hand and their hauling in uphill tra/ns-
port on main logging roads :

Under these study conditions the total round - trip travel distance, the average
round trip travel speed, the average hand loading time per load and the average un-
loading time per load were M = 48,600 km, H = 20,55 km. per hour, 112,31 minutes
(or Y = 1,87 decimal hours) and 27,51 minutes (or B = 0,46 decimal hours) respec-
tively in hauling the conifer logs by trucks in uphill transport on main logging roads.

Let us calculate the trucks number required according to data given above :

(48,600/20,55)40.46

1,87 v 1
2.365+0,46 2,825
K_ 187 ri~ 187

K= 151+ 1=2,51 trucks.

The total number of trips the 2,51 trucks could haul in a normal eight - hour day can
be calculated from the assumed data as :
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Total round - trip travel distance : 48,600 km.

Average round - trip travel speed : 20,55 km. per hour
Then :

Round - trip traveltime 48,600/20,55 = 2,36 hours/trip

Loading time : = 1,87 hours/trip

Unloading time : = 0,46 hours/trip

Total cycle time : = 4,69 hours/trip

Therefore number oftrips per truck :

8,00/4,69 = 1,70 trips and the total number of trips made by 2,51 fleet of trucks

251 X 1J0 = 4,62 trips per eight-hour day.

The requirement of 2,51 trucks can be checked against the estimated loading ca-
pacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck 1,87 decimal hours. Therefore number
of trucks loaded in 8 hours : <

8,00/1,87 = 4,27 trucks.

3.6. Loading the conifer logs onto trucks by hand and their hauling in douuihill
transport on secondary logging roads
Under these study conditions the total round -trip travel distance, the average
round - trip travel speed, the average hand loading time per load and the average
unloading time per load were M = 48,600 km, 10,83 km. per hour, 112,31 minutes (or
Y = 1,87 decimal hours), 27,51 minutes (or B = 0,46 decimal hours) respectively in
hauling the conifer logs by trucks in dovvnhill transport on secondary logging roads.

Let us calculate the trucks number required according to data given above :

(48,600/10,83)+0,46

K* 1,87 +1
4,487+0,46 4,947
1,87 i_1— 187"t'1

K== 2,64+1=3,64 trucks.

The total number of trips the 3,64 trucks could haul in a normal eight - hour day can
be calculated from the assumed data as :

Total round - trip travel distance . 48,600 km.

Average round -trip travel speed : 10,83 km. per hour
Then :

Round - trip travel time : 48,600/10,83 = 4,48 hours/trip

Loading time : = 1,87 hours/trip

Unloading time : = 0,46 hours/trip

Total cycle time : = 6,81 hours/trip
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Therefore number of trips per truck :
8,00/6,81f= 1,71 trips and the total number of trips made by3,64 fleet of trucks is:
1,72 X 3.64 = 4,25 trips per eight - hour day

The requirement of 3,64 trucks can be checked againsttheestimated loadingca-
pacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck = 1,87 decimal hours, therefore num-
ber of trucks loaded in 8 hours :

8,00/1,87 = 4,27 trucks.

3.7. Loading the deciduous logs onto trucks by hand operated winch and their
hauling in downhill transport on main logging roads

Under these study eonditions the total round - trip travel distance, the average
round - trip travel speed, the average hand operated winch loading time per load and
the average unloading time per load were M = 35,240 km, H = 26,49 km. per hour,
119,16 minutes (or Y = 1,98 decimal hours) and 29,99 minutes (or B = 0,50 decimal
hours) respectively in hauling the deciduous logs by trucks in downhill transport
on main logging roads.

Let us calculate the trucks number required according to data given above :

(35,240/26,49)4-0,50
K= 1,93 +1

1,3304-0.50 1,830
1,98 +1~ 198 +2

K= 0,924-1=1,92 trucks.

The total number of trips the 1,92 trucks could haul in a normal eight - hour day
can be calculated from the assumed data as :

Total round - trip travel distance : 35,240 km.
Average round - trip travel speed : 26,49 km. per hour
Then :

Round - trip travel time : 35,240/26,49 1,33 hours/trip

Loading time 1,98 hours/trip

Unloading time 0,50 hours/trip

Total cycle time : = 3,81 hours/trip
Therefore, number of trips per truck :
8,00/3,81 = 2,10 trips and the total number of trips made by 1,92 fleet of trucks is :
192 X 2,10 = 4,03 trips per eight-hour day.
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The requirement of 1,92 trucks can be checked against the estimated loading ca-
pacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck = 1,98 decimal hours, therefore num-
ber of trucks loaded in 8 hours :

8,00/1,98 = 4,04 trucks.

