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Bir taraftan gittik¢e daha yiiksek vasifli devlet ve orman yollar in-
saat1 bir taraftan da giin gectikge daha agir ve daha yiiksek takatteki
kamyonlarn imalinin bir neticesi olarak bugiin bircok memleketler or-
manciliginda kamyonla nakliyat ¢énemli bir yer almis bulunmaktadir.
Gergekten yiiksek teknik vasiflara sahip bulunan yollar nakliyat siiresi-
ni kisaltirken yiiksek takatli kamyonlar da bir defada taginabilen yiikii
onemli miktarda arttirmus bulunmaktadir. Iste bu teknik gelismelerin
bir neticesi olarak ta, ormancilikta uzun mesafeli kamyon nakliyati1 bu-
giin artik ekonomik bakimdan miimkiin olabilmektedir. Bu konuda isa-
ret edilmesi gereken bir diger nckta da, is¢i licretlerinin devamli bir se-
kilde yiikselmesinin ormancilikta diger kombine nakliyat metod ve se-
killeri yerine kamyonlarin daha genis ¢lgiide kullamilmasi neticesini do-
gurdugu keyfiyetidir. Fakat su hususta siiphe yokturki, yollarin duru-
muna, kullanilan kamyon tipine ve yiikleme, bosaltmada bahis konusu
olan sekle gore kamyonla nakliyatta birim hacme isabet eden toplam
masraflar genis sirlar dahilinde degisiklikler gostermektedir. Burada
yiikleme bosaltmada bahis konusu olan sekille, yiikleme yerinin sartla-
11 yitkleme ve bosaltmada kullanilan alet ve teghizat kestedilmis bulun-
maktadir. Muhakkak ki nakliyat masraflan iizerinde miiessir olan bir
diger unsur da kamyon tamir masraflaridir. Biitiin bu izahlardan anla-
silabilecegi gibi sihhatli clarak yiikleme, bosaltma ve tagima masrafla-
rm1 elde edebilmek icin her nakliyat isinin miistakil olarak etiid edilme-
si gerekmektedir.

Bu etiid miinhasiran kamyon nakliyatina ait masraf unsurlarmin
tesbiti icin yapilmis olup bu maksatla 1965 Aralik ayinda kuzey Norveg’
te kamyonla yapilan uzun mesafeli bir tomruk ve sanayi odunu (sellii-
lozluk) nakliyati secilmis bulunmaktadir. Yiikleme ve bosaltma dahil
tasima ameliyesinin biitiin safhalari i¢in zaman etiidleri yapilan bu de-
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nemede naklivat 65 ila 83 kilometrelik mesafeler dahilinde cereyan et-
mis olup bunun 1.0 ila 6.3 km. si toprak veya cakil kaph orman yollari
tizerinde miitebakisi ise bitiim kaplamaly, cift trafik seritli devlet yolu
tizerinde ve Kis sartlart altinda viirttilmiistir. Bu naklivatta kullanilan
kombinasvon c¢ift arka aksh bir Scania LS 7646 kamyon ve iki aksh bir
trevler ile eski bir Mercedes kamivon {izerine mente edilmis bir HIAB
kran'dan ibaretti (Sckil 1 ve 2). Cahisan ekibi isc kamvon sofori ile
kran operatorti teskil etmekte idic Bunlardan kamvon seforti yitkleme
sirasimnda kran operatértine vardim etmistir.

Sekil 1. Etiid edilen tomruk yiiklli kamyon - treyler kombinasyonu

Fig. 1. The hauling equipment studied with a load of sawtimber

Kamyon naklivatr ile vakm ilgisi dolayisiyle burada evvela kamyon
performanst ile ilgili problemler incelenecek ve ondan sonra da yapilan
zaman etiidlerinin neticelert tizerinde durulacaktir,

Kamycn performansimin umumi prensipleri

Burada kullanilan manasiyle performans belli bir yiikiin tasinacagi
belli sartlar altinda kamvonun vapabilecegi isi ifade etmektedir. Diger
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bir ifade ile kamvonun belli bir viikii, belli mevildeki bir vol iizerinde
belli bir zaman icinde tasivabilmesi kevfiyetidir.

Bir kamyenun performast cnun ayri ayri takat sarfimi gerektiren
bir seri faktoriin etkisi altinda olup bu faktorleri yuvarlanma direnci,
meyil direnci ve hava direnci seklinde siralamiak kabildir. Performansla
ilgili formtillere ge¢meden Once bu direnglere kisaca bir gz atmak fay-
dali olacaktir,

Sekil 2. Tomruklarin ayri bir kamyon iizerine monte edilmis hidrolik bir
vingle yiiklenmesi

Fig. 2. Lcading of logs by means c¢f an hydraulic grapple mounted on a
separate truck.

Yuvarlanma direnci. Esas itibariyle tekerlegin serbestce déonmesini
engelliyen bu direnc tekerleklerle aks arasindaki i¢ siirtiinme, lastik te-
kerlek elestikiyeti ve yol sathmim deformasyvonu gibi gesitli sebeplerden
ileri gelmektedir. Bunlarm dismda lastik i¢indeki havamn basina ile
lastigin imal sekilleri de vuvarlanma direncinin degeri lizerinde miies-
sir olmaktadir. Tatbikatta vuvarlanma direnci motoérlii vasitanin beher
tonu igin kg. olarak (veya %) ifade edilmckte olup tekervierler tizerinde-
ki bir ton yiikiin cekilmesi i¢in sarfedilmesi gereken kuvveti gOstermek-
tedir. Dolayisiyle toplam yvuvarlanma direnci :
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W, =Q . w (1) dir.

Burada W. = yuvarlanma direnci (kg); Q = kamyonun toplam
agirhi@ ve w = yuvarlanma direnci katsavisi (%) dir. ‘

Kamyon saatte V km hizla seyrettigi zaman yuvarlanma direncinin

bevgir giicii cinsinden degeri :

1 , .

N, = =000 " W, -V veya (1.) deki W, degeri yerine

konunca,
1

N, = -— . ()
f 27000 Y

w.V (2) olur,

Tatbikatta muhtelif yol kaplamasi ve satih sartlari icin uygulanan
vavarlanma divenci katsayilar asagidaki tabloda gosterilmistir.

Yol sathmm durumu Yuvarlanma direnci (HUTTE)

o kg/ton %%

Tcprak yollar
Gevsek kum vol 150 15
Bozuk toprak vol 100 10
Kuru ve sikismis toprak yol 50 5
Cakil (stabilize) yol
Gevsek satthlt (sikistirlmamis) 100 10
Rutubetli (ivi tevsiye edilmemis) 50 5
Pliruizsiiz 33 33
Makadam yol
Fena vasifia 40 4
Ivi vasifli 20

Asfalt 10 1

Beton 12.5 1.25

Meyil direnci. Mevilli bir yol tzerinde seyreden kamyonun hareke-
ti tzerine mevlin tesiri yolun meyil agisimin sintisti ile orantilidir. Diger
bir ifade ilec mevil direnci,

W, = Q- sina dir. (3)
Rurada o = volun egim acgisidir ve yollar i¢in bahis konusu olabi-

lecel egim agilarinin siniisii ile tangenti arasinda énemli bir fark bulun-
madigima gore formilii asagidaki sekilde vazmak mumkiindiir.
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W, =Q-tga=Q.p 4
Burada p yiizde olarak egimi ifade etmektedir.
Dolayisiyle meyil direncinin beygir giicii cinsinden degeri

1 , 1
NS'_T?(TOU '“g'v_ZTU()U"Q.p.V olur. ()

Hava direnci. Hareket halindeki bir kamyona havanin kars: koyma
kuvetini ifade eden bu direng siiratle orantili olarak artmaktadir. Riiz-
gar, esme istikametine bagh olarak siirati arttiricr bir tesir de yapabilir.

Hareket halindeki bir kamyonun siirati iizerinde miiessir olan di-
rencin degeri icin su formiil tavsiye edilmektedir :  (Taschenbuch fiir
Maschinenbau) :

W, == 0,0047 . ¢y - F{V + V22 6)

Burada V = kamyonun hizi km/saat; F = kamyonun én yiizii,
m? = 0,9 X kamyon iz genisligi X Kamyon yiiksekligi; ve ¢ = katsa-
y1 olup kamyonlar icin 0,8; otobiisler i¢in 0,6 ve otomobiller i¢in 0,3 -
0,5 tir. Belli bir hizda bevgir giicti olarak hava direncinin degeri

1 v
XTI

a
veya

_QO0T - Cw - PV 5= V2. V

N. 27000

dir, (7)

Yukarida izah edilen faktorler disinda rakim da kamyonun perfor-
mans: izerine etki yapmaktadir, zira yiikseklik arttik¢a hava basinci
diismektedir. Genel olarak rakimin etkisi 300 metreden itibaren basla-
makta ve her 100 metrede takat 2 1 oraninda azalmaktadir. Binnetice
rakimin etkisi hesabetmek maksadiyle faydalamilacak tashih faktorii ¢
asagidaki formiille hesabedilebilir :

61 11:73()0 )

Burada h = rakim m. dir.

Performans formiilleri

Kullamlmakta olan performans formiilleri asagida kisaca izah edil-
mistir.
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Beygirgiicii - Tork miinasebeti : Prony freni esitliginden faydalan-
mak suretiyle bir motoriin beygir giicii asagidaki formiil yardimiyle he-
sabedilebilir :

2:.2.r.n
No =—g500 " P

Burada r = volan yaricapi; n = dakikadaki motér devir sayisl;
P, = volandaki doniis kuvveti olup P..r = motér torku’nu ifade ettigi-
ne gore yukardaki formiil sadelestirilerek

T .n

No = 7162

elde edilir, (9)

Burada T = tork, kgm. dir.

Su halde belli bir motér hizindaki tork bilindigi takdirde motor
beygir giiciinii kolaylikla hesabetmek kabildir. Aymi sekilde motor bey-
gir giicii bilindigi takdirde tork’u hesabetmek te miimkiindiir.

Hiz formiilii. Bir kamyonun herhangi bir viteste yapabilecegi azami
hiz, motdriin azami devir sayisi, transmisyon ve diferansiyel disli oran-
lar1 ve tekerlegin doniis varigap: bilindigi takdirde, asagidaki formiilden
faydalanilmak suretiyle hesabedilebilir :

2:7.r-n-.60 r-n
Ve o a V =0.377 . —— 10
1000 - R, veya R, 19

Burada r = kamyon tekerleginin doniis yaricapt m; n = motor de-

vir sayis1; Ro = toplam disli rediiksiyonu; V = hiz ki/saat’tir.

