
: == 

—-->— 

at = 

er 
a 

—~ Sos 
——< 

= 

= a Sot. Ss ae oe 

+. SS 

Peg ebebies henge yhats ly high ie hs 
; set ‘slit bdoisemiees Satita 

(it ripe erie pir bebe 
Lup te tra Mam epeteeaaS 

Hist thet 
Map ce hs sete ete 

AN a seg hy te! ir tte 
rth ea | 

SS 
SS Fe 

br te bebrarsettel 
ami hin tect APA i 4 ; 
i PATE IN TA ATTIC CC rest at ntaa repre anaes rdcliers eh Rem PicKDR A LO ANE arte iain Lt i Mr btn eer WATE ea RE a} leit, Mirai anhl ica RSA ray aie Cae UA iN i fs 1 Aa te Met Wilk yaa i) wove | 4 hy ML arth 

i Ai ty WYATFiAN te 4 a a) Hdd ghy list a 
= 

ite 
‘ati ine ; 

i ny 
i) 

' Pysyidid 
STON M 
HASSE sean id 

| hh t eee hota! 

py 
i" eR a ie i tit 

iN 
it 1 : + : Hes Wladesg'y mor Mt rt i 

; it PWcaiemnacrtra ae tres Ae 

— 
~" wit 

ASA 
Danton one 
er ike gan catnty 

= SiS 
== 

: aes 

<== 
te Moke =" 

a ag + 0 Ow 
== 

SS 

aay 

ae 

ee 

re tne 

ea Pais ————~ — 
a 

init 
rit i 
i bi i 
ee i 

Waiters HALOS At aapesaan mouth 
nib it j i st he hatha Gu ha SP ; LORS) suena uh RbAAs it eet tise 
Nitin issban Monocaunent sit 

; th manera 
BAHAR 

neha 
My 29) MaMa tag mat Ma ESSER: 

yt Stitt bet RS i bgt ai ft 
MC MNTArMEL AINSN th 4 

ih if it 9 boy PRRs { "4 ' 

Hy Neathath ciety ULRIKE RR MR RHE 
auth Catan Nive ntante Rat 

Malahat oats sag CMR yg Eat 
) yi ay) a ut be! Labs aT Hes Soda nk 

Pane batt f SNe oid was 
tit gre int PrRLEL ot t Heh ttn cf i 43 

uae 

Sree = 

SS 

" 
> ee Mush ti ut 

SER ah 
444) AR }: trae) 

H ite 1} ; 

ne ren Miny 

a 

as ed ee 
7 

4 

Se —— 

— —— 

re SS 

~~ 2 

ail 
ae 
4 

SS oe om tet 

ae EN 
i 

— 
pe ee ee ss = 

SS 

{$4 ithe fF 4 

TN ara oe cet ge 

eek 

Soe Ss 
erupt 

a ea f thet 
VF Hc Rob = ts) 

as 
se td rt 

‘4 

5: 

i 
er isat 3, ares 

pete bray 
"4 

Waa 

ae it tao” 
baat 
3 teers 

Se cae ee ee 

peace oe s 

——— 

Ter oe 

% 

Me : Ripe SAS " 
Be ee | ne ote re e 

c SF ie a 

-. 

as Sror ae esr ee 

‘ Pare y 

- ‘ ~ 

eentus anaeet. 

see RS 

ey 

~~ 

Sees 
SEE 

Salat 

aaa not os a 
Root on + 

: er awed 

= ee oe eS oie ace 

Pasir 

4 hes 

ae 

Tahar et 

ware eS Fab y 
eb Bee 

i¥ 

ae 

a ¢ 

rath 

¥ 

ng NE as 

DE Sp Spe 

. 

ro STS 
= — 

pA Pia, 
ES ART 

. v 442%, 

NG TRACE A EE 

te ith UA te ite 
; SSC bike Heal tS kn em a hae Beste 

A t Bots AC ee At ian tte tot ttt 

nay tt , ; rt oi eel eet 
Aish, ads artes Ay 

att le ay halal ee 





Historic, archived document 

Do not.assume content reflects current 

scientific knowledge, policies, or practices. 





| UNITED STATES DEPARTMENT OF AGRICULTURE 
a BULLETIN No. 664 

Cs Contribution from the Bureau of Chemistry 
CARL L. ALSBERG, Chief 

| Washington, D. C. Vv | April 25, 1918 ; 

THE PREVENTION OF BREAKAGE OF || — 
EGGS IN TRANSIT WHEN SHIPPED || 

IN CARLOTS 
By 

M. E. PENNINGTON, Chief, Food Research Laboratory, H. A. McALEER, 
Investigator in Poultry and Egg Handling, and A. D. GREENLEE, 

Assistant Chemist, assisted by F. X. DAILEY and H. C. ALBIN 

CONTENTS 
. Page ‘Page 

Reason for the Investigation . . . . =. 1 | Results of the Investigation: 
Amount of Damage to Eggs During Factors Contributing to Transit 

WEMeIPEIN tats ee oe ee a Damage .. 2-222 -e+ s+ 12 
Progress of the Investigation: The Size ofthe Egg ..... 13 

General Plait ch wee ee eae 3 The Soundness of the Eggshell . 14 

Conditions at Point of Origin: The Character of the Package . 16 

The Eggsandthe Package. . . 3 The Position of the Egg in the 
Transfer of Eggs from Packing Package - . - 2 2 + e+ 2 - 18 
House 'to Gar os fc SS a! The Position of the Case in the 

StowingtheLoad. . ...... 5 Car... 2 2 ee eo 2 ee 20 
Placing CasesinCar ..... °-5 The Character of the Buffing and 

Buffing the Load with Straw .. 6 Bracing ofthe Load ... - 20 
Buffing the Load with Wooden The Construction of the Car . 26 

Co BMS ee een ee q Shocks During the Haul .-.. 27 

Bracing the Load ...... 8 Handling atthe Terminal . . . * 28 
PemebenrGnth Puls ce. sw O°} Summary 3606 0 sca a © aneeuae 

Conditions atthe Terminal) . . . . 10 
~ 

22 

shah: bi at ad a pel a a al 

ft WASHINGTON 
GOVERNMENT PRINTING OFFICE 

1918 
a 

age Saat Abdi ah i : 





f° 

UNITED STATES DEPARTMENT OF AGRICULTURE 

, BULLETIN No. 664 ; 
Contribution from the Bureau of Chemistry 

CARL L. ALSBERG, Chief 

Washington, D. C. Vv April 25, 1918 

THE PREVENTION OF BREAKAGE OF EGGS IN 
TRANSIT WHEN SHIPPED IN CARLOTS. 

By M. BH. Prennineton, Chief, Food Research Laboratory, H. A. McAtLeerr, 

Investigator in Poultry and Egg Handling, and A. D. GREENLEE, Assistant 

Chemist, assisted by F. X. DAILEY and H. C. ALBIN. 

CONTENTS. 

Page | Results of the investigation: Page. 
Reason for the investigation..........-..-..- 1 Factors contributing to transit damage. - 12 

Amount of damage to eggs during market- ADGY=) SIVAD. Ot WO) Vo oes aosacs cose 13 

TO CEL Se en en 2 The soundness of the beeshell 2; HORE AE 14 

Progress of the investigation: The character of the package.......- 16 

(COMET lAMa was ey ee oie Se wel 3 The position of the egg in the pack- 

Conditions at point of origin: ABCs Newel A cea eatte ei nee eens ates 18 

The eggs and the package.......--.- 3 The position of the case in the car... - 20 

Transfer of eggs from packing house The character of the buffing and 

OHI 2 an ao SOP ena ee eee 4 bracins ofthe loadieer ss sss ease 20 

Stowinesihenond=s = sees. seers 2 se 5 The construction of the car........-. 26 

IPMaGineGaSeSHINCAns (Ne sce 22k 5 Shocks during the haul.............-. 27 

Buffing the load with straw........- 6 Handling at the terminal........-..- 28 

Buffing the load with wooden frames Of SUMMING bya elke Bae Soh. eee eel SLT sarees 30 
Brace pie lGAGs. ceo. so. 8 

Mhemartlroad hauleos= asa Ss fe ee 9 

Conditions at the terminal.............-- 10 

REASON FOR THE INVESTIGATION. 

Breaking the shell of an egg shortens its market life in direct pro- 
portion to the extent of the damage. A complete mashing of the 
shell immediately renders the egg useless for food purposes; a crack 

visible to the naked eye foreshadows prompt decay, and necessitates 

immediate consumption; while even the slightest fracture of the shell 

makes impossible satisfactory preservation for use when eggs are 
scarce. The shell of the egg is fragile; yet it must frequently travel 

far by varied conveyances, and successfully withstand comparatively 
rough usage, if it is to satisfy marketing requirements. 

43010°—Bull. 664—18——1 
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The need for the elimination of waste and loss in the transfer of 

food from the producer to the consumer suggests that the breakage 
of eggs in transit carries with it a loss-6f both money and food which 
it is highly desirable to prevent. The investigation reported in this: 
bulletin was undertaken to determine the causes of such damage. 
Suggestions for lessening the extent of the damage are also in- 
cluded. The investigation was made with the hearty cooperation 
of the shippers and receivers of eggs, as well as of the carriers. 
To obtain the maximum of ease and efficiency, the joint confer- 

ence committee! acted for both shippers and carriers, and handled 
all matters requiring concerted action on the part of the cooperaters. 
Without such an organization this investigation could not have been _ 
made, and this opportunity is taken to express to the committee, to 
the industry, and to the carriers an appreciation of the assistance 

rendered. 
| AMOUNT OF DAMAGE TO EGGS DURING MARKETING. 

