AGRICULTURE ROOM | \) PR

@
7 EFFECTS OF ELEVATED CURING

TEMPERATURES ON THE STRENGTH
AND DURABILITY OF YELLOW
BIRCH PLYWOOD JOINTS MADE
WITH ROOM-TEMPERATURE-SETTING
UREA GLUES

Original report dated 1945

Information Reyiewed and Rcaffirmed 1961

No. 1339

I g e

y FOREST PRODUCTS LABORATORY

UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE
MADIS DRG0 DGR | In Cooperation with the University of Wisconsin




EFFECTS OF ELEVATED CURING TEMPERATURES ON THE STRENGTH

. AND DURABILITY OF YELLOW BIRCH PLYWOOD JOINTS

: 1
MADE WITH ROOM-TEMPERATURE-SETTING UREA GLUES—

. By

JOHN M. BLACK, Chemist,
W. Z. OLSON, Technologist,
and
H. D. BRUCE, Chemist

Forest Products Laboratory,g Forest Service
U.3. Department of Agriculture

[ —

Introduction

Room-temperature-setting urea-formaldehyde resin glues produced in this country are
generally formulated to cure at a minimum temperature of 70° F., at which many hours are
" required before pressure can be released. The curing of these room-temperature-setting
urea glues can be hastened by elevated temperatures and, if the temperature is suffi-
cilently high, the glue can be cured in a few minutes. To save time in the assembly of
aircraft parts and other wood-fabrication work, the practice has developed of curing
urea glues rapidly by the use of heated presses or jigs. Whether this practice of
curing at elevated temperatures affects the quality of the glued joint is not known.
Accordingly, this study is being conducted in an attempt to determine whether rapid
curing of room-temperature-setting urea-formaldehyde resin glues by elevated temperatures
affects the strength and durability of the joints significantly in comparison with joints
made with the same glues cured at room temperature.

The general procedure was to fmeke plywood with different urea glues, curing at several
temperatures, testing specimens of the plywood so made for initial dry- and wet-joint
strength, exposing specimens to various conditions of heat and moisture, and nothing

whether the rate of deterioration during exposure could be correlated with the original
curing temperature.

This report presents the data obtained after the first year of expdsure.

Procedures

Preparation of Specimen

This work was done on plywood for ease of preparation and rapid transfer of heat to the

* glue line. Three-ply panels were made with selected l/l6—inch yellow birch veneer,
using five commercial glues, designated in this report by the letters A, B, C, D, and E.
The glues were mixed in accordance with the manufacturers' instructions.

The gluing conditions employed were:

Moisture content of veneer when glued: About 12 percent.

lThis is one of a series of progress reports prepared by the Forest Products Laboratory
relating to the use of wood in aircraft. Results here reported are preliminary and
. may be revised as additional data become available. Original report dated November 1945,

gMaintained at Madison, Wis., in cooperétion with the University of Wisconsin.
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Spread: 20 to 25 grams of liquid glue per square foot of glue line, applied to the core
ply.

Assembly: All assemblies closed; 10 minutes when the curing temperature was 80° F.;

2 minutes when the curing temperature was 160° ¥.; 2 and 10 minutes when the curing
temperature was 180° and 215° F; 2, 10, and 45 minutes when the curing temperature was
250° F. :

Pressing: Under 150 pounds per square inch between heavy wood cauls at room temperature,
and between canvas cauls at elevated temperatures.

 Curing: The panels were under pressure for 8 hours at 80° F.; for 25 minutes at 160° F.;
for 9 minutes at 180° F.; for 7 minutes at 215° F.; and for 7 and 35 minutes at 250° F.
For the four elevated temperatures, approximately 5 minutes was required to raise the
glue line to the temperature indicated. For 80° F. the panels were held in a room at
that temperature; for the higher temperatures the panels were pressed between platens
heated by steam or hot water.

Conditiohing: After removal from the presses, the panels were stored for about 1 week

in a room held at 80° F. and 65 percent relative humidity, before being cut into standard
shear test specimens. i

Exposure of Specimens

The plywood specimens were divided into four groups, randomly selected, for exposure to
the following conditions:

1. Continuous, 80° F. and 65 percent relative humidity.

2. Continuous, 158° F. and 20 percent relative humidity.

3, Continuous, 80° F. and 97 percent relative humidity.

. Alternate sosking for 2 days in water at room temperature, followed by drying

for 12 days at 80° F. and 30 percent relative hdmidity.

Test Periods
For control values, 14 specimens for each glue and gluing condition were tested dry, and
1L were tested wet after soaking in water at room temperature for L8 hours. The tests
were made by pulling the specimens in shear in standard plywood testing grips loading
at approximately 750 pounds per minute.
At the end of 2, 4, 6, and 12 months of exposure, from each of exposure conditions 1, 2,
and 3, five specimens were tested dry after conditioning in a room at 80° F. and 65 per-
cent relative humidity, and five were tested wet after soaking for 48 hours in water at
room temperature. At these same times, five specimens from exposure condition L were
tested wet.
Enough specimens were prepared and exposed to continue the experiment for 3 years with
testing periods at 18, 24, 30, and 36 months.

