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Althournh re.l transneortation ie extremely important to Japan's war a
r j . - ,- _: -.:';... ;;
i ef'fort, it should net be raved as & top priority target system for stravegic 4

bombing . On the cther hund, the operatia: characteristics of J

Japenese rail- A

rcacs make tl.em a more desirable target than the German lines. This enziysis E

: is purely in terns of strategic attack and is pot concerned wita trunspoet os s
g tacticul target desigmed %o hanper military cperations in a conbat aroa. |
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The principel advantages of stiuck on rail tergets in Japen arise E

£ . A

reom {1) 1he present tightnoss in operation, (2) the comparatively small E

: ; | | E

F P e % - J‘ )

number of importent lines and alternate rcutes, {(3) the reclative lacik of .

.

4 other types of traneport, (4) the frecuerncy of bridges, tumnels, and cubts in b
: - - - - o . ‘ £
areas where slides may occur, and (3) the becic woakuesses resulting f -ow |

single truck, narrow gauge, slow speed uperatlicnes _ E

The disadvantages include (1) the general flexibility of rail oneration, F

(2) repid recuperanility and nence the need for frequent repeat sttacks, (3) the .
g

'‘depth" of trensportation in the economy, (4) the rcletively small amount of

,:i:l r
|

direczt military traffic, and {(3) the oppertunity open to the enemy of s2leeciing

|
|
the areas of the cuocnomy to ne affected by overall reductioans in capec.ily g

4s to tyves of reiil targets, bridges, cuts and open lines appear %o 4

: 4 L
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o be most desirable in terms ¢f air effort per unit of damage. Locomotiven Bi'e 8
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relatively expensive anc ineffective targets, although much better than fre ght
cars. Yard

8 require a comperatively greet effort and should be ranked balow

i F N

bridges with respect to blockage of specit'ic arcas. Tunnels in genersl uwe

B difficult to damaie, althoush Japangse Lerrein definitely nakes %hem more impor-

tant than tnay- were in Turcpe. Area isolation, althou: n w fui ré} effective e

> ]

technique, would be very costly. Other types of tarjets are of minor impor.arce. :
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must De emphasized that this enalysis does not iake ilnvo accouat
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L the number of pleane types availeble for attack on Jepan, Thus if fipghtess tre -

+ 1 : - b - . E;
L zvailable. locomotives may be attacked without requirinpg diversion of el o &

f'rom other

x':?

ats  Qther operationel {actors misht reaquire revision in the e

E relative proority assiined herein. :
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Anothor source of flexibility is the possibility of further reductions
in passenger service, thus freeinz the lines for more freight trains. This o
is indeterminate. UTach additional cut impinges further on esgentiel travelo
Most of the obvious sleck has been taken up but selective reductions may still
be poss ble., This problem must be handled by anelysis of individual Urain
operations, consideration being given to, timing end purpose of travel, altasrnaie
means of trensportation, pessible reductions in [raquency of service coupled
with increased train lengths ard/or more crowdin; of cars; etc. The only safle
egsumption is that further cuts can be made when necessary.

The following excerpte from a report ol the Director General of the
French Netionel Reilways to the Secretary of Suate for Trangportation, datec
L June 1944, indicate the nature of the rail operating nroblem in en area
sub ject to oombardment, strafing, savotage, and requisition by Germeny., "Our
stocke (of rail) disappeared and it was necessary TO ceuse operations on certain
1lines...Durin;; the month of lay, the 5.N.C.F recorded 296 employees killed,
511 wounded, end 287 passengers killed, 245 wounded in trailns which were
bombed . cSuspension of traffic and the tying up ef tralus considerw ly diminished
the shipment of materiel for use of the SN .C.F...Tne average operetion per
Locomotive decreased from 81 km., per day per locomotive in service in Novembear
1942 to 65 km, in March 1944 end to 0 km% on the first of June and it continues
to decline rapidly....e have attempted to increuse the delivery of meteriasl and
heve institubed a system of priorities but sven that ha: been insufficient and
it has been necessary to suspend much traffic...iie hope to hold out in spite
of everything,"

Although subject to large and frequent attacks by Alliod aircraft from
nearby beses, althcugh materials and equiprent were requisiticned (or denied)
by Germany, although protection against gsabote. s involved precautions which
slowed down operations, nevertheless the Frencn reilroads have continued to
funetion and to "hope to hold out in spite of everything.” This exporiencs
sugrests the? lend transport is not a high-priority strategic target, especially
in che cose of Japan, where the eir force aveilable for sttack will be relative-
1y small, where frequency of eattack is much moro limited by weather and other
operational difficulties, and where the prospects ol internsl sabolage are very

siim.
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Track is obviously a vital part of & railroed gystem; if the track is :

cut, the number of locomotives and cars eveilable loses sijnificance. [lowever,

repair of bomb dema;e consists of removing and replacing dameged rail and tics

i R A N SRS TR AT e e

' and illing in the vomb cratsrs. Only limited sections cen ve destroyed in one 3
attack. Rail and tiles are readily replacesble, standardized items, usuully 1
“ > !
stocked at mejor terminsls. If a serics of attacks werc madc, the Japanese :

e

would store them &t key points alon: the rigsht of way, ready for immediate

_._'-_'-" T ‘.,r-;‘..l}’q o

movement .