Meyil tirmanabilme kabiliyeti formiilii. Kamyonun azami yiikle ve
azami meyilde yapabilece@i azami hiz1 ifade eden bu deger cesitli sekil-
lerde hesabedilebilir. Bu metodlardan bir tanesi motor tork formiiliine
dayanmakta ve bu da muharrik kuvvetin bir defasinda tork ile tekerle-
gin yuvarlanma yarigapr oranmna ve bir defasinda da yuvarlanma diren-
ci ile meyil direncleri toplanuna esit bulundugu gercegine dayanmakta-
dir (Fitch). Yani, .

(w+p-G-r .
T="T00" et dir. (11)

Bu formiilden faydalanmak suretiyle belli bir motor tork degerinde

kamyonun tirmanabilecegi mevil soylece hesabedilebilir :

Pmax - 4; : ”'.4' —Ww (12)
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Burada e = disli verimi; Ry = toplam disli rediiksiyonu; T = bel-
li bir motér devrindeki tork, kgm; G = toplam yiikli kamyon agirhg

r = kullamlan lastigin déniis yari cap1, m ; w = yuvarlanma direnci kat-
sayisidir,

Fakat yukaridaki formiiliin tetkikinden kolavlikla anlasilabilecegi
gibi burada hava direnci nazar itibare alinmamistir.

Diger metodda ise mevcut takatten yuvarlanma direnci ve hava di-
renci ile dislilerde meydana gelen kayiplar icin lizumlu miktarlarn ci-
kararak meyil mukavemetini karsiliyacak arta kalan takatin hesabedil-
mesi ayrica lizumu halinde rakimin tesirinin de nazary itibre alinmast
tavsiye edilmektedir (Heldt). Bu izahattan anlasilacag gibi meyil diren-
cini karsilamak tizere kullanilabilecek takat;

N, =N, — (N, += N, 4+ N;} olacaktir ve binnetice

formiil (5) 1 meyil icin halletmek surctiyle kamyonun tirmanabilecegi
azami meyil:
N, - 27000

Pmnx - _G N V_

olarak bulunur. (13)

Burada N,, = Motor takati B.G; N, = Yuvarlanma direnci, B.G; N, =
Hava direnci, B.G; Ny = Disli kayiplari, B.G diir.

Yiiksek hizlarda hava direncinin etkisi  dolavisivle bu iki formil
farkli neticeler vermekte ise de alcak hizlarda fark ihmal edilecek kadar
azdir. Bu etiidiin miiteakip kisimlarindaki hesaplarda ikinci metod kul-
lanitmastir,

Etiid edilen kamyon

Spesifikasyenlari. Bu etiidde vararlanilan DSIT ROT motdird ile mii-
cechhez Scania LS 7646,6 tekerlekli kamvon (Bogie) ile 4 tekerlekli Maur
trailer kombinasyenuna ait spesifikasyonlar asagida verilmistir.

Kamvon Transmisvon disli oranlan
Motor DSIT ROI, 6 silindir i. vites 7.70 1
2200 motor devrinde 225 Beygir 2. vites 435 :1
Giicii (DIN) tork 1400 motor dev- 3. « 248 11
rinde 90 kgm. 4. « 147 : 1
Silindir hacm: 11.0 litre 5. « 1:1
Silindir genisligi 127 mm. Geri vites 7.14 :1
Piston yolu uzunlugu 145 mm. Yardimer vites  1.40 : 1

Diferansivel 513 :1
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Sasi dimenziyonlari Agirhik
Aks mesafesi 4600 mm. On aks 3345 kg
Iki arka aks (Bogie) 1250 mm. Arka aks (Bogie) 3035 kg
arasindaki mesafesi
Sasi uzunlugu 8600 mm. Toplem kamyon agirhgr 6380 kg
Aks genisligi 1900 mm. Toplam kamyen ve yitk 21000 kg
Yiksiiz kamvon viik- 2540 mm. aguhg:
sekligi

(10.00 x 20 lastik ile)

Traillerin bos agihgi, tomruk iskemlesi ve kenar direkleri dahil,
4400 kg. dir.

Etiid cdilen kamyona ait disli (vites) ve hiz miinasebetleri Tablo 1
de verilmistir.

Yiik ve viik dagihisi :

Bir taraltan porfermans formillerinde kullanmalk bir taraftan da
naklivat emniveti ve iktisadiligini etiid etmek baknmlarindan muhtelif
tasima sartlarmda vani tomruk ve sanayi odunu (selliitozluk) nakliyaty
vapildigima gore kamvonun toplam vitkli agirhign (GVW) ile viikiin aks-
lar arasmdaki dagihsimn tesbiti gerckmektedir. Yaptisimiz bu etiid si-
rasinda kamvonu viikli olarak tartma imkanina sahip bulunmadigimiz
icin biitiin bu hesaplart teorik olarak vapmak zorunda kaldik. Bu
maksatla ilk clarak bos bir kamvona ait viik dagihist hesabedilmistir.
Diger taraftan SSFF Transvort Utvalget') ile vapilan temaslar neticesin-
de bir cift tomruk iskemlesinin kenar direkleri ile birlikte 450 kg; da-
ha 6nce kamvona monte edilmis ve fakat kullamlmavan Isachsen vin-
cine ait iki makaranmin 250 kg. ve bunlarin agirlik merkezinin 6én aksten
itibaren 2.00 m. mesafede bulundugu; kamvonun sasi kismina monte
edilen celik levhanin 250 ke, oldugu ve agirhigimin iiniform olarak dagil-
digr; ve nihavet miitcharrik olmavan arka aksin 800 ke. oldudu tesbit
edilmistir. Bos olarak doniislerde ve keza viiklii gidislerde dik ve kay-
gan vol kesimlerinde miitcharrik tekerlekler iizerinde veter miktarda
afirhk bulunmasimnt ve binnetice adezyonu arttirmak maksatlart ile bo-
gie’'nin kallanilmadigr gizontine alinarak her iki durumda da yukarida

1)y  Skogbrukets cg skogindustrienes Forskningsforening - Transport utvalget.
Crmancilik ve Orman Sanayi Arastirma Dernegi- Naklivat komitesi.



40 S. BAYOGLU

bahsi gegen gegen ilave yiikiin dagilist hesabedilmis ve bulunan degerler
asagida verilmistir.
Bos kamyon agirhiginin akslara dagihst (Toplam agirhk 79¢0 kg)
Bogie ile Rogie’siz

On aks Arka aks On aks Arka aks

Yalmz sasi 3345 3035 3135 3245
llave agirhik 193 1047 — 33 1633
Toplam 3538 4442 3102 487

Tasmnan yiikiin agirhig ve bu agirhgm akslar arasindaki dagilisinin
hesabinda tomruk ve sanayi odunu yiikleri ayr avir miitalaa edilmistir.
Zira her iki durumdaki ortalama yiik agihklarmn belivli sekilde farkli
oldugu tesbit edilmistir.

Tomruklarm cok miihim bir kism 5 metre wamlukia clup naklivat-
tan birka¢ giin 6nce kesilmis bulunuvordu. Bu scbeple ortalama tomruk
boyu 5.0 m. ve 6zgiil agirhigi da, Norvee Ladini icin kisa hir miiddet dnce
yapilmis denemelere davanarak, (Tamminen) 0.82 olarak kabul edilmis-
tir. Dolayisivle ortalama 15.271 m?* olan kamvon viikii 12.60 ton ve 14.813
m® olan treyler viikii de 12.15 tondur. Denemelerde tomruk hacimlerinin
tayini maksadivle sadece ince uc caplar1 dl¢iilmiis ve arastirma mintakasi
icin 6zel olarak hazirlanmis bu capr esas alan hacim tablolarindan fay-
dalanmilmstir. Temruklarin 6én tomruk iskemlesinden ortalama 50 cm.
disariya tastiklar kabul edilmek suretivle kamvon iizerindekt tomruk
yiktintin agirhik merkezinin on akstan 4.45 m. mesafede bulundugu he-
saplanmis bulunmaktadir.

Boylart 3.0 m. olan sanavi odunlarimin (sclliilozluk) nakli halinde
ise gerek kamyon ve gerekse trevler iizerinde ikiser istif bulunmakta idi.
Burada ster hacminden solid hacme gecerken katsavi olarak 0.67 (klem
and Halvorsen) ve gene vukarida bahsi gecen deneme neticelerinden
faydalamlarak agaclarin tepe kisimlarindan elde edilen sanavi odunlari-
nmin 6zgiil agirhigr da 0.88 olarak kabul edilmistir. Kamyvon {izerindeki iki
sanayi odunu istifinden ndekinin crtalama vitksekligi 2.3¢ m. arkadaki
istifinki de 1.80 m. olarak tesbit edilmis, bunlara davanarak solid hacim-
leri 9.759 m® ve 7.707 m® veva hep birlikte 17.46 m* ; gene bu istiflerin
agirhklart da sirasi ile 8.59 ton ve 6.78 ton olarak hesabedilmistir. Dola-
yisiyle bu sartlar altinda kamvon iizerindeki vitkiin agilik merkezinin
arka akstan 20 cm disarida ve yerden 233.9 m. viiksekte bulundugu tes-
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bit edilmistir. Diger taraftan treyler tizerindeki yiikiin de 18.29 m?® ve do-
lavisivle 16.10 ton oldugu hesabedilmistir.

Gerek tomruk ve gerekse sanavi odunu ile yliklii kamvonlardaki yii-
kiin agirlig1 ve bunun akslara dagihisini tesbit maksadiyle yapilan biitiin
bu hesaplarin neticeleri asagidaki tabloda gosterilmis bulunmaktadir.
Tablonun tetkikinden de anlasilacag tizere vitkle birlikte kamyon ve
trevler kombinasvonunun ortalama agirhgr kerestelik romruk nakli ha-
linde 37.1 ton, sanavi odunu nakli halinde ise 43.9 ton’dur.