The amount of damage sustained in the marketing of eggs can not 
be stated with exactness. Estimates by those familiar with condi- 
tions, and experiments conducted to determine the rate of deteriora- 
tion in eggs during their journey to the consumer, however, have 
given figures which are worthy of consideration. In 1909, Hastings? 
stated that the usual western produce dealer, whose supplies come by 
local freight, receives from 4 to 7 per cent of cracked eggs, and that 8 
per cent of broken eggs from the hen to the market is probably a fair 
estimate. In 1913, Lamon and Opperman? studied egg deterioration 
between the farm and the egg-packing house, and shipped eggs under 
conditions distinctly better than the average. They reported 2.7 per 
cent cracked eggs, and so few leakers that the percentage is not given. 
A study made in the Food Research Laboratory, of the Bureau of 
Chemistry, instituted for another purpose, which will be reported in 
detail in another publication, showed that about 6.19 per cent 
of cracked eggs were received by one shipper in a western State dur- 
ing the months of April to August, inclusive, when the total volume 
of eggs handled amounted to over 1,357,000 dozen. In 1910, Pen- 
nington and Pierce * reported that the examination of over a quarter 
of a million dozen eggs. received in the city of New York, showed 
8.98 per cent. cracked. 

1The joint conference committee consists of representatives from the National Poultry, 

Butter, and Egg Association, for the industry, and from the General Managers Association 

of Chicago, for the railroads, in cooperation with a representative of the United States 

Department of Agriculture. Its object is, primarily, to improve the quality of poultry, 

butter, and eggs on the market, and prevent waste and loss. 

2U. S. Dept. Agr., Bureau of Animal Industry Circ. 140. 

3U. S. Dept. Agr., Bureau of Animal Industry Bul. 160. 

4The Effect of the Present Method of Handling Eggs on the Industry and the Produk 

U. S. Dept. Agr. Yearbook (1910) Separate 552. 
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Mashed eggs were not recorded in any of these observations. In 
commercial practice such eggs are reckoned with the total loss, which 

includes also rotten eggs. Most of the cracked eggs found a market 
in the city, but their keeping quality was so impaired that consump- 
tion had to be immediate, and they were sold at a lowered price. In 

many instances, also, the cracked and leaking eggs provoked so much 
bickering between shipper, carrier, and receiver that the egg trade 
itself suffered. Quite aside from this phase of the situation, however, 
the actual damage to a valuable food product, as indicated by the 
foregoing figures, would abundantly warrant any reasonable reforms 

by which the amount might be lessened. 

PROGRESS OF THE INVESTIGATION. 

GENERAL PLAN. 

The work here reported was begun in Texas, in March, in the early 

part of the carlot shipping season, and gradually progressed toward 
the north until September, when the investigators had reached 

Minnesota. The lack of eggs made it dificult to get carlots after 
the middle of September. Shipments went to eastern markets, rang- 
ing from Pittsburgh and Buffalo on the west, to Boston on the north, 
and to Philadelphia on the south. 

The investigation was carried on for two seasons in 32 packing 
houses, 5 of which were under observation both years. The ship- 
ments were observed in 39 eastern terminals in 20 large and medium- 
sized cities. In 5 cities shipments were received during both years. 
The total number of consignees was 33. All of the shipments were 

made in refrigerator cars, 23 refrigerator car lines being represented. 
The various routings, combined, covered most of the great trunk 
lines passing from West to East, and involved 32 railroads. The 

average haul was 1,200 miles. Records at origin and destination of 
147 shipments were kept. In addition to this, many examinations 
were made at the terminals of carlots, on which less definite informa- 
tion was obtainable, but from which, nevertheless, much that was 

instructive could be learned. Occasionally investigators accompanied 
freight trains on which experimental shipments were being carried 
to observe the effect of fast or ordinary running, switching, coupling, 
and other conditions in transit. 

CONDITIONS AT POINT OF ORIGIN. 

THE EGGS AND THE PACKAGE. 

In order to determine the soundness of the eggs which left the 
point of origin the investigators examined from 3 to 10 cases, taken 
at random from the stack of cased eggs which had been candled or 
clicked and were ready for shipment. The number and character 
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of the eggs with damaged shells were found by candling or clicking. 
Each egg was again placed in a new symmetrically made standard 
case, of gum, tupelo, or cottonwood, with new medium flats and fillers, © 

evenly cushioned on the bottom with excelsior, and on the top with 
excelsior or with corrugated board laid over the top flat. The cush- 
ions were thick enough to fill the space between the eggs and lid, 
and were so evenly distributed that the lid exerted an even pressure | 
over the whole top of the case. Five 3-penny, cement-coated nails to 

each joint were used in the experimental cases shipped. 
The character of the shell of each egg, the size of the egg, and its 

location in the case were charted on a diagram by means of which 
permanent records were kept of the condition of every egg under 
observation. The cracked eggs were not removed from the case to 
be shipped, but the location of each cracked egg was recorded. The 

cases were marked so that they might be identified only by the inves- 
tigators during the stowing or subsequent unloading of the car. A 
total of 5,490 dozen eggs examined in 12 packing houses during the 
first season showed that 19.22 eggs per case, or'5.34 per cent, were 
being shipped with shells lightly cracked or dented.t. Leakers were 

seldom found, and when found were removed. During the later 
work in 27 packing houses, when a total of 16.800 dozen eggs were 
examined, 5.47 per cent of eggs with unsound shells were found. 

This damage in cases of eggs as they leave the packing house is 

not the damage which is visible in the usual terminal inspection, as 

will be brought out more fully in the course of this report. It is- 

detected when eggs are shipped to storage warehouses for long hold- 

ing, and the condition of the cases is such that even those which do 
not show external damage must be rehandled and candled or clicked 
for cracks. Experiments on the,shipments of checks, to be given 

later (Table 4), will further elucidate this subject. The number of 
eggs with cracked and dented, but not leaking, shells observed during 

the investigation in the cases leaving the various packing houses is 
given in detail in Table 3. 

TRANSFER OF EGGS FROM PACKING HOUSE TO CAR. 

The experiments on which this report is based included the carry- 
ing of the cases by hand from the stack or chill room to the car, as 

well as their transfer from like locations by means of 2-wheeled + 
trucks, or. very rarely, 4-wheeled trucks. In one case, an autotruck 

carried the cases about 500 feet to the car. Usually wagons were 
used. The distance between the packing house and the car varied 

from the width of the loading platform to nearly a mile. 

1An experimental error of 1 to 2 eggs per case (0.28 to 0.56 per cent) should be 

allowed on all cases. It has not been found possible to rehandle 360 eggs without an 

occasional error. 

mt es nn p 
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STOWING THE LOAD. 

During the earlier part of the investigation, no suggestions were 

made regarding the manner of loading the cars, but records were 

kept in detail of the routine in each house, and the effect of the vari- 

ous practices on the safety of the eggs. The effect of such prac- 
tices as walking on cases, which materially increased top-layer 

breakage, and of rough handling given the cases as they were placed 
in the car, was evident at destination. The buffing of the cars, if 
any was used, and the manner of bracing were factors that showed 
even more plainly. The results obtained later in the work led the 

investigators to stow the load according to definite methods, and to 
make it as rigid as possible. 

PLACING CASES IN CAR. 

Ww thods are co sed 1 acing cases 1 re Ce Two methods are commonly used in placing cases in the car, 

namely, the “sfraight-joint” and “step” or “ broken-joint” loads. 

aaa || 

| 

Fic. 1.—Car loaded from side. Frame to enable cold air from bunkers to enter the car. 

Note crosswise cases at end of the load in alternating layers,:to give “step ”’ effect. 

In the first, a row of cases is set. across the end of the car at the 

bunker, and others are placed on top until the desired height is 

reached; a second row is placed in front of the first, built up to the 

desired height; and so on to the center of the car. The other end of 

the car is then stowed, and any extra space which remains in the 
middle of the car is filled with wooden braces or some other form of 
buffing. The second method, by which the cases are placed like 

bricks in a wall (fig. 1), almost invariably entails walking on the 
cases, which is likely to cause breakage in top layers. It also neces- 
sitates placing a few cases crosswise at the bunker. 

Primarily to avoid walking on the cases when making a step load, 
and incidentally providing many advantageous features, a few ship- 
pers have adopted what is termed the “ side-load ” method of placing 
eaves (fig. 1, and Pl. 1). This consists in placing a row‘ the entire 
leneth of the car against the far side, leaving the excess space at one 
or both bunker ends, as desired. A sufficient number of layers to 

+“ Rows” designate cases placed parallel to the side of the car. ‘Stacks’ indicate 

the cases across the width of the car. ‘‘ Layers”’ express the vertical stacking of cases, 
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give a load of the necessary height is placed on the first row. Then — 
a second row is begun, and the layers added just as in the case of the © 
first row. The building of rows is continued until the car is filled. 
The last row on the open-door side is built from both ends until a | 
space for a stack of single cases only remains in front of the door. , 
Any excess space in the width of the car is left on the loading side. ~ 
If it is more than 2 inches, a “2 by 4” of proper length should be 

wedged between ceiling and floor halfway between the door and the 
bunker in each end of the car, to guard against side shifting. The 
upright should not be nailed, mereiy wedged tightly. The buffing 
and bracing of such a load is described on pages 6 to 7. 