feitad o

An engineer on & large U.S. railroad stetes that, even with 1800 E

craters 16 feet wide on 8 100=mils stretch of double treck, he could restore

T ol B e T (T, Lo e i

b = o v . -
sl 3 -_-.__ xRy :_I'Iﬂ; g Py T < I i) (o oikeel Eitk i
AR T g It ¥ S A, L A | d ot
e Oy il e "u'-...h-_!...ﬂ.-—-"-h'h

one track iz 18-24 houre and have double track cperation at 75% of normal

cave city in svout 36 hours., The technique comsietz of restoring one track

by using undemaged cections of raile and tiles on sdjacent track; with one
track functioning, work truins could lay spare raiis snd ties on the other
track. Points and

switchos would be ignored to permit through running as soon

!

)

‘ | ':’

as possible; these would be restored later. On single treck lines, & work 4

train cen be driven in from both ends. 1In this cese, repeir time would be
/ about 4c hours. g?
lJ T

A study of bombing accurac, of UATAF fighter-bombers on rail l1lines i

indicetes “he following:

e G e ¢ WATSE e G A R A R S

RUMBTR OF DALAGING [ITS PUR 100 BOLBS DROPFUD

R

. D | el W eme g e

SR TS Dl Ry

e ST AL

20° Creater 509 Creter 20% Crater S0V Crate

e D P

ek & o el

Sinzle Romb Dropped

i

| i

Single Track Double Track “w

. & ]i
|

A At least one track cut 8.3 8.0 9.4 21

o O

| 3
Two tracks cut s a O.

[~

Two_Bombo Dropped Together ;
_";j At lsast one track cub 6,3 7.3 7.9 4.9
: Twa tracks cub £ & 7 & 7 ‘g
i These fipwes essume (a) line impassable if crater overlaps rail or Fr
: ties, (b) widths of single and double track are 10' and 25" respectively; iﬁE
j and {(¢) two bombs dropped simultaneously have an average soparation of 300, l
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If we assune sn average of about b hits per 100 bombs dropped to cut a
dovirle track line, and 20 200-pound bombs per stbacking plune, it woulc vake

cne sortie to cut the double-~track Tokxyo=Shimonoseki line at any one nointo

A\

]

Air operations over Japan, however, will probably not permit the relatively

low level attacks characteristic of the [JATAF tectice and, consequently, the

accuracy ratio would have Lo be revisad downwarcd. Furthermore, to xeep a

1ine out for one dey, 2 nuaber of well-spaced nits would ve needed. Allowing
»

roughly for these considerations, as well as for the use of some smaller bLomits

(increasing the numter of bombs per sortie), poszsibly 10 to 10 sorties per day

L3

would be required to xecp this line out of service. OCbviously the rate ol
repair in Japan is the governing factor and the above figure 15 taken &8 an

apm-oximation only.

The advantage of attacking lines is tnat they ere less likely to be

-]

dofended by planes or anti=aircraft installetions. The disadvantage of cutting

one secticn, epart from recuperavility, 1s that truck substitution iz 2 relative-

Ly ensy means of by-passing the cut Tor short distances, However, this invdlves

considerable delay to both goods and equipnment. It is more effective to meline-
tain two or t.ree rin.s of cuts, spaced so as to meke truck supstitution more
ditrficult, but this requires two or three times as many planes.

Lines skirting the side of e mountain may afford better tarjets, cspende

ins on the possibility of creatin; landslides. The target area is lirge and

'-’I

cenerelly has few or no deflenses. ome traffic interruption is likely t

result even if orly a small quentity of rock end debris falls. ¥ven though

pombing may not stert an immediate slide, it may create conditions on which

\

naturd causes could operste later; thus, bomb blasts may open fissures which

ol

would be aggraveted by rainfall and result in recurrent siides-

Jupen has many sections of this type. O0Official reports refsr to "repairs

of the slopes of the cutting on the lyockaminada-Gimonada section; reinforge:

ment of retaining walls, restoration of the collapse in the slopo of a cuthing,

otc. Many sections suffer from "incompetent” rock formations which meks them
peculisrly susceptible to slides. In some arecas, hillsides are sprayed with

a form oi° cement to ferm a wetereproof crust., here £ line followe guch

terrein, it is possible to keep it out of use for considerable periods; if

the hilliside is unstable, continual slides will occur when the original debris

is removad, wuntil such time as the hillside can be stebilized. This maites &
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ver ;7 inexpensive target.
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Fmbankments in sensral are less desirable targets; althoupn more

desirable than open stretches of track. II £i1ling onerations do not prove
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sufficiently rapid, temporaery itrcstles cean be quickly thrown up. One source

e R

stetos that successful sttecks on embarkments with soft soil in Italy produse

Jelavs of &4 or © days.
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I Althoush bridges are importent links in e railwgy systom, they &are
difficult tercets. A study by ATAT ghows tThe accuracy achieved by P=47's «n
two types of bridges:
HITS PTR 10C DBOUBS
: (A1l Bombs Dropped Singly)
: Bridge 200' x 30 Bridge 400' x 40°

