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= =126
v 208.3
an= 2900 —13s
v 208.3

SO COBABEORKNIFAPFIEREOMBICHLTI0EHALTR
%o '
208.3=5156XK+1283

K=15516  reeervorvicsmmrimeeniiesn oo (g}
6
K=;;:": { 0.57 72+ log.e (log e o ) } seeenseneseans(5)
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@)z @B ARA

1.L5516= :n['-"-{ 0.5772+1log.e( log.e

T
=1

log.e (log. e J=—25671

T—1

fog. e —e—25671

T—1
T=135
R-THES AORAARTERB~1ER 1 GORBEEFRICHSTEICLE
s,
HIFEOREEEREHTsC &3, R, TOBOHKBMEDORIKRLER
CTZEDHENBHTETHE, ZOBEER, £, BRKE, RHNBTFRESOER:
AFEL. BREAERECENK. iy, BT OMEHS ICBEET M FREEH
Wi 2, CHS 2L TRREKMNEEZRHTAHEERICHBET S,
Q=?%LLA:&2H8LLA
f =i i RE
r=BAKHR (=)
A =TRREH (I )

MR BAEROBEEERT S0

E=X g aelbp. 0.75~0.90
=R/ LK 0.70~0.80
2R 3 B i R Ok 0.50~0.75
(e DI 0.75~0.85
T Dl 0.4 5~0.60
RELSFHE o KE ) 0.50~0.75

FLAMBRRAORF L ZBERRDMELE T S,

WEEES (L) 0.9 05k

DEIA M ( Pt ) 0.8 004

WS (T ) 0.70LLE

7 4 Y £~ @ Diamman River®3B&, HRFHOL I, RIIHREBAHHEEL.

HHUAKBRBROBEENL TS,

A=64841d . MBIERE I =170/, B{EEH=950m (0.9 5/m)

() BEEE (W)=72 (% Po=72 (B2 )08 =12.7 6kn/hir

1 7.0
17.0

(@ U esR] (T)=%= R
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() FHEBME (Reu) Sy &y i v
SOLERETHE 250m, 24 hr

R 21.5 250 215
) =—X = X
(4) %ﬁigﬁﬁ(f‘-) 24 T+3.5 24 1.332+3.5
6875
= —59.28m
115968

(6 WmHEFEE (f)=090
& ¥ m(Q)=02778f,r. A=0.2778X09X5828X64.84

=96 1.0 14" sec

W)&ﬁﬁhh%=%%%=mwmmvﬁ

HELHE (R )OHERAFOLBOBRMN L VAL T191m/2 4 hr
ET 3,

191, 275 _ 52525
24 1.332435 115968

rt= =4529m

Q = 0.2778X0.90X4529X64.84=734.215"/sec
BEROBHICEHTORRLIL T, BBHRAKELD 1 mMEDOZHELNLLD
ER. MBHERERITHCLENLETHS,
& %
ERERAOLEOT, RELSE K HHTHMRD, BABKEZHEHATS
feHicids KR ARICLD, ORICROFRHEHC TESPOMBEZHEE T

52¢EbHB0 -

WEE (kf ) 0~10, 10~20, 20~40, 40~60, 60~80, 80~100

Wl fit (i /sec/ k)25 20 15 12 10 8
OB B

LERBU 2R AEICH LT, BICHG L AaARMBH 2850403, HEGE
BEROLEMBEE MR OEATHS, CORKXNRBTHAT., XHEBRERT S
e, MESRCHETHD AXMBEER O, SENNELTILDS
B0 HA LEORBICHEG LS ORLTH S, HER Y 70 — MEXD
b\ RFTFFVv—rEThiT, BINWHHRT, EBEDOXY » FHBDHEHNTH
BoMERTHEM t, LFESS t/me L. Impact HELL TO%EMHL
T50 K310, 12, 14, 16, 18, 20m DML LBRA X B LT 50

WEtRE., LHWHETL t, 2BRNBEMEARMER, 33X Typel =10m~

—103—



Type 6=20m®D 68, 4MB 4 0m+2x0 3=246m, 5HLFTOE Level ,
GAHT A 1 5 PEMRAE. THERBEKy=02 Ky=10 ., s#iE.av/7 V-
FEEE, KRR AT 7L — b (SBBEKE )
RENERARORMGEFEICLZSDEL , AMTANELRI4EBR LT
%0

HER, HERFILOUTRRTRYT L, ROL BV TH 50

(1) # T
it
30,200 M 100, 120,140, 160, 180, 200 200 30
1 r
X M
2) i @ L
41600
300 4000 .300
=/9U;F%§

50

y zyyrv—rmm 4
S [ =]
29 /;; Jﬂg 15% ' I?
[T
|
)

2,600 | 1000

1,000
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Q
Sy
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el
A
r— = = e e e =*’
1 I
o ] /
L -] =)
g. - ~B, i _- g.‘ g-
N ( Ha/ o
i
= = 0 —/ — — = :' i
\ el )
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= R
0 5 3
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(il : .