All these methods of placing cases were studied at the shipping 
point, and diagrams were made of the load as it appeared when fin- 
ished, that. accurate information might be available at the terminal. 

BUFFING THE LOAD WITH STRAW. 

During the early part of this work no attempt was made to alter 

the routine buffing used by different shippers. The results of the 
various ways of applying straw or wood was noted when the cars 
reached destination. The study was begun about the time a gen- 

eral interest Was awakened in straw buffing for bunker ends of 
cars, and to fill spaces when they occurred between the cases at the 

middle of the load. It was observed that there were almost as many 

ways of using straw as there were shippers sending cars so buffed. 
In many instances the straw was so loosely placed that it offered no 
resistance to the shifting load, which often showed twisting or even 
a complete overturning of the cases in transit. 

Loading cars from end to center, when placing cases with either 
straight joints or step joints, makes the ramming of the straw be- 
tween the load and the bunkers a difficult matter, even when the cases 
are freely walked over during the work. On the other hand, the 
method of loading from the side permits the operator to stand on 
the floor while placing the straw between the cases and the bunker. 
It is possible in the side-loading method to pack tightly, since the 
operator has the entire row of cases to push against as well as a free- 

dom of action not possible when he works over the tops of the cases, 
which is the more common practice (PI. IT). | 

The cost of straw for buffing is ordinarily from $2 to $3 per car. ~ 

Occasionally the price is so high as to be prohibitive. From 2 to 3_ 

bales of straw per car are required. 
Refrigeration in straw-buffed cars—tIt has been observed that 

many shippers who use straw for buffing against the bunker close 
the lower opening through which the cold air enters the car. The 

1The term applied to lumber cut 2 by 4 inches. 
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straw, if packed tightly enough to prevent the shifting of the load, 
greatly decreases refrigeration. In order to secure the benefit of the 

cold air from the bunkers (p. 25) and at the same time use straw as a 

buffing, a small frame was made from scantling, as shown in figure 2. 
It fitted closely across 
the car, was the height 

of an egg case, and just 
wide enough to go into 

the space not filled by ig. 2.—Frame placed in front of ice bunker to keep 
the egg cases. The lids rhe straw bamine from blocking the cold-air exit in 

, ‘ straw-buffed cars. 
of cases were laid on 

the frame to keep the straw from falling through, and on them the 
buffine was placed in the usual manner. As an additional means = 

of securing efficient refrigeration, one row of cases was omitted from 

the first layer, and the extra space divided into runways the entire 
leneth of the car. In this way it was possible for the cold air to 

> a 

circulate from bunker to bunker. The solid load above held the 

lower layer in place. 

BUFFING THE LOAD WITH WOODEN FRAMES. 

It has long been the custom of many shippers to fill the excess 
space in egg cars with some sort of wooden framework,’ known as 
“braces,” “racks,” or “frames” (fig. 3). Grain doors, where avail- 

Fig. 3.—A modern frame used as buffing to fill a large space in doorway of car. Built 

of 2 by 4’s made in2 sections with struts between. 

able, are also employed for this purpose. The underlying require- 
ment for the successful use of any of these devices is that the space 
shall be completely filled and the load in both ends of the car tight. 

In a comparatively small number of cases ready-made frames of 

some sort are obtainable. Even so, the supply is not always ade- 

1 For the purposes of this report, the filling of excess space in the car to prevent shift- 

ing of the load during railway travel will be called ‘ buffing,’ regardless of the kind of 

material used. 
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quate, for in the heavy shipping season a large number are required. 

At a much greater number of places ready-made frames have never 
been seen. Then the making of some such device devolves upon the 
shipper. He will find that 2- by 4-inch lumber is commonly the most 
satisfactory material. The frame must be very rigidly constructed, 

and must fit the space in the car that is to be filled. After the 
frames are placed in position, a wedge may be driven down between 
them to make them tight. The lumber needed to make such a frame 

costs from 30 cents to $2, depending upon the size of the space to be 
filled. 

BRACING THE LOAD.’ 

Bracing is not needed when the number of cases in the load or the 

size of the car is such that the top layer of cases completely fills 
the car from bunker to bunker. Very commonly, however, there is 

a shortage of cases on the top layer, so that it does not extend from 
end to end or to the middle buffer. | 

The preliminary survey of the industrial practices showed that 
many loads were self braced—that is, the weight and position of 
packages were depended upon to keep them from shifting or roam- 

ing free over the interior of the car. Another practice is to nail 
beams over or in front of cases to be braced, the lumber being usu- 
ally a 2- by 4-inch strip. These beams are nailed to the walls of 
the car, either directly or by way of blocks. Obviously, these nails 
ruin the insulation of the refrigerator car and almost always fail 
to hold the brace. The 2 by 4 is commonly placed with the 4-inch 

side vertical, making the strain come against the weakest. dimension 
and causing it to snap. The time and expense in procuring, adjust- 
ing, and fastening these braces is practically wasted: (p. 26). 

This unsatisfactory condition led to a search for an efficient, cheap. 
and simple brace. In response to the need, a brace consisting of two 

2 by +s (fig. +), so placed across the width of the car that the 

Fic. 4.—Brace of 2 by 4’s to be used under cases and placed across the car to prevent 

shifting to top layer. 

row of cases immediately in front of the incomplete top layer is 

raised about 2 inches (fig. 3), has been developed. If the strips 

are laid on the floor, the placing of the load must be accurately 
planned to make sure that they are in the proper position. If the 

1 For the purposes of this report, the term “ bracing ’’ will express the means by which 

a lesser number of cases than a full layer are prevented from roaming during transit. 
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Fic. 2.—STEP-JOINT LOAD, PLACED FROM THE SIDE. ii 
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Fic. 1.—STEP LOAD, PLACED FROM ENDS, CENTER SPACES FILLED WITH STRAW. 
WorRK UNUSUALLY WELL DONE. ! 

Fic. 2.—STEP LOAD, PLACED FROM ENDS. CONFUSION AT THE CENTER, AND SPACES 

LOOSELY FILLED WTH STRAW, 
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Fic. 1.—LATERAL BRACES UNDER ALTERNATE CASES, STEP-JOINT LOAD, 
PLACED FROM ENDS. 

Fic. 2.—LATERAL BRACES UNDER ALTERNATE CASES, STEP-JOINT LOAD, PLACED 
FROM THE SIDE, SHOWING BRACES: (VIEWED FROM Door.) 
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Fic. 1.—SLOW-RUNNING TRAIN. 
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Fic. 3.—YARD SHIFTING. 

SHOCKS TO EGGS IN TRANSIT, AS RECORDED BY THE IMPACTOGRAPH. 
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number of cases is indefinite, the strips may be laid under the desired 

row on the next to top layer, in which circumstance old case lids 

should be nailed from strip to strip, here and there, to insure their 
remaining parallel (fig. 5). 
A strip the entire width of the car is available when the end form 

of stowing is used in placing a_ step-joint 
load, and also when the load is of the straight- Se 

joint type. If the step load, placed from the C’~ — 

side, is to be braced, the same principle may be ae Pe ene Pop ke 
5 : ye- used under individ- 

employed by cutting 2 by 4’s into 11-inch ual eases in step-joint 
lengths (fig. 5), fastening them together with Ae enuront shitting 
old case lids, and putting one such brace under 

every other case on the row in front of that to be held in place 
(fig. 1). It will readily be seen that these lateral braces under the 

ends of the cases lend themselves to a great variety of puzzling situa- 

tions. A few of the most usual ways in which they have been found 
useful are shown in figures 1, 8, and 6, and Plate III. These illus- 

trations show cars stowed with straight- and broken-joint loads, in 

which the lateral braces under cases were used. If the method of 
side loading is used, the incomplete layer will extend the length, 

rather than the width, of the car. In this case the short braces, 

spaced by pieces of 

old case lids, as in 
the step-joint load 
(Cafes sleehool Vell, JUNO). 
are used. 

THE RAILROAD HAUL. 

It has been difficult 

to devise a method 

of recording the 
shocks incident to 

ordinary freight- 
Fic. 6.—Lateral braces under cases in a _ straight-joint i F 

load: lLayer.4, stack 3, contains only 4 cases. When train running and 

such incomplete stacks are to be braced, the strips un- handling as felt in 
Cc S ry 

der the cases must be in at least 2 sections. 
the carload of eggs. 

Several instruments termed “impactographs” have been devised, 
and these have been used in the egg car itself, as well as in the 
caboose which the investigators occupied in accompanying the car- 

load of eggs under observation from origin to destination. A num- 
ber of records, having the same general character as those shown in 

43010°—Bull. 664—18 2 
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Plate IV, have been obtained, but it has not yet been possible to 
assign to the tracings any accurate value in pounds pressure or 

other standard expression of force. To observe the working of 
the impactographs the investigators rode in freight cars with the. 
machines and watched the records they made, noting by actual ob- 

servation the relation between the character of the record of train 
movement and the condition of the eggs in the cases. Plate IV 
indicates that the shocks incident to yard shifting are much greater 
than those due to lurching and air brakes while running, even when 
the speed of a train of 60 cars reaches 45 miles an hour. 

