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Number of men Ter crew 

This graph indicates the following avertge rates of line production 
in crews of d i f f e r e n t  sizes: 

15 men produced 0.49 chain per man p<.. or hour. 

30 men produced 0.36 chain ?er man ioer hour. 

45 men prodxced 0.23 chain pe r  man per hour. 

60 men pro2ucuced 0.23 chain per man per  hour. 

75 men produced 0.20 chain cer man per hour. 



CHHI SIZE AFFECTS FIRE FICrMTTNG EFFICIENCY 

A Progress Hegort on Tine Studies of thc  F i r c  F'ichtinr Job - 

Donald N. Nlatthews, S i l v i c t l l t u r i s t  

F i r e  f igh t ing  i s  s t i l l  l a rge ly  a hznd-work job i n  the  heav;~ cover 
and f u e l  conditions and rugged topography of the  Douglas f ir  region, i n  
s p i t e  of recent  advances t h a t  have been made i n  %he use of machinery. 
Controll ing a f i r e  i n  t h i s  region requircs  immensc arnounts of work per 
u n i t  of f i r e  perimeter, so t h a t  1.art.c nunbers of men a r e  required t o  
a t t a ck  a l l  b ~ i t  tiic smallest S i res .  Therefore the  nor-man eff ic iency o f  
the  crcws uscd i n  f i r e  f igh t ing  i s  a v i t a l  concern. Under ihesc con-- 
d i t i o n s  it becomes extremely i m y r t a n t  t o  determine how t o  use men 
most e f fcc t ivc ly ,  and the re in  l i e s  the  object  of the  study of which 
t h i s  i s  the  s rogress  r ~ p o r t .  

Long experience has t ~ u g h t  the  f i r e  f i g h t e r  t h a t  the  most effec- 
t i v e  w2y t o  sto? the  spread of a f o r e s t  f i r e  i s  t o  rob it of fuel,  and 
t h i s  i s  especia l ly  t r ue  i n  the  heavier f u e l  typcs such as a r e  found i n  
the Douglas f i r  region. Thus the  bss lc  method of f i r e  f igh t ing  i n  t h i s  
region i s  the  p r e p ~ ~ m t i o n  of an e f f ec t i ve  break i n  the  f u e l  mass ahead 
of the  f i r e .  Essen t ie l ly  t h i s  consis ts  i n  cutt ing,  cl-caring, arid dig- 
ging a l i n e  o r  trench through the  fuel  down t o  minerd- s o i l  along o r  
p a r a l l e l  t o  the advancing edge of thc  f i r e .  The width of t h i s  t r ~ n c h  
i s  not  espec ia l ly  important because the trench i t s e l f  does not s top 
the  f i r e  without additi-onnl work anti a t t en t ion .  The completed trench 
niust be pe t ro l l ed  t o  p ~ e v c n t  f i r e  fron s t e a l i ng  across  i n  r o t t en  wood 
o r  r oo t s  o r  r o l l i n g  across i n  Live cozls on s teep ground; and a l l  un- 
consumed f u e l  between the trench and the  advancing f i r e  should be 
burned out. 

Although thc  trench i t s e l f ,  s t r i c t l y  speaking, does not  s top  
the  f i r c ,  nevcrthelcss i t  i s  tremendously important t o  bcvc such a 
trench and t o  have it cor rec t ly  located and comqlately around the 
f i r e  just a s  quickly a s  possible.  Building the trench i n  heavy fue l s ,  
th ick  brush o r  th ick  s tanas  of c losely  spzccd reproduction requires  a 
g r ea t  dea l  of hand worlr t o  do tho necess.my c lear ing and t o  dig down 
t o  mineral s o i l .  Indeed, c lear ing and digging the  trench consumes a 
major por t ion of the  f i re- f ight ing t i n o  in the Douglas f i r  rcgioh. 

The f igures  of  output per inan per hour of completed f i r e  trench 
ere as tonishingly  low. It, i s  not  ct n l l  uncommon t o  discover t h a t  
when the  total.  man hours worked t o  s top the spread of the  f i r e  a s  
recorded on the  f i r e  repor t  a r e  compared t o  t h s  t o t a l  chains of line 
completed, r a t e s  of 0.05 t o  0.10 chain (one chain equals 66 f e e t )  per 
man per hour a r e  p r e t t y  much the r u l e  i n  the Douglas f i r  region. 