3.8. Loading the deciduous logs onto trucks by hand operated -winch and their
hauling in uphill transport on main logging roads

Under these study conditions the total round -trip travel distance, the average
round - trip travel speed, the average hand operated vvinch loading time per load and
the average unloading time per load were M = 35,240 km, H = 20,55 km. per hour,
119,16 minutes (or Y = 1,98 decimal hours) and 29,99 minutes (or B = 0,50 decimal
hours) respectively in hauling the deciduous logs by trucks in uphill transport on
main logging roads.

Let us calculate the trucks number required according to data given above :
(35,240/20,55)4-0,50
K- 1798 +1

xr_ (1,7144-0,50) 2,214
1,98 "'1— 108 +1

K= 1,114-1=2,11 trucks.

The total number of trips the 2,11 trucks could haul in a normal eight - hour day can
be calculated from the assumed data as :

Total round - trip travel distance : 35,240 km.

Average round - trip travel speed : 20,55 km. per hour
Then :

Round - trip travel time : 35,240/20,55 = 1,71 hours/trip

Loading time : = 1,98 hours/trip

Unloading time : = 0,50 hours/trip

Total cycle time : = 4,19 hours/trip

Therefore number of trips per truck :

8,00/4,19 = 1,91 trips and the total number of trips made by 2,11 fleet of trucks is :

2,11 X 1,91 = 4,03 trips per eight-hour day.

The requirement of 2,11 trucks can be checked against the estimated loading
capacity of the loading crevv at total efficiency per normal day.

Assumed. average loading time per truck = 1,98 decimal hours. Therefore num-
ber of trucks loaded in 8 hours :

8,00/1,98=4,04 trucks.
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3.0. Loading- the deciduous logs onto trucks by hand operated vvinch atnd their
hauling in dovvnhill transport on secondary loggmig roads

Under these study conditions the total round -trip travel distance, the average
round - trip travel speed, the average hand - operated vvinch loading time per load
and the average unloading time per load were M = 352240 km, H = 10,83 km. per
hour, 119,16 minutes (or Y = 1,98 decimal hours) and 29,99 minutes (or B = 0,50 de-
cimal hours) respectively in hauling the deciduous logs by trucks in dovvnhill trans-
port on secondary logging roads.

Let us calculate the trucks number required according to data given above :

(35,240/10,83)+0,50
K— 1,93 i1

3,254+0,50 3,754
1,98 +1% 1,98+1

K= 1,89+1=2,89 trucks.

The total number of trips the 2,89 trucks could haul in a normal eight - hour day
can be calculated from the assumed data as :

Total round - trip distance t : 35,240 km.

Average round -trip travel speed : 10,83 km. per hour
Then :

Round - trip travel time : 35,240/10,83 = 3,25 hours/trip

Loading time
Unloading time

Total cycle time

1,93 hours/trip
0,50 hours/trip

5,73 hours/trip

Therefore number of trips per truck :

8,00/5,73 = 1,40 trips and the total number of trips made by 2,89 fleet of trucks is :
1,40 X 2,89 = 4,04 trips per eight - hour day.

The requirement of 2,89 trucks can be checked against the estimated loading
capacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck = 1,98 decimal hours. Therefore num-
ber of trucks loaded in 8 hours :

8,00/1,98 = 4,04 trucks.

3.10. Loading the conifer logs onto trucks by hand operated vvinch and their hauling
in dowvliill transport on maici logging roads

Under these study conditions the total round-trip travel distance, the average
round - trip travel speed, the average hand - operated vvinch loading time per load
and the average unloading time per load were M = 48,600 km, H = 26,49 km. per hour,
100,71 minutes (or Y = 1,67 decimal hours) and 27,51 minutes (or B = 0,46 decimal
hours) respectively in hauling the conifer logs by trucks in dovvnhill transport on main
logging roads.
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Let us calculate the trucks number required according to data given above :

_(48,600/26,49)4-0,46
K= 1,67 i1

1,8344-0,46 2.294
1,67 rl~ 1,67+1

K= 1,374-1=2.37 trucks.

The total number of trips the 2,37 trucks could haul in a normal eight - hour day can
be calculated from the assumed data as :

Total round - trip travel distance . 48,600 km.