Norvec’te cari bulunan karayollart mevzuatina gére 1. simf soseler
lizerinde yapilan kamyvon naklivatinda tek aks icin azami viik 8 ton ve
¢ift arka aks (bogie) durumunda ise 11 ton olup deneme icin faydalan-
digimiz misalde ézel bir miisaade ile bu 12 tona viikseltilmis bulunmak-
tadir. Diger taraftan kullanilan kamyon lastikleri icin verilen tasima
miktart 2080 kg. dir ve binnetice tek arka aks icin caiz olan viikleme-
8320 kg, cift arka aks (bogie) icin ise 16640 kg. dir. Bu iki limitin tat-
bikatta bogic ve tek arka aksa gelen ortalama viiklerle mukavesesinde;
gerek kesestelik  tomruk ve gerckse sanavi odunu naklivatinda tek arka
aksm bahis konusu oldugu hallerde (dik ve kaygan vol kisimlar) kara-
volu idaresince vazedilmis bulunan limitlerin asildign acitkca gériilmek-
tedir. Diger taraftan cift aksh olarak sanayi odunu ile tek aksh olarak
hem kerestelik tomruk ve hem de sanavi odunu nakh durumiarinda las-
tikler icin tesbit edilmis azami viik miktarlar1 da asilmaktadir. En eks-
trem durumu teskil eden sanavi odunu naklivatinda sistemin toplam
agirlign 43.9 tona ulasmakta olup kamyonun tek arka aksla seyretmesi
halinde bu durumda arka aksa gelen yiik mikdar: 20.9 tona ulasmakta-
dir. Bu miktar ise karavollart idaresince tesbit edilmis sinirm iki misli,
lastiklerin tasimasina miisaade edilen viikiin ise %6 26 fazlasina esittir.
Bahis konusu bu viikleme sekli vukarida da ifade edildigi gibi en kritik
durum oldugundan miiteakip hesaplarda bu sekil esas alinmistir.

Yiikiin akslara dagibs ile ilgili olarak burava kadar vantigimiz he-
saplarda daima kamyonun vatav bir zemin {izerinde ve hareketsiz olarak
durdugunu esas almis bulunuyoruz. Siiphesiz bir traktoriin trevleri egi-
mi a olan aksi mevilli bir vol iizerinde ¢ekmesi halinde bu dagihs yuka-
rida tesbit edilen miktarlardan farklh olacaktir. Kamyonun tniform bir
hizla seyretmesi halinde tekerlekler dengede olacak ve Wi, R, kuvvetle-
rinin bileskesi akstan gececektir (Sekil 3). Yiikiin agirlik merkezinin ar-
ka aksin disinda olmast durumunda da denge denklemlerinden faydalan-
mak suretivle 6n ve arka aksa gelecek vitk miktarlarinin su sekilde hesa-

betmek kabildir (Bekker) :



Toplam yik ve yiikiin dagilisim gosterir tablo

BOGIE ILE

ROGIE siz

Kerestzlik Tomrak Sanayi Odunu Kerestelik Tomrul Sanayi Odnnu
A rkaaks ] N Arka aks . : ] |
On aks ‘\rf“l f”" Toplam | On aks ‘\rka'aks Toplam | On aks Arka Toplam | On aks Arka Toplam
("ogie) (l'ogie) aks aks
] |
Bos Jmyon 3538 | 4442 | 7930 | 3538 | 4442 | 7980 | 3102 | 4878 | 7980 | 8102 | 4878 | 7980
agirhis X3
- E—
Tasioan viiz ig 1640 10960 12600 1260 14100 15370 140 12460 12600 —670 16040 15370
Toplam 5178 15402 203380 4798 18542 23350 3242 17338 20580 2432 20918 23350
|

Treyler lizerindeki toplam yiik

Kerestelik tomruk Sanayi odunu
le)s tf'eyler 4.4 4.40
agirhig
Tasman yiik 12.15 16,10
Toplam l 16.55 20.50
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W, T (Ry + Ry) — W (x.cosx + h, siny) — F, - h,
e

Fig. 3.
Sekil 3.

Misalimizde azami aksi meyil % 7 (e = 4°.00") dir ve buna dayana-
rak viikiin agirhik merkezinin arka akstan x = 0.20 m. dista oldugu
agirhk  merkezinin yerden yuksekliginin h; = 1.85 m. oldugu tayin
edilmistir. Digcr taraftan tekerlegin donme yarigapr r = 0.50 m; kamyo-
nun aks mesafesi = 4.60 m; arka aksla treylerin tesbit noktas1 arasin-
daki kot fark: h. = 0.34 m. clarak bilinmektedir. Basit olarak yuvarlan-
ma mukavemeti w = 10 kg/ton kabul edilmek suretiyle 6n ve arka
(tck) aksa isabet eden vikler :

W, —=— 096 ton
W,—= 16.33 ton

hesabedilir.

Dolayisivle % 7 aksi meyilli bir yol iizerinde arka aksa (tek) isabet
eden yiik miktar: diiz bir zemin tizerindekinden 290 kg. daha fazladir.
Diger bir ifade ile aym yiikleme sartlarinda meylin miktar: arttikca bu-
na paralel olarak arka aksa gelen yiik miktar: da artmaktdir. Diger ta-
raftan bu misalde W; = — 3102 kg. oldugu zaman kamyonun 6n kismi
havaya kalkacaktir. Yukarida verilen formiillerden bir tanesinin a aci-
ama gore coziimii halinde bu kritik noktaya yaklasik olarak o = 25° ol-
dugu zaman ulasilacagi ve bunun da % 47 meyle tekabiil ettigi kolaylik-
la hesabedilebilir. Stiphesiz yokus yukar1 dogru hareket halinde tagman



Scania LS 7646 kamyon ic¢in vites - hiz miinasebetleri

Tablo 1.
isli oranlart (yardimer vitessiz . isli oranlar: (ya i1 vi i
Mot dovri Disli oranlar ryardimer vitessiz) Yirdimer vites Disli oranlari (yardimer vites ile)
disli oram \ | disli oram . ‘ ‘ ] .
1. vitesiz. vites 3 vites 4. vites 5. vites 1. vites |2. vites |3 vites |4, vites|d. vites
1 2 3 4 ‘ 5 6 7 8 9 10 11 12
’ | I _| — 1 -
| NN
2200 0 435 | 2,48 ‘ 147 1,00 1,40 10,78 ‘ 6,09 = 347 , 206 | 140

Cesitli viteslerde dukikada tekerlek déniis

Cesitii viteslerde dakikada tekerlek donts
Diferensiyel sayisy {vardmel vitessiZ). sayist (yardiunci vites ile)
i 1 vites ‘2 vitesj& vites 1’4. vites; 5. vites ] 1. vites |2. vites|3. vites ii vites| 5 vites
- | |
13 14 ‘ 15 16 | 17 18 19 20 21 | 22 23
- I —_
5,13 56 99 173 } 291 “ 429 40 70 124 ; 208 306
_Lastik Doniis yaricapt ¢in § Donlis ¢evresi m,
ebads Bos Yiikld Bos | ;l;u—
24 25 26 27 28
10 00X20 52.5 499 3.299 3.135




Tablo 1 (D

evam)

Cesitli viteslerde komyon hizlar: (y_ardlmm vites kullamilmadigina gore)

m/dak
1, vites 2 vites 3 vites 4 vites | H. vites
_Bos Yiikli | Bog ?Yﬁklz}"#f%os Yuklu Bos Yiiklii Bos i Yilli
20 | 30 ___51_7 82 33 Cse s 86 a7 38
1847 | 1756 | 326,6 ‘ 8104 5707 542,4_‘ 960,0_‘ 912.3 | 1415,3} 1344,9
| KM SAAT olarak .
11,1 l 105 | 19,6 l 18,6 ’ 34,2 . 325 | A6 } 547 ] 84,9 ‘ 80,7
i
Cesitli viteslerde kamyon hizlar ryardiner vites kullamildigina gére)
m‘dak. e
1. vites i 2, vites 3. vites i 4, vites } 5. vites
Bos ’Yiikg;‘ Bos | Vikld | Hos i_&ukI_Bos Yiikfiii‘Bz)g, i Yikla
39 l 40 } a e 43 44 1 15 _‘46 47 48
1320 | 125,4 | 290,3 i 2195 !ES)TT WS¥ 6586,2 \ bb),l ‘ 1009,’;I 959,3
| km, suat nlamk
7.9 7,5 \ 174 18,2 “ 245 1 23,3 \ 412 | 891 l 61,6 \ 57,6
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yikin agirhk merkezi geriye dogru ilerliyormus gibi bir tesir icra ede-
cektir. Boyle bir durumda ise dircksivonun stabilitesi artik muhafaza
edilemez ve 6n tekerlekler kayar. Bu durum denemelerimiz sirasimda da
miisahede edilmistir. Kaba bir tahmin olarak viikiin agirhk merkezinin
arka akstan, aks mesafesinin 1/10 u kadar igeride bulunmast gerektigi
iftade edilmektedir (Fitch).

LS 7646 Scania kamyonun teorik performansi. Bu kamvon ait disli
ve hiz miinasebetleri Tablo : 1 de verilmis bulunmaktadir. Bu tablo bel-
li bir isi yapabilmek icin yeter giictin mevcut olmast halinde kamvonun
cesitli viteslerle yapabilecegi azami hizlari gostermektedir. Avnr sekilde
bu kamyonun meyil tirmanabilme kabiliveti de 12 nolu formiil kullanil-
mak suretivle hesabedilmis bulunmaktadir. Daha énce de ifade edildigi
gibi hava direnci goézoniine alinmadigi icin bu maksatla 12 nolu formiil
kullamlmanustir. Hava direncinin kamvenun mevil tirmanabilime kabi-
liyeti tizerine etkisi sadece vitksek hizlarda (viteslerde) olup bunun S.
viteste sadece % 0.3 oldugunu hesabetmis bulunuvoruz. Denemelerimiz-
de faydalanilan kamyonun cesitli hizlarda maruz bulundugu hava diren-
cinin hesabedilen degerleri sovledir :

Hiz ini/saat b 10 15 20 25 30 35 40 45 00 55
Hava direnc 0.01 003 030 071 135 238 378 564 504 110 146
Beygir giicii
Hiz km/saat 60 65 70 D S0
Ha va direnci 1905 2422 3025 57.21 4516
Beygir gii-il

Bu kamycnun ¢esitli vites ve motor devirlerinde, yuvarlanma diren-
cini yuvarlak clarak 10 kg/ton kabul etmek suretiyle ve gerek kereste-
lik tomiruk ve gerekse sanayi odunu nakli halleri i¢in hesabedilen iz ve
tirmanabilecekleri meyiller Tablo: 2 de gosterilmistir.

Zaman Ettidleri

Mevcut sartlar ve kullanilan metod. Bu denemede nakliyat kamyo-
nun garajdan basliyarak tekrar ayni yere doniinceye kadar ki butiin saf-
halar ile etiid edilmistir. Garajla ti¢ ayni yiikleme noktas: arasinda kam-
yon esas itibariyle orman yollarinda seyretmistir. Orman vollart genel-
likle 3 -4 m. genislikte olup kismen stabilize mazemede ic kapl, tamam
donmus ve kismen karla kaphh bulunmakta idi. Garajla viklemenin ya-
pildig istif verleri arasindaki mesafe ortalama 5.5 km. c¢larak kabul edil-
mistir ve bu vollar {izerinde kamyonun bos gidis ve vikli gelis hizlar
sirast ile 21.3 ve 26.9 km/saat olarak tesbit edilmistir.