F i r e  r e p 0 r . t ~  do not  sharply segregate the time spent on trench building 
from time sperit on pe.tro1, mop-up, and other  ?h:ises of f i r e  f i$t ing up 
t o  thc  time t h a t  t rench building i s  cor,mlctetl; hence the2 tend t o  show 
r a t e s  t h a t  a r e  too low. Neve~*theless,  sj.lice i?. i s  known t h a t  l i n e  con- 
struct iom consumes ? major p a r t  of t h e  f i r e - f igh t ing  job up t o  the  time 
t h e  trexch i s  completed an& the  srrerd of f i r e  5.s sto??ed, the  Low ger- 
man pmduction ra te ;  obtained frorii thece records indic-ate a very low 
r a t e  f o r  t h i s  naJor opel-atl-on. 

Tr.irnslated i n t o  f i r e - f i g h t i n g  cos ts ,  number of rr.en required,  and 
time necessary tc surround a f i r e ,  these low 2roduction fjs9res become 
tremendously importznt, e spec ia l ly  on l a r g e  f i r e s .  Thus i f  10 miles 
of  f i re  perimeter must be worked in 13 hours and the out2ut i s  only 
0.05 chain per man ,er ho~xr, ; crew of  1,600 vvorkers i s  indicated.  
Recruitins, t r snsyor t ing,  feeding, and s i ~ ~ ~ e r v i s i n ~  such a crew under 
fire-f ii;rhti.ng coniii t,ions .iz, t he  r i~at ter  of 3 Pen hours j.s a. co lossa l  

- t a s ~ ,  t o  say the l e a s t .  Thert?fore it i s  but n a t u r a l  t h a t  c o n ~ i d e r ~ b l c  
a t t e n t i o n  has been ?aid t:3 w~ilys 2nd mans  ~f increasing the 2er-man 
_nro&ic-tlon i n  f i r e  fighti-ng i n  order t o  r~d-uce  the  number of men 
rt-cyircci. 

This progress repor t  s u ~ a r i z e s  the results of  s tud ies  uf ~Ier -  
mnn ~ u t z u t  ir, f i r e  f igh t ing  obtainod since tho  beginninz of  the  study 
about 1935. Before ?resenting the r ~ u l t s  it 71j-11 be necessary t o  
excl~in t h ~  mct,hod s used, % 

Because of  i t s  ixportance and the large amount of time it con- 
sumes, the f i re-l ine-construction job  vm z stnglec? ov.t f o r  st~rdji.  Spe- 
c i f i c a l l y ,  t h i s  includas such o ? e r a b i ~ n s  as clearing the  l i n e  of brush, 
small t r e e s ,  snags, vines, windia l l s ,  r o  tt,sn iiiooii, and roo t s  and dig- 
ging a trench t o  miizeral s o i l ,  I t  does not  .:-ncluds such operat ions 
as burning out,  backfirl.ng, snag falling <ns?de the l i n e ,  p a t r ~ l ,  o r  
mop-112. 

tLctxal!,:v it was not  alvxiys :)ost;i ble t~ s e p r a t e  thc  o ~ e r c t i o n s  
as shargly as t h i s  because s m e  b u r n i n ~  atit, t rckf i - r ing ,  pa t ro l ,  or 
mag-u_n may b2 d-onc coincidento1l;i: with tilc llrie-construction j ob. 
A l l  t,rcvel time t o  and from -the f i r c  l i n e  YE:: eli.rn2nated. Resb periods 
of  less than 30 mimites were included &s -uioriiing t i n e .  SupervLsory 
overhead, v r a t n r  boys, e t c .  with -tho crev: viere included a s  workers. 
Packers, cooks, etc. not  on the  f i r e  line wers not included. TLe 
obje'ctive was t o  da tennific tile nurcjer of men, t h e  t o t a l  nmber of 
hour,.; norked on f i r e - . l i ~ . o  constructton,  anci the t o t a l  chains of f i r e  
l i n e  c~mplet~ed ready for mr>F-up i n  ordzr t o  com:)utc? the ~ u t p 7 - t  ner 
man in terms of chains per  Earl per Ilcur. 