~105—



4600

300, 4000 300}

150 80
20 {100
//4F 153 L/Z; 15%
r a i/
8 r-.- = . -'n 1
= . 1]
g i
& o T
] l
=2 c
m — J
8 | 1000 ] 2800 | ' 1,000
™~ T T !
CROSS SECTION §=130
(% @ ®)
1-Side PLIOOX6X5000 | 1~Side PL300X6x5400 |
. 790 9@ 1,000 = 9,000 61q|
S 10-1 75X75X6X80 ,u 10-B.N.M12x30 | |
87 3 | P r APPILERIN | 588
20- 570 -
g , £%-Siab PLST0X4X4588 1-S1ab PLIBBX4X 4588 (G
166 40 @ 250 = 10000 234
—.'r f | 3 o
L IR 11
[~
g e e e e e s o

P !'Jd'\ﬂlizzﬂj“ I

1.H 582x300x12x17x10400

bl N
Rl 6, 2PLISXIXS4B |=4 ~v— LPLISx9x548 ]|
i -8Y 2PL95x9x548
200 ¥ M SPAN= 10000 200
rv— r ] b
. L‘@_'.f"‘*""ﬂp— S0y, (350
NF L L. —

GIRDER & SLABPLATE S§=1. 90
(FifLrF7F—~1})
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WRICHG LA BB TEZLCAF TS 3B, BLETRARLE
B EN TEHADTHNATRETH S,
RO =D Pyinkado DEERB S ~5DELDTHD.

#5—5 Safe Working Stress for Green or Partially Seasoned Timber

PYINKADO K¢, m

1. Weight in £b per cu ft. at 12% M.C. 57 fb 9 1 3Kg

2. Bending and tension extreme fiber

a) Inside focation 3,100 gbs0" 21 8Kg./cnt

b) Wet location 2,050 ¢,/0 1 4 4Kg et
3. Shear horizontal along grain

a) All locations 190 8,/00 1 3Kg el

b} All locations 2756/ 1 9Kg /ent
4. Compression parallel to grain

a) Inside locations 2,000 &/ 1 4 0Kg /et

b) Wet L,450¢/00" 1 0 2Kg /el
5 Compression perpendicular to grain

a) Inside locations 9 70¢b/C1 5 8Kg /et

b) Wet locations 6202b/07 4 3kg ot

Source of information
Royal Engineers Reconnaisance Pocket Book 1944.

Note . Above safe working stres are for standard grade structual /4 2.,

AEORAEE TS LA, RO LA, BVEBEORANG L, &k
LiabDT, BHIMEDTHICE LY, BRSFEERLME L s L, BH.
AREBUZEL CKFICL s TRAARES v » 7EHEA L THBOHRBEZE ., &
HEPDRREABE TRADBOLOEERT 2. MALIKBEI{EREL . &FR
(BB CEDR IV 7 ) — PRV, TR, HWL LD LonlELT
o

AKED L AERTERDEEDTHDo

AV FAYT « 2 v TUERERBHN oV =2F Rs5-—1

ET e T AL IURKRERARBEEGN T o0 Bs -2
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MATERIALS LIST