Average round - trip travel speed : 26,49 km. per hour
Then :

Round - trip travel time : 48,600/26,49 = 1,83 hours/trip

1,67 hours/trip
0,46 hours/trip

3,96 hours/trip

Loading time
Unloading time

Total cycle time

Therefore number of trips per truck :
8,00/3,96 = 2,02 trips and the total number of trips made by 2,37 fleet of trucks is :
2,02 X 2,37 = 4,79%rips per eight - hour day.

The requirement of 2,37 trucks can be checked against the estimated loading
capacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck = 1,67 decimal hours. Therefore num-
ber of trucks loaded in 8 hours :

8,00/1,67 = 4,79 trucks.

3.11. Loading the conifer logs onto trucks by hand -operated winch and their
hauling in uphill transport on main logging loads

Under these study conditions the total round -trip travel distance, the average
round - trip travel speed, the average hand operated winch loading time and the ave-
rage unloading time per load were M = 48,600 km.,H =20,55 km.per hour, 100,71
minutes (or Y = 1,67 decimal hours) and 27,51 minutes(orB = 0,46decimal hours)
respectively in hauling the conifer logs by trucks in uphill transport on main logging
roads.

Let us calculate the trucks number required according to data given above :

(48,600/20,55)+0,46 ,

K- 1,67 +1
2,3654-0,46 ,  2.825
K _ 167 +1_ 187

K= 1,694-1=2,69 trucks
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The total number of trips the 2,69 trucks could haul in a normal eight - hour day can
be calculated from the assumed data as :

The total round - trip travel distance : 48,600 km.

Average round -trip travel speed : 20,55 km. per hour
Then :

Round - trip travel time : 48,600/20,55 = 2,36 hours/trip

Loading time : = 1,67 hours/trip

Unloading time : = 046hours/trip

Total cycle time : = 4,49 hours/trip

Therefore number of trips per truck :
8,00/4,49 = 1,78 trips and the total number of trips made by 2,69 fleet of trucks is :
1,78 X 2,69 = 4,79 trips per eight - hour day.

The requirement of 2,69 trucks can be checked against the estimated loading
capacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck = 1,67 decimal hours. Therefore num-
ber of trucks loaded in 8 hours :

8,00/1,67 = 4,79 trucks.

3.12. Loading the conifer logs ooito trucks by hand - operated winch and their
hauling in dovvnhill transport on secondary logging roads

Under these study conditions the total round -trip travel distance, the average
round - trip travel speed, the average hand - operated vvinch loading time per load
and the average unloading time per load were M = 48,600 km., H = 10,83 km. per
hour, 100,71 minutes (Y = 1,67 decimal hours) and 27,51 minutes (B = 0,46 decimal
hours) respectively in hauling the conifer logs by trucks in dovvnhill transport on se-
condary logging roads.

Let us calculate the trucks number required according to data given above :

(48,600/10,83)4-0,46

K 167 M
4.487+0,46 4,947
K ~ 1,67 fl~ 167+1

L= 2,96+1=3,96 trucks.

The total number of trips the 3,96 trucks could haul in a normal eight - hour day can
be calculated from the assumed data as :

Total round - trip travel distance : 48,600 km.

Average round - trip travel speed : 10,83 km. per hour
Then :

Round - trip travel time : 48,600/10,83 = 4,48 hours/trip

Loading time : =1,67 hours/trip

0,46 hours/trip
6,61 hours/trip

Unloading time
Total cycle time
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Therefore number of trips per truck :
8,00/6,61 = 1,21 trips and the total number of trips made by 3,96 fleet of trucks is :
1,21 X 3,96 = 4,79 trips per eight - hour day.

The requirement of 3,96 trucks can be checked against the estimated loading
capacity of the loading crew at total efficiency per normal day.

Assumed average loading time per truck = 1,67 decimal hours. Therefore, num-
ber of trucks loaded in 8 hours :

8,00/1,67 = 4,79 trucks.

4. DETERMINATION OF UOADING COST

The cost of loading per cubic meter are dependent upon the volime loaded in a
period of time.
The loading cost per cubic meter can be calculated as follovvs :

Hourly loading

) ] crew cost X Hours wOrlled
loading cost per cubic meter Number of trucks® Avelage load

loaded volime per truck

CONCLUSION
It has been observed that loading and unloading time have a significant effect
on the efficiency of a hauling operation.

A small saving in handling of each cubic meter can become quite substantial when
applied to total cut of most operations.

The increased use of mechanical equipment will help reduce unit cost but only
if used most efficiently.
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