i\dmittcdlj., the r e s u l t s  a r e  not  vsr ;  precise because of  the 
many d i f f i c u l t i e s  cnco:mtered i n  zttcmnting t o  ker? track of a crew 
of  non strung out alons  an acti-va ??.re over a. constant ly  changing dis- 
t a n ~ e  ~3f one-fourth mile te one milc or more. Early i n  the  stud.;: it  
was found t h a t  t h e  best V J ~ -  t o  p t  worth-rvhile records %us f o r  m e  
t r a ined  man .to devot,e a l l  of  his tirne tc; followir,g the crew and 



making t h e  necessary notes. The usual procedure was f o r  t h i s  mcn t o  
f a l l o v ~  clong behind the czew, pcce ench chain 3P completed l i n e ,  r!nd 
r ~ t e  i t  as being e i t h e r  low, moderate, h j - ~ h ,  o r  extreme res i s t ence  
t o  con t ro l  according t o  the  standard fuel---type c lass i f i c t i t ion  used 
i n  the region, and t o  make note of the n w ~ b e ~  of men and tho hours 
worked. Thus t h e  e s s e n t i a l  record of one s h i f t  o r  work ccr iod of one 
crew might have the  following data:  

30 chains ra ted  
10 chzins ra ted  mcdera-tc - 
40 chains, t o t a l  worked 

10 inen ( incl~if i ing stra?v boss) worked 4 h ~ u r s  
o r  a t o t a l  of 49 man hours. 

Chains pcr man per hour = I..OO. 

The chain-by-chain r u t i n r  ~f the  com?leted l i n e  i.s an e s s e n t i a l  
p a r t  or' the  study because w i t h o ~ ~ ~ t  some such system i t  wwld be innos- 
s i b l e  t o  compare the  outpl.~t c ~ f  clifferont crevrs. For exm?le, by def- 
i n i t i o n  the  4 resistance-to-con-Lrol classes have approximately the 
numerical r e la t ionsh ip  1-2-4-8; low i s  uni ty ,  moderate i s  2 tirfies, 
high 4 times, and sxtremc 8 times as d i f f i c ~ l l t  a s  low. (~xx~mple:  I f  
1 man can produce 1 chain o f  f i r e  l i n e  i n  1 hour i n  loW he wj.11 2roclucc 
bbnut 0.50 chain i n  moderzb, about .25 chain i n  high, and about 0.125 
chain o r  l e s s  i n  exttrcm res is tnnco t o  control .)  Having ra ted  ench 
chain of l i n e  constructed bk e ~ h  crew, it is  possible t o  compute a 
rough average r a t i n g  of qach crerrs l i n o  ~ .nd  t o  com2ute o?yroximotely 
what t h e  output per mnn ller h0.x of the d i f f e r e n t  crevcs viould be i f  
they wore a l l  working under uniform resistance-to--control  conditions. 
For example, the  data explzincci above would be recom?utcd zs follows: 

30 chains = 3 0 x 1 = 3 0  
10 chains moderate :: 10 x 2 = a 

59 -+ 4o = 1.25. 

Tho average resistance-to-contro1 r a t i n g  of t h i s  40 chcins of l i n e  i s  
1.25, with n production r c t o  of 1.00 chnin ger man per hour. If the 
resistance-to-control r a t i n g  were a l l  moaerzte o r  2.0, 0.62 chain per 
man per hour would be produced. l . : : x : l . 0 0 . )  The performance 
of t h i s  crew would be p lo t t ed  i n  the  f i g u r e  (on the  cover) as 10 men, 
0.62 chain per man per hour, and -~rould bc comparable with the  r a t e  
per  man per hour of a l l  the  o the r  crcvis s imi la r ly  computed. 

The da ta  summarized i n  t l l i s  f i g u r e  were gathered on 40 u n i t s  
of f i r e  l i n e  which were grouped as follows: 



Eight crews of from 10 t o  20 men (average 15 men) produced 
an average of 0.49 chain per man pcr hour. 

Ninetcon crevs of from 21 t o  55 111en (average 38 men) produced 
an average of 0.31 chain per innn 2t.r 1~ol.u. 

Seven cruvrc of  from 56 t o  2-05 !nen (avurage 76 men) produced 
an average  of 0.20 chain pcr m;n per b u r .  

Six crews of from 106 t o  212 men ( n v e w g e  163 rncn) produced 
an e.veragc of 0.15 c h i n  per mnn ?er  hour. 