STEAL MATERIALS LIST

W H M X

H o8 %
JAPANESE | ENGLISH QUALITY -rl'SIZE , @ LU MouNT NOTE
A Al rrem |§ R[W]t C (XEAAE 88 &) :
3 R RVOI0ANCEBAR| PYaKero | 0 50 0 20 2.00| 0 oo 4 0.320™
& #1 | BEDPLATE olojo.tol 1.00]| 0.0i0 8 0.080
JC® A | RAILING olo|o.2| 280| 028! 4 o.t12
' ois5|o.12| 3.20] 0.58 ) 12 0.696
X ¥ & [DRIPPLATE 015(0.08 0.45| 0.004] 34 0.l 36
¥ # [SURFACE PLATE 0.25/0.08 3.00| 0.045| 47 2115
® % | PLANKS 0.25{0.10| 4.20| 0105 94 9 870
3 4 [MAIN GIRDER 0.250.30 5 50| 0.413]14 5.782
' 0.25/0.20 6 00| 0.450| 14 6.300
R # {CROSS GIRDER 0.25/0.25 4.20! 0.263| 5 1.315
1% % |SPLICE GIRDER 025030 1 50| 0.113| 21 2.373
B |cROSS PILE 02001C 4 20| 0.084 14| 1076 |B} BKa
. 020]00§ 2.00| 0.024] 2 0048 | SHEETING PLATE
' « |« | 2.20| oozsl 4 0.104 ’
, v |+ | 350| 0.082| 2 0084 .
% i [sracinG 020[0.10| 4 80| 0.086 & 0576 | A'®m
# # | coLumn 025|025 3.30| 0.208 5 Loto (%1 ka "
' |« | 3.80| 0.238] 5 190 |85 T
, + |+ | 5 80| 0.383] 15 5.4%5 | Ry i b
¥ d A SHESTINGPLE 05|05 3.30| 0.07| 2 o148 "G ma o
' v | ¢ | 2.80! 0.083 2 0126 .
¢ ‘ * 2.20| 0.050 2 Q-100 .
' "o |+ |1 65| 0037 6 0-222
: i ] 3 75| o.084 2 0168 N’gz ABUTMENT
' ¢ | - | 3.30] oom 2 0 .148
, + |+ | 2 70| 0081} 2 0 122 ’
4 ‘ ' 2,101 0047 10 0-470 ’
t 5 & |eep pLare ozs|02s 4 20| 0263 5 | 1315 |Gy RE
' ous|ois| 2.05] 004 4 | o.1es | TETNO
. ‘ * | 2 00| 0045 2 0.090 !
‘ . v 3 50| 0.09¢ 2 0.158 ¢
I ¥ H |sueerwo puate 025009 300, 0045 75| 3.375 | s6m
A8 Y | BED PLATE 040 008 4.20| O 10!| 2 0.202
1 € & 4 |proTELTigy oo|owo] 5 30| 0.053 4 o 212
st TOTAL 45,792

JAPANESE | ENGLISH | P28 T g  |QUANTITY AMOUNT &FIX";IG P%S'T'O‘;‘E NOTE
% i tTeMm | e [T o pdg | § o | mEY [JAPAnesE ENGLISH i %
Ada-1t RING BO| 19 | gog'| 238 | 24| 55.92° |k iz - it | Cotun o oo Oroen
¥ It X-1+ |CLAMPBOLT] 13| 300 | 0.5! | 408 |gp Hp ce“e?iﬁf:e"cs o
. . | 200 | 0.43| 34| 1666 bigs xukki | Poais o o Toe
' 19 | sa0 | r.7a]l 20| 3480 [Eg EF [CAces cinoen shucEsROER
' . 600 | 1.87 g4 157 08 % KAk |MAN GIRDER SPLICEGIRDER
' 16 260 | 076 15 1140 | g@&'-rt |RING 80LT
. | 340 [ 0.89] 34] 3026 §‘§ CHH e cotown B Bm
‘ N 440 1 05 33| 34 65 B 4 [CROSS PILE , COLUMN fi.;g:u
. 13 200 | O 41 28| 11 48 | gd IHH |cross PILE,SHEETING PILE
i CRAMP 8 150 | 0.10 56f 5 60 | t¥8 tEK [SHEETING PILE,BED PLATE
! 16 | 240 | 0-60 SOl 30 00 |, 14K [corumn BED PLATE
F i & | erAD 200 | 0.13 | L3I6{ I71.06 | g i PLANKS L AE- L}
: 20 | 008 | 282 | 2256 | i SURFACE PLATE :
% fr | NaiL 5 | 150 | 015% 56" B840 |igs SHEETING  PLATE
{BOLTY [#-nt | 391 93
| o ]k
EZR e R
BE#% V'OODEN BRIDSE AR
g M |mta:=nnm=,%'3;gﬁ| R kX
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® ki ‘
WRES OHABER ORI IR, TORFORTE . #i8, H . MRAER
BIRIEL T, MKRELAKBEEFHIC LOMBEBEL . FLEERTS
1 7EOWEEREHT 50 ChERTRRT—RIICHERHRIBEES - T,