20! Crater 30* Crater 20" Crater 30% Cri.ees

B ¥ B i, R G~ 4 ' TR St B vl e

AR PP TR

Direct Hits 1.14 1,14 3,04 3,04 féh
Noar [i1s8ses ~ 10 1,14 1,52 2.28 E? %
Llits on Approaches b 6.0 3ol 405 %
Totel Tffective Hits 6.4 300 T o9 S.5 f;

1 Sortiaa per Tffective ‘ b
s Hit (2 bembsz /ra/c) [

o2
o
=
Q
2
e
N
wbs

If bombs are dropped in pairs, ewch aircreft has asmaller chance of %ﬁ
nits, but if hits are made, t here is more crance of two hits gimultaneously. ﬁ;
4] the average number of hits expected is the csme. The decision is a tacticel |
| one, cspendin; on whether fewer cuts with greater damare or morc cuts with leas
demage arc desiroecd. i E

Tactics have o merked effect on the results of bridge attacks, sid
i+ is difficult, therefore, to apply conclusionz from one theatre to anothel « i
revertheless some genernlizetions appeer possible. A 3tudy of operations in
qurme., covering 943 sorties sgainsht € bridges, indicates thet 81 "hits muion
were sericusly damazing to the bridge proper™ were ootainca out of 2,748
bomes dropped -- an accuracy rate of 2,247, ccmpared vith 1.14/4 on small .
bridres and 3-04% on large bridges in the MATAF study. These figures do noc :Eii
include & number of hits on approeaches, which would raise the percentags R
substentiedly . From the standpoint of delay, certdnly such hits are extremoly

significant if the bridge itself is missed-
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) ) n itely. it wes found that ihe chences of securing a blockage &re
3 very high if heevy Tonnages are droppet, as slhovm in ohe fellowing figures:

i 7

TOHR S PTR RALD

LT TR

Under 25  29:00 30-400 1002200
Meon Tonnege 20 30 14 154

3ds 3 id 1l 3

i

% Hit 0 8 45 5
r s f ¥ e NF ‘-‘..F o Lo
i

W

_r~l'.

% in Which Bridge waes Blocked by
Being Cut or 50 /; Dagtroyed O | 5 27 38

ST L T _‘::E_.:é.!u'F'_j-"':E"*_:f i
: e s el L 3

7 <q Which Traffic was 3locxed
; '!'!}-u. It#’:; i:’ {L‘:’lg SE‘ 33.: 5'." ISH
*:

£l

-

[ S
b-ﬂ-h

v+ will be noted that it is much sasier to block & bridge by cuttling
aopproaches or dameging ymbanlments then- it is to cut or dastroy Ghe oridge

4 stmelf, lowever, this is & small samp.e and is not set up so as to be statis-

i tically comparable with ovher studies.
7+ “he Burma studs, the effect of tactl.cs is cleerly shown. Owverall, ;
] an averege of 1lv.. 80 rties per serious hit on the bridges V&S required; howsver, ; |
' it took 26.4 high sorties per hit, 10.0 mgdiuﬁ.oﬂ low {(100C to 2300 feet), 12 E.
? dive scrties, and only 2.4 minimum level sor rilies. %
A preliminary analysis of sir attacks ‘n Furope indicates thatl supstan- 3

: +ial deleye cen be achicved by Lridge bombing., Tn o4 athacks which 1 regulted in

3 hits cn or near bridges, an everage of © deys deley resulted before aingle E
- i 2 : . 2 2 I v j
T track OP““ﬂ*“DnE were rastored. For bridges andor 300 fest in lesagth, tns .
t E
3 averege wes 4.4 days, comperec “th 7.9 days for bridges of more than 200 £ ]
: feet. An everage of 7.3 days was obteined in 30 additionsl ettacks for which e
; , ne ¢atails as to type of bridge are nvailable. ﬁ
1 To assess the types of damaege possible apd thelr importance in Lerms -
3 of blockege, Lhe following atiple of results has been compiled; the informetion E
. rafers to effects of bridge attacks in Frence ducin: August 1P44: 3
‘) 4
: T, MINOR DALAGE
Type of Damage Rosulting Deys %o Repair for
j Singl* Track  Dcuble Trauk }%ﬁ

] ridge intect: line cut; hit on embankment H e E

: Bridpe intact; lines cult on both approaches 3 4 :?1
- 5

Minor demorc to bridge; lines cut by severe
ereterin;: of egbeniment 3 o
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e of Damage siesulbing Deys to Repair for

o T N Tl

“‘M“‘mmm ¢ Loy T . T

single Track Double Track

it R T e e = e AR -

Decking of one span Torn up ny direct hit; lins
sut on N. approach

Do
o

lancing blow on side of central span damaged
parapet and tore up line i 5

A

Fmoen <men’ creltered; 1ires cut O 0

F. track impassable; decking noled at one end and
bottom pirder &ppe&ars bent; . track sndamaged 0 14

Near misces demaged both ghutments and oOne $pan;
embaniment craterec and lines cut Z ¢

1T, MAJQI DAMAGE

(¥ b !_m—“-

3 . spans demolishsd 21 56
N, span destroyed; remainder dameged i 26
Severe damegs LO one 8Paij crain nit, cutting both lines 14 28