Results

The average values of the shear strength and wood failure data obtained from the plywood
shear tests are presented in tables 1 through 7. '
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From the data for glues B, C, and D, there appears to be no significant difference in the
quality of the joints cured at the different temperatures and tested as controls. For
these three glues, there is little or no evidence in the data of tables 1 and 2 that the
plywood joints, made at any of the several curing temperatures, fell off in Joint quality
during the 12-month exposure to 80° F. and 65 percent relative humidity. These urea
glues deteriorated in joint quality when exposed to 158° F. and 20 percent relative
humidity according to the data of tables 3 and 4, and there is some difference in the
rates of deterloration in the Joints set at different temperatures, but the differences
are not pronounced. What evidence there is indicates no 111 effect by curing these glues
at elevated temperatures and perhaps even some slight benefit. Also, from the effects

of the continuous exposure to 97 percent relative humidity (tables 5 and 6) and alternate
soaking and drying (table 7), the differences in the durability of these three glues due
to differences in curing tewperature are not pronounced and may not be significant.

The joints made at 250° F. with glue A exhibited poorer performance, generally, under
the exposures than those made at 80° and 180° F., but the control specimens made at
250° F. with this glue were poorer in quality than those made at 80° F. or 180° F.

The joints made with glue E and cured at 215°F. and at 250* F. for 2 minutes after 2 minutes
assembly time were, in general, of poorer durability than those made at lower temperatures
or at 250° F. with longer assewbly time or longer curing time. The comparative quality

of the joints in the control specimens, however, was in this same order. :

In the case of glues A and E, therefore, there was & difference in durability in the
plywood specimens cured at different temperatures, but there was a parallel difference
in the quality of the control joints. To ascertain more conclusively whether the curing
temperature was responsible for the mediocre quality of certain of the control Joints,
two to five additional sets of panels were prepared with these two glues under the same
conditions at different times, cut into shear specimens, and tested for Joint strength.
The data from these experiments are given in table 8, in which each value represents the
averaged results for one set of panels. From these data it is apparent that low or high
wood failure was not consistently associated with any particular curing temperature or
combination of curing time, temperature, and asseuwbly period, but that panels that gave
relatively low wood fallure occasionally occurred at the different temperatures. From
the available evidence, it would be expected that the occasional panels showing low
original wood failure would exhibit relatively poor joint durability under exposure,

and this might happen with glues A and E with any of the curing temperatures.

As a broad conclusion from the dats thus far obtained in this study, it appears that, for
the five glues tested and the particular exposure conditions employed, there was no
important effect on the original joint strength or joint durability by the temperature -
of curing within the range 80° F. to 250° F.

Report No. 1339 -3 .2=13




*queoxad ur aauyiey

poom 9FeleAv oYy ST ON[BA pUOIes oYy

d omﬁ.N

‘youy etembs tod spunod uy yiPuelys Ieeys oFeloAw eyj S| ONTEA 3sIVI on.a\M

rernsodxe woaj TeAOwe JeyJe LIp co»noa\d

: : : : : : ; : : : : 9% *

: 0 : 0 : H : g ? s : ot :

: H 3 : : : : : Mm
89=9th ¢ 6l=2Gk ¢ In=0G ¢ 8G~hh :  H9-lew ¢ €1-8EL ¢ =62 ¢ g=69¢ @ OT-Lxh 1e-2Gh ¢ 62-16% :  86-29n * et :
U-honh ¢ 09~¢w :  Tg-0Gx ¢ 19-19y ¢ 1 nmw?u ) &2 (I m..m : 2-08€ *  Ol-6OK * Lli-Tgq ¢ 162 N 1L . 9 ¢
n6-866 t+ 96=21¢ ' 96-86 :  99-0¢G : 8 : mn.mmm ohe-L T €r-loh  : 62-léw  t nE-£26 992 : 00T-106 ¢ n o
n8=9Gh ¢+ 26-16€ ¢ 06-Gtq :  lG-ofw ¢ GG=2fx ¢ 12-19 t g-26€ ¢ 02-9T¢ :  6£-0On : 9n-hOon ¢ Ghfem ¢ Gg-eew 2 ¢
Is-86n : €66t ¢ 6s=2on : l€-Thw ¢ Ll-oon ¢ €€-kl€ i 9h-=lth ¢ O2-9Tn : 6G-6Ew ¢ In=9Gn :  E€l-g(h i wb~fsn ((PT0I3WD) O ¢ &

: 3 : : : g : g H : 3 g 9 :