KICHAT %o
BERARBERR r=>50m
Pt th 4R 8% f=095
Yk piE K v=3.5m/sec

HEDBAGOHERIRE S —6DEBDENLB,

®5—6 ~NATHER

A (R Q (iitd ) N4 TR Bk S i ®
0.3 ki> A 0.2 4 m*/sec 0.3 m 0.3 1 °/sec R.C.P
0.5 0.40 0.4 5 0.69 "

1.2 0.96 0.60 .23 C.8.P
3.4 2.72 1.0 0 3.4 4 "
7.9 6.16 1.50 7.73 n
13.7 10.96 1.8 0 1113 "

# R.C.P =Reinforced Concrete Pipe
C.8.P =Corugate Steel Pipe

BHHRREHR S Uil EOREE T 2881, CS.PLT L. WKHE., R
BAARE ., HBEFTBEEFEEZRL TRET 5o
gl BRICL>THKNATERDSHEEZRICHET S0

It 3, T A A ha
Bk B (24 7R ) I
it i R E f

LEROBEEEHLE., RS — TR LD A1 TEOMMBRHON S, COREK
Rr=100m/hTHEELTHEDT, r=80m h OBER. AFLB (IC
AR bOREAT B,

#l A=20 ha I=a040%)
=0.9 r=100m/h

NRATEOR, A=DBE =0 90BOEANSOKTEHELE I =0.04080
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&L EORBRELRHZA41T7EQDaDETHY, 119en==1200mE 113,

F#s5—7 ERERHICLIHFKITRERRE

n=0 02 Le=xD [=100mm/ha
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IR T N 3 2 3 Alha)=

T, BEHEER 2y 7 — L ETANNEHREORR S BMERTED
BER IO ERVWTEROHR 22, COREKOAD, HAFICEREL. &
BOBARIERT OBTRETLITU D BRERFICHBFIS. Cho—RBHEH
BERTE . H5-3,. 5~ 4DbONHLTH S0

R (KRR ) I PFARORBICETFORBEM SR TREL, BERICEY
H—REMARTERL TR ERITHET, BEROBKR vy — bovq4 FX
Hav g )= b A72AVRTHESE, 37— RE 70, 7RILEOHO
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APPROPRIATE TECHNOLOGY FOR FOREST HARVESTING AND TRANSPORT

1. INTRODUCTION

Forest conditions vary greatly throughout the Asian Region, ranging from the
temperate forests in the northern mountains, through arid and semi arid forests to the dense
moist evergreen forests in the eguatorial zone. These differences in forest conditions are largely
determined by climatic and geological factors, but super-imposed on the ecological zonation
is the human population which is quite uneven both in terms of density and the level of eco-
nomic development, and therefore in its influence on the forest.

The development and choice of timber harvesting and transport techniques in the
region up to the present time appears to have been determined mainly by technical and financial
considerations. For example, in the sparcely populated, but densely forested equatorial areas
there has been little alternative to using heavy machinery, because there were just not the people
around to uvse labour intensive methods. However, in many countries the opening up of the
forest for logging and its deliberate clearance by illegal of officially sanctioned farmers, has
resulted in increased populations in many of thesc areas, and the labour supply situation is
now quite different.

The opposite situation has existed, and can still be seen in some countries, where
most forest exploitation has been in the hands of smali local entrepreneurs. These people have
little capital but there have been enough of them in relation to the demand for timber, to enable
them to operate reasonably successfully with very simple equipment. In most cases the sizes
of tree that they have been dealing with are within their capacity, perhaps with the assistance
of animals such as elephant or buffalo.

As the demand for timber increases, both as a result of population growth and rising
world demand, especially in developed countries it becomes increasingly difficult for the small
entrepreneurs to increase their output, with the methods they know, and many are giving up the
struggle and moving to the cities. To overcome this problem agencies concerned with forest
exploitation are increasingly turning to sophisticated technology to raise output in the face of
a declining labour force.

It therefore appears that the time is vert ripe for a close examination of the tech-
nologies available for timber harvesting and transport in the Asian region. New techniques
will be required in many areas to enable harvesting technology to adapt to changing social con-
ditions. With population generally increasing, there must be more emphasis on technologies
which help to improve working conditions generally., At the same time population movement,
means that locally it may be declining or static, and in these situations steps must be taken to
improve labour productivity 1o meet rising demand.