The proGuction r s t o s  obtainod reprascnt  the work of mr.ny di f -  
f e ren t  lcinds of creris--CCC 1 s , loggers, cnd ftpick-ups"--working under 
a wide range of conditions on the nz t iona l  forests and private lands 
of t l i ~  Ilouglas f i r  1-cgion. Some of tile da ta  were col lec ted  by t h e  
~ d m i n i s t r a t i v e  personnel of the  na t iona l  fo res t s ,  but most of  then 
were obtainc,d by the research n e ~ s o n n e l  of t h e  Experiment St?.tion. 
Most o f  the  crews were organized according t o  pa t t e rns  i n  vogue before 
the  Itone-lick method" ifas developed. I n  t h i s  discussion n crew i s  the 
t o t a l  aggrega t ion  of  Ron ::forking on one u n i t  c.f fi-re l i n e  regardless  
of the  liumber of internal subdivisions in%o straw-boss o r  forernan 
groups. Each un i t  of l i n e  var ied  i n  length from 10 chains f o r  the  
shortest t o  196 chains f o r  the  longest  with an average length of 
69 chains. 

I n  almost a l l  cases each  u n i t  of l i n e  v:as worked i n  one s h i f t  
o r  working period, an6 most- of the;e working periods were from 3 t o  
10 hours in length.  Thc dnta reveal  o d y  tl :.cry s l i g h t  e f f e c t  of 
length of working period; i .e. ,  there i s  only a s l i g h t  tendency f o r  
the 1-owest rates per man 3er  Iiaur t o  be associa ted  w i t h  the  I.ongest 
s h i f t s .  Thus it cippeors t h a t  a scrnewhat niore in tens ive  study would 
be required t o  shov the  e f f e c t  of fa t igue .  Probcbly t h e  f o c t  t h a t  
most of the  work cer iods  were under 13 hours i s  the  p r inc ipa l  reason 
why t h ~ s e  d a t a  do not y:'.eld very much inf:~rmatinn on the  e f f e c t  cf 
fatigue.  

Studies were a l s o  rncide cf  the  repor t s  on 1,564 f i r m  control led  
i n  the f i r s t  work period by crews 3f from 1 t o  30 men, and t h e m  again 
a strong tendency was ravenlec! for. o u t m t  ps r  marl per hollr t o  decrease 
as tho  number of  men working on tho f i r e  increased, although t h e  f i r e  
repor ts  do not  shzr?ly repiirate iimc s i~ent  on f i r e - l i n e  production from 
other  control  tvovork. This analysis  a l s o  indicated  t ha t  thc  longcr the  
pcriod workad t h e  lower the r a t e  of output y r .  man per hour. More 
recently, time and production recordn obtain& i n  the fic3.d. 'v bhe 
record  keepcr of thc experin~critnl 43-man crew assigned t o  Regrim Six 
of the  Fores t  Service (Wcst~ington a:ld  rego on) on 19 u n i t s  of f i r c  - 

perimeter oiure a,nclyzod, and -these indicatt:  that a f t e r  making the  ' . 
res i s tnnce  t o  contrnl  roughly com~arr.ble (noderate), ig the  11 cases 
where the cre-xs working on line construction contained less th-n 18 
rncn (10 t o  17 men) thejr produccd 1.31 chains per man per hour, b ~ ~ t  
that i n  thc  8 cases whcrc tke crews working under compar9blo condit ions 





2s the normal e f f e c t  of s i z e  of crew. F i r e  f i g h t i n g  involvm gresi; 
deal of wal-king on the  joS an v c l l  z s  thc  a c t u z i  nork of choppi.ng, 
clcnring,  c?igging, c t c .  t:) bc dunc; arid -the nor2 i n  the crew, the  
mcjre men the re  are to i;elk q v s r  th:, S L I ~ C !  ground t o  do thc: srmc crn~unt 
of nor::. If the v~alk ing  t i n e  Ls tticrugkt of 2 s  being n ~ n ~ r o d u c t i v o  
time, an ?-ncrease i n  the nuinber of men going over. the l i n e  increases 
the norl2roduc tLve time without o,ny of f  se+,ting ecivi-~ntage i n  the nro- 
ciuctivc w r k  clone per rxm, The m-,un', of v;xk t o  be done on a milc 
of fLre purirnctcr. remains c o n s t ~ n t  whhothcr it i s  a t tacked by 10 men o r  
-50 rntil, but 50 acrl s_nend f times a; much ti inc. ;  ara.lking as 10 men going 
ovcr the  same ground. Other nonproductive t ine ,  such as the  time spont 
i n  rai-Ling and resti-ng, i s  3 1 ~ 0  ~ ~ l l t L p l i e b  without any corn~enscit?-~lg 
gains  hen the  si.zz o.? t 1 ~  crew i s  incressed. 