H H H 8 8 g H g : e s B of ¢

H : H H H H H N H H H : zm H

B H g 3 3 g g 5 3 H : : 8T ¢
86=L6n ¢ 16-GES 00T-Glh *  LE=09G ¢ 26-06h ¢ O00T-T11G * 96-T0G * £6-816 :  G6-6GG : Ts-EHG 1 m6=G0G ¢ s6-fsm ¢ et
né~thh ¢ T6=€6% ¢ 06=9T¢ : 00T-Tlh : Os~E6n : 00T-G6 : 00T-€lyy : O00T-66% : 06=96% : Llg=aly : #H8-80G ¢ 66-l9n 9 ¢
00T-heh : L6-6LG :  g6-6G :  18-kfw :  9l-81% 00T~ To00T-666  : 86-98G : 26=lgw *  G3-T : me t 00T1-8TH ¢ L
mmL : l1-016 ¢ 00T-06% : O00T-¢6h © 96=9sh : 00l-Lgh ¢ OOT-4ln mo.omm t26-LL o H6-86h ¢ 6-3 o owb-lon ¢ e
6-G0! t o €e-66h ¢ 96ty i G6~G6w ¢ £6-86n :  G6=H9K :  66-69n :  T6~9¢! : 06-6T : g8-96n ¢ 19-62G *  86-86h  (8T0IIUOD) 0 (@

u : : : : 5 ; : : t t 3 9 *

: : : : : : : : : : : H of *

; m ; ; ; ” " ; ". : ; ; -
86-8 Pogg-lgG  : 00T-8T& ¢ Am-owm tGe=l1s ot L6198 ¢ :Mam t Gg-g2q mm-wmm : mm..mnm : g6-9gw : 00T-10§& ¢ et ¢
86-81 r18 To00T-hE ¢ T19-T T 66-HEG  t G6-£19 *  HE-GHG  : 66-0G 001G ¢ 6-286 : 00T-llf : O0OT-£6K : Ol
%-106 ¢ Gs=fsh = 66-Tsy ¢ Lll=29n : 001-80G : 6l-996 : 1@-TeS ¢ Ll6=21& : O0T-£&h ¢ 86-86n : 001-C o gl-sh ¢ L
86=9 T GG=09% :  lé-logn ¢ O6=lhn : o0O0T-aGH i G6-165 :  ls-8lw : 28-69n * mmnmw._ : 00T-T8h : OOT-£T o Ge=2ly ¢ 2
66-0L + gl-20n : O0OT-§Th : €5-9Th : O0OT-6En : lg-8Gn ¢ Os=Tsn : Hs-Ten ¢ l6-fon : 96-TGn : 00T-89n :  6L-fOn  i(8T0I3WOD) O 0

: : : : : : : : : : : : 9¢ ¢

: ] : H : ' g : B : g s of ¢

m . H H s . H H i H H w_,mn .
66-0£G : 98-18G ¢ 00T-62§ : 86-196 : 96-GTG : 68-0EG : 868G ¢ 28-02G¢ : 96=6lG : G699 ¢ 2l-6os :  6l-2sy ¢ et ¢
66-906 * l6—w2G : 001-926 : Gs—nnG : ls-osm ¢ l6-6€G ¢ 66-09 : 66-6%¢ ¢ l6-3€6 : 26-88C : 06-86G¢ * G6-814 ! 9 ¢
00T-26G : 96-216 ¢ 00T-Isy : O0OT-hEG ¢ OOT—mh : O6=6HG @ OOT-48G ¢ 00T-29¢ : 00T-l2§ * 00T-096 ¢ 68-T66 : 66-49n L
66-gtth ¢ O00T-h9h : O00T-8th ¢ O00T-hly * o00t-Llg * u8=lly ¢ 001-96 ¢ L6-8lf : 0OT-OSh 00t-g¢6 :  86-0£¢ ¢ Le=lly ¢ 2
o0ot-£gn :  Gs-8ly 0ot-f2 ¢  26-hGG *  98-Tlh ¢ w6=GT4 ¢ G8-Owh : Is=lsq : O0OT-T4G 8g-6ln : 96616 : TIs~fly i(sToNWeD) O &

H : ' [ : : H : : : 9f ¢

: H : : : t : : H : of

: : : : : : : e ¢
: [ g 3 B 3T ¢
: G-£G¢ ¢ T HG-Th 3 2t
: 21-G6E ¢ t06~¢Gh ¢ : 9 ¢
. mAIJN . . :mlﬂwm : rresasrens g : H
: Ndlﬂ. . s . mwlmﬂx Serrrreccsacarsranoecsras mwlzmm s 2
: w;uos\m : : mu'mm:\m Q00000 -3 000CR0000S G0k anm:\m t(stoxjued) 0 ¥
: H H H H H H H H 8Q$UOR H
89jNUTW Gy : SejNUIW QT : 8IINUTWM 2 sojnutm Gf ¢ 8 NUIW OT ¢ BOINUTW 2 8OINUW QT ¢ 8OINUTW 2 I BOIMUIW T! BOINUTW 2 : SIINUIW 2 ! SIINUTW QT ¢ :
(pesord) ewyy Ayquessy B :
e 0 e A 0 2 0 e e g amsodxe
sojnUIW Of ¢ SOJNUIW Of : SOINUIW Of ¢ BHINUTW 2 BOINUIW 2 SHINUTW 2 SIINUIW 2 ¢ SOINUTW 2 @ BOJNUTW 4 : 8SOINUTW 4  SAINUTW (2 ¢ smoy g Jo HEC 18 5
I 0062 0062 I 0062 *d 0062 T 0062 1 f 6052 P F oGT2 ¢ X oST2 *I o081 ‘X 0081 ¢ " o09T i °d 608 @ potIed