There is therefore no one solution to the choice of harvesting equipment but there
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is a very great need for more detailed and thorough examinaitons of the available technologies
to identify the most appropriate one in particular circumstances.

2. HARVESTING AND TRANSPORT TECHNIQUES EXAMINED IN
THE PHILIPPINES

Employment in logging and transport of forest produce in the Philippines can
be separated into three categories: private industry, governntent, rural households, and of these
three the first is by far the most important.

The timber industry in the Philippines is relatively important in that it has been
a major earner of foreign exchange, but it only accounts for a very limited proportion of total
employment - about 0.5% of the total workforce. The country has a shrinking base of old
growth timber but government recognize the need to rehabilitate degraded forest land, and
establish industrial plantations to meet the expected growth in demand for forest products,
The sector therefore has great potential for providing employment. Population increase has
intensified pressure for more cultivable land and much logged over forest is then cleared by illegal
squatters. These people represent an important pool of.labour for forestry work which would
enable them to be employed creatively and productively to both their own benefit and to that
of the country as a whole. It is therefore important in the Philippine context to seek technol-
ogies which are relatively labour intensive, but which will improve both the quality of the work
donw, and working conditions for employees.

The following studies related to harvesting and transport were undertaken in the
course of the Philippines project:

Y.a)  Tree felling and crosscutting in virgin diperocarp timber, comparing the large power
chain saw, small power chain saw, and two-man crosscut saw — conducted at Las

Navas and Bislig;

1.b)  Thinning in man-made tree plantations, comparing the small power chain saw
with how saws and axes — conducted at Tungao;

l.c)  Small-log crosscutting, comparing bolos, axes, and bow saws — conducted at Bislig.
2) Short-distance log transport (skidding from stump to roadside), comparing the
crawler tractor, four-wheel skidder, farm tractor and carabao (water buffalo) —

conducted at Pagbilao-Tayabas, Tungao, Talacogon, and Bislig;

3) Debarking, comparing bolos (machetes, jungle knives) with properly designed
debarking spuds — conducted at Tungao and near Baguio;

4) Log loading, comparing manual loading with a mechanical wheeled loader — con-
ducted at Bislig.

The basic methodology was similar for each work study. Equipment-entensive
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and labour-intensive methods were identified for each activity having alternative production
possibilities. Stop watches were used to record the time elements and compute a production
rate for each method as the sum of individual cost items, e.g., machine or tool deprecation;
interest; fuel, oil and lubricants; repair and majntenance; and wages plus additional social bene-
fits. This procedure provided a direct comparison of private costs, one method to another.

Included among the alternatives were “‘improved” labour-using methods and “Inter-
mediate”” methods, entailing some combination of better hand tools, helping devices, and work-
ing organisation. Productive labour-intensive methods depend on technologies said to be “im-
proved.. or “intermediate’ becauses the machine/tool input is higher than in primitive manual
methods, but much lower than in sophisticated capital-intensive ones.

The ubiquitous forestry hand tool in the Philippines is the bolo (i.e., machete,
jungle knife — see Fig, 1). It is commonly fashioned from discarded leaf springs of motor ve-
hicles, old saw blades, and other pieces of hard steel that happen to be available, When speaking
of primitive manual methods as in the preceding paragraph, the bolo is often the sole machine/
tool input. Bolos are used for clearing underbrush, debarking, pruning, digging holes for tree
planting, and sometimes falling and crosscutting small-diameter timber.

Fig. 1. Bole with Sheath

Scale 1:5

A sharp bolo can be a formidable cutting tool, and even small boys know how to
wield it with skill. The problem, however, is that the bolo is not designed for the wide range
of activities in which it is used. As a general-purpose tool adequate for a great number of tasks,
the bole cannot hope to be as productive as special-purpose tools in all of them.

2.1 Stump Site Activities
The investigation of stump site activities is divided into two sections: (1) virgin
dipterocarps, and (2) fast-growing plantations and other small trees. In each case the studies

indicated that it is economically feasible to move one step towards more labour-intensive practice
from the prevailing cutting technology at present. For the virgin dipterocarps, this step is from
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the large, heavy-weight power chain saw of 9-13 horsepower to a smaller, lighter power chain
saw of about 3-5 horsepower. For the plantations and other relatively small trees, this step
is from the small, light power chain saw mentioned above to manual cutting with bow saw.