A very large amount of damage is caused because the packages 
get wet, especially those on the floor of the car. <A wet filler affords 
practically no protection to the eggs. A wet floor is generally caused 
by faulty bunkers or clogged drains, due to dirt from the ice, or 
failure to remove the slime from the bunker. Observations made 
during one season showed that 38 per cent of all the egg cars ex- 
amined were more or less damaged by water. Much, if not all, of 

this damage can be prevented by washing the ice more carefully 

befor it is placed in the bunkers, especially where natural ice, which 
has been packed in sawdust, is used. Too often the so-called wash- 
ing merely pushes the sawdust around to the lower side of the cake 
of ice, so that it eventually enters the bunker. 

CONDITIONS AT THE TERMINAL. 

The 39 terminals at which shipments were received and observa- 
tions made included freight houses on Manhattan Island, station 
piers,t to which the cars had been transferred by ferry, private ware- 
houses, and the railroad yards of Philadelphia, Boston, and other 
cities east of Buffalo and Pittsburgh. A freight train upon arrival 
at destination is broken up into groups or strings of cars, which are 

shunted and shifted by yard engines in classifying them for delivery 
to the receivers. The receiving freight yard is usually a large one, 
and is generally located at some distance from the actual unloading 
terminus. The cars may have to pass through minor yards before 

they reach their proper station. The delivery is made at one of four 
receiving locations, namely, a freight house, a freight yard, a sta- 
tion pier, or a private warehouse or siding. A brief description of 
each form of terminal follows, and the general method of handling 
is indicated. 

Freight houses are usually located near the point of commercial 
activity. They serve the purpose of inbound and outbound freight. 

Some have separate tracks and platforms for each, but often the same 

1Droege, John A. Freight Terminals and Trains. (1912.) McGraw Hill Book Co., 

London. 
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tracks are used for inbound and outbound traffic. A car delivered at 
the station is unloaded by employees of the railroad, in gangs of such 

number that they may work rapidly without interference in going 
in and out of the car. In nearly every instance, as soon as the doors 
are opened, the cars are examined by an inspector, who notes and 
reports the condition of the load. The method ordinarily pursued in 

unloading egg cases is to use a 2-wheeled truck with 3 or 4 cases to 
the truck load. Three cases to the load were seen more often than 4. 

The cases were trucked to a designated section of the house, where 

the consignment was placed in stacks, usually 5 cases high. At the 
freight houses of one prominent railroad all cases of eggs have been 

handled by hand for a number of years, each case being carried out 
from the car to the stack by a man. All freight gangs are managed 
by a general foreman and numerous subforemen. 

In a freight yard, where freight is delivered, the car tracks are 
usually arranged in pairs with driveways between to allow delivery 
from either track direct to wagons or trucks. The handling in fregiht 
yards is usually done by employees of the consignee. 
A station pier is a water-front terminal, and contains no railroad 

tracks. It is usually a long pier, 600 or more feet, extending out into 
the harbor, with doors along both sides to facilitate delivery from 
the cars, which are on a boat, barge, or float tied up to the pier. 
Cars intended for such a station are loaded on huge floats (Pl. V, 
fig. 1), formerly made of wood, but now usually all steel. The floats 
hold from 12 to 24 cars, with an equal number on either side. When 
the float is to receive cars it is fastened to a transfer slip, an adjust- 
able bridge capable of being raised or lowered. This operation, which 
requires most careful handling, is accomplished without any notice- 
able jolt or jar, so that damage at this point is rare. The floats are 
conveyed by a tug from the slip to the pier, to the side of which they 
are fastened securely, to await unloading (PI. V, fig. 2). The han- 
dling on the station pier is similar to that at freight houses. In a 
tide-water port, such as New York City, the gangway from the float 
to the pier has varying inclines, depending upon the tide at the time 
of delivery (Pl. VI, fig. 1). When the incline is fairly steep, a buffer 
of sand is used at the end of the plank on the pier to retard the speed 
of the truck. While the incline is a hazard, loss on this account is 

unusual. At high tide, egg cases may be delivered from the car on 
the float to the pier by means of a sliding chute (PI. VI, fig. 2). The 
goods are stacked along both sides of the station pier, leaving a drive- 
way down the center. 
The private sidings at which the investigators worked were numer- 

ous and varied. Sometimes the cases were delivered at the side- 
walk in front of a commission house, and conveyed on 4-wheeled 
trucks to the house. At other places the cases were conveyed from 
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a platform on trucks through long tunnels to private warehouses. 
In some instances the unloading was direct from the car on the 
same level as the house. This was especially true at platforms of 
cold-storage warehouses. Some of the warehouses used 4-wheeled 
trucks exclusively, while others used both 2-wheeled and 4-wheeled 
trucks. In one place, delivery was made direct from the cars on the 
float to a private warehouse. Whatever the manner of unloading 

happened to be, the experimental cases received exactly the same 
treatment as the other cases in the shipment. 

Eggs received at various terminals in experimental shipments were 

examined individually, and charted on a diagram similar to that 
used by the investigators at the point of origin. A comparison of 
the two diagrams showed at a glance the damage which had occurred 
during transit to each individual egg in the case. 

RESULTS OF THE INVESTIGATION. 

FACTORS CONTRIBUTING TO TRANSIT DAMAGE. 

A study of the conditions surrounding the transportation of eggs 
leads to the conclusion that the damage referable to transit may be re- 
duced to less than 1 per cent, provided the eggs are’shipped in ear- 
lots, packed in good, well-made, standard cases, with new medium 

or heavier fillers and flats, with properly placed and suitable cushions 
at top and bottom, and with cases tightly stowed and efficiently 
braced in the car. As a rule the average well-packed, well-handled 
carlot shipment shows a damage of less than 2 per cent. 

TABLE 1.—Damage in transit to eggs in well-stowed cars. 

Experi- | Damaged} Experi- | Damaged 
ment | eggs per ment | eggs per 
No. case. No. per case. 

5117 2.0 5114 3.5 
5118 Sh 5126 3.5 
5120 3.0 5131 345 
5121 1.5 5139 4.0 
5122 2.0 5150 4.5 
5124 2.0 5154 5.0 
5127 250 5171 4.0 
5129 4.5 5173 220) 
5130 3.0 5177 4.0 
5132 5.0 5181 BoD 
5135 3.0 5137 4.0 
5104 3.0 5105 | 4.0 

| 5172 5.0 5145 3D 

Table 1 shows the damage observed in some cars which, well 

stowed, buffed with either straw or wood, and well braced, traveled 
without any shifting of the load; all were handled during transit 
according to the usual railroad routine. Viewed from the aspect of 

eggs per case, the number is small. Viewed in the light of the egg 

trade in the United States, the damage is still sufficiently great to 
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rarrant its analysis and further efforts to reduce it. Viewed with 
the remembrance of the much greater amount of damage constantly 
visible wherever egg cars are unloaded, it seems highly desirable to 

discuss and weigh the routine of handling, stowing, bracing, and 
transporting by which the damage was kept down to the figures 

given in Table 1. 
An analysis of the factors contributing to transit damage shows 

that it is principally affected by: 
(1) The size of the egg. 

(2) The soundness of the eggshell. 
(3) The character of the package. 
(4) The position of the egg in the package. 
(5) The position of the case in the car. 
(6) The character of the buffing and bracing of the load. 
(7) The construction of the car. 

(8) Shocks during the haul. 
(9) Handling at the terminal. 

THE SIZE OF THE EGG. 

The relative safety during transportation of eggs which exactly fit 
the cells of the fillers as they are now made (1.75 by 2.25 inches), as 
compared with eggs which are too long, too short, and too narrow, is 

shown in Table 2. 

TABLE 2.—Damage in transit to long, short, narrow, and well-fitting eggs. 

Indi- : ; 
Condition at packing house. vidual Begs damaged Pe: 

eggs. ransit. 

Number.| Number. | Per cent. 
LT) ifey COLG es a e sane ta Cayo nec 33, 626 639 1.90 
LOTR SIS Gee See sede cone eee FGA IE SEE SOMERS Se ret re re alte eee 323 12 oval 
SU os odo s eet Sete a aie Ree Res ase es le ape a ip a ee 1,170 11 94 
DSTO cow seeks She SS Ree Oe Fee a ne a ee ee 467 Ul 1.49 

The eggs which are too long for the fillers are, of course, most 
subject to injury. The study indicates that 18 per cent of the eggs 
marketed in northern Missouri were longer than the cells. More 

than 2 per cent were inch or more above the top of the cell (fig. 7). 
The proportion of large eggs would probably increase in some dis- 
tricts; where production has been placed on a more scientific basis, 
and decrease in others, where low-grade stock still predominates. 

The eggs which are too large for the diameter of the filler press 
the walls outward, and secure sufficient space from the cells contain- 
ing narrow eggs; for the eggs which are too long there is no such 

relief, and their liability to damage is nearly twice that of the well- 
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fitting egg, even when, as in these experiments, care was taken to 
slant the egg into the most advantageous position. Figure 8 indi- 
cates the frequency of the occurrence of extra wide eggs. 

0 20 40 GO SO 700 
Fic. 7.—Relation of length of eggs to depth of fillers. Measurements made from 2,100 eggs, 

THE SOUNDNESS OF THE EGGSHELL. 

The number of eggs showing damage to the shell before shipment 

is given in Table 3. The presence of an average of 19 cracked eggs to 
the case, as it leaves the hands of the shipper, might lead to the in- 
ference that these eggs would be a fertile field for further and more 

Width of Filler Cells 1.78 itr. 

19.1 fo 

0 Nae 40 60 &0 /00 

Fic. 8.—Relation of width of eggs to width of filler cells. Measurements made from 

2,100 eggs. 
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serious damage during transit. It should be remembered, however, 
that these 19 eggs per case as they leave the shipper are not damaged 

to such an extent that they are detected in the usual terminal inspec- 
tion, unless the inspection includes candling or clicking. 