Tablo 2. Scania LS 7646 kamvon i¢in azami hiz - mevil tirmanabilme
miinasebeti

(I . Sanayi odunu naklinde
(I1. Kerestelik tomruk naklinde

GVW = 439 ton)

1400 Motor devrinde

Vitesler Azami
hz
km,saat
1. vites 6,7
yardimel
vites ile 48
2. vites 11,8
yardimel
vites ile 8,4
3. vites 20,7
yardimel
vites ile 148
4. vites 34,9
yardimet
vites ile 24,9
H. vites 51,3
yardimel
vites ile 36,7

1800 Motor devrinde

GVM = 37,2 ton)

2200 Motor devrinde

Meyil Mevil Azami | Meyil | Meyil Azami @ Meyil | Meyil
% %% hiz O %% hiz % %
1 I o/ sat ‘ i I km/-~aat 1 11
11,2 | 121 86108 o129 15 93 | 112
i
16,1 19,1 61 | 156 | 186 74 136 | 16,3
5,9 7.2 15,2 57 1 68 18,6 48 57
8,7 10,5 10,8 8.4 10,0 13,2 72 8,7
2,9 3,6 26,6 2,8 3,3 325 2,3 2,9
45 5,5 190 | 43 | 53 23,3 36 | 44
|
1,3 1,7 449 11 15 51,7 0,8 1,1
292 29 320 2,1 27 39,1 1,7 2,2
0, 0,7 66,0 03 05 80,7 0,0 0,2
|
|
1,2 1,6 47,1 1 1,0 1.4 57,6 0,7 1,0
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Kamyonun miiteakip yiiklii gidis ve bos dontistiniin esas kismi cift
seritli, meyil miinasebetleri ivi, bakimli, bitiim kaplamali  devlet volu
tizerinde cereyan etmis olup aymi giizergah iizerinde kerestelik tomruk
ve sanayi odunlart biri kereste fabrikasi digeri kapit fabrikasina olmak
lizere srasivle 64.3 ve 76.8 km. lik mesafeye tasinmustir. Yol, teknik va-
siflarina gore bu etiid maksatlar icin 13 seksivona avrilmis, ve bu arada
meskan yerlerden gegen kisimlar, buralarda kamyon hizinin énemli mik-
tarda azaltilmasi gerektigi icin, ayri birer scksivon olarak kabul edilmis-
tir (Tablo : 3). Bu seksiyonlar icinde sadece $ ve 8 numarali olanlarda

Table 3. Devlet sosesi iizerindeki naklivatta ayrmlan cesitli
seksivonlar tizerindeki kamvon hizlar ve sevir siireleri

[ TOROP U ATINRO PRI R P =

‘()rr:;l:nn;; k:un\‘x-n} - w;‘ﬂﬂ‘““xl‘r T
H»‘\'il‘,ﬂiiresi‘ Ortalama iz |
Sekuivon| Meoafe (dakika) amfsaal ! Dsineeler
Nir. K. T R — . - !
oYkl B Yitkli s
1 194 22 35 17.26 H2.1 67 4
2 157 | 1514 | 1357 61.2 69,2
; 1540 | 1880 | 1135 L 570 1 7o
4 1.4 ; 2,20 1,77 3x, | 47,0 | Meskan yer
5 o7 | st | oues | onas | 7o
6 1.5 ; 6,61 1,66 13.6 DL2 | % T oassi meyil
7 34 | b4 8.8 37,6 DN
8 0.0 20h 0,64 ]4.,] 1’)()",‘-,‘ % T asiomeyil
9 1.9 5.62 2,60 3),5 42,9 | Kereste fabrikasi girig
10 4.3 v,67 4,78 33,6 54,0 | Meskan yer
11 4,6 5,57 4,49 49,6 61,5
12 | 52 830 | 576 | 87,6 | 542
13 2.7 H.29 2,77 30,6 HR,5 | Kagit fabrikas: girisi
Toplam | 76,8 101,67 | 72,80 {0r.45,3 |Or,63,3

ve sirasiyle 1.5 ve 0.6 km. uzunluklarda devamli % 7 aksi meyil mevcut
bulunmakta idi. Sosenin geri kalan kisimlarinda % 5-6 v1 ge¢miyen diiz



NORVEC'TE KAMYONLA ORMAN NAKLIVATI 49

ve aksi meyiller kisa mesafeler dahilinde birbirini takip etmekte idi. Di-
ger taraftan sosenin ilk 6 seksiyonu yeni insa edildigi icin teknik vasif-
lart itibariyle miuteakip seksiyonlardan daha iistiin idi. Tablo : 3 iin tet-
kikinden de kolayca goriilebilecegi gibi bu nakliyatta en diisitk hiz yiik-
lit gidiste %0 7 aksi meyilli seksiyonda 13.6 km/saat ve en yiiksek hiz da
bos doniiste 5 numarah seksiyonda 72.6 km/saat olmustur. Gene bu de-
nemede toplami 55.8 km. yi bulan 5 seksiyondaki bos déniis ve 15. 7 km.
lik bir seksivondaki yiiklii gidis hizlar1, karayollar1 mevzuatina gore tes-
bit edilmis 60 km/saat lik azami simir1 asmis bulunmaktadir.

Bu denemelerin yapildigr siirede yiikleme isleri {i¢ ayr istif yerinde
birbirinden farkli zemin ve istif sartlarinda cereyan etmis bulunmakta-
dir. Yuklemelerin vapildigr ilk iki istif yerinde tomruklar el ile istif edil-
digi halde iiciinciide bir makine ile (front loader) bu is gercgeklestiril-
digi ayrica ilk iki yerde istif yiiksekliginin 0.50 - 0.80 m. arasinda iiglincii
de ise bunun 1.30-2.00 m. arasinda degistigi tesbit edilmistir (Sekil 4).

Sekil 4. 3 numarali istif yerindeki yiikleme

Fig. 4. Loading the truck at landing no. 3

Ilk iki istif yerinden bir tanesi kamyonun manevra yapabilmesi i¢in cok
dar oldugu gibi bu alani kat eden bir enerji hatt1 da yiiklemelerde zaman
zaman kesintilere sebep olmustur. Diger iki istif yeri ise yetecek kadar
genis bulunuyordu.
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Denemelerin cereyan ettigi sirada gerek istif yerleri ve gerekse or-
man yollar1 degisik kalinliklarda bir kar ortisi ile ortiia (Sekil 5), bu-
na mukabil sose kardan temizlenmis olmakla beraber hemen biitin tul
boyunca donmus bulunmakta idi. Nakliyat 500 mi. rakim ile hemen he-
men deniz seviyesi ve ~-16°C ile - 8°C arasmda degisen 1s1 sartlarinda ya-
pilmis kamyon kis nakliyati i¢in 6zel olarak imal cdilmiy ¢ivili lastikler-
le techiz edilinis bulunmakta idi.

Sekil 5. Etiid sirasindaki kar durumu

Fig. 5. Snow conditions during the study

Kereste fabrikas: alani dahilindeki yol sartlart oldukca gayri miisait
bir manzara arzetmekte gerek giristeki kurb ve gerekse kabuk soyma
cihazi ontindeki yol sartlart 1slaha muhtac goriilmekte idi. Bu fabrikada
bosaltma, kamyonun dis tekerleklerinin takozlar tizerinde viikselmesini
saglamak suretiyle gerceklestirildigi hale kagit fabrikasuida bu, yiiksek-
te bulunan raylar tizerinde yirtiyen biiytik bir ving ile sagianivordu.

Neticeler. Bu deneme ig¢in, kamyonun garajda harckete hazirlanma-
s1 da dahil elmak {izere, biitiin safhalari ile 13 tam sefere ait detayh za-
man etiidleri yapilmustir. Bu iki seferde tasman toplam hacim 425.8 m?
olup bunun 211.3 m® i kerestelik temruk ve 2145 m' de sanayi odunu
idi. Her gurup calismammn gerektirdigi zaman tablo 4 ic verilmis bulun-
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maktadir. Burada, garajda hazirlanma ve ayni seksiyonlara ait seyahat
zamani gibi elemanlara ait ortalama degerlerin hesabinda, bunlar iizeri-
ne yiikiin etkisi olmadig1 kabul edilerek, gerek kerestelik tomruk ve ge-
rekse sanayi odunu nakliyatina ait degerler hep birlikte gizoniine alin-
migtir. Fakat su hususu hemen belirtmek yerinde olur ki, sanayi odunu
naklinde yiik daha agir oldugu icin bu yiik durumundaki hiz kerestelik
tomruk naklindekine oranla ciizi bir miktar daha az olmustur. Bu etiid-
de zaman kayiplari, eckipman, personel, is, yemek, yolda yiikiin baglari-
mn tekrar sikilastirilmasi ve zaman etiidiinii yapan kimsenin sebep ol-
dugu kayip unsurlarmi ihtiva etmektedir. Diger biitiin kayiplar ise ka:
¢milmas: kabil olan unsurlar olarak kabul edilmistir. Liizumlu veya ka-
¢inilmast kabil clmayan zaman kaiplarinin her calisma zaman grubu
icinde gercek ¢aliyma zamanmna gore hesabedilen ylizde degerleri de ay-
rica tablo 5 de gosterilmis bulunmaktadir.

Kerestelik tomruk ve sanayi odunu nakliyatindaki kamyon toplam
seyir siireleri ayrt avri ortalama vik ile naklivat mesafesi carpimlarina
bolinmek suretiyle kilometre basia beher m’ ¢ isabet eden seyir siire-
leri asagidaki sekilde hesabedilmistir -

Kerestelik tomruklar i¢in seyir siiresi :

L = 0,088 dakika/m3/km,
30.15 (64 3 -}- 5.5)
Sanayi odunu i¢in seyir siiresi :

218.89
35.76 (76.8 4- 5.5)

= 0.074 dakika, m3/km,

Siiphesiz burada kerestelik tomruk ve sanayi odunu nakliyatinda se-
yir siireleri arasindaki fark sanayi odunu yikiiniin daha agir olmasin-
dan ileri gelmis bulunmaktadir. '

Aym sekilde toplam yikleme ve bosaltma zamanlar1 ayri ayrt ola-
rak hacimlere béliinmek suretiyle beher m® kerestelik tomruk ve sanayi
odununa isabet eden yiikleme ve bosaltma zamam hesaplanabilir.

Kerestelik tomruk icin yiikleme - bosaltma zamam

Yiikleme zamam — (—)ﬂl = 3.07 Dakika/m?
30.15
59.25 .
Bosaltma zamani == 3015 1.97 Dakika/m?