W. span cub and coth halves hangiyg in rivers; senter

e
LY

gpan. deformed by direcs hits T, approach cut .0 £

One =pen hanging 1nto wacer: danage to decking of
ancsher 10 20

C
Pt
-

Direct hit severed central span
Nirecs hits damaged od span and destroyed 7th spen; 4th
spen demaged Dy ¢lancing blow;7th pier denaged; hoth

spproaches undamaged 14 21

3 spans completely collapsed; 1 spazn broken at center
and sagging into river S0 o0

One span dropped from piers; 2 spans badly damaged 7
2 spans destroyed;l pier dumaged;1l arch demaged;l arch

degiroyed; 2 center tracks cemaped 3T oedbed damaeged;all

lines cut on approschos;train m ssing on bridge during

ettack sevarely damaged 7 20
Bridge torn from abutments and turned 13¢ from original

position; L. end resting on embankment; o and pervly

under weter; E. approach padly cratered, cutting 211

liness i/, embankment & approach track demaged 8 o0

Tt can be seen from the above that it is extremely difficult to keep

a bridge out of service lor long periodia. dany technical elements are involved,
but only 2 few will be mentioned here to indicate the neture of the problem.
In Tngland, it is reportoad that on bridges equipped with superstructuree the
bombs ususlly sxploded in the top mnembers without reaching the deck of the

oridge. However, in tho case of the .larren truse epan, & bomb exploding in

the top members might cause collapse; since they bear & large part of the total
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deadweight, any damage tc them weakens the entirs bridgé structure.

Lift bridges sre desirable targets because the 1lift machinery cen be
irreparably damaged if hit, thus preventing traffic from moving on or belcow the
bridge. Length is also an important ccmsideration <= the longer the bridge,
the easier it is to hit end the more difficult it is %o repailr. In gensral
masonry oridpes are easier to demage than steel obridges; in selecting targets

alony & line, other things being equal, masonry bridges are preforable inas-

much as they require a smaller expenditure of air effort.

The techniques of repair very. 1f a small me. 501" Y arch bridge 1is
destroyed, it can be replaced with a timber trestle; six 10=foot spans could
be erected within 48 hours, assuming that reserve materielis and equipment
are availuble, To replace & long high bridgec, timber arches and masonry or
Limber supports migh’s be used, In this connection, it is worth noting thet
height is extremely important; s bridge éO fect high micht take 2% times es
long to repair &s onag 30 feet high. The problém of obtzining piles ol the
right height is likely to be serious; splicing piles is slow bul possible.

A study by the 16th Alr Force indicates that, although steel bridges
are more difficult to destroy than mascury bridges, they are aiso mors diffi-
cult to repeir, Thus, on steel bridges, with spans not over 100 feetg'whare
trugses were sufficiently damraged to necessitate removzl, the German Army's
rete of repair averaged 7 fest per day, working in the daytime only; in
contrast, on masonry bridges with the same limit on length of spen, woere
arches and piers wero completely deatroyed over more than 200 leet, and where
the height of the bridge wes not over 30 feet, the Garman rate of repair
averaged 11 feet per day, working in the deytime only. These fipgures do not
include time required to get men and equipment to the site,

Other considerations include the height of the banks, character of
approaches, depth of river, speed of flow, end type of river botiom. Shallow
streams sre relatively casy to trestle. If the banks are steep, repair methods
ere more limited and speod is reduced, Similarly, the efficiency of pile
driving depends on the speed of the atream.and-the nature of the bottom.

in general, the most offective aiming points are the bridge piers.
The supports, if hit, mey drop twe spans, whereas the suparstructure, if hit,

may drop cnly one gpun, The supports of the longest apans sre most importent.
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Moreover. the lower the hit, the more difficult the repair jobh. If the piers .

can be hit in a deep, swift current (or at the bottom of & ravine), the work

_._.-_._I.a_;_--_.,_:_ T
?- ) s 1 iy = B

<

of reconstruction will be slowed down by collgction of silt aud by the
inaccessibility of the Toundation. It may be observed parenthestically thet the
Burma experience indicates the possibility of using fleating wines agalnsy
brideoe piers; the procedurc for wood pile bridges is to connect two {loating

; mines with a cable, i1l then with en incendiary mizture, end drop Then
upstiream to drift down, catch, and burn under the bridge: : E

Dagpite the limitetions of transferrinz performence records, in

view of variaticons in bombing altitudes, types of planes, AA and fighter
opposition, etc., some genersl mapgnitudes may be arrived at. Assuming

medium level attecks on Japenese bridges with a 4% eccuracy rate, assuming 8 o

: nits with 8)0-pound bombs reguired to yield 8 days delay, and assuming & <000 i
/- — o
: pound bomb lozd, & total of 250 bombs would have to be dropped by 235 plenes .
: to keep a bridge out of service for 6 days; this would mean § attacks with 28 "

planes == 2 total of 1235 sortics == to keep a bridge out of service for ons

month, |

Y '

The analyses of line targets indicate that possibly 10-15 sorties o
per day or ovar 300 sorties per month ere nesded to keep & line out of ectione
It appears, tnerefore, that bridges require a smaller scale of effort to achieve

e given disrupbtion in traffic,
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f Co Tunnels.
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Railwey tunnels fall into three broad groupings. “Cut and cover”
tunneals sre very shellow and hence are vulnerabls teo bomb damage from the E
gurface as well as from internel blasti. Deep tunnels built with compressed o