T h e  following cxamplcn ; ;~i . l l  shorn ilow im~or.  t n  n t  tilc m l k i n g  t kme 
may be : 

Consid-or t h a t  the f ' i~e - f  i-ghting job on any one u n i t  ( c h i n ,  
milo ,  ~ t c . )  of  f j r u  ps r iao tc r  c-,r,sis ts of t ~ o o  2i:rts: 

1. Walk one u n i t  (non~roriuc-bivo t ine ;  . 
2.  Do t h s  chop ing ,  cu t t ing ,  and digging nork rcquirod t o  ;;ro-- 

duco one u n i t  n f  fire l i n e  ( n r ~ d u c t i v c  t i n s ) .  

f ~ ~ p p o s c  Lhe fol!.m~ing i s  estim::ted t c  be the  time rsqu-ircd t o  
do these tmo th ings  on onc mile o f  fie2c l i n e  i n  n (resistsn.cr.-to- 
control.) fuol. typo: 

1. \Vnik one mile, 30 minutcs (j.nc%udi.ng I-csts ,  s t o ? ~ ,  ctc.) .  

2. Fork 15 minut,es p c r  chain o r  1,200 minutes 2er mile. 

On th i s  bas i s  it t s  p o s s i b l t  t o  c o n ~ l t c  ::nd compare the  ra te  
of  f i r e - l i n e  construct,ion pc r  nan per hr~ur i n  l i i f f ~ r e n t - s i z e d  Crws; 
f o r  ~ x c l ~ ? l e ,  t o  co:fipxae r 10-m~n creSii tmd n 60-mnn crew: 

3.0 men 
c-- 

Wclk 1C x 30 rninutec = 300 minutes 2er mile. 
Work 2,200 rsinlrtes 2c r  ~ l j -12 .  

T~tel time, valk and work, per  mile = 1,500 minutes = 25 man 
hours t o  proaucc 80 chains = 3.2 chz i~ i s  ?cr man per I~our .  

60 man --*- 

Walk 60 x 30 minutes = 3,800 minutes per mile. 
Wbrk 1,200 mi-nutes zer mile. 
T 3 t a l  t i m e ,  xzlk  sxd viiorl:, y r  mile = 3,006 minutes = 50 mar) 

hours t o  produce 80 chtlins = 1.6 chains per  men y r  hour. 



IJnder -thdse ~ s s u m e ~  condi.tions t h c  ner-man ~ r o c l u c t i ~ n  of f i r s  
l i u e  bj rnerobers of  s 10-mcin ere- i s  t x i c c  the  r a t e  9-r man i n  a. 60-man 
G n 2 W  c o i i ~ r i n g  tho  sxne ;.round. and doing i h c  s m c  zmount of work. 

Thus the lergc cir~:o~~.rit of v:alkin;- ori tho job  r e p i r e d  i n  fire 
f i ~ h t i n g  seeins t o  be an Lmgort:i.nt f a c t o r  i12 cx_?la.inins 1 ~ ~ ~ 4  out2ut per 
nian dro?s r a ~ i d l j ~  as the e izo  of crev; incrser,sc:;. I;o:.cv~;r, ncnprodu~-Live 
time oi' an:., kinu---u,nitin~, r f , s t i n ~ ,  o r  l oa f  ing--riorks i n  a sirnil-r way 
t o  r t d u w  ;.Gr-m:in o u t ~ u t  LLS the  s i z e  of crev ~ ~ C F C ~ ~ S O S .  Large crc?r7>s 
do noi; huve r.ny o f f s e t t i n g  _:iivultnyes t o  incre:ise the er'fici-ency of 
the inc?.ivldu~.l crex members; furthermore, it i s  cornnon k~:o~iled;e t h a t  
nnlkink on the  job i s  l i k e l y  t o  be ~t c s lov~er  r a t e  2nd Llnt t i n o  s y n t  
i n  vii?.iLind, rcs t ing,  o r  locL'i.ng i s  a lnos t  cort,?in t o  incre3oe with size 
of CrziV. T h o r ~ f c ~ r e  these  nonpr'~duc4, i-,re tim; elcmonts t m d  t o  ?yr:mid; 
thcy incrccse i n  smouni a i d  they crc a t  the sane -tima mul.ti?licd by 
t he  nurnt1er o f  ncn i r l  the crcw. 