Toplam yiikleme-bosaltma zamam 504 Dakika/m3
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Tablo 4. Scania LS 7646 kamyon ile yapilan denemelerde keres-
telik tomruk ve sanayi odun nakliyatinda beher kamyon vyiikiine
isabet eden ortalama zaman unsurlan

Kerestelik Sanayi
Unsurlar tomruk odunu
1. Yiik
Ortalama kamyon yiikii 30,15 35,76 m?
Bir kamyon yiikiindeki ortalama tomruk sayis1 154 866 adet
Ortalama tomruk hacmi 0,197 0,050 m3
Garaj ile istif yeri arasindaki ortalama mesafe 5,5 5,5  km,
Garaj ile fabrika arasindaki ortalama tasima
mesafesi 64,8 76,8  km,
2. Garajdaki hazirlanma zamam
Hakiki hazirlanma zamam 8,74 8,74 dak.
Zaman kaybi 1,04 1.04 dak.
Toplam garaj hazirlama zamam _ 978 978 dak.
3. Garajla istif yeri arasimndaki seyir siiresi
Garajla istif yeri arasindaki hakiki seyir siiresi 10,50 10,50 dak.
Zaman kaybi 1,77 1,77 dak.
istif yeri ile garaj arasindaki hakiki seyir siiresi 14,60 14,60 dak.
Zaman kaybi 0,86 0,86 dak.
Garajla istif yeri arasindaki toplam seyir siiresi 27.73 27,73 dak.
3. Garajla istif yeri arasindaki seyir siiresi
Istif yerindeki seyir ve hazirlanma 20,33 20,33 dak.
Hakiki yiikleme zamani 57,12 71,60 dak.
Yer degistirme zamani 8,47 18,88 dak.
Zaman kaybi 6,79 9,68 dak,
Toplam yiikleme zamani 92,71 120,49 dak.
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Tablo 4 (Devami)

5. Seyir siiresi (Garaj ile fabrika arasinda)

Garajla fabrika arasindaki hakiki yiikli seyir

zamani 74,84 101,67 dak,
Yiiklii gidiste zaman kaybi 7,17 7,77 dak,
Fabrikayvla garaj arasindaki hakiki bos seyir

zamani 55,00 72,80 dak.
Bos doniiste zaman kaybi — —
Ortalama yakit ikmal zamam 9,02 9,02 dak.
Toplam scvir siiresi 146,63 191.26 dak.

6. Bosaltma zamam

Fabrika sahasindaki sevir zamant 12,33 12,52 dak.
Hakiki bosaltma zamam 29,24 44 64 dak.
Bosaltmada zaman kayb: 17,68 23,32 dak.
Toplam bosaltma zamam 69,25 80,48 dak.
Ortalama tam bir gidis - doniis zamam 336,10 429,74 dak.

Tablo 5. Nakliyat denemesinde her zaman unsuru i¢inde hakiki
calisma zamanlarinin yizdesi olarak kaginilmasi kabil olmayan
zaman kayiplan

Kerestelik Sanayi

Unsurlar tomruk odunu
1. Garajdaki hazirlama zamant % 11,9 % 11,9
2. Garajla istif veri arasindaki seyir siiresi % 10,5 % 10,5
3. Yiikleme zamam % 7.9 % 8,7
4, Seyir stresi % 12,9 % 9,3
5. Bosaltma zamam % 42,5 % 40,8
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Sanayi odunu icin yiikleme - bosaltma zamam

.. 120.49
Yiikl £ e T akika/m3
iikleme zamam 35 76 3.37 Dakika/m
Bosaltma zamam :80'4§ = 2.25 Dakika/m3
35.76 '

Toplam yiikleme-bosaltma zamani  5.62 Dakika/m3

Bu neticelerden goriildiigii gibi sanayi odunlari icin toplam yiikle-
me - bosaltma zamani kerestelik tomruklarmkinden % 11 oraminda da-
ha fazladir.

Son olarak kamyon yiiklerinin Norvec karayollar: nizamlari ile tes-
bit ve tahdit edilmis miktarlarda bulundugunu kabul edersek toplam
nakledilecek yiikiin miktar: sadece,

33,000 - (7,980 -4,400) = 20620 kg olacaktir, ve bu da 30.15 m?® tom-
ruk veya 35.76 m® sanayi odunu yerine sirasi ile 25.1 m® ve 234 m’e te-
kabiil etmektedir. Dolayisiyle boyle bir durumda kerestelik tomruk icin
kamyonun toplam seyir siiresi 0.100 dakika/m?/km, sanayi odunu igin
de 0.114 dakika/m’/km. olacaktir. Su halde karayollar1 nizamlarina uy-
gun bir yiikleme halinde seyir siiresinde kerestelik tomruklarda % 20
sanayi odununda ise % 54.1 oranlarmda bir artis olacaktir.

y

Mukayese. Buraya kadar izah edilen metodlar elde edilen neticele-
ri mukayese maksadi ile 1966 vaz perivodunda doffu Norveg'te agac uzun-
lugundaki tomruklarla Isachsen yiikleme') ile bir seri etiidler yaptik.
Burada hemen ifade etmek zorundayiz ki bu denemeleri yukardakilerle
ayn1 zamanda, ayni yerde ve aym sartlar altinda yapabilmek imkéanlarn-
na sahip degildik. Diger taraftan burada vol sartlari tamamen degisik ol-
dugu i¢in sadece yiikleme - bosaltma ameliyesi ctiid edilmis nakliyat saf-
hasi iizerinde durulmamstir.

Bu naklivat calismasinda tomruklar Timberjack?) ile ve ince ugla-
rindan ¢ekilip stiriitiilmek suretiyle (Sekil 6) kesim bolmelerinden kam-
yonla yiiklemenin yapildig: istif yerlerine aga¢ boyundaki tomruklar ha-
linde nakledilmislerdir. Bu uzun tomruklar tek aksh bir treyler ve Isac-
hsen yiikleme cihaz ile techiz edilmis 16.2 tonluk Magirus kamyon ile
kereste fabrikasina sevkedilmistir (Sekil 7). Bu nakliyatta Timberjack

1) Kamyona monte edilmis ve kamyon motoriinden yararlanarak calisan iki
makarall basit bir ving sistemi.
©'2)  Siiritme nakliyatinda kullanilan 4 tekerlegi miiteharrik lastik tekerlekli
bir traktor.



Sekil 6. Timberjack siirlitme traktorii
Fig. 6. Timberjack skidding tractor

Sekil 7. Denemede faydalanilan Isachsen yiikleme cihaz1 ile techiz edilmis
kamyon B
Fig. 7. The truck equipped with Isachsen loading device used for this study



Sekil 8. Timberjack ile siiriitillerek istif yerine getirilen tomruklar
Fig. 8. Log piles skidded by Timberjack at the landing

Sekil 9. Kamyona yiiklenmis uzun tomruklarin uclarinin motorli zincir des-
tere ile kesilmesi
Fig. 9. Cutting the ends of long logs on truck by a chain saw
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siirtiterck getivdigi tomruklart istif verinde avrica tanzim etrmemis ve
dolayisivle tomruklar vol cksenine paralel olmadig1 gibi bazi tomrukla-
rin kalin uclart 3-4 m. istiften disan tasms veya istifin icinde bulunu-
vordu (Sckil §). Binnetice bu gibi hallerde her defasmda 2 -3 tomruk
verine sadcee bir tomruk vitklenebilmistir. Yiikleme bittikten sonra So-
for temruklary, bovlarm 24-25 m yi asmiyacak sekilde motorlii zincir
destere ile kesmek zorunda kalmistic (Sekil 9).

Bu naklivat amclivesi devaml bir sckilde viiriitilmiis olup kesim,
surtitme, viikleme <o tasima birbirine takip etmistir. Bunun neticesi ola-
rak ta her an istif yerine bir kamyon viikii teskil edecek miktarda tomruk
meveut bulunmuyordu. Dolavisivle bazen kamvon Timberjack’in tomruk
getirmesini beklemis bazen de viikleme isi bu sebeple inkitaa ugramis-
tir.

Genel clairck bu kamyona viikleme amelivesi birisi kamyon soférii
olmak {izere iki is¢i taralindan yiirtitiilmekteidi isc de bazen kamyon
soforii valniz ¢ahsmak zorunda kalnmus ve bu durumda da her defasinda
6-7 defa yerini degistirmesi gerekmistir. Bir kamyon vyiikiiniin 30 defa-
da tamamlanabildigi kabul edilerek bivle bir durumda sofériin takriben
2.5 km. yol yiirtimesi gerektigi hesabedilmistir.

Kereste fabrikasindaki bosaltma isi bir Front loader ile yapilmis ve
tomruklarin bir taraftan itilip distirtilmesi suretivle bir defada ve nis-
beten kisa bir zaman zarfinda gerceklestirilmistir.

Kamvon her defasinda, Norveg Ormancilik Arastirma Enstitiisii ta-
rafindan monte edilmis bir baskiilde tartilmis ve tasinan vitk miktarmmn
12,6 ila 14.3 ton arvasmda degistigi tesbit edilmistir. Bu denemede orta-
lama taginan yiik miktart 12.7 ton ve sistemin toplam agirhg (kamyon
+ trevler 4+ tagman viik) 19.4 ton olmustur. Dolayisivle bu rakamlar-
dan ilki % 29 ikincisi ile %0 20 oranlarinda karayollar: nizamlan ile tes-
bit edilmis olan degerleri asmistir. En ekstrem durumda ise tasinan yii-
kiin %90 39 sistemin toplam agirhfinin ise % 26 oranlarinda bu limiti as-
mis bulundugu tesbit edilmistir.

Iki kisilik ckiple ortalama viikleme zamam 73.34 dakika ortalama
bosaltma zamani ise 12.65 dakika olmustur. Bu ortalama bosaltma za-
mam sadece gercek calisma zamamimi kapsamakta burada kayip zaman-
lar nazari itibare ahinmams bulunmaktadir. Diger taraftan iki kamyon
viikiiniin hacminden faydalanarak vaptigimiz hesaplara dayanarak bu
tomruklar icin dzgiil agirhg 700 kg/m?® olarak tesbit ettik. Calisma yazin
vapildig1 ve havanin sicak ve kuru oldugu gézoniine alimirsa bu degerleri
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makul kabul etmek gerekir. Bu duruma gore ortalama kamyon vyiikii
19.5 m® civarinda olmustur. Su halde birim hacme isabet eden yiikleme
ve bosaltma zamanlan siras: ile 3.76 dakika/m® ve 0.65 dakika/m? tiir.

Bu iki sekildeki yiikleme bosaltma zamanlari karsilastirildigi tak-
dirde birinci sekildeki yiikleme zamanini ikinci sekle oranla daha kisa
oldugu kolayca goriilecektir. Ancak siiphesiz Isachsen yiikleme cihaz
ile calisma ve aga¢ uzunlugunda tomruk yiikleme halinde istif yerinde
bir istifleme zarureti mevcut bulunmamaktadir. Diger taraftan agag
uzunlugunda tomruk nakli halinde yiikiin kamyondan bosaltilmas: igin
gecen zaman digerinden 6nemli miktarda kisadir.