5 elr are usually found in sand, silt or clay: they are coften lined with cest E

: iron ssctions which may be disrupted by interunal or external blast. [lost ﬁ

important &re tho rockedriven tunmnels. These ars ordinarily difficult to

demape by internal explosion beceuss the method of construction, lavelving

small blast charpes, resultis in little or no lecosening of rock adjacent te the

Cs3

T T el P T TP s S E e T e = 1, Ty gy o A0 T e
i T T ' G A - :
% = -

tunnel. An ezplosion on the floor of the tunnel would destroy the tracks and i
; blow a shallow hole in ths tunnel floor, with soae loogening of blocks in the
3 roof and walle. Heer tho portels, pressure of the explosion might do more 2

demage; if the portals are destroyed, the tunnel meuth will be filled,
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bloeking the line until debries can be removed end the portel temporarily

timbered, {here tns bhedrock 5 g marl, mer.y shale, aad Pﬂlrmuﬂtdwd sandetone,

l.; ‘I-l“

-

explosions 2t tumnel mouths heve a geod chance of causiznyg the rociks o slunp e=

especially after heavy reins,

iy

Tunnels in Japan heve some special signifig&msaa not only because of
their exceptional abundance, bubt also vectuse rock structurs in Japan mekes the
urnel mouth unusually wulnereble. ©On the other hand, experience with carthe
cuekes bhes forced attention to the problem of portal protscilon and presumably

ettenpts have been mede to support tie entrances to tunnelse

One source states that the everyday variety of earthquakes "engender
weelknesses which are latent in probably all Japenese tuanels but escaps anostice
=g a rule until they are revealed by the great esrthqueles; those waaknessoes
then beccrc apparent by (1) slides of side cuttings at approaches to the
tunnel mouth, (2) slides and cave-ins over the tummel collar, (3) breaks along
favlt zopes of heavy or soft ground if present in tunnel interiors, and (4)
stimulated vater gush.”

Tnsufficient deta arse available teo permit an assessment of reguired
bomb expenditure on tunnels. Some geaersl observations are possible, however.
First, the accuracy of bombing is likely to be less then on open lines «= not
only because the aiming point is quite small but also because of possibls
difficulty in approach cver rugged terrain. On the other hand, if the mouth
is missed, blockege may be achieved DY damﬁgln? the cuttin:;s et the approaches
and creatins slidec., Skip-bombing misht overcome some of the technicadl
obstecles involved, depending on the types of planes availables

In zenerel, it appears tha? tunnels are a significently betie
tarzet in Jep2n then they were in IFurope. lowever, 3¢ ia uncertain whother
the; are betiter targets than lines or bridges, A few test raids should be

undertaken o determine the specific merits of tunnel torgets in Jepen.

D, Ares [Bﬁ]au10na

P T R TR LT N

The bullk of the traffic flowing into a city consists of rew materials,
fuel, and fouds outbocund freignt is usually smaller in volume and consists of
manufactured items et verying stages of processing. Isulating such an ares

from rail cransport mey have serious offects on the eneny pctentiel
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This method of attack involves lines, bridges, culs, Lunnels, or
subankments and the advantages end dirsdvantages sre a composite of thosc
atgeching Lo the individunl types of targets. In general, The nroblem of
policing the damage is most serious. Morsover, moutor tronsport may be used
+o handle the minimum needs of the area. 10 maice this alternative less likely

or feasible, it is desirable to make ihe cuts at pointe scme distance from the

city; to do this means o permit a sutstentiel amount of local or shorthzul

traffic by rail, The most effective method would Le to meintain two or threo
rings of cuts but this becomes extremely costly-

Thus, cubting Tekyc off from all spproaches within 20 miles of the
ceriter would regquire hitting and policing 2] lines-. To achieve isclation
st a distence of 40 miles, 19 lines would be involved, In the case of Nagoya,
o0 lines are cut at & radius of 20 miles, 12 lines at a radius of 40 miles.
Te isolate Tokyo by two rimgs of 10 cuts each on cpen lines would require about
400 sorties per day by heavy bombers. A scele of effort of compsrable magni-
tude would be required for atteciks on hridges, cutsg, etc-

it must be assumed that most of the vital plants in a city maintain
stocks sufficient to last for at least a fow weeks. Food requirements weuld
protably be stored near the cities if such an attack were cerried out.
murthernmore, facilities for quick repair of damape and speedy improvisatlion

traunsport ere more highly developed in and around industrial are=s
thar elsewhsre. Agsin, the likelihood thet anti~nircraft defenses will ba
orgunized Lo maximum effectivensss Mmeans that the cost of such coperetions

becomes relatively kigh.

E. Looomotlves.

Locomotives may be attacked directly on lines or In roundhouses or
more indirectly by sttacking repeir shops and locomotive buildinz plants.