2.1.1 Virgin dipterocarps

The labour content of stump site activities in heavy tropical hardwoods, such as
the Philippine dipteracarps, is low relative to that in fast-growing tropical plantations and in
more temperate regions.

The reasons are, first, that in the virgin dipterocarps the merchantable bole often
represents less thatn two-thirds of the total height of the tree; the first large branch generally
sets the utilisation limit. Hence there is little or no debranching required. second, the number of
crosscuts in rarely more than 3-4 per tree, since the logs are made in long lengths of up to 15
meters. Finally, the massive log size of at least three or four tons precludes manual handling
and positicming.I

The scope for manpower use is there fore to be found chiefly in cutting speed.
Because it is slower, manua) sawing requires three crews to achieve the same level of daily output

Fig. 2. Falling Large Trees with Two-Man Crosscut Saw
and with Power Chain Saw

(a) Two-Man Crosscut Saw

1 Supplementary background material is found in FAOQ, Logging and Log Transport in Troppical High Forest
(Rome, 1974), pp. 8-15,
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(b) Power Chain Saw

Fig. 3. Machine Cost and Labour Requirement to Fell and Crosscut 100 Cubic
Meter of Virgin Dipterocarp Timber by Alternative Methods.

30[ xB

‘ A- Large Chain Saw (Mindanao)
" \ B- Large Chain Saw (Samar)
251 A - C- Small chain Saw (Samar)
\ D- Two-Man Crosscut Saw (Samar)
\ \
5 20% \ Notes:
?; (i) Two-man teams for all methods,
Q \ (ii) Machine cost for chain saw covers depreciation,
3 15 ,\ fuel, chain oil, guede bar and chain, and. repair
(=] c maintenance.
g_ \ (iii) Chain saw data include breakdown allowance.
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as a single power saw crew (Fig. 2). Small power saws have a slower cutting speed than large
power saws, and so likewise require more crews to equal the output level of the larger saws.

Fig. 3 shows the relative labour intersities of the alternative methods. It can be
seen that the small chain saw was only slightly more labour-using than the large chain saw, but
considerably less labour-using than the two-man crosscut saw. The machine cost component
using the small chain saw was only half that with the large chain saw, though much higher than
that of the two-man crosscut saw, The small chain saw could therefore be termed an inter-
mediate technology, although it is closer to the existing machine-intensive than to the labour-
intensive alternative.

The methods had the following unit costs per cublic meter:

smali chain saw (Samar) US30.19
two-man crosscut saw (Samar) US$0.22
large chain saw (Samar) US$0.23
large chain saw (Mindanao) Uss$0.26 L

In recent years there has been a revolution in the development of chain saw per-
formance and design. The overall trend is towards lighter, safer, quieter saws that have a low
level of vibration. Comfort of use and safety are implicit in good machine balance, low weight,
low noise level, low vibration level, chain brake, and right-hand safety trigger. Chain saws of
advanced design are available in a large number of makes and models,

Until now small, light-weight chain saws have not been used in the Philippines
for felling and crosscutting large-diameter dipterocarps. Heavy, gear-driven saws weighing 15
kilograms and more, frequently without any of the modern safety or anti-vibration devices are
the normal equipment, The Jarger saw is evidently preferred on the basis of machine reliability,
ability to withstand harsh treatment, and the power needed fo cut throngh large-diameter strees
and logs, despite the fact that the large saw entails hidden ergonomic costs borne by the workers
in the form of heavy carrying weight and high risks of work-related accidents and hearing loss.

Trials to establish whether a more modern chain saw of reduced power and weight could
be used in the virgin dipterocarp forest have never been undertaken. The work study goes
a long way towards demonstrating that the small chain saw is quite suitable for trees up to
120 centimeters in diameter, or even larger if the trees have buttresses. Using the technigue
of cutting “around” rather than “through” the tree, it was possible to fell trees having cutting
diameters of about 2.5 times the 20” guide bar used,

The usual method of cutting “through™ the tree with a large chain saw and long
guide bar is illustrated in Fig. 4. The technique of cutting “around” the tree with a small chain

1 Uniformity of costs is what could be expected based on a study by FAO in 16 developing countries during the
period 1966-69. With daily wages of US$1-2, there only small cost differences when comparing stump site
activities by one man using a power chain saw. See M. Bendz and A. Jarvholm, Logging and Tranport in Tropical
High Forest {Stockholm Royal College of Forestry, Research Note No. 38, 1970).
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saw and shorter guide bar is Hllustrated in Fig. 5. When using the small saw, the undercut — or
felling sink — is made as usual. The next step is to make the center cut with the help of the
roller-nose bar. Leaving hinges at the sides of the undercut, the final step is to walk around
the tree and complete the falling cut. !