& s ~ j = c : ~ t i ~ n s  of the S i ~ ~ c i j  

If it i s  t r u e  t h a t  the  decrease i n  u a e P ~ 1  work as the  s i z e  o f  
crew increases  i s  due :;rj.nci?a.lly Lo tv;o elements, (I) ti-me s?ent i n  
v~all<ing on the job and (2) 3ther non2roductive time G U C ~  a5 visiting, 
resting,  o r  loafin&: t h ~  follo-i~iinz conclusions 2nd a?pl ica t ions  are 
y r t i n ~ n t :  

1. Orgc~nicing a large crow i n t : ~  s . :~all  un i t s  (e .g . ,  straw-boss 
u n i t s  of  8 o r  10 men) o r  accordin2 t o  s?cciiLl :,attrrns l i k c  tile %ne- 
l i c k  methodn may hnve a 7er;T worth-while e f f e c t  i n  decrecsine the 
nonproductive time due t o  wui.ting, r e s t i n t ,  loaf  inc, 2nd other  inef-  
ficiencieu t h a t  %end Lo increase as the sizc thc  zrew increases and 
su2crvision i s  sprct.d out tI~inn!?r and thinner; but .the i n t x n a ~  o r fpn i -  
za t icn c.f the  crciv c a n ~ ~ o t  mai;eri.ally ,-cduce the  e f f e c t  oi' -.valking ~s 
an iniportant e l e ~ i e n t  of n ~ r i ~ r o d u c t i v c  t,inc i n  f i r3  f igh t ing  so long as 
a l l  the men i n  the crew ~ o r k   fro^ one end of t h e  l i n e  t o  tile other.  
Thus f t v e  10-man cTevrs norking from -the be~ i rming  t o  t h e  end of a rr!ile 
of firt: l i n e  h a ~ c  j7zs-L a3 m-drki ~ r r ~ l k i n z  on the  l o b  t o  do t ts 50 r;lc!n cov- 
er ing tho sainc groilmld in one crcvi. Hove?;er, i f  thc rc  ~ 3 r c  a. ro8d d o n g  
the r n i b  of .Line t o  be vi:,:*ked arld each of t L e  r"j.ve l&rr,an crevrs could 
be trans>orteG t o  arld v"ork sS.multaneou:;ly u2on me- f i f t h  of t l ~ e  mile, 
then a very real mving i n  walkin2 time on the  i o b  could be made bjr 
breaking tnc  50 ne:1 u? i n t o  small crews Stcausc each rnan would hzvc: t o  
walk or1l.y one-f if t11 of a 1 ~ ~ i l e  i ;~?~il~ ivork;.ng. 

2. The effect  0:' sFza of crew isill bc most pronounced. in firel 
types :lavi-rig 1wnr o r  rzodero-te res is tznce tc c~ntrol an6 l o s s  in-ortant  
i n  hi& o r  exctrcme rcsj.~$arice t o  contrc l .  Thus %here i s  less LOSS i n  
eff ;ciencj  i n  warking a inrge creili ~,dccre the1.e i s  a :reat dea l  of 
viork t o  be ddne per u n i t  ,,f 1. i .n~ than where tn-;.re i s  very l i t t l c  wcrk 
t o  be dcne per unit of 1ir.e. T k 1 . i ~  i.s t r u e  bec'iusc the e f f e c t  of crzw 
s ize  i s  m ~ s t  prorlolmcci wiien t h u  nonnmduc t i v e  t,imc i s  largc i n  c.7m;,xri- 
son to the productive time. An cxam?lc! ..)f i ~ o x  this n i ~ h t ,  nark out i s  
shown by the fo l loving thccret ic t i l  valuss con2utcd as indicated i n  the  
table. ('lhis t a b l e  i s  n;i, bnued on thc  da ta  obteinecl i n  the  stud-..) 