$uoT47puco Fuyamy

Z3tpyumy earyeIax juedled (g puw

“I o08 03 8JNsOAX6 163JU PUY 010Joq ' selnjeloduiey SNOTJEs 38 8on(F BoIN

Fay3305-0I039I00We4 -WOOL U3 |4 DPODUOQ

poouTd ydx1q MOTTeX YOUT-QT/§ 'A1d-28Jq3 JO S388q Jwous \Aﬁs JO 83[Ns6g--°T 01qQ8y




squeorod U1 AJATTuJ pooa 3FsIsAm 3] ST IMIBA PUCOIS Y3 tyout adwnbs zed spunod uy 3Fualys Xways oFsIosw oy sy AnyeA 3SITF mna\m
coqnsodxs WOIF TVAOURI I3138 sanquiadue) WOOX 38 I938A UT BINOY SR ICF pe4Ros uewyoedg T
: ; : : : : : : : : : o
: : : : : : : : : : 8 ot ¢
: g : : : : H : e ¢
7 ] 5 s 8 5 g 3 3 H : : 81 ¢
06-66n :  L6-0lw t s6=lln i £9=6Gn *  Mh—heh g=gon * fe~Eln ¢ :,mOM © ge-gfn :  Te-Tin  : €9=Elh ¢ HE=ET : 2t
Is=Gon t Ll=Gly ¢ l6-sgn ¢ sg-oew ¢ 8l=n ¢ 2=9ln ¢ shEER ! 0-6l¢ :  6£-2 T on=GTH ¢ 6f-Emw  : 001-98E ¢ 9
96-8Tn : 00T-G9n : OOT-hg © 9G6In * ho-gtn ¢ G=qtHh : 2G=ekh g-60h : T9=GEn . Ge-e:en 69-69n ¢ gE=Ofh ¢ R
86-g9n ¢ 96~GGn :  66-0osn 1 he=llh  : n8~€26 ¢+ ge=ekh ¢ 96904 ¢ l-6eh :  of-qon i+ TE-lth : nwl-6En ¢ 18-g6h ¢ e ¢
66-69n ¢ 6E-tGn @ oOT-g6n i S9-T06  t 98-9Bw ! Cofsn @ w6416 ¢ 6T-9nm ¢ Bs-lem : Gl<Gen ! 06-10G ¢ 00T-Onhi :(810%3u00) 0 ¢ &
H { H : : : B H of ¢
: L o . . ; " ; m o
Co-Crm  :  m6-69h ¢ G6=lsk : g6=gGn ¢ 98—wen i 00T-£0G : o0T-fwh : €6-0bH nl-l6n ¢ S6-6sn :  6=bln i g6-Em ¢ et ¢
98-CGh  t  he—9ly ¢ 86-8sh :  68-6En : fl=99h : OOT=hth : 86-0%h ¢ g6-Geh :  89%49x :  86-Gly 1 6679 T og6=eGn ¢ 9 ¢
00T-Tgh ¢ OOT-0EG @ 0GI=gsh @ OCT-99h @ 06=H04 @ 00T-hsh  : 00T-hEG :  GE-8lw : 16=H0G ¢ G6-m1G P 00T-11 BN 1T I L
o6-nlh : 86=L16 ¢ L6=n16 :  l6-g9n : 26-61G ¢ o0T-4sh i ooT-2Gn ¢ Ge=Cgq :  96=9€G :  66-12 i S6-916 ! oot-2ly * e
T-gly i 00T-Oh G Sshew 666 ¢ wsmles 00T-£CH  :  66-216 :  T6=LT6 ¢ 66-l2G i 00T-9G 001-105 *  £6-06h 0o a
; ; : ; ; . : : : ; ; o
¢ : : H H B of
5 G H : : : : : . e
3 g s H g H H H H : H : 81 ¢
86-92h ¢ O0OT-H1G @ 00T-6lw @ w?mom : 96~Gh : O00T-96G : - 86=29n : GE=9ln i 96=SEm ¢ 96~€ln ¢ 00T-0gh : O00T-lfn ¢ et
Ge=lon : Ll-Olf = HE-OER P H8=4s t B6=T9h : 86-205 @ 6l-tsw ¢ 00T-98h ¢ l6-0fq :  26-lew ¢ le-CSh : O8-hlh ¢ 9
00T-hOh : O0O0T-£6f ¢ 00T-08f * 9s-£8¢ : 0OT-6th @ 00T-60G : 00T~Esh SAMM 3 oon:m T 00THe : 00T=2 T 00T-90R ¢ R
66-6GH :  L6-T116  : 66-6T4  : €l=96n i 00T-89k ! 6668 P 96=9 t 86 ¢ 66~0T v 96-LE t 001-2 + oot-l2 s e
00T-16h 86-29n ¢ 00T-9h i 00T-8Tn  oot-g9gn i OCT-OK T 6602 T 00T-zHG ¢ O00T-EEk ¢ 00T=g2q  00T-h9n : 8816 mﬁ:o:aoov 030
: : : : : : : 9 ¢
: : : : : : : : H s f of :
o ; m ; ; ; ; : : ; : ; e,
26-€16 ¢ 00T-2lG t 00T-T6q : - 96-81G ¢ Is=ltw ¢ 86=106 : l6=L16 +  o6-gen ¢ ls=22G + Ll-4GG6 :  ls-ssm ¢ 2t
W69 48005 : 001-95 : 626Gt s6-6tm ¢ ol-Tly o 26-Tlw ¢ 16-98n ¢ 26-126 99616 ¢ 66-6sm ¢ 9
00T-86% : 00T-£lG ¢ O01-T0 T 00T-6#G * 00T~GTH ¢ OCI=39%% ° 001626 : 00T 3 00116 : 86-66¢  ooT-6fR w o
66-6sh : 96=2nG ¢ 00T-0lG :  #6=LTG :  66=ln €6=826 66T ¢ oc1-ee : fs-g0C : 2606 : 66-8Gn e
g6-0sh ¢ 68-OnG ¢ 00T-gst : 00195 : 00T-lok ¢ 86=Gen  * 66T t00T-9%% ¢ t6~Gon ¢ l6-2lG : 88-89  i(8TOXWCD) O ¢ &
H : : : : : : $ 9¢
H : : H H H . of ¢
: : : : e 2 H we
: : : : : 8T ¢
H T~ ot eesssescssstosensonnidony Nminmﬁ s F.A
L § mlmwm . seensee cranieansany leho—“: . 9 .
L-16¢ : N U L
1108 : oot-9ly * 2
mmlwmﬁ ...'\M ....".....\M...." H .....\l... mmlhmﬁ "Aw.no&uqoov 0 m v
: : : : : . wmweR
S$09NUIE m: sejnutw oauu sequuiw 2 : SejnuIW m: s9qnuiw omf" 8aqnUTW 2 mmﬁﬁnn.lmmﬂ mm»aﬁ«@wmwnm sejnutw O .“..mea.ﬁas 2 ¢ sejnuiw 2 : s9jmuUIW e
ST (posoro) eure Arumey T : :
PR— . S = e t am: lesrm————— 2 - : H - sansodxs
seqnuiw Of ¢ sejnuUIW of : sejnuUIW Q¢ : SSINUIW 2 : sejnuIW 2 894MUYW 2 : SOJNUIW 2 ! SONULW 2 I SeINUIW sejnuUIW f ¢ seynuyW o2 ¢ sInoy g ¢ Jo 1 enyd
f 0062 ! d 0062 i I o0G2 ¢ ‘& o062 ¢ & o062 P 0062 ¢ "F oCT2 ¢ I ofT2 ! T 08T i I 08T ¢ & e09T 008 ¢ potIed
SUOT3TPUQD 2UTJIND
£4 eiumy 8At3eILI quedzed Gg puB *J 008 ©3 eincodxs JIeqje pue 8103J8q ‘goInyeJodmes SNOTIEA 18 son(@ waIn
Fuirjes-eamgeredmo) ~WOOI YA Pepuoq .uookhamlnouz #OTT64 yout-gr/¢ ‘Ard-eeauy jo £950% kmonn\ﬂao: J0 s3Tusey¥--°2 ©1qsl
= ®




@ | . A

squeozed U} SIMTYEF Poos ©F8ISA® ouy ST OUTBA puooes ey ‘youy oJembe Jed spunod uy y3duwelss Ieeys eFelosw oyj ST ONTVA 81T é\M
*£37pyumy @at3eTex juedrad Gg P “Z 408 3% sfep 2 10939 pe3soy id

8UOT3TPUOD Furany)

: ; : : : : t : : : t : 9f

' : : : : : : : : : H : of :

H H H H H H H H H H H H :N H

H H H H ¢ ¢ H H H 3 H : 81 ¢
o-2He ¢ 2-0€2 ¢ 1-lee ¢ 9-¢Ge £=ho2 ¢ 0-£11 @ 0-£12 o-hET ¢ 0-89 H 0-99T @ 0~881 0-£12 ¢ EAS
h-8TE ¢ =208 ¢ 2=9Ge ¢ £—hot €-e ¢ 0212 ¢ o-tle ¢ o-lzz ¢ £-2Ge ¢ ol.mm : 2-622 ¢ G-olz ¢ 9 ¢
6-00 -Glz 1-¢62 ¢ GT-00f ¢ =222 ¢ 0-202 @ 0622 : o622 o-6f2 @ 0-9¢2 ¢ o0-the ¢ l-192 ¢ L
le=ot¢ ¢ -292 ¢ =12 ¢ [ g€=2le ¢ =22 . 0=££E . Oo—nff ¢ 1962 ¢ o-6lz ¢ o-tle ¢ e-ll2 ¢ 2
I3-3Gh : €6-GTh : 6s=2on ¢ l€-tmq : Ll-oon ¢ £€-ql€ :  on=lTh ¢ oO2-9th ¢ 6G-bER : li=9Gn * €l-gfw : w63 :(STOXW)) O X

{ s e H ! : : : $ t i : 9 ¢

: : : : s $ 5 : : B : : of ¢
o-fle @ m..wmm : -2l or-1%e ¢ 2-£Ge ¢ h40£ ¢ [ e S 2-hge 0-2 : 2-lg2 £-162 ¢ -£G2 ¢ et ¢
l=g0¢ ¢ -22¢ @ t 62=90f ¢ £-6g2 ¢ n-ngt ¢ 2f-lSE ¢ h=ent ¢ g-£6¢ ¢ TI-GTE €=GrE  : mE-eht ¢ 9 ¢
9-8g2 ¢ 9-hOL :  TH=9LE ¢ 2-h62 ¢ OT-1%2 ¢ 6~GTE  *  th=GrE :  €1-l2€ : 9TH2f t 92-0ff : TI-shE ¢ On=%2 ho
61-862 : G-nTE : 29-inE *  on=G0f ¢ €e-g1¢ : o2-162 ¢ 02-l1¢ : 4E-eT€ : f1-90 ¢ GE-l9f i GEGhE :  4e-lTE ¢ 2 ¢
€6-Go6 : €6-66h ¢ sh-6mn : G6=G6h : Ce-s6w :  G6-h9n ¢ 6669 ¢ V6=9EG 0661 ¢ 88-9bn : [9-62G : 96-s6R i(3T0:WY) O : (

t H t : : : : : H s H : [

s H : : t : : : : : : t wn t

: : : : : : ¢ : : : : : e

: : : : : : : : : : H : 8T ¢
o-ly2 ¢ L : l-00€ : 1T-912 * ¢-£g2 ¢ G-hot ¢ 9-G62 ¢ hGot ¢ 6-692 * o-lg2 : l2-t62 ¢ 0-£92 * 2t ¢
3-glf ¢ 2-16¢  :  ot-est ¢ l-06¢ :  or-06€ : g2-0lf ¢ 1=l he=& t ge=glf ¢ n-26€ *  26-8le ¢ 1-69€ ¢ 9 ¢
lh-18€ ¢ l-19¢ ¢ 8T-06f ¢ fI1=GnE : 8T-0lf : OT-T6E ¢ m.mmn ¢ 2=l t GG-62: : l-gty ¢ 6y=llE : 9f-9lf ¢ w3
6h-262 ¢ g~e6c * 8G=Glf ¢ =Gl H9—€G4E ¢ ?Ju.mn o e-8¢€ ¢ ln=lnE  : 06—hh! T QU-GnE ¢ 99=lwE ¢ #9-G2E ¢ 2 ¢
66-0lf : gl=20K : O0OT<TH 3-9Th * 00T-6fw ¢ 13-8Gh ¢ 08-T8® ¢  HB-T t l6=£9% :  9%=T&h * 00T-89 ¢ 6l-fon (STOTWD) O ¢ D

: : : : g : : g H : ' : 9€ ¢

H 4 H : : : g H B 3 H H of ¢

H : : H H H H H H H H H :N H

H H H H H H H H H H H H a1 ¢
\.MMHM : 1-£g2 ¢ MM : omumcn : Thmm : 1 MM : mm&dm : onwmm : Tummm : Tmmm : mmMmm : ..mw.m ¢ w:

9 H g=2 5 11 H L =L tth H 01-9 H 92 d -02h H 9 H ot : 2-98! H 2= T H % H H
nmnmmm : L€l T T2-69¢ ¢ Ghr=GOn ¢ H#2=0Gf ¢ 0G-T8¢ : 2h=9 G- o KR2=29 : n-8lf *  RI-66 : Ran : ot
63=GEH *  2E=9Gh ¢ 68=96L @.wmm ¢ 89=99¢ ¢ G9=l6f : 8l-L6 ¢ 2l-2g t L3=hb t o 2T-wgh ¢ w:-hmm S S 2 ¢

t Gp-8lh 00142k : 26=H& to98-Tlh *  K6=GTS ¢ G3-Onw ¢ ls~-lsw : O0OT-T& to83-6ly  :  96-6T ¢ 18-fly  :(®T0I3uW0D) O o
: : : : : : : : : : 9f ¢
g g : g 8 : H 3 : H o€ ¢
: : : : : : : : e *
: : H : : H H H 8T ¢
) s 0602 Jesecoscons . 252 s 2-912 : 21 ¢
¢ : 0-89T  iecee §2-62¢ : h£92 9
: ) AR : 04-0l2 : l==G2 ¢ ot
: csessecaet 2-lte leesecsane .. NiiomN : 61-282 : e
: u.....\l esees w:.loﬁ:\m n.....\l oo . mwlmm:\w ".....\l csoes . Mhlmm:\m 1(870I3u00) 0 m v
: : H 8 G H : ' : : H TYIUOR ]
sejnuim Gy : sejnuym T : Sejnuim 2 i SO3NUTW G * sejnuiw QT : SejNUIW 2 ¢ S4NUIW OT ! BONUIM 2 :SGINUW QT : SeImuUIW 2 : sejnuim 2 sequuyw O ¢ :
(peso1d) awly ATqumessy H
B 5 5 H g 2 3 e H H 5 samsodxe H
seoqnuiw Of ! segnuiw Of ! SOJNUTW Of ¢ SOINUIW 2 : S/INUIW 2 ¢ BIIMUIW 2 : SIINUTW 2 ! SOINUTW 2 : SOJNUTW §  SOINUIW  : 8IMUIW Q2 sImoy g 30 )-8 )
“d 0062 ! f 00G2 o062 ! f o0G2 i ‘¥ 0062 ¢ " o062 ! ‘& oS8T ¢ °d o412 ' °f o08T ! d 08T ¢ & o091 i & o08 potIsg :

o oo s s oo se oo

Za1piumy eATaB(ed quadiad 02 PUE *J o8GT 03 6Xnsodxe Ie3Je pus eJojeq ‘seanysradwes nd.o_.ndv e seny? weln
Fur3ges—ernyviadwes-mwoox gj A popuoq ‘poomkrd yoxrq motred udur-gr/e ‘Ard-eeays yo syseyq Iweus \Mmu Jo syTunseg--+¢{ a1qel




4 t12M9 R 2
*quedsed uy eanyye} poom eFvieaw oYy ST ON[BA PUOOSS ouq ‘your eJwnbs iod spunod uy yiFuelys Jeeys eFeIeAw oYy S| ONTBA 38J1F oe_\m.

-emsodxs wWOXy TWAOWEI Iejye exnjesedmes) wWOOX 38 JO9BM UT 8INOY Sy 103 pexyecs uewioeds n

8u0T31puod Furany

: H H H H H H H : H H H H
H H s 5 B H 5 H 5 H H H WM :
H H : H H H H H 4 H . -3 : :N H
-8 H H H H H H H H H H H 8T ¢
6-131 @ 2=lte 2=t81 ¢ 0-912 ¢ =691 ¢ 0-8¢ : 0-021T 0=£0T @ T-H1t ¢ 0-9. H 0-6HT ¢ =991 ¢ -4
s1-6G2 ¢ €r=lle *+ of=G9e 2=t ¢ =908 @ 0-H3T 0-131 0-18T 0-202 ¢ 0-g02 0-g22 f=hET ¢ 9
6£-90L @ e-ylz *+ l1-992 @ 2-gfz ¢ 0-922 @ Q691 o-0f2 ¢ o-lst @ 0-96T ¢ 0-ho2 0-0G2 ¢ KT=g22 ¢ o
66-19¢ - ¢ 2ALEE ¢ g-n6e :  g2-f62 ¢ 0~G92 0-912 0~982 o022 @ 2-gf2 ¢ -6 ¢ g-one ¢ l2=-he 2
66-69 t  66-£Gh * 00T-86n * GS-T06 ¢ 98-98h ¢ €9~E8K : H6-GTG :  6T-9ny * ®s-lén ¢ Gl=G6w : 06=L0G : O0OT-Ohh :(STOIWOD) O : &
! H H : H : H H H H H H :
H & 5 : H ¢ H : : g o g ¢ ¢
H H H H H H H H H H H H Nm H
H H H : H H : : $ H H H :N H
H H : * H H H H H H : H 81 ¢
€1-h€2 ¢ sI-2h2 t Tw~992 ¢ 6I-€02 ! QT-Tf2 ¢ 2=2Ge L-hlz * 6-862 : €1-892 ¢ =162 T-062 ¢ -g¢2 ¢ 2t
Te-162 : GT-0l2 ¢ 69-HGE ¢ OT-182 ¢ G-gb2 : 92-082 : lE-2€€ * h=19€ : fe-off ¢ TﬂMm : 2-ght ¢ -nig ¢ 9 ¢
61662 ¢ Ga-g0¢£ * 9l-09¢ : 12-862 ¢ 6-G62 :  ST-HIE : Gg=2Gf ¢ Mm.m:m To9T~02f  * 9E-heE ¢ GE-OLE ¢ 89=2TC ¢ f ot
:mu%n tO69=9nE ¢ 66-2T€ ot gG-6£E r  6T-12C : ol-2lf : Tl-69€ -19€ ¢ l€-e9f ¢ 2n~02¢ : 69-86f : G9-GhE ¢ e ¢
16-8lh n 00T-0sh * 8s-hsh ! 66-6fm *  Hg-l2G : 00T-£EH :  66-2TG ¢ . T6=I1G ¢ 66-l2G ¢ O00T-9hG : OO0T-106 : €h=0bh  :(9T0I3WOD) O *
t g : g : 2 : : : g 5 : 9¢ ¢
3 H H : B 8 t 3 H g H : of ¢
H H Tt H H : H : : B : i e
H H H : : H H 3 H : : : : 8T ¢
26l (-f€2 1t 9-HOE h=ghe ¢ 6-282 6=L0f G€82 l-22¢ : G1=62 :  TI-h6e : 02-l1G : pE-Gg2 ¢ et
og-2tE ¢ s=l1€ : g9-hGf @ Y692 ¢ TT-TIE ¢ my=llE : T-HeE @ 26-n9f ¢ o2-8ff :  9€-0ff :  EH-T9¢ ¢ 6-g4¢ ¢ 9 ¢
Gh=92f @ 69-2€£ ! O0OT-HGE : OT-892 : 29-6G€ : gn-20K ¢ m:lwmn t h9=98¢ : ST-fhE ¢ Ef-gow ¢ 2l-08f @ Ex-TlE ¢ R
op=8lf : 6G-v6¢  le=Ttq : Te=2G¢ t  Ho=hef ¢  Ge=l t o 2l-66f : Lll-g2 T oge=6g¢ t  Gg-gtn ¢ 6l-lon oTzom : 2 ¢
00T-TGh ¢  86-29% * O00T~9hh : O0O0T-8TH : O00T-98h : OOT T 66=026 : 00T-2h ¢ 00T-£€H ¢ 00T-82% ¢ O00T-H9% *  88~T6 i(9ToI3ued) 0 ¢ D
H : H H H . H H H H H H H
: H : : : : : g g : : : 9 ¢
H t : H g G g 5 s H H g of ¢
H H H H H H H H H H H H :N H
H H H H H H H H H H H H 8T ¢
G962 ¢ 1-lge ¢ 9-hge ¢ 0682 ¢ 2-£62 : Hqi-2se 22-61¢ : or-fse G-tz 1-8¢2 ! K86 ¢ g=hee et
GG-thE  :  ME-GLE ¢ G8=h9L ¢ TH-gSE ¢ 6-tre ¢ Lt-log 1668 ¢ le-wE€ :  oe-l¢f . wI-ehE ¢ 88T ¢ T=9Tf 9 :
memn o 09=90n ¢ €6-8¢ * 99-fon : 2L~Elf :  9R-60K ¢6-o2n ¢ nhnmmn : N:M_on T2-g2¢ ¢ 2U-6Gf ¢ 21-l¢f ¢ o
Caa% ou..nowm tog6=£Tn ¢ T6=2tw t #6~Ghh :  G9~92n 96=26h :  9l-ffn :  G3=tln 9%-T9h *  K#G=2%h T HE-86f ¢ 2
86-08h g 68~ ? oot-gsh 00T-£9S : 00T-~L9% 86-G6H 66216 : 00T-99q @ T6=2GG ¢ 16-G9n :  L6-2lG :  98-89%% i(et0x3u0d) 0 €
: : : ' : : s : : 9€ ¢
B : : : : : : : f of ¢
H : : H : : : ! : e ¢
s s H ] g H : 8T ¢
cesesescasney R PR PR Olwﬁ.n sasscccvrnn sererecssssay sasacecsss 261 H 2t ¢
R PR R veoas 1-002 sssasaes tremencccannay sscscsossan? Im@N B w 1
R cemseen H NIMNN “ssseenss cecessersaal . 1stssncecas WN!NMN H L H
A R R OlmNN sucses erecesraay . saneee mdlmom B 2
..a.n\M. ....uo.-.o\ﬂ. ....u.....\m reowy WN|NMJ\M. u.....-\M eseay ....\N. e . ...o\M. MMINM:\M "AnHo.uvﬁOUvO m A 4
: : : ks g 3 H g i : FAIUOR :
899MUTW Gy : SeqnuUIW QT : BejNUIW 2 @ seqnUW Gh : Ssgnutm QT : S8JNUIW 2 : SOINUTW QT : S94NUIW 2 ¢ SejnuUIW QT ¢ SOINUTW 2 : SO4NUTW 2 : SeJNUIW OT ¢ :
(pesot1d) ewiy Arquessy : :
s H s g : fm——— Y P— : : : : : oxunsodxe
SOIMUIW Of : BOINUTW O :SOANUTW Of ¢ SOIMUTW 2 ! SOIMUIW g : BOINUIW g : SIIMUIM 2 @ SSINUTW 2 ¢ SOJNUIW ff : SONUIW SEINUWW (2 ¢ SO g * 30 tenty
T 0042 T f o042 P °F 6082 P ‘F 0062 ! ‘F 00G2 P 60G2 ¢ L oGT2 * kL oST2 ! T 608T * ‘X o08T ¢ °H ¢09T : ‘& 008 ® potreq :

Tyipruny 6ATj816X 3U60J0d (2 PUT -Jeg9GL 0% ednsodye 104Je pue 610J6q 'SeJngelpdwe; SNOTIEA 36 SenyF wetn
Fup)18s-9anj)eIodwe] —WOOX Y3 TM POPUOq ' POOMATA QGoITq MOT(9A Aoa«vwﬂ\m ‘f1d-06Iqy IO 831869 JIBWOUS \ﬂook JO syTmBIg-=‘4 OTqe]




squeozed uy aJM[}8y poom 3FvIsAw

ay3 ST sUTRA

PUOD9S dY3g

,._’..N

‘youy oxwnbs xad spunod uy