If light, low-powered chain saws are to be used on wider scale in large-diameter
timber, there will have to be much greater diffusion of this special working technique than
exists presently. Secondly, the large chain saw cannot be completely displaced, since there
are some trees too big to be handled by the small chain saw and its 20" guide bar. In the timber
type of eastern Mindanao which is similar to the forest of Kalimantan and most of Malaysia
there are an average of about three trees per hectare that could not be cuf with the small chain
saw. In the timber type of Samar which is perhaps more comparable with Papua New Guinea,
Thailand, Borneo, Sri Lanka and most of India the number of such trees is less.

Fig. 4 Cutting “Through” a Large Tree with a Large Chain Saw and
Long Guide Bar

In both regions the small chain saw could be used in combination with the large
chain saw, either simultaneously with different teams, or sequentially with the same team using
first the small and then the large chain saw. The small saw could be used for the majority of the
trees, and the large saw only to cut the few giants. Of course, these combination methods
bear a certain cost for additional organisation and coordiantion not incurred when using the
large chain saw alone.

The truly labour-intensive method, the manual crosscut saw, proved to be very
much cost competitive with the cahin saws.

There are some real as well as imagined short-comings to the manual methods,
one of the main ones being the high stump height associated with the construction of platforms
to place the cutting diameter above the buttresses, Without the aid of power chain saws ther

1 For a buttressed tree this procedure changes slightly to include (i) penetrating the nose of the bar through
the first buttress to mark a leve! sawing position on the main trunk; (i) continuing the falling cut on the main
trunk between all other buttresses in the same way; and (jii) finishing by cutting the buttresses where they
adjoin the main falling cut.
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Fig. 5. Cutting “Around” a Large Tree with a Small
Chain Saw and Short Guide Bar.
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is a tendency to cut only medium-sized trees to the exclusion of the very large ones, and manual
felling and crosscutting of large tropical hardwoods is extremely strenous from the view-point of
work physiology, especially if the dietart regimen is not completely adequate. 1

Objections to the method because it is “old-fashoned” are not valid if the contrary
position is supported by actual cost calculations, and rising fuel costs may well force the re-
adoption of these labour-intensive methods.

212 Fast-growing plantations and other small trees

A very appropriate intermediate method for small trees is the bow saw (Fig. 6).
Fig. 7 shows two alternatives to the bow saw; the small power chain saw and the axe. Fig. 8
shows the bow saw to be far more labour-intensive than the small cahin saw, and to have a very
low hourly machine/tool cost. The bow saw is less than half as labour-entensive as the axe.

The studies were both carried out in falcata planations (Albizia falcataria), which
have excellent bow. saw potential, especially for the small-scale tree farmers who can neither
aford nor justify the investment in chain saws. The introduction and diffusion of bow saw
would free tree farmers from dependence on contractors, and avoid them having to buy or
lease expensive chain saws which they cannot fully utilize.

The economic use of bow saws is not restricted to tree farmers and other small-
scale operations. The timber concessionaires should alos find that bow saws are cost-competitive
with chain saws. Unit costs per thousand stems thinned in the work study of thinning were:
small chain saw US$35.27, bow saw US$34.50.

The five ground skidding methods investigated by the work study were)a) Crawler
tractor, {(b) four-wheel skidder, (c) farm tractor, (d) carabao, (¢) manual carrying of pulpwood
in a plantation of falcata {4lbizia falcataria). (See Fig. 11).