TABLE 3.—Number of eggs with shells damaged before loading in car. 

Number of eggs per case. ° 

ber of Cracked Dent d Teaved re i racked. ents. amage 
Packing house No. Sark: [ahelarh Total | eggs per 

ments. | average | Case. 
Maxi- Mini- Aver- | Maxi- Mini- Aver- | damaged. 
mum mum age mum mum age 

Per cent. 
Ra ike ee tre 6 20. 75 3. 38 15. 92 28. 85 0. 50 11. 56 27.4 7. 64 
LLC SR Ra ae 1 10. 37 10. 37 10. 37 3. 88 3. 88 3. 88 14. 25 3. 96 
LLU Ss See eae ee 10 21.90 6.37 14-11 6. 50 ~20 2. 56 16. 67 4. 63 
Nee OT a BL No his De | ee alevecnioe ic lsestaccaet 2. 00 2. 00 2. 00 2. 00 56 
atic Soces ee ie 15 18. 00 4. 33 10. 00 12. 67 3. 00 8.11 18. il 5. 03 
Ni St) PE eee 7 17. 00 8. 67 11. 60 10. 00 5. 67 8.14 19. 74 5. 49 
WOU eae ee aa 11 230K 11. 25 19. 30 8. 63 . 63 3. 85 2305 6. 43 
VLE BTS eae a eae eine 8 23. 60 16. 75 19. 48 5. 00 Stts 2.45 21. 93 6. 09 
LOC a ee ene a 1 19.10) _ 19.10 19.10 1.00 1.00 1.00 20. 10 5. 59 
DSO See ee ea 1 10. 50 10. 50 10. 50 . 63 . 63 - 63 11.13 3.09 
pes 2! Fe, on fe 1 10. 75 10. 75 10. 75 ~15 A705) 75 11. 50 3. 20 
NT eS eee 2 8. 75 8. 25 8. 50 5h) B20 50 9. 00 2. 50 
NOT ee ea Sey. Se 1 15 7B 12.75 12.75 2. 25 Dao 2.25 15. 00 4.17 
2G ee eae 1 12. 25 12.25 12. 25 -19 5 (05) .75 13. 00 3. 61 
Beat skeet orl 3 8 20. 40 | 8. 67 14. 80 GX00r ae Ree es 2.85 17.65 4. 90 
2 ON a eae 2 23. 00 15. 50 19. 25 1.50 1.25 1.38 20. 63 7B 
= ES Se 8 23. 00 8. 88 17.10 . 88 . 29 -O7 17. 67 4.91 
os WL hel eta at 7 23. 00 Bi) 15. 00 ReHOillentocaaee 1.76 16. 76 4.65 
PRONG aed es 3 30.9 29.1 27.03 3. 38 io 2.46 29.49 8. 20 
BON ne et ee 1 1. 90 1.90 1.90 2.00 2. 00 2.00 3.90 1. 08 
2 Ee I ne 2 34. 50 23. 60 29. 05 3.12 2. 00 2. 56 31. 61 8. 78 
PROXGM a Se 1 207082205 70 20. 70 4.75 4.75 4.75 25. 45 7.07 
20) ee 1 18.30 | 18.30 18. 30 3. 63 3. 63 3. 63 21.93 6. 08 
BROXGIIV (ps are 1 4.00 4, 00 4. 00 19. 67 19. 67 19. 67 23. 67 6. 58 
XOXO ors kS seca se 3 17. 67 | 6. 00 13.78 15. 30 6. 67 9.88 22. 66 6. 30 
PXOXGW AT Fi hess soaks ie. 5 16. 00 5. 67 9. 73 19. 67 6. 33 15. 20 24. 93 6. 92 
SOTA DSS oe See 20 16. 00 7.33 12. 70 13. 00 75 4.50 17. 20 4.78 
NOON AU 0 Eee eee ee 8 17. 67 8. 00 12. 50 8. 67 .38 3. 74 16. 24 4. 50 
NG Dea ay Sia 1 6. 00 6. 00 6. 00 5. 00 5. 00 5. 00 11.00 3. 06 
BROKENG oe Ema 9 26. 40 5. 00 16. 20 DAOMpl ea ete ae -96 17.16 4,78 
OO" UES pen Sees 1 4, 33 4, 33 4,33 | BO FOd . 67 5. 00 1.39 

All packing houses 147 BAOO Nears oe MGR GIss ||) Meh CH) jledosaecee 4. 03 19.41 — 5.39 
| | 

To determine the extent of the damage when the lightly cracked 
or dented eggs were well packed and well stowed, a comparison was 

made of the injury to sound and unsound eggs. The results are 
given in Table 4. 

TABLE 4— Damage in transit to sound and unsound eggs. 

Individ- | Eggs damaged in Condition at packing house. ual eggs iranisit 

Number. | Number. | Per cen’, 
RE HONS EOL Sere eye ne ee ort haps eho No Se eee ee 76, 386 1, 162 Hef 
PEE asec Se eae cent Sears ol SR tee nee ee an 4, 368 125 2. 88 
Sst oecec 8 GE Seka E ee ee ae Se Se a 972 22 2.37 

Little difference is shown between the amount of injury to checks 
and that to dents, when the shell membranes are not broken. There 
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is. however, a distinct difference, approximately 1.1 per cent, between 
the sound and the unsound eggs. This figure, applied to case lots of 

unsound eggs, shows an additional damage having a commercial im- 

portance. Applied, however, to the case of rehandled eggs as com- 

monly put up by the shipper, containing 19 with unsound shells, it 
amounts to only 0.2 egg per case, a neghgible number. Apparently, 
then, the matter of the 19 cracked eggs, as found in the well packed 
standard package, becomes an economic question of keeping quality 

in cold storage and of marketing, not of transportation damage. 

THE CHARACTER OF THE PACKAGE. 

Strength of cases.—In the course of this investigation the standard 
egg package was subjected to various tests? to determine the relative 

strength of the three kinds of wood (gum, tupelo, and cottonwood) 

commonly used, the number of nails needed, the manner in which the 
cases failed when subjected to evenly exerted pressures, and to obtain 
other data bearing on the subject. A summary of results, the details 

of which are too lengthy to be included here, is presented in this 
bulletin. Table 5 gives the average number of pounds of evenly 
applied pressure which the different cases withstood before they 
failed or became crushed. 

TABLE 5.—Analysis of strength of egg cases. 

Strength. 

Material. Type. ; Weight. 

f | Diagonal. ue Ls Pie Vertical. 

Pounds. | Pounds. Pounds. | Pounds. Pounds. 
GationwGod oto es eee 1a CAN ee | 5nails......_.. 590 2,214 9,810} 20,343 7. 25 
Radler nl sh. s Pe og ee done ae 567 2110| 13.629} 21,257 8. 89 
SRIDOLG see ee ee 5 ee) ed 1s ewe 0.2 en 687 1,914 12,143 | 20, 294 8. 24 

| | | | 

In spite of greater weight, the gum and tupelo cases offer no addi- 
tional strength as compared with cottonwood. On the other hand, 

cottonwood presents certain advantages in that it is softer and 
odorless, and does not warp or crack as readily as the other woods. 
The results given in Table 5 are based on cases made up with 5 

cement-coated 3-penny nails at each corner of the sides and bot- 
tom and at the center partition. If only 4 cement-coated nails are 
used the package is weakened: this was also the case with smooth 
nails, even when 5 were used. The use of 6 cement-coated 5-penny 

nails slightly increases the rigidity of the case, an important fea-_ 
ture in safe transportation, since distortion of the case soon causes 
breakage. The same added rigidity is noticed when wire binding 
is used around the sides and bottom of the case at the ends; likewise 

when the lid is nailed in the center. . 

1The tests were made in cooperation with the Forest Products Laboratory, of the [Bilger st 

Department of Agriculture, and the Bureau of Standards, of the U. S. Department of 

Commerce. 
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Fia. 1.—FLOATS CROSSING NORTH RIVER TO NEW YorRK CITY. 

“eigen ll ian 

Fia. 2.—FLOATS FASTENED TO THE PieER, NEw YorK CITY. 

PLATE V. 



PLATE VI. 

Fia. 1.—HIGH TIDE AT A STATION PIER. 

FiG. 2.—UNLOADING AT A PIER THROUGH A CHUTE. 

Bul. 664, U. S. Dept. of Agriculture. 
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Fia. 1.—EXCELSIOR WELL PLACED. 

Fic. 2.—EXcCELSIOR BADLY PLACED. 
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Fic. 2.—CONGESTION AT A STATION PIER. 

PLATE VIII. 
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Strength of fillers —The strength of various grades of strawboard 
fillers on the market was accurately measured in compression ma- 

chines, and, as indicated in Table 6, it varies with their respective 
weights. 

TABLE 6.—Crushing strength of fillers. 

Crushing | Strength 
Prade name. Weight per sct. 'strength.| of tips. 