T ocomotives on line are vulnerable to attack by fighters or bombers.
The record of 1,476 R.A.F, sorties despatched fr5m.ApriE 1842 through ey 1943
egainst locomotives and trains shows trat 29 locomotives were destroyed anc
921 demmged, and that 476 Ureins were ¢amaged. During this period, effective-
ness increased rubstantialiy; during April-June 1942, 120 sorties damaged only'

26 locomobives: in April 1943, 136 sorties destroyed 7 and demaged 106 locomo=

tives, while in klay 1949, 131 gorties resulted in 5 destroyed and 143 damaged .
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Virtually all saircraft were fighters. i
Aithough it is rare for a locomotive to be damaged so seriously by 7
paczhine gun or camiuon fire that it ir not worth repairing, subsgtantial disrupe E

ticn can be ceused, During the pericd February-November 194:, the avecage

S » = - .. . = ‘ L o L S b=
repair tire for locomotives damaged ia Frence was 9 days, according to e Britlsh

Japen has ebout €,000 locomctives, To be conservative, assume only
600 ungzerviceables and 5400 ectives. Then, if a fighter attack puis a locomos :
tive out of service for © days, 100 attaciks per mentn mezns 200 locomotiva=days

lost per month, cut of a total of 162,000 active locomotive-days. This is &

very small reduction in total cap&city'(leas th&n-% of 1%)o ai-

Attgcks on iocomotives in Trains have geveral desirable effects- _E

| First, the locomciive 1is damaged. Second, the line is tied up. Third, the
i freigant and the cars ere deleyed. Fourth, the trein msy be derailed, with %
s rosulting damage Lo cers and track., i%
, Rouwndheouses have some nerit as a target because of the cencentration f%
of locomectives in and around the building. Howsver, the enemy can disnerse %f

these concenbrations and may provide alternative facilitiss for coalins un ;E

: watering at important Lerminals. Runaing repairs could be mede clsovhars. A E
typical roundhouse hzg o concretes foundation, brick walls, heavy woodsa posts, i;

anc compesition roofing; significent Jdamege to the locomotives requires g ii

f’ direct hit on the shed with fairly large bombs. Some disruption mey alsc be é'
f{ . caused 0Dy hits on Ths turntable, power plant, or macnine zhop but the effects ff
;f are not serioug, In general, loss of these facilities tends to slow down z
operations somewhat-
Locomotive repair shope arc usually large inctallations with heavy i?

eguipment and substitute facilities are not readily available. Moreover, they A
tend to bs cencentration points for locomotives, The important Omiyve shops of

the Imperial Goverrment Railways, employing over 15,000 men in 1937, have the

B RS e
-

following structural cheracteristica: g
Bocy Roof \:
Boiler shop steel & concrete  Asbestos slate A
| Hoiler shop ilood Corruzated iron X
b/ ®inisniang & Boiler shop Brick Corrugated iron .
a9 Trangfforror station Steel & concratve Cancrete -:Q
' nrecting machine shop steel & concreis Asbestos metal 8
Foundry Stesl & concrete Yamato slete E 1
Tube storehouse Steel & wood Corrugated iron o
smithy tanl, concrete & brick Cerrugated iron 3
: Pettern shop Wood Asbestos slate Y
- Stershouse wood Corrugeted iron

SoLCRET
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Thus, effective atiack must include all types of locomotive targets. If

fighter plenes are avalilable; engines on line become high priority slterrnate

tar,ets, ecpecially for planes missing their original objective.,
Fundamenitally, locomotives are not important streategic tarzgats in

Japan, The loacomotlive position is not criticael., Even il the supply becams

inedequete, tho enomy can chcese between running freignt or passenger treina

llhﬁ = h

with the avellesble stock. Vhen passanger service is reduced toaminimum, the

o o e

ensmy cen choose the Lypas of freight Lo be noved. Concentration on motive
power will ultimately result in slower operation, yard congestion, and a

slowing down in industrial operations but the results are far-removed and the

Wt
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The Japanese railways operate about 120,000 freight car
case of locomotives, they can be attacked ir several ways ~= in trains and

oYy

yards, or by destroying repair shops and cer building plants.

H‘

Although cars are numnerous, they are not readily destroyed and are

J

easlly repaired. Theyare much more essily repleced than locomotives dut
reguire adout tae seme amount of effort to destroy 2 givem number of units-

Even though the Japenese freight cer positicm is Light, @ substential number

of cars would have to be taken out of assrvice befors war production could he
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significantly affected.

“ars in trains caanot be gseriously demaged by Tlgater eLtaclk, wxcept
+o the extent that locomotive damage rasults in deraiiment of the train: T
this event, the key target ahould be the lccomective itself. Howaver, & train
containing loaded tank cers may be iznited, causiny some damage to other cars
and contentey &8 tergets of opportunity, such trains melke betier objson.iwos
chen trains of refrigerator Or coal Cara-.

Repair shops have some concentrations of cars bHub m¢st repalirs can
ve mpde in the open 1f necessary. Japanese metnods &re sxtremely efficient
and it .s doubtful if the total number of cars &t £l1 repair shops exceeds
4,.000s even if all wero damazed or a major p&ary destroyed, the overelil
effect on Jepanese capacity would be insignificant. In say Ccase, siance the
squipment of repeir shops is simple, the structurss can ba eesily replacsd.

clussificetion yards have large concentrations of cars. In tae
larger yards, the average nunber of cars on hand might run to sbout 500 =<
more at cartain times of the day, less at others. To destroy 10% of thne
Jupanese car supply in & short pericd of time would require 20 tremendous
~aids, virtuelly covering the entire track srea with bombse This 1.8 &
practical impossibility. Small scale efforts can do little more Then

/ destroy a few end camage & relatively small number of cars. (See discass.un

;';‘ |

o

;  of yards hereinafter).

;' sormwhat related to yards are cenersl industrial areas and (raeight
stetions, where concenftrations axist. Steel plants have axtensive sidiugs on
which many cars are likely %o be found . In such casges, however, emohasis

| should be on attacking the industrial facilities themsclves, with any damage
: to freigzht cers being considered as so much "bonus” s
Freight car production 1s concentroted in a relatively small numbsy
of pianis, buildings bein? typical of light indusgtrisl fecilities. Howevsr,
the nature of the materiels and equipment needed for freight cer manufacturo
{ is so much less complex end strategic than in the case of locomotives Lhat

/ affort oexyended on such plants would be comparatively exponsive in torms of
afi=ct on Lhe Japaness €CONLOMY -

Attack on locomotives or cars will reduce transport capacity
Howsver . destruction of both at the same rate involves waste motion: a given
+ats for sither does just as much damige 1{ a cholce wers to bs mude,
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locomotivas would be & much batter target than freight cers.

9s t8ros.

Although classification or marshalling yards are the nerve centers
of 2 reilway system, they do not rete very high a8 & strQ%egic bombing target.

Militery traffic rspresents only abdout 154 of ths total tonnege
orizinataed in Japan, Buch of This can move in solid %treins without beling
broken up at classification yardso "his treffic would be delayed only by
difficuity in restoring through tracks - & problem which 1s essentially the
seme 85 occurs in bombing open lines. Turthermore, much industrial traiflic
can be moved in large blocks.to reduce the need for classification; this is
espacially true of bulk materials such as coal and ore. Agein, importent
yards ere Located near industriel areas where the pessibllity of transshipment
by truck is relatively greato tevertheless, the bulk of the traffic would e
delaysd ‘nitially.

The enemy tactic would be to shiit the classification work to clher
yards on the line so that anrs would bs handled nearly ss efficiently as
vefore: to minimize this possibility, sev@rul yards would have to be attaclesd
gimultanecusly. In hump yards, degtructicn of the hump cen be offset by
ueing flat switching methods, 1if engines are evailable, If car retarders ere
demaged, cer riders can be used. Hend operation con substitute for power
switches. Damage to turnouts could deiay operations but thess cum usually be
replaced from inventories. Despite these makeshifts, total capacity of the
verd would be substantially reduced for a considerable period,

Becauss of the concentrations of cars, serious difficulties may arise
in‘clearing the yard. Tho need for heavy crenes mey create somewhat mere
delay than would be obteined by bombing open lines. Supplementery advantazes
sre the destruction of some locomotives, sheds, repair shops, and freight in
cars. Yards located near ports tend to have a higher concentration of
militery traffics tieing up such yards also ties up shipe awalting cargoes.

Occagionally, yards cen be impcrtant tactical tergets. An attack mede when

saveral military trains are in the yard cen kill a number of enemy troops aad

destroy munitions and supplies-
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1 & study by the Ninth Alr Force covering 7 raids on & verds is E
- ' -
2 summarized belows E
i TONG 34 me of Target
| Yard Date Dy oppad % on Target Acres) -
’f. A" “3 .,
i Torgnier 3 Teb. 79 37 ok 63 P
4§ Hirson & Har. 151 2552 168 9
v .
3 Hirson 2o Haro 207 1T 42 158 E
E . Creil 17 Mar. 122 14,8 118 4
Creil 20 iter, 186 14,9 118 E
Creil 23 ers olé 200k 118
} . i
; Bass2lt 8 Apro 172 2240 66 a2
, For all raids, the accuracy rave was 24.,5%. Note that this sing L E
L sample does no% indicate improvensnt with increased terget aress The E
¢ eonclusion of the study is: "Density of »70 tons por aore, &s achievecr on i
2 Hagselt, was the most efficisnt density cbtained apainst marshelling yerds A
during this periocd. 1In the case af Creil, the three attacks had 2 compesits .
density of 1,17 tons which totslly demolished the structures under atiack and R
’ Y 3 o » . - i o TR » i ge T #:,*
| was definitely tco heavy an offort. The individual atbacks on Hirson crd £
; Tergnier wers toc light, as attested by the meager canage inflicted.” :

Analyses of three attecks on Verona by the 1bth Air Force indicate
- that, of 2,861 bombs dropped, 317 fell within the target arsa. This included

o7 whish did no damage, L% which damaged buildings, &xd 21% which demeged

">

% tracks and relling stock. Dsmage Go rolling stock wvaried from vieible displacs- E?'
mant or overturning to complete destruction im ths case of direct hits. 1In the
first raid, thore were 1625 cers in the yard, of which 115 were demaged —= o4l
cars for sach bomb landing in the torget area. C ths other raids, the propor- b

; tion was 57 cars dameged. If a car was more then G or 7 feot from ths edgs of

a crater, it sufferec no visible dsnage-

4 Through traffic was opened in 5 or 4 days, for all lines, but this was 3
1 ¢

at the expsnse of lesving other denmage untouchsd., After the first atbteck, L4

; repair work procesdec at the rate of 10 ersters per dsy for 12 days, by which

. time the most inconveniencipg dazage (68% of the demaging bombd “incidents™) 3
: hed been repaired, For the next 22 days, work was at the rate of Z.4 craters R\

gp per doy until 98 of the craters were repaired. The rsmainder wers repaired §5 
very slowly. After the last attack, repairs were at the rate of 10-0 "ipoie
dents" per dey for 9 days: For the next 2% days, repairs were at the rate of 6.9
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; per day, and theresfter at the rate of 3.1 per day. é
E The relative importance of ths various parts of the yard were ;
i assessed on thes basis of the rates of repsirgs On through lines, repairs were é.
éé begun {mnediately and pressed until service was rastored. iiork on the lozcomo= ?;
?' tive repair shop also bogen repidly; as soon as the building wes cperating, the i;
z o rate slackened. ork on the clagsification tracks was not pressed until The ;é
: through lines and locomotive repair shop were functioninge The freight sidings i%
{ : and car repair trecks were attended to later. Virtually no sfforte wors made :E
5 to repair the roundhouse. E
| One conclueion of the study is: "iIn general, heavy boub dengitiss are i;
ﬁ more effective per wom of eaxplosive than light bomb denﬂities“ This applics so ii
L g
| long ase the bomb density is not 3o great as %o lose effectiveness becauss of g
overiap of bomb strikess the attacks on Verona ghow that & bomb dengiiy coie ;“
siderably in excess of one ton per acre is reguirsd before overiap bacomes & {1
significant factorg" %
A more generelized study of cperations in Ttely states: "Achisvemont :é
| of sustained blockage (10 deys or longer) would require & density of 5 or 4 E;
: atrikes of 500 G.P, bombs per zere throughout ths arsa ol a raall centero AS ‘;
'ﬁ &. reugh approximetion, perheps 500 despatchod tons might be required %o echieve ;;
| this density." ?
T The aveilable evidence suggests that an effective raid on & yard requires ?;

scout 1 ton of bombs per scre and that about 4 Tons per acre must be droppad to |

achieve the necessary number of hits. Thus, with a yard of 100 acres in Japen, i
3

200 planes carrying 400 tons would prevent through treffic from noving for &

: or 4 days and would prevent sfficient classification for 2 or 3 waelks, possibly
| MOore 3
" - :
t Tc achieve the same delay to through traffic by atteck on open lines
: a much smaller affort is necessary. To block a line to all treffic for a
month reguires about J00 sortizs byaheavy bombers., In the case of bridges, . b
it was estimated that about 125 sorties per month were reguired to maintain
blockage., In terms of tonnageg'thﬁirelationship is 400 tons dropped for a z
. yard ana eul Lons yor & bridee- Worsover, thes actack on tne yard Jdogs nou
stop all traffic on the line for an entire montha The elvantage shown for

k. bridges is therefore conservativoe. - 3

k. SECRET
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Tn this connection, it is interesting to mote that a study of |
operations between 22 October 1945 and 22 Januvary 1944 in Itely shows about
428 teng of bombs wers dropped for every complete tiockege of & yard egainst ;¥
196 tons for every bridge blockags.

Prom both an operaticnal end e straiegic gtandpoint, it is ©stosr To

dro» a given tonnage in several attacks spaced a few deys apert rather than

% ‘ to soncentrete the effort on one big attack. Later attecks mey destroy
f . ceritical construction and repair equioment., Bomb camage may ne sssessed
hetween attecks and the aiming point revised. Interference between units is
reduced -- both in the mstter of bad timing and in obacuration of the terget
by smoke. Finally, it has been suggested that the jobs of the navipstor and
homberdier cen bs simplifioed if the same crews retwrn to the target. iﬁ
H. Liiscellareous., ?é
) iy
Sipnalling equipment; theugh important to railway operatiocn in Japen, ?ﬁ
does not represent a desirable target. The aiming point is very small. Uamege ?g
o a block zectior can be repsired guickly. If nscessery, bend operatsd block i%
sipgnals can be substituted for slectric. In general, slthough totel train éi_ 3
capacity would be reduced by 2 &erious disruption in sl malling, gsuci. disruption !;
would be extremely difficult ©o achieve and'woulilnnt seriously affect Japan®s i;
nilitary strength- ;%
flectric lines in Japan handie & heavy volune of freight and passene i;
zer traffic. primarily ercund importaat cities. Damage to electric linesx %%
could not ordinarily be so severe as to prevent at least 3ome operation, sither ?;
from alternete scurces of power or else by prompt repair. Demsge to ronsrating {;
plants is not likely to Le so widespread as to csuse complste stoppage, 5 12
slectric powver were complately cut off, gseveral days would be required to restore 3?

. operations to a reascnable working level by the use of steam; this is possible ?i
only if thers ¥ =2 considerable numoer of steam % rains currently operatizg on ;;
the line, with the necessary coaling and wateriny facilitiss availeble, This fi‘
15 the situstion in Jaupon, where moat of the freight trains ere steam operated ;;
while passenpger trains ere yenarally run by electric power. In supmary, it {t
appoars that atvecks on elgotric lines moyv producs JLOAgHY interruptions Lhen ifi
squivalilent sltucks on ateam lines. E;‘

€ |
Destruction of passenger cars is of little strataegic value Evan the £ 3
{

altimats effects of such attecks would be of minor significance to Japan's war

potential. SECRET