Eh-coretical e f f e c t  of s&e of crew on c h a i n ~ ~ r  man ner  h ~ u r  
of' f i r e - l ine  cons-tnlct,ion bv rc!sistanct=-to-control. classes- - 

--- ----- -. . . . 
I Lo!.: 9 

i$iOq-, -7 0 r-: - , ml..alE -- I-TIIGI-I 
Numbcr of : Walk 30 min. ncr : \k~lk 35 nin. ?cr : Walk 40 min. ?cr - 
viorkcrs : mile ?or aan, w r k  : mile per man, work : mrnilo per man, work 
i n  crew : 15 min. per chain o r  : 30 min. pcr chain o r  : 60 mln. ?cr chain ar 
-- : 1200 ;njn.  ncr mile : 2400 min. ?cr nii.lu : L803 min. zer mile . . m 

O Chains per man Chains p r  n m  . Chains per man - . . 
I per hour . per hour s - ~ e r  hour . . I. 

10 * . * 3.2 f .7 a .?2 
20 . . 2.7 . . 1. . 5 . .S6 . 
30 0 a 

a Z I3 . 1-4 . $0 
40 . . 

3 2.0 1 3 . . '75 
50 0 . 

V 1.8 1.2 rn -71 
60 - . 1.6 , 1.1 .h'7 . 
80 • • 1.3 • - 3  a -60 . 
100 . 1.1 . .8 rn 55 . 

L J 
e . 0 ------ --. --. -..- -- 

3 .  Time i s  am im;lortant element i n  f i r e  f igh t ing  and from the 
above it follows that t h e  no in t  of diminishing re tu rns  i n  sr,ving time 
by increasing t h e  s i z e  of the  crew i s  reached with smaller ere-tv'is i n  
low r e s i s t a n c e - f u e l  ty?es then i n  high rcs i s t ancc  f u e l  types. An 
examcle of how -this  might work out i s  shovm by the  following theoret-  
i c a l  values computed as ina ica tea  i n  t h e  t ab le .  (The t a b l e  i s  not  
based 011 the  datil obtained i n  the  study.) 

Theoretical e f f e c t  of s i z e  of crew on the t i x e  renuired t o  construct  
one . x i l c  of f i r e  l i n e  .by resistance-to-control  classc\s 

1 
_ _ I _ _  . * . L0;4 . 1 b i ~ J D ~ r s ~ x  --.-- a -- 3J.GII 

Number of : TialE: 30 mJ.n. per  : Ealk  35 mine p e r  : Fditlk 40 min. Fer 
workers : mile per man, work : mile ?er man, work : mile per man, work 
i n  crew : 1 5  min. per  chain o r  : 30 n i n e  pe r  chain o r  : 60 min. n L r  chain o r  
- : 1200 m i n ,  ~ e r  mile : 0 0  n n  m i  : 4800 rain. _ner mile . Hours I!our s __ H~urs -- . 0 

0 . 
10 * 2.5 . f+.6 ' . 8.7 
20 . 1 . 5  2.3 . 4-7 . 
30 . . . . 1.2 . 1.9  3 3 
40 1 , O  . 1.6 . . 2.7 
50 9 . . 

0 09 . 1-4  2.3 
60 tJ . . 3 1.2 . 2.0 
80 . -8 O 1. i . 1.7 

100 e 7 9 1.0 1 . 5  . 
0 . -- 



This table  Indl.cates t h a t  i n  a Lon resistance-to-cofitrol type 
there  i s  very l i t t l e  advantage from the  stand?oint of saving time i n  
using more than 30 o r  40 men i n  a crew, ~;kicreas i n  high r e s i~ t a~nce - to -  
contrvl  tyses sub~ t , an t i a l  saving i n  time may be made by using crews of 
60 o r  c4O men. 

4. These t ab l e s  of t neo re t i c s i  estimated values should not  be 
taken l i . t .eral ly;  i .e . ,  the values i n  the  t ab les  may not  be the  t r u e  
values under a c tua l  field conditions. Under ttctixa.1 conditions other  
noi~productive time i n  addi t ion t o  walking time on the job should be 
included i n  the  calculntl.ons, c:nd the  t o t a l  amount c~f non?roductiue 
time ce r  man would be increased ac the  s izz  of t'ne cren iilcreases. 
These s ing le  t ab l e s  a r e  given t o  show how the  fire-fight in^ job can 
be broken dovm and analyzed. ?'hey ind ica te  hon local conditions and 
es-timates of prociuctive and non~roductivc.  time mizht be used t o  obtain 
re la t ive  values t h a t  r n i ~ h t  have imyortant i m ~ l i c a t i n n s  f o r  l oca l  use. 