Pounds. | Ounces. | Pounds. | Pounds. 
ING) Tae ane ak SL al ae oS Sa Se eT ee 3 12 685 57 
Ss. porehap aOR SS De rs ak ae ee 3 6 595 42 
Wy COUh aL. 5 Ser eo ae oe eg A 2) a 3 3 471 38 

Oh 2 egal es ue ee eee eS ne ea re a, Se 2 8 | 325 36 

The strength of the tips of the fillers was cbtained by subject- 
ing them to pressure in a like manner. The close relationship be- 
tween filler tips and damaged eggs is seen throughout this investiga- 
tion. It has been observed in field work, and amply proven in the 
laboratory. For example, the effect of measured blows delivered 
in a definite way against the end of the case did not wreck the shell 

of the egg until the tips of the fillers were bent so that the sides of 

the strawboard cell came in contact with the wood of the case. The 
tips of the so-called No. 1 fillers -were found to protect the eggs on 
the ends from becoming leakers more effectively than 3-pound or 
medium fillers, but heavy shocks were observed to cause a light 
eracking before these heavy tips failed. 

Fic. 9.—Longitudinal and transverse sections of an egg filler. 

The strips which form the cell walls of an egg filler are solid (B) 
on one side and slit (A) on the other (fig. 9). When the filler is com- 

pleted, half of the solid sides are upward in the filler, and the other 
half, running in a transverse direction, are downward. Added safety 
is gained by placing the upper solid side next to the end and center 
board of the case, as this prevents the egg from toppling over against 
the wood. 
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The increased protection afforded by strictly new, as compared 
with old, fillers is strikingly brought out in the laboratory tests, as 
well as under practical conditions. Of course, there is a wide varia- 

tion in old fillers, if all fillers which have been used are so designated. 
Taking fillers which are distinctly defective, in having some bent 

and more or less softened tips, the damage is frequently five times 

that in new fillers. For example, 99 foot-pounds of energy de- 
livered in the form of two blows, evenly distributed over the end of 
a case having 6 inches of sliding room, crushed 6.5 per cent of the 
eggs in old fillers, while the same treatment crushed only 1 per cent 
of the eggs packed in perfectly new fillers. Such results indicate 
that much stress should be laid upon the importance of new fillers 
in the safe shipping of eggs. 

Top and bottom cushions—The quarter filler recently ponent into 
use as a cushion in the bottom of the egg case will support an evenly 
applied weight of 900 pounds, which is amply adequate to carry the 
load to which it is subjected. It provides a perfectly even cushion, 
another essential in securing safe transportation of eggs. If the 

bottom of the case becomes wet, this quarter filler is likely to 
flatten out, ceasing to act as a cushion. When excelsior is used as a 
bottom cushion it must be plentiful and evenly distributed, and a 
flat must always be laid over it before inserting the first filler. A 
comparison of the efficiency of corrugated flats and properly ap- 
plied excelsior as a cushion in the top of egg cases showed that they 
afforded practically the same protection. Excelsior must be laid 
evenly over the top flat, and must be sufficient to fill the space in the 
top of the case, but not enough to cause a bulging of the lid. In no 

case should a wad of excelsior be placed on the center of the top 

flataCel Vil): 

THE POSITION OF THE EGG IN THE PACKAGE, 

Practical experience has shown that damage to the eggshell is 
more common in the rows next to the ends and center and in the top 

layer than in those deeper in the case. The relative safety of the 
different rows is seen from the data given in Table 7. 

TABLE 7.—Damage in different rows in the case. 

| Section of case. 

Description of cars. 
Second | Third 
TOW. TOW. Center. 

End. 

Per cent. | Per cent.| Per cent.| Per cent. 
39 1.04 .97 

Poorly loaded....<. ac0 dss ee ee ee, eee 9.95 2.04 1.73 1.46 



BREAKAGE OF RGGS IN TRANSIT. 19 

The center partition may be considered to form one end of the case. 
When a shock is received on the end of the case, it is transmitted to 

the eggs through the filler tips, if they are not bent, or through the 
walls of the cell, forcing the entire 15 dozen eggs back against the 
center board, where, again, the tips of the fillers are called upon to 

afford protection. If the tips fail, the eggs come into sharp con- 
tact with the case itself, and damage results. The extent of the 
damage at the center board is less than at the end of the case, due 
probably to the absorption of a certain amount of the shock by the 
packing and load of the case. 

It will be observed, that cars which were not well loaded show a . 

greater amount of damage in each row, but that a difference be- 
tween the end and the center board is maintained. Experimental 
observations in the testing laboratory have fully confirmed the rec- 
ords of the experimental shipments. The damage occurring in the 
different layers of the case is summarized in Table 8. 

TABLE 8.—Damage in various layers in the case. 

Layer. 

Description of cars. 

Top. Second. | Third. | Fourth. | Fifth. 

Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 
c 1.41 isalal i: Is ilit 0.84 1.05 

NVOO GUO Oates eee mre ee Pt a ee 2.46 eo 1.42 1.10 1.04 
eo wd hy leate eal: SSN Ges | Ghee Bare ee eee ea eee 3.06 1.91 1.39 1.50 1.87 

Many factors may contribute to increase the breakage in the top 
layer. Among them are walking on cases or climbing over them, an 
inadequate cushion, or the throwing of the eggs against the lid of 

the case during severe jolts. Experimental work in the testing 
laboratory indicated that the damage in the top layer caused by 
definitely administered shocks on the end of the case amounted to 
approximately 40 per cent of the total damage in the whole case. 

It is of interest to observe in Table 8 that damage, unless almost 
negligible, as in straw-buffed, well loaded cars, is approximately 
twice as heavy in the top layer as in any of the lower layers. 

The question of buffing in the ends of the cases was also studied 
in the testing laboratory. If the center partition is properly placed, 

and the fillers and flats fit the cases, excelsior wads, corrugated flats. 
or other buffing is not needed, and does not afford additional pro- 
tection. Improperly placed center boards or fillers that are either 
too large or too small are a prolific source of damage, and buffing in 
the ends of the cases can not be relied upon to afford adequate pro- 
tection. 
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THE POSITION OF THE-.CASE IN THE CAR. 

The data on the damage to the eggs, due to the part of the car 

in which the case is placed, are given in Table 9. These data are com- 
piled for well and poorly loaded cars, and for both straw- and wood- 
buffed cars. In the straw-buffed cars, as the distance from the straw 

buffing increases, there is a slight but definite increase in breakage, 
amounting to about 1 egg per case. Although this increase is not 

visible inthe wood-buffed loads, the total breakage with this form 
of buffing is slightly higher. Regardless of their position the rows 

show a uniform tendency toward an increased damage along the 
sides of the cars, becoming progressively less toward the center line. 
The layers of cases show no consistent tendency toward increased 
damage in any definite locality. 

TABLE 9.—Transit damage to eggs in different parts of the car. 

Stacks. 

Description of car. oo loOO0 CO | 

First. Seeond. | Third. | Fourth. Fifth. Sixth. | Seventh. 

Per cent.| Per cent.| Per cent.| Per cent. | Per cent.| Per cent. | Per cent. 
Sitrawwa tie dee eta seer a= 0.69 0.88 0.73 0.90 0.84 0.90 1.06 
Wioodtbutied saree seem see ee 1.18 1.32 1.52 1.36 1.82 1D 1.08 
Poorly loaded: == = 2 =e ae-~-25ce 2.08 1.07 162).|: aoe 88 1.72 2.40 

Rows. Layers. 

Description of car. 

Side wall.| Second. | Third. | Fourth. | Bottom.} Second. | Third. | Fourth. 

Per cent.| Per cent. Per cent. | Per cent.| Per cent.| Per cent.| Per cent. | Per cent. 
Straw buffed-.......- 0.84 0.90 0.84 0.84 0.75 | 1.00 0.75 0.84 
Wood buffed..-....-- 1.60 1.36 1.32 1.28 1.24 1.07 1.25 1.90 
Poorly loaded.......: 1.68 1.60 1.50 1.40 1.50 1.40 1.94 1.18 

THE CHARACTER OF THE BUFFING AND BRACING OF THE LOAD. 

A correlation of the character of the stowing of the load at the 
point of origin and its effect on the amount of damage to the eggs 
apparent at destination scon convinced the investigators that a re- 

vision of many common practices must occur before any noteworthy 
improvement in the condivion of the eggs at the market center could 

be expected. 

The experiments here reported indicate that the load of egg cases 
must be a solid unit in the car, fitting in so tightly that not an inch 
of play is available, and its rigidity must be entirely independent of 

braces nailed to any part of the car. How such stowing and bracing 
can be readily and cheaply done is told on pages 5 to 9 of this re- 
port. Of all the various factors entering into the breakage of eggs 
during transportation, the placing of the load in the car and the 
maintenance of its rigidity during transit are the most important. 
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The damage in a number of cars, typifying good bracing, buffing, 
- and stowing, is shown in Table 1. Table 10 shows the damage in 

some individual cars which were not stowed tightly enough to pre- 
vent a certain amount of shifting. In these cars, the shifting of the 
load was plainly visible on arrival at destination, and even before that 
time they had been classed as “ poorly loaded” by the investigators 
in the producing territory. In no case, however, were these cars 

comparable with those known commercially as “in bad order,” and 
none of them contained cases stained on the outside by liquid egg. 
In the language of the trade, there was no “ visible damage.” They 
are given here to illustrate how rapidly damage increases after the 
occurrence of a noticeable shifting, not as examples of the amount 
of damage often seen in cars commercially loaded. 

TABLE 10.—Damage in transit due to poorly stowed cars. 

a : Damaged ID ba Damaged 
i xperi- ‘ = xperi- i 

ges per F eggs per 
ment-No. easel ment No. Sh. 