A STUDY ON LONG DISTANCE TRUCK TRANSPORT
IN NORWAY

Dr. Selcuk BAYOGLU

With the construction of better public and forest roads and also
heavier and more capable trucks, in many countries truck transport
has started to play an important role in the logging industry. Actually
the roads with better physical properties have decreased the payload
which can be taken in one trip. As a result of these improvements in
technique the truck transport in forestry in longer distances has been eco-
nomical. On the other hand continuous rises of labour cost has increased
the use of trucks in forest transportation instead of different combina-
tions of means of transport. But there is no doubt that the cost of haul-
ing logs with trucks varies within wide range of limits depending upon
road conditions, tvpe of truck and terminal operations, i.e. the landing
conditions and the type of equipment used for loading and unloading.
Cost of repairs is another factor effecting the total transport expenses.
Therefore each specific operation should be studied separately in order
to get precious loading, unloading and trucking cost fizures.

With this studv we intended to find out these time clements in
truck hauling and for this purpose we have selected a long distance
sawlog and pulpwood truck transport operation in December 1965 in
the northern Norway. Time studies have been carried out from loading
to unloading including driving which was made within a distance of 65
to 83 kilometers of which 1.0 to 6.1 km. was on dirt or gravel surfaced
forest roads and the rest was on black top two-lane public highway in
winter conditions. The combination used in this operation was a Scania
1.S7646 truck (three-axle) with a two-axle trialer and a Hiab crane
(Skogs Elefant 176) mounted on an old Mercedes truck (Figs. 1 and 2).
The crew consisted of two persons, namely the truck driver and the
crane operator. The former helped the latter when the loading was
taking place at the landing.

Because of its close relationship with the trucking first of all we
touched upon here the truck performance problems brlefly and then
explained the results of the time studies on transportation.
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General Principles of Truck Performance

Performance means the ability of a truck to mecet the operating
requirements under which this load must be carried, in other words,
to move the load the required distance over certain roads and grades
within the specified time limits.

The permormance of vehicle is effected by a group of power con-
suming factors, namely rolling resistance, grade resistance and air resis-
tance which should be considered first before entering the performance
formulae.

Rolling Resistance, includes all resistance impeding free rolling of
whecls and covers a group of factors such as internal friction between
the axle and wheels, tire flexing, and deformation of road surface. Besi-
des, internal air pressure and tire design are also cffecting factors in
rolling resistance. In practice it is expressed in kgs. per ton of gross
vehicle weight (or in percent) and indicates the power to pull per ton
on the wheels of truck. Therfore total rolling resistance is,

W.=Q-w (1)
where, W, = Rolling resistance in kg., Q = Gross vehicle weight in kg.
and w — rolling resistance coefficient in percent.

When the speed of a vehicle is V (km. per hour) the rolling resis-
tance in horsepower would be,

1
oW
N = 27000 W v
or,
|
J .0 ew- 2
N, = 57000 Q-w-V (2)

Rolling resistance coefficients used in practice for different type of
road surfaces are given below (Hutte)

Rolling Resistance

Dirt roads kg. per ton percent
loose sand 150 15
poor earth 100 10

dry and compacted 50 5
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Gravel roads

loose (not compacted) 100 10

humid (not well graded) 50 5

smooth 33 3.3
Macadam

poor 40 4

good 20 2
Asphalt 10 1
Concrete 12.5 1.25

Grade Resistance. The influence of gradient on a moving vehicle is
proportional with the Sine of the angle of slope. In other words the
grade resistance is,

W, = Q- sinx 3)

where a is the angle of slope. Since the Sine of a small angle does not
differ very much from the tangent of it and it is very easy to compute
the latter, in practice grade resistance computed with the following
formula,

Wg:Q-Tga:Q-p 4)

where p is percent of slope gradient. Therefore its equivalent in horse-
power at a given speed would be,

1 , 1 -

Ne =000 Ve ¥V =500 WPV ()

Air Resistance, indicates the resistance of air to a moving vehicle

and increases proportionally with the speed. Depending upon the blow-

ing direction, wind also has an influence on the speed. For the air resis-

tance the following formula is recommended (Taschenbuch fiir Maschi-
nenbau) :

W, = 0,0047 - ¢o - F (V 4 V2 (6)

where V = vehicle speed in km. per hour; F = Frontal area in sq. me.
= 0,9. Track width. Height of truck; and c¢. = a coefficient, for trucks
0,8, busses 0,6, cars 0,3 to 0,5. At a given speed air resistance in horse-
power 1is,

1

No=g7500 " W-V
or,
00047 . ¢, - F(V V()2 V
N.= 27000 ™
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Besides the above mentioned factors the altitude also influences the
performance of a truck since the air pressure decreases with the increase
of elevation. Practically the effect of elevation starts from 300 me. and
the horsepower produced by the engine decreases 1 percent at every
100 me. Therefore the correction factor ¢ could be computed using the
following formula :

h — 300
¢=1=T5 000 (8
where h = altitude in meter.

Performance Formulae

The performance formulae that are being used have been discussed
briefly in the following way :

Horsepower - Torque Relations. Using the prony brake equation the
horsepower of an engine could be computed by means of the following
formula :

where r = radius of the flywheel, n = engine rpm, P, = force at the
rim of the flywheel. Since P. . r is the torque of the engine,

Nop =i 9)
where T = torque in kgm.

Therfore if the torque at an engine rpm is known the horsepower
could easily be computed, or vice versa.

Speed Formula. The maximum speed that a vehicle could achieve
in each transmission gear could be determined with the following for-
mula when the maximum engine rpm, transmission and rear axle ratios
and the rolling radius of the tire used is known,

2.7.r-n-60 r.-n
_— = 0,377 — — 10
v woo- &, O V=0 R, (10)
where r = rolling radius (m); n = engine rpm; Ry = overall gear re-

duction; V = speed (km per hour).

Gradeability formulae. The gradeability of a truck which could be
defined as the maximum loads and grades could be negotiated may be
computed in different ways. One of these methods depends upon the
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engine torque formula and stems from the point that the tractive effort
is once equal to torque to rolling radius ratio and once to total rolling
resistance plus grade resistance (Fitch) i.e.,

I 100 - e - R, an

and from this formulae the gradeability at a given engine torque may
be derived as follows,
_100.e. Ry -t

Pmax = TG.r w (12)

where e = efficiency of gears; Ro = overall gear reduction; T = engine
torque in kgm at an engine rpm; G = gross vehicle weight in kg. ; r =
rclling radius of the tire used in m. ; w = rolling resistance cofficient.

But as it could be easily seen, the air resistance is not taken into
consideration in the above formula. In the other method, it is recommen-
ded to compute the power available to negotiate with the grade by deduct-
ing the power used for rolling resistance, air resistance and power losses
through the gears from the net horsepower, taking also the effect of
altitude into account if necessary (Heldt). Therefore the power available
to negotiate with the grade is,

Ng:wa(Nr_FNu"—Nd)

and solving formula (5) for grade we can find the gradeability as
follows :

__N, - 27000
Pmar — TV__ (13)

Although at higher speeds these two gradeability formulae give
different values because of the effect of wind resistance at lower speeds
the differences are negligible. In computations later in this text the se-
cond method has been applied.

The Truck Studied

Specifications. The specifications of Scania LS 7646, sixwheel truck
equipped DS 11 ROl motor and the four-wheel Maur trailer combination
which has been used in this study are given below (Fig. 3) :
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Truck
Engine DS 11 ROl, 6 cylinder Transmission gear ratios
225 HP DIN at 2200 rpm 1. gear 7,70 : 1
Torque 90 kgm at 1400 rpm 2. 435 :1
Cylinder 3. 248 : 1
volume 11,0 liter 4, 147 : 1
Bore 127 mm 5. 1,00 : 1
Stroke 145 mm Reverse 7,14 : 1
Auxilary 1,40 : 1
Rear axle 513 : 1
Chasis dimensions Weight
Wheel base 4600 mm Front axle 3345 kg
Boggie axle distance 1250 mm Boggie axle 3035 kg
Chasis length 8600 mm Total empty weight 6380 kg
Track - 1900 mm GVW 21000 kg
Height of unloaded
chasis (10, 00x20 tire) 2540 mm

The empty weight of the trailer including log bunks and side poles
is 4400 kg.

The gear and speed relations of the truck is given in Table 1.

Weight and Weight Distribution. In order to apply to the perfor-
mance formulae and to study the economy and safety of transport both
the gross vehicle weight and weight distribution under different hauling
conditions i.e. in sawlog and pulpwood transport had to be determined.
Since there was no possibility to weigh the truck all of these have been
computed theoretically. As a first step the empty weight distribution
has been computed and conferring with the SSFF Transport Utvalget!
it has been assumed for this purpose that two log bunks form a couple
and weigh 450 kg. including the side poles, the drum of Isachsen winch
which has been mounted on the truck earlier but not in use, weighs 250
kg. its center of gravity laying 2,00 m behind the front axle, the steel
plate mounted on the chasis weighs 250 kg. and uniformly distributed,
and finally the boggie weighs 800 kg. Taking into consideration that the
boggie is not in use in empty return trips and also on steep, slippery
stretches to get enough traction (adhesion) in loaded trips, the empty
weight distribution for both cases have been computed and the shares
of this additional weight for each are given below :

1) Skogbrukets og skogindustrienes Forskningsforening.
Forestry and Forest Industries’ Research Association - Transport committee.



Table 1. Speed - Gear Relations for Scania LS 7646
Gear ratins without auxilary . Gear ratios with {{uxilztx'y
Motor rpm Auxilary .