5. Since the  e f f ec t  of nonirgductj.ve tlme s p n t  i.n 1-siting, res t -  
ing, z.nd loaf ing tends t o  increase m i t ? l  s i ze  of crew, it, folluvis that 
g o ~ a  nunagement ana cren orgsn?.zittion should s t r i v e  ts redme all such 
non2roducti-re tlme ts' a minimum. I;xarrir,plc qf how a very s i m ~ l c  item can 
run i n t o  important anounts of t,imc: If rnen can s t 0 9  a t  a a? r in r  - and 
take one ~ i n u t e  each t o  ;et a drink and f i l l  t hc i r  canteens, 10 men 
can a l l  g e t  water and be on t h c i r  Vd8JJ af ter  sto;>:>in~ f o r  10 minutes. 
Tvventy men can easi ly  take 20 minutes each fsr t hc  szmc sto?, and 
there is  a very r e d  probabi l i ty  t h a t  50 men wculd a l l  sto:) 50 minutes 
a t  the  sgring D r  much more than the 5 o r  li) miriu.t,es each such a s top 
should take unless  the^ are orcanised and su?ervised t 9  el iminate j u s t  
such time wasters . 

60 How knowledge of the e f f ec t  or" s i ~ e  of  crem can be applied 
t;, f ire-f ight ing s t ra tegy  i s  irlclicated by the fol lov~ing ox~rnples :: 

(a) It i s  ac re  e f f i c i e n t  t f 2  divide  a crea. into tmc perts and 
send each pa r t  mound a f i r e  i n  a di f fezcnt  d i r c c t i ~ n  than t o  send 
a l l  the  men i n  one crew i n  dne directj.on. ( ~ f i i s  holds t r ue  unless  
the behavior o f  the  f i r c  itsclx' ind-icates t ha t  a l l  the men should 
be concentrated on one side.) 

Exnmp3.e: 100 men work in rlne creu zround a f i r e  n:ith ~Y:O ~ , : i l e s  
of perimeter. From theore t i ca l  valur$s above f o r  1 2  resistzncc t o  
con t ro l  it mill take ihern 1 .4  hours Lo work around the f i r e .  By the 
same table, two 50-man crens norking on d i f f e r en t  stdes of the  f i r e  
should c?mplete the same job in 0.9 hcur, a saving of one-half hour. 

(b) Wherever it i s  p r ac t i c z l  t o  do so mc-n s h ~ u l d  be divided i n t o  
small crews and trznsported by motor (not valked!) t o  as many small 
u n i t s  of f i r e  l i n e  as possible.  Example: Suppose the re  are 10 miles 
of l i n e  t o  work on a fire i n  a l l  res i s tance  f u e l  type. According t o  
the  above t heo re t i c a l  figures two 50-man crews each rrorking half  the  
perimeter w i l l  take 4.5 hours t o  surround the  flr~:. - (100 men i n  one 



creTdv mould take 7 hours .) Ten separate 10-man crews, each t r a n s ~ ~ o r t e d  
t o  and assigned one mile and a11 working a t  the same time, could do the  
s m e  Job in 2.5 hours, a saving of d m o ~ t  ha l f  the time of two 50-man 
crews (and a saving of about two-thi1.d~ tht time of one 100-man crew). 

( c )  Since the  t i n e  spent i n  xalking crews t o  and from the f i r e  
line i s  a l s o  nonproductive time 2nd hns s i n i l 3 r  depressing e f f e c t  on 
per-man output of productive worl: 2nd i s  subject. t o  t ho  s m e  e f f e c t  of  
s i z e  of crcw as walking on the  job, it fo l lows t h c t  any reduction of 
walking time t o  and from the f i r e  by use of mctor equipment o r  by 
camping on or near the f i r e  l i n e  o f f e r s  very real  p o s s i b i l i t i e s  of 
increasing the  effective per-man output of f i r e  f i gh t e r s .  