5111 doi 5141 9.0 
5161 8.0 5180 9.5 
5106 6.5 5107 7.0 
5156 Il 65) 5165 9.5 
5176 14.5 5186 He) 

A comparative study of the step-joint and straight-joint loads in- 

dicates that, all other conditions being equal, one is as efficient as the 
other, in so far as the safety of the eggs is concerned. Table 11 
gives the damage in typical cars, when both forms of placing the 

cases were used, and when the buffing and bracing prevented the 
shifting of the cases during transit shocks. 

TABLE 11.—The relative damage in step-joint and straight-joint loads. 

Step-joint loads. Straight-joint loads. 

‘ Damaged - |Damaged 
Experi- eye Experi- mare 
ment No. sees ment No. See os 

5122 2.0 5121 165) 
5126 3.5 5124 2.0 
5130 3.0 5114 3.5 
5137 4.0 5117 2.0 
5127 2.5 5118 3.5 
5135 3.0 5120 3.0 
51381 3.5 5129 4.5 
5150 4.5 5139 4.0 
5116 Dao 5171 4.0 
5115 3.0 5173 2.0 

| 

During the early part of the investigation it was observed that 

while many step-joint loads showed damage at destination, they were 
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invariably so stowed that shifting of the load had occurred during 
transit. Later on, when the investigators saw to it that the load was 
rigid, the results given in Table 11 were obtained. When shifting 
in this load does take place the three crosswise cases on alternate 

layers at the bunker are likely to fall down into the space, not only 
becoming crushed themselves but by grinding injuring other cases. 

The rigidity of the load depends largely upon the character of the 
buffing and the manner in which it is placed in the car; hence it 

assumes an important role in preventing damage. The methods 
used by the investigators, in order to make observations upon loads 

buffed with either straw or wood (pp. 6 and 7), emphasize the neces- 
sity of packing the buffing so tightly that shifting can not take 
place. Unfortunately many shippers have failed to realize the easily 
compressible character of straw, to which fact is due much of the 
damage prevailing in straw-buffed cars (Pl. VIII, fig. 1). For 
example, out of 27 straw-buffed carlots studied during the early 
part of the investigation 18 showed serious damage or displaced cases 
on arrival at destination, simply because the straw had not been 

packed tightly enough. 
During the survey of commercial practices made in the early part 

of this investigation it was observed that a relatively large number 
of carloads of eggs buffed with wooden frames arrived at destination 
in good condition. This was because the load was tighter and had 
shifted little, if at all, as it did when loosely buffed with straw. 

Observations were made on a number of carlots that had been 
packed with straw at the bunkers, and the load then made tight by 
frames at the middle. These also commonly arrived in good order. 
A comparison of the damage observed in well stowed cars, buffed 

with straw, with that in well stowed cars, buffed with wood, shows 
a small margin (about 1.5 eggs per case) in favor of the straw, as 
may be seen by comparing the typical shipments listed in Table 12. 

TABLE 12.—Comparison of damage in straw- and wood-buffed cars. 

Straw-buffed cars. W ood-buffed ears. 

D d ie d Experi- BUmeeG Hixperi- aeEe 
= eggs per eggs per 

ment No. eer ment No. ERG, 

5130 3.0 - | 5102 5.5 
5118 3.5 5103 6.5 
5120 3.0 5104 3.0 
5132 5.0 5105 4.0 
5181 3.5 5140 6.0 
5173 2.0 5146 3.5 
5127 2.5 5148 5.0 
5129 4.5 5172 5. 0 

The amount of damage given in Table 12 is, of course, the average 
for all parts of the car. Reference to the discussion of the damage 



BREAKAGE OF EGGS IN TRANSIT. ye 

in different parts of the car shows that the extra protection afforded 
by straw is largely distributed over the rows close to the straw, 
where apparently it visibly reduces the number of eggs broken. In 

the rows toward the middle of the car both forms of buffing, so long 
as the load is tight, are equally efficient. 

4 

eS 
nS 

Fic. 10.—Rate of cooling of eggs in refrigerated storage room. 

The effect of straw buffing on the temperatures maintained in 
refrigerator cars is too important to‘be omitted in a discussion of its 
relative value in the saving of waste in eggs. It is difficult to chill 
eggs packed in cases even when conditions are favorable. Figure 10 



24 BULLETIN 664, U. S. DEPARTMENT OF AGRICULTURE. ee 

shows that in a mechanically refrigerated room about 72 hours were 

required to reduce the eggs in the center of the package from an 

6/' -Slefiz 
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Fie. 11.—Rate of cooling of cggs in a refrigerator car. 

eS ee | 
entering temperature of 87° F. to 32° F., or the temperature of the 
room. Chilling in a good refrigerator car is, of necessity, a much 

slower process, as is illustrated in figure 11, which shows that 4.5 
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days were required to-reduce the eggs from 73°F. to the tempera- 

ture of the car, approximately 45° F. On the other hand, the main- 

tenance of the desired temperature in pirecooled eggs 1s compara- 

tively simple (fig. 11), experiments having shown that eggs reduced 

to a temperature of approximately 45° F. before loading maintained 

that temperature throughout the haul. The placing of straw buffing 

pe ATT OPVLEFYC TESUPLIPATOURES 
Boa OG 6E G6. EF. 76 ID IOI I 

PTT TT: 
fant aR 75 

— 

DAY \WCA7| QDAr 
ecu ee ans 

2 7A <6 FE§ 59 62 7A SE GSS /10 EE 1394 
Fig. 12.—Car temperatures with open straw buffing and closed straw buffing. 

g. NM/G/17 | DAF: \W/IGH 7 
G [CASS | 

from the top of the load to the floor of the car prevents the exit of 
cold air from the bunkers. To determine the extent of the loss of 
refrigeration under such conditions, temperatures were taken 

throughout the haul by means of electrical thermometers in cars 
having solid buffing at one end and a frame supporting the straw 



26 BULLETIN 664, U. S. DEPARTMENT OF AGRICULTURE. 

(p. 7) at the other. The results are shown in figure 12, which indi- 
cates that approximately 50 per cent of the refrigeration available 
is lost by buffing solidly to the floor. During the early spring, when — 
the weather is cool, this loss of refrigeration is not serious. When | 
shipments are made in warm weather, however, it is a question which 

must be considered. The straw buffing, properly applied, may save 
damage to the shell of an egg or two per case, but if it permits of 
unchecked deterioration from heat it is of very doubtful economic 
value. Under warm weather conditions the shipper should consider 

the’ relative advantages of the small frame described in this report 
or of wood buffing. 

If the load is to be a solid unit in the car, the form of brace to be 

used, in case the layers are not complete throughout, becomes an 

important matter. The mere weight of the cases in an incomplete 

top layer is not sufficient to keep them in place. In 16 of 36 such 
loads traced to the market serious damage occurred. Failure to 

brace an incomplete top layer, especially in mixed cars, is a frequent 
source of serious damage. A roaming case is not only damaged 

itself, but it damages other cases. The scantling braces nailed to 
the walls of the car seldom arrive in place. They should never be 
used. The most satisfactory braces found up to the present time are 

those described on page 8. It is readily seen that, if the load is to 
be a solid unit inside the car, the braces must be a part of the load 

itself, and must in no wise depend upon the car for resistance or 
strength. Nailed braces are a part of the car, not a part of the load. 

THE CONSTRUCTION OF THE CAR. 

Observations during yard shifting showed that freight cars hav- 
ing steel underframe construction do not react to shocks in the same 
way as do those having wooden underframes. Cars with wooden 

underframes give under impacts in such wise that the load receives _ 
less of a jolt than that in the steel-framed car. There is a slight in- | 
crease in damage to eggshells when carried in steel underframe cars, — | 
all other conditions being equal, as shown in Table 13. This tendency 
is visible whether the load is buffed with wood or straw, or whether 

well or poorly stowed. 
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TABLE 13.—Damage in cars with steel and wooden underframes. 

Steel straw-buffed | Wooden straw-buffed 
car. car. 

| 
ial ae Damaged apts - | Damaged 

Experi- pane Experi- ; 
ges per eggs per 

ment No. cael ment No. Gace 

5114 ouD 5117 2.0 
5126 BY, 6) 5118 Pa (5) 
5131 Shea) 5120 3.0 
5139 4.0 5121 1.5 
5150 4.5 5122 2.0 
5154 5.0 5124 2.0 
5171 4.0 5127 255 
5173 2.0 5129 4.5 
5174 6.5 5130 3.0 
5177 4.0 5132 5.0 
5181 a. 5135 3.0 
5183 6.0 5137 4.0 

SHOCKS DURING THE HAUL, 

This report does not attempt to locate any damage prior to the 
receipt of the eggs by the packer, although the transportation of eggs, 
from the viewpoint of damage, includes their transfer from the farm 
to the shipper, frequently via the country merchant or huckster, as 
well as the usage to which they are subjected after being cased by the 

shipper and en route to the consignee. 3 
There is an opportunity for damage to the shells during the 

transfer from the packing house to the car, and again from the 
freight house at: the terminal to the establishment of the con- 
signee. Undoubtedly such damage sometimes occurs, but observa- 
tions show that it is by no means so frequent as is commonly 
supposed. A comparison of breakage in shipments loaded directly 
from the packing house to the car, with only the width of the 
platform intervening, and in those transferred by wagon from the 
packing house to the loading platform showed practically no dif- 
ference between the two. Approximately 65 per cent of the ex- 

perimental shipments involved a wagon haul from the packing 

house to the car. The fact that the damage at destination is the 
same in either case confirms the finding of the investigators that 
where hauling is necessary it is ordinarily conducted in such fashion 
that breakage does not occur, provided the package is standard and 

well constructed. It is, of course, possible for careless handling and 
hauling of cases between the packing house and the car to cause 
damage. 