Fig. 10 shows that manual carrying generated more than twice the labour input
of carabao skidding. Load size transported manually averaged only 0.08 cubic meters, compared
with 0.17 cubic meters by the carabao and 0.25 cubic meters by the farm tractor, which was
subsequently increased to 1.0 cubic meters by adding a winch to the tractor (a four-fold in-
crease). For the men working singly the observed average load size of 50-60 kilograms balanced
on their shoulders was equal to or greater than their own body weights, surpassing the recom-
mended limit set for safe handling and avoidance of muscle strain. 2 Subject to this constraint
on log weight, human transport provides the most readily available and by far the least costly
conveyance for individuals such as the falcata tree farmers and the people in the pine region
of Luzon. Opportunity cost of their won labour in the agricultural off-seasons is almost neg-
ligible,

1y, Hasson A. Lindholm and H. Birath, Men and Tools in Indian Logging Operations (Stockholm Royal College
of Forestry, Research Note No. 29, 1966}, pp. 8-10,

2 ILO, Guide to safety and Health in Forestry Work (Geneva, 1968). For males, safe limits are 40% of body
weight for continuous work, or 50% of body weight for in termittent work.
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Fig. 6. Thinning with Bow-Saw.

Scale 1:10
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Fig. 7. Thinning with Small Power Chain Saw and With Axe.
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Fig. 9. Comparative Kerfs for Small Logs Crosscut by Bolo,
Axe and Bow Saw.
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Fig. 10. Machine Cost and Labour Requirement to Transport
One Cubic Meter of Logs a Round-Trip Distance
of 500 Meters under Alternative Methods.
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Notes: (i) Operator and choker setter for crawler tractor, four-wheel skidder, and

farm tractor. One-man craws for carabao and manual carrying.

(ii} Machine cost for crawler tractor, four-whee! skidder, and famm tractor
covers depreciation, inerest, fuel, oil lubricants, and repair and maintenance.
“Machine™ cost for carabao covers carabao hiting, feed, and rope.

({ii) Data for crawler tractor, four-wheel skidder, farm tractor, and carabac
include breakdown allowance.

(iv) Farm tractor inefficient due to lack of winch and tire chains.
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Fig. 11. Log Skidding with Crawler Tractor, Four-Wheel Skidder,
Farm Tractor, and Carabao.

{b) Four-Wheel Skidder

(d) Carabao (with Sledge)
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Fig. 12 shows log transport costs as a funciton of distance for the four ground skid-
ding methods studied. The least-cost envelope curve shows the carabao to be the most eco-
nomical method for round-trip distances under 440 meters, and the four-wheel skidder to be the
most economical method for round-trip distances 440 meters and longer. The crawler tractor
and the farm tractor — neither of which was properly designed or equipped for skidding — did
not prove competitive.

The productivity of both carabao and farm tractor can be raised with the addition
of simple helpeng devices. Carabao skidding has the following advantages:

- the animals are adaptable, not easily excited, and easy to train;

- they are particularly useful in roadless and swampy areas, and where heavy equip-
ment cannot be risked in rainy periods;

- they have a minimal opportunity cost during agricultural off-seasons; and

- they are economical where the timber is too small or scattered to justify machine
skidders.

The disadvantages are:

- the animals may be in short supply during agricultural planting and harvesting;

- the carabao is a non-sweating animal that needs frequent bathing on hot days
to keep down its temperature, requiring the presence of nearby water holes;

- carabaos are susceptible to overwork and hoof-and-mouth disease, and their life-
time expectancy in woods work is much less than in farm work;

- the modest pulling capacity of a carabao working singly limits the size of load
it can skid to .30-45 cubic meters;

Before the era of mechanised logging the carabao was the principal means of ground
transport, pulling logs of up to three of four cubic meters by hitching several carabaos together.
Devices to facilitate hauling included (1) crude sleds made from the natural forks of small trees;
(2) carabao caris, either with spoke wheels or solid wooden wheels; and (3) wooden pole railways
with carabao pulled trucks but all these were restricted to level terrain,

Some helping devices for carabao log transport were examined in the course of the
work study with the objective of decreasing drag resistance and enabling the logs to slip past
ground obstacles. A carabao cone, skidding hrapple, and travois-type sledge (Fig. 13) were in-
vestigated.

Although it did not prove economical in the work study because it was not properly
equipped, the farm tractor also has definite potential as an intermediate skidding method.

Indeed subsequent trials had revealed that the addition of the winch to the tractor
raised hourly output by 200% while the corresponding increase in hourly costs was only 9%.
As in the case of carabao, the farm tractor can be used to skid logs in idle periods when not
needed in agriculture, and it is more labour-intensive than the four wheeled skidders and crawler
tractors, It should however be equipped with a winch and tyre chains, and be restricted to skid-
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