(max) | ! | gear ratio 4 . \ _
geariﬁl. gear 3. gear 4. gear H. gear ’ = 1. gear| 2, gear 3. gear 4. gear|d. gear
i : _ R _ \
; ! \ ,
1 ’L 3 ¢ 4 3} | 6 7 8 9 10 | 11 12
‘ . B S I —
2200 7,70 ‘ 4,35 ; 248 1,47 ‘ 1,00 1,40 10,78 | 6,09 3,47 ‘ 2,06 1,40
Wheel rpm at different gears without aux. Wheel rpin at different gears with aux.
Rear axle L
ratio . !, B ‘ . » .
1. gear |2, gear 3. gear 4. gear| 5. gear 1. gear |2, gear|3. gear|4. gear| . gear
| o | - T
13 14 <15 | 15 17 18 19 29 “ 21 P 22 23
—_— ' ‘ ' :
' 1 b 1
5,13 56 99 173 lwor | a2 10 0| 124 a8 06
Tire Rolling radius ¢m. [Relling circumferance m.
size T T
Iupty Loaded Empty Loaded
24 25 26 27 28
10.00:< 20 52.5 49.9 3.289 3.135




Table 1 (Contlnued)

TRUCK SPEEDS AT DIFFERENT GEARS WHEN AUX. NOTIN USE
(In meter per minute)

1, gear 2. gear 3. gear 4, gear 5. gear

Empty‘,Loaded Empty | Loaded {Empty | Loaded | Empty | Loaded | Empty | Loaded

29 l 30 31 32 33 34 35 36 37 38

\ ——

184,7 ,175,6 3266 | 3104 | 570,7 | 5424 | 960,0 | 912,3 | 14153 | 1344,9

(in kilometer per hour)

11,1 ‘ 10,5 \ 19,6 ‘ 186 | 342 | 325 | 576 | 547 | 849 80,7
! |

'
!

TRUCK SPEEDS AT DIFFERENT GEARS WHEN AUXILARY IN USE
(in meter per minute)

1. gear 2, gear | 3. gear ‘ 4. gear D. gear

i" —_— —
Empty LoadedJEmpty Loaded! Empty‘Lo:lded Empty | Loaded | Empty | Loaded

39 40 41 42 43

45 46 47 48

44
388,7 l686,2 652,1 | 10095| 959,3

132,0 | 1254 | 290,3 | 219,5 | 409,1

(in kilometer per hour)

79 | 75 | 194 132 | 215 | 233 | 412 | 391 | 606 57.6
1 |
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Empty Weight Distribution (Total weight 7980 kg.)

With Boggie Without Boggie
Front axle Rear axle Front axle Rear axle
New chasis 3345 3035 3135 3245
Additional
weight 193 1047 —33 1633
Total 3538 4442 3102 4878

In computing the payload weight and its distribution, sawlog and
plupwood loads are considered seperately as the average weight of loads
in each case have been found significantly different.

The great majority of the sawlogs were 10 half-meter in length as
it is usually expressed in Norway and they were cut a few days before
the transportation took place. Therefore it has been assumed that the
average log length is 5 m. and the specific gravity for this green timber
is 0,82 depending upon a recent research on the Norway spruce (Tam-
minen). Accordingly the average truck and trailer loads of 15,371 cu.me.
and 14,813 cu.me. which correspond to 12,60 and 12,15 tons of payload res-
pectively. To find out the volumes the small end diameters of logs have
been measured and special volume tables for the area have been used
where these studies have taken place. Assuming that the logs on the
truck are extended 50 cm from the first bunk behind the cab, the distance
of the centre of gravity from the front axle has been computed 4,55 m.

In case of 3-meter pulpwood hauling there were two piles on the
truck and on trailer. To convert the loose volume into solid volume we
have used 0,67 as coefficient (Klem and Halversen) and 0,88 for the
specific gravity of pulpwood is used which were taken from the upper
parts of trees, with reference to the above mentioned research work. The
average heights of the front and back piles of pulpwood on truck were
2,30 and 1,80 meters, computed solid volumes were 9,759 and 7,707 cu.
me. or 17,46 cu. me. altogether, and the weights were 8,59 and 6,78 tons
respectively. Therefore it could easily be found out that under these
conditions the place of the center of gravity of the payload is 20 cm.
behind the rear axle and 233,9 cm above the ground. On the other hand
the average pulpwood load on trailer is 18,29 cu. me. or 16,10 tons.

The results of all of these computations to determine the weight
and weight distribution for both sawlogs and pulpwood are given be-
low which shows that the total average weight of the combination is
37,1 tons for sawlog load and 43,9 tons for pulpwood load.



Total weight and weight distribution for truck

with  Boggie without  Boggie
SAWLOGS v 1 PULPWOOD SAWLOGS ‘ PULPWOOD
| o | o o o
Fr. Ax. | lPoggie Total Fr. ax. ‘ Poguie Total | Fr Ax. | R. ax.-| Total |Fr. Ax. | R. ax. | TOTAL
. l h . . . ! ) B E
S i . | , |
Emptyweight 5938 ‘ Lz 7950 SRR ; 4142 7050 | B1o2 4558 TOSO L8102 1 4878 7950
3 [N - o . T ‘_777;: L ! - R
Pavload 1640 - 7-10950 12600 l 1260 14100 15370 140 12460 | 12600 [ — 670 16040 15370
o . S "f"-*"'*— P B N T T e :
TOTAL SolTS 15402 20550 0 4708 18542 23550 3242 17333 20530 | 2432 20915 23350
! | : | | | 1 ! l

Total weight on trailer

| SAWLOGS PULPWOOD

Empty weighf i 4.40 | 440

Payload | 1215 16.10

TOTAL i 16.55 l 20.50
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According to the Highway Regulations in Norway the maximum
single axle load on first class highwayvs is 8 tens and for the boggie is 11
tons which has been extended to 2 tons in this example with a special
permit. On the cther hand the capacity ¢f tires which are in use is 2080
kg which means that the load limit for single axle is 8320 kg. and for
the boggie 16640 kg. Comparing these (wo limits with the actual loads
on boggie and on the rear axle when boggic is not in use, it could be
said that in all cases the load on rvear are over the law limit, in
pulpwood hauling with boggic and in 'pulp\\'ood or sawlog hauling
without boggie the axle loads arc also cver the tire capacities. In the
most extreme case which is-with average pulpwood load gross combina-
tion weight is 43,9 tons and without -beggic the load on the rear axle
was 20,9 tons which was ncarlv two times of what is allcwed by law
and 26 percent more than the tire capacitv. Since this was the most cri-
tical way of loading we have used it in ihe further computations in this
text.

Obviously in the previous discussion, weight distribution has been
computed when the truck is on a level ground and not moving. But if
the tractor is towing a trailer on an adverse grade at an angle @ the
weight distribution would be slighily different than this. If the vehicle
is moving with a uniform velocity the wheels arve in equilibrium and the
resultant, of W; and Ry must pass throush the axe (Fig. 3). When the
centre of gravity of pavload is bchind the rear axle, applying the equati-
ons of equilibrium, pavload on front and on rear axles may be found
as foilows (Bekker)

o TR R = WisCos =iy s v, h, 18

' L
W, — W (I 4= x) Cosy - hySinx - Fy-hy —r(li—ljﬁ (15)

- N
Since the maximum adverse grade in s cxample was 7 percent
(¢ = 47.00) it has been found out that the distance ¢f the centre of
gravity from the rear axle is x = 020 m. its heicht hy = 1,85 m, and it
is known that rolling radius r = 50, \";b'ml sase 1 =4,60 m, the
difference in height between the vear axle and the fastening  point of
the trailer to the truck h: = 0,34 i35 using «imply w = 10 kg per ton for

the rolling resistance, the payloads on the fmm and the rear axles (with-
out boggie) would be,

'
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W, _= — 0,96 ton.
W,—= 16,33 ton,
which means that on 7 percent grade payload on the rear axle would be

290 kg. more than it is on a level road section, in other words the steeper
the gradient the heavier the payload on the rear axle under the same
loading conditions. On the other hand when W, = — 3102 kg. the front
end of the truck would rise up. Therefore solving one of the above gi-
ven formulae for angle o it could be computed that under these condi-
tions this critical point is reached when a is about 25° or the gradient
is 47 percent. Obviously on grades the centre of payload acts the same
way as if it moves towards the rear axle. In such a case the steering
would be unstable and the front tires would skid which has been obser-
ved clearly in our studies. According to a rule of thumb method the dis-
tance of the centre of gravity of payload from the rear axle should be
about 1/10 of the wheel base (Fitch).

Theoretical Performance of LS 7646. The gear and speed relations
of this truck are given in Table 1 which shows the maximum speeds at
different gears when there is enough horsepower to do a certain work.
Gradeability of this truck has also been computed using formula 13
since as previously mentioned in formula 12 the effect of ait resistance
is not taken into account. The effect of air resistance has an importance
only in higher gears and we have found out that the difference in re-
sults of these two formulae is only 0,3 percent in the fifth gear. The air
resistance at different speeds that this particular truck encounters has
been computed as follows :

Speed 5 10 15 20 25 30 35 40 45 50

(km/h)

Air Res, 2,01

( HP) 0.01 0.08 0.30 0.71 1.28 2.38 3 72 5.64 8.04 11.0
d

Spee 55 60 65 70 75 80

(km/h)

Air Res. /¢ 19,05 24.22 30.25 37.21 45 16

(HP)

.. The computed speeds and gradeability of this truck at different
gears and engine rpm where rolling resistance is assumed to be 10 kg per
ton, both for sawlog and pulpwood hauling are given in Table 2.



Table 2. Maximum speed - gradeability relation in each gear for
Scania LS 7646
in pulpwood hauling,
in sawlog hauling,

(1.

(11

GVW = 439 tons)
GVW = 37,2 tons)

at 1400 rpm

Gears Max grad, | grad.
speed % %
kph I 1l
st 6,7 112 | 12,1
with aux. 4,8 5,1 19,1
nd 11,8 D, 7,
with aux. 8,4 8, 10,5
rd 20,7 29 3,6
with aux. 14,8 4,5 ¥
th 349 1,3 1,7
with aux, 24,9 2,2 2,9
th 51,3 05 0,7
with aux, 36,7 1,2 1,6

at 1800 rpm

15,2
10,8
26,6
19,0
449
32,0

66,0
47,1

at 2200 rpm

grad. | grad Max
% % Speed
I II kph
10,8 12,9 10,5
15,6 18,6 74
5,7 6,8 18,6
8,4 10,0 13,2
28 3,3 32,5
4,3 5,3 23,3
1,1 1,5 54,7
2,1 2,7 39,1
0,3 0,6 80,7
1,0 1,4 57,6

grad,
%

1

9,3
13,6

48
7.2

grad,




72 S. BAYOGLU

Time Studies

Conditions and Method. The transport operation has been studied
completely starting from garage to driving back to the same place again.
The first part of the driving has been made mainly on forest roads bet-
ween the garage and three different landings. The forest roads were
usually 3 to 4 m in width, scme parts had gravel surfacing but all were
frozen and partly covered by snow. The average distance between the
garage and landings is assumed to be 5,5 km, loaded and empty speeds
on these roads have been 21,3 and 26,9 kms per hour respectively.

The main part of loaded and empty driving has taken place on a
well graded and maintained black top two-lane public highway on the
same route within distances of 64,3 and 76,8 km for sawlogs and pulp-
wood. These long distances have been distributed into 13 sections depend-
ing upon the physical conditions of it. Also the stretches in the inhabited
areas have been considered separately since the speed has been slowed
down considerably in these sections (Table 3). Only the 6 the and the 8 th

Table 3. Truck travel times and speeds on
different sections of the public highway

Average truck T T T T
travel time Average speed
Section |Distanee (min) km per h. Note:
no km. ————
lLoaded | Empty | Loaded | Empty
1 19,4 | 22,35 | 17,26 52,1 67,4
2 15,7 | 15,14 | 13,h7 61.2 69,2
3 135 | 1389 11,35 D7,9 708
4 1,4 2.20 1,77 38,2 175 Community
5 2,7 3,04 2,23 93,3 72,6
6 1.5 6.61 1,66 13,6 52 | T% adverse graio
7 3.4 043 3,50 37,6 528
8 0,6 2,66 0,64 14,1 56,8 | 7% adverse grade
9 1,9 3,62 2,66 315 429 1 Sawmill enterance
10 4,3 7,67 478 33,6 5+.0 “(‘ommunit_\'
11 4,6 9,07 4,49 49,6 61,5 |
12 | B2 | 830 1 576 | 37,6 | B2
13 27 | 529 f 277 | 80,6 | 585 | Pulpmill enter.
b - - J— B -
Total 76,8 | 101,67 | 72,80 |Av.453 |Av.633
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sections had 7 percent steady  adverse grade for distances of 1,5 and
0,6 km vespectivelv. On the rest of the highway adverse and favorable
erades, not exceding 5 to 6 percent, followed each other swithin short
distances. Within the first six sections highwav was new and its quality
was much better than the rest of it. As it could be secn from Table 3
the Towest speed has been 13,6 km per hour on 7 percent adverse grade
with lead, the highest speed has been 72,6 km per hour on the 5 th sec-
tion on the empiy return speeds and on one section of 15,7 km the loaded
speed have exeeded the limit given by the highway regulations which is
60 km per hour.

Duving thiv experimental transport, loading has been made on three
ditferent Tandings with different site and piling conditions. In the first
twe landings the piles were hand made and in the last onc it was made
ov a front loader, the height of piles ranging [rom 0,50 to 0.80 meters
in the first grouap and 1,30 to 2,00 meters in the last (Fig 4). One of the
first two landings was rather too small for maneauvering and a crossing
power line has caused some interruptions but the others were sufficiently
wide.

Both the Tandings and the forest roads had a snow cover in various
depth, the highwayv was cleared but frozen nearly for all the length dur-
ing the experiments (Fig 5). Transport operation has taken place near-
lv between 500 meter of elevation and the sea level when the temperatu-
re was ranging between —16" to —8” C. The truck was cquipped with
spectally built snow tires with spikes for winter usec.

Driving conditions in the sawmill area was relatively unfavorable,
both the curve at the enterance and the unloading point in front of the
debarking device scemed to be improved. Sawlogs were unléaded by
raising the cuter tires of the truck and trailer driving on humps, and
a huge overhead crane is used for the same purpose in the pulpmill area.

Results. Detailed time studies have been carried out for 13 full trips
covering all phases of the operation including the garage preparation.
The total volume hauled in these 13 trips was 425,8 cu.me, of which 211,3
cu.me. was sawlogs and 2145 cu.me. was pulpwood. Average time consu-
med by each groun of werk is given in Table 4, In computing averages
of some elemenis like garage preparation time and driving time we have
taken into account the data both for pulpwood and sawlcg hauling as-
cuming that the tvpe of lead docs not have any effect on them. But in
fact because of the heavier load in pulpweood bauling the loaded truck
travel time was slightly higher than the sawlog hauling. The delay times
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in this study cover; equipment, personel, working, eating, fastening the
load on the road and the time study keeper’s loss times. All the rest are
considered avoidable delay times and are not shown in the table. The
necessary or unavoidable delay times as the percentages of the actual
working time of each wcrking time group are also given in Table 5.

Table 4. Average time elements in minutes per load in the Experimental
Transport of Sawlogs and Pulpwood by Scania LS 7646

Data Sawlogs Pulpwood
1. Load
Average truck load 30,15 35,76 cume,
Average number of logs in a load 154 866
Average log volume 0,197 0,050 cu me,
Average distance between garage and landing 55 55 km.
Average hauling distance between garage
and mill 64,8 76,8 km,

2. Garage preparation time

Actual garage prep. time 8,74 8,74 min,
Delay time 1,04 1,04 min,
Total garage preparation time 9,78 9,78 min,

3. Driving time between garage and landing

Actual driving time between garage and landing 10,50 10,50 min.
Delay time 1,77 1,77 min.
Actual driving time between landing and garage 14,60 14,60 min.
Delay time 0,86 0,86 min,
Total driving time between garage and landing 27.73 27,78 min.

4. Loading time.

Driving to load and preparation in the landing 20,33 20,33 min.

Actual loading time 57,12 71,60 min.
Moving time 8,47 18,88 min.
Delay time in loading 6,79 9,68 min.

Total loading time 92,71 120,49 min.
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Driving time (Between garage and mill)

Actual loaded driving time to mill 74,84 101,67 min,
Delay time in loaded driving 7,07 7,77 min.
Actual empty driving time to garage 5,00 72,80 min,
Delay time in empty driving - -
Average fucling time 9,02 9,02 min,
Total driving time 146,63 191,26 min,
Unloading time

Driving time in the mill area 12,33 12,52 min,
Actual unloading time 29,24 44,64 min,
Delay time in unloading 17,68 23,32 min.
Total time for unloading 59,25 80,48 min.
Average total time for a full trip 336,10 429,74 min,

Table 5. Unavcidable delay times in percent of actual working time
of cach group in experimental transport

Data

. Garage preparation time 11,9 % 11,9 %
2. Driving between garage and landing 10,5 % 105 %
3. Loading time 7,9 % 8,7 %
4 Driving time 12,9 % 9.3 %
5. Unloading time 425 % 40,8 %

Under-the-way times have been computed both for sawlogs and
pulpwood dividing the total driving times by the average volume of the
truck load and hauling distance as follows :

174,36
Under-the-way time for sawlogs = = 0,083 min. per
30, 15 (64,3 + 5,5) cu.me. per km.

218,89
Under-the-way time for pulp wood = = 0,074 min. per

35,76 (76,8 + 5,5) cu.me. per km.

Undoubtedly 11 percent difference between the under-the-way times of
rulpwecd and sawlog hauling is essentially the result of heavier truck
loads for the former,
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In the same way unit terminal times in both cases have been com-
puted dividing the loading and unloading times by volumes separatly

as follows

Terminal time for sawlogs :

[ ¥ (i 9271 307 .
oading time = - = 307 min. per cu. nie.
° 30,15 ’ I
. . 59,25 .
Unloading time = _-""_ = 1,97 min. per cu. me.
30,16
Totul terminal tinve = 5,05 min. per cu, me,

Terminal time for pulpwood :

Loadi Lo 12049 o oo
Louding time — T 3,37 min. per cu. me,
%
. . 80,48 .
Unloading time == —;>* - =— 225 min per cu. me.
9,76
Total terminal time — 5,62 min per cu. me

Therefore the total terminal time for plupwood is 11 percent more
than it is for sawlogs.

Finally if we consider that the truck loads were as it is limited by
the highway regulations in Norway the total payload would have been

only,
33000 — (7 980 + 4 400) = 20 620 kgs.

which corresponds 1o 25,1 cu.me. of sawlegs or 23,4 cu.me. of pulpwood
instead of 30,15 and 35,76. cu.me. respectively. Therefore in such a case
under-the-way times would have been 0,100 min. per cu.me. per km. for
sawlogs and 0,114 min per cu.mie. per km. for pulpwood. This means
that if the state law restrictions on gross cembination weight of trucks
have been applied the driving time per unit of vclume per kilometer
would have been 20 percent more for the sawlogs and 54,1 percent more
for the pulpwood than those given above.

Comparisons. In the summer period of 1966 we have carried out a
series of loading and unloading time studies with the trec-length logging
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in the Eastern Norway with Isachsen loading device to compare it with
the method previously studied. It should be noted here that there was
no possibility to make these studies at the same time, at the same place
and under the same conditions with the first oncs. On the other hand
since the road conditions were different we have studied here only load-
ing and unloading operations.

In this logging operation the logs were skidded by Timberjack (Fig.
6). Pulling from the small ends, down to the road side in tree length and
then hauled by a 16,2 ton Magirus truck equipped with a single axle
trailer and Isachsen loading device (Fig. 7). The Timberjack did not
arrange the piles at the road side landing, therefore all the logs were not
parallel to the road centre line and in some cases butt ends were 3 to 4
meters in or out of the pile (Fig. 8). Consequently, in such cases
instead of 2 to 3 logs only one log could have been loaded in each time.
After the loading has becen completed the driver had to cut the ends of
the long logs so as not to exceed 24 to 25 meters (Fig. 9).

The total operation was being done continuously so that the cutting,
skidding, loading and hauling followed each other and there was not
enough logs for a truck load at the landing all the time. Therefore some-
times the truck had to wait for a new load of Timberjack or the loading
was interrupted by it.

Although this is usually a two-man operation in some cases the driver
had to work alone and he had to change his place 6 tc 7 times for each
bundle. Since one truck load consisted of about 30 bundles we have esti-
mated that he walked about 2,5 kilometers in order io complete the
load.

Unloading at the sawmill has been done by a front loader only push-
ing the load from one side after the truck was ready and it was done in
a relatively short time.

The truck has been weighed in each trip at the scale mounted by
the Norwegian Forest Research Institute and it has been found out that
the payloads were ranging between 12,6 and 14,3 tons. The average pay-
load has been 13,7 tons and the average gross combination weight has
been 19,4 tons. Therefore the former was 29 percent and the latter was 20
percent more than the weight limits given by the highway regulations.
In the most extreme case payload has been 39 percent and the total
weight 26 percent more than the limits.
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The average loading time for a two-man crew has been 73,34 minu-
tes and the unloading time 12,65 minutes for the truck load. Which co-
vers only the actual unloading time without any delay time. On the ot-
her hand using the volume of logs of two truck loads we have found out
that the specific gravity of the timber is about 700 kg. per cu.me. which
seems reasonable since the work has been done in summer and the we-
ather was warm and dry. Consequently average truck load has been
about 19,5 cu.me. Therefore average loading and unloading time per
unit volume has been 3,76 min per. cu.me., and 0,65 min per cu.me.
respectively.

When we compare the terminal times it could casilv be seen that
the loading time per unit volume in this case is longer than the method
previously explained. But undoubtedly there is no piling problem at the
landing in tree length logs where Isachsen loading device is used. On the
other hand the unloading time for trec length logs is significantly shor-
ter than short sawlogs and pulpwood.
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