It has been observed that the shocks received by cars are most 
severe during yard shifting. The relative intensity of shocks re- 
ceived during ordinary railroad handling are given in Plate IV, 
showing slow running, fast running, and yard shifting. The train 
which furnished these records was typical of our fast freight service. 
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Starting with but a few cars, it finally consisted of 65. Sometimes 
it attained a speed of 45 miles an hour. ‘The special car under ob- 
servation in this train contained 400 cases of eggs. It was of the 
wooden underframe type, with its load buffed with straw and 

braced with lateral braces under the cases. It traveled approxi- 
mately 1,200 miles, transferring from western to eastern lines in the 

vicinity of Chicago. On arrival at the seaboard terminal the load 
had not shifted an inch, and the damage, including lightly checked 
eggs, was less than 3 eggs per case. 

By actual observation of eggs in cases during the haul, by the con- 
dition of the cases and the eggs reaching the terminal, and by ex- 
perimental work in the testing laboratory, it has been found that 
shocks have very little effect on the eggs unless the tips of the fillers 
break or bend, thereby permitting the wall of the filler to come in 
contact with the end or center partition of the case. Laboratory 
observations as well as those made under commercial conditions indi- 
cate that cases held rigidly permit less damage to their contents than 
when play is given. For example, when 296 foot-pounds of energy 
in the form of 6 blows had been distributed evenly over the end of a 
case held against a bumping post, 1.33 per cent, or approximately 5 

egos per case, were broken. Repeating the experiment, except that 
the case was placed 6 inches from the bumping post and hence 
traveled that distance after every blow, 12.22 per cent, or approxi- 
mately 45 eggs per case, were damaged. In either case, damage was 

light until the tips of the fillers were distinctly bent. After they had 
flattened completely the eggshells were mashed. Apparently the 
same principles hold good when the cases in transit are subject to 

shocks; hence the need of strong filler tips, good, symmetrical cases, 

and tight stowing in the car. 

HANDLING AT THE TERMINAL. 

The terminal problem in most of the eastern cities in which the in- 
vestigators handled shipments is very complex. Traffic has grown 
to such an extent that the terminal facilities are often inadequate 
for the proper handling of the volume received. Where congestion 

occurs (Pl. VIII, fig. 2), extra gangs are placed in houses and 
on piers already crowded, making confusion and haste unavoid- 
able. In the height of the egg season in New York City, 
both sides of a station pier are, day after day, lined with floats, 
and the driveway is filled with wagons or trucks, while outside other 
wagons are waiting to get in. When the tide is high and the de- 
livery plank is sharply inclined (PI. VI, fig. 1), it would seem 
almost impossible to prevent serious loss. Nevertheless, damage of 
any sort at the terminal was very rarely found, and it was the opinion 
of the investigators who had followed all phases of the transporta- 
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tion of eggs that there is less damage at the destination than at any 
other point, considering the vast volume of goods handled. 

As previously stated, the eggs under observation were treated ex- 
actly in accordance with the commercial routine, and the final exami- 
nation was made when the commercial handling ceased, whether that 
was on the pier, in the freight yard, at the store of the consignee, 

or in a private warehouse. Damage due to a transfer from the 
pier to the store of the consignee or the private warehouse is much 
less than is commonly believed. The occasional dropping of a case 
or other mishap, serious in itself, is small when the huge volume of 

business handled each day is considered. A comparison between the 

handling at private warehouses and that at railroad terminals shows 
that while the railroad handling is usually more rapid, it compares 
favorably, on the whole, with the handling at private houses. 

In order to obtain a definite idea of the actual damage caused by 
loading and unloading into wagons and hauling over rough city 

streets, egos.were followed from the store of the dealer to the ware- 
house where they were held in cold storage for several months, then 
back again by wagon to the store of the dealer. Each egg was ex- 
amined before and after the double haul. The wagon was light; the 
load was heavy; the haul, 2 miles each way; the streets traversed 
were paved with cobblestones and were unusually rough; the hand- 
ling at the warehouse included shifting to a second storage room and 
high stacking of cases. In spite of this excessive hauling and hand- 
ling, the damage, as seen from Table 14, was only 3.5 eggs per case, 
or 0.97 per cent. This represents more than twice the amount of 
handling the ege@ cases ordinarily receive between the terminal and 
the store or warehouse. It may, then, be concluded that, with the 

allowance of 1 egg per case as experimental error, the damage due to 
the usual cartage is less than 1 cracked egg per case. 

TABLE 14.—Damage due to haul in light wagon over cobble-paved streets. 

\ 
{ 4 

Number of BSE COTE ga 
Worden individual | o eee 

Seo pNamiber | iret) 
| "| per case. NAGAR 

1 1,080 3 8 
2 3, 240 5 44 
3 5, 400 3 42 
4 5, 400 3 43 
5 5, 400 Pets 38 
6 5, 400 4.5 65 
a 5, 400 4 55 
8 5, 400 4 57 

| 9 5, 400 5 Tl 
10 5, 400 3 49 
11 2, 160 3 18 
12 3, 240 3 25 
13 4, 320 3 37 
14 4, 320 3.5 41 
15 4,320 rae 29 
16 4, 320 2 26 
17 4,320 3 35 
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SUMMARY. 

(1) All the eggs observed during this investigation were re- 
handled and repacked at the packing house. They were put into 
new standard cases, with new medium (3 pounds, 3 ounces) fillers and 
flats. The work was done by the employees of the house. As the 

cases left the house they included approximately 5.39 per cent of 
lightly cracked and dented eggs. Leaking eggs were rarely found. 

(2) All the shipments studied were in carlots. The average haul 
was over 1,200 miles. When the shipments arrived at destination 

each egg in the experimental cases was again individually examined, 
and its condition compared with that previously noted at the pack- 

ing house. It was found that when eggs were shipped in carlots, 
packed in good, well-made, standard cases, with new medium or 
heavier fillers and flats, with properly placed and suitable cushions 
at top and bottom, with cases tightly stowed and efficiently braced in 
the car, and the car handled in accordance with good railroad prac- 
tice, especially when switching, the total damage referable to transit 
was less than 2 per cent. 

(3) The size of the egg influences its safety in transit. Eggs 
which were longer than the cells of the fillers showed 3.71 per cent 
damaged. 

(4) The eggs with hghtly cracked or dented shells, but with mem- 
brane unbroken, showed a transit damage of 2.88 per cent, as com- 
pared with 1.77 per cent for eggs with sound shells. Appled to case 
lots of broken eggs, the increased lability to damage is noteworthy. - 
Applied to the 19 lightly cracked eggs in the rehandled and repacked 
case of commerce, the additional damage, referable to checks and 
dents, is 4 egg per case. 

(5) Egg cases must be standard, svmmetrically made with 5, or 
preferably 6, 3-penny cement-coated nails at-each corner of the sides 
and bottom and at the center partition. While cottonwood, gum, and 
tupelo cases vary but little in strength, the cottonwood case has, on 
the whole, the greatest number of advantages. 

(6) Medium fillers (3 pounds, 3 ounces) or heavier should be used. 

It is absolutely necessary that the filler be perfectly new. Even a 
short-haul shipment into the packing house should disqualify the 
filler for further use. 

(7) Suitable cushions of excelsior, with a flat, should be placed on 
the top and bottom of the case. The quarter filler is strong enough, 
and it forms an even cushion. Corrugated board on the top of the 
case affords practically the same protection as the excelsior cushion, 
provided it takes up the slack. 
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(8) More damage occurs in the top layer of eggs than in the 
deeper layers of the case, and more in the ends than toward the 
center. 

(9) When cars are buffed with straw at the bunkers there is a 
shght but clear rise in damage as the cases near the center of the 
ear. There is also a progressively increasing breakage in the rows 
as they progress from the middle hne to the side of the car. The 
location of: layers is apparently immaterial. 

(10) The load of eggs must be a solid unit in the car, fitting 
without play. This is the most important factor in avoiding dam- 
age in transit. Either the step-joint or straight-joint load ney be 

used. 
(11) The amount of damage 1 in properly loaded cars ‘natal with 

straw is slightly less than in the same cars buffed with wood. 
(12) When the straw buffing is placed at the bunkers and extends 

from the top of the load to the floor of the car, at least 50 per cent 
of the refrigeration is lost. 

(13) Braces nailed to the car seldom arrive in place. They cause 

much damage. Self-bracing of the load by means of suitable strips 
placed ae the cases is most satisfactory. 

(14) Cars having steel underframes show a slightly greater amount 
of damage than those with wooden underframes. 

(15) The shocks incident to ordinary freight train handling while 
running seldom cause damage in well-stowed cars. The shocks in- 
cident to switching are sometimes destructive. More care should be 
exercised in switching cars containing eggs. 

(16) While the haul in wagons or trucks between the railroad 
terminal and the warehouse or store may be responsible for some 
damaged eggs, the breakage is ordinarily not more than 1 cracked 

egg per case. 

(17) By following good commercially practicable methods of pack- 
ing, storing, and hauling, eggs can be transported in carlots with a 
)total damage of less than 2 per cent. Under “experimental” 
_nandling, where the work is of a high grade, though still following 
the commercial routine, the total damage can be reduced to less than 
‘1 per cent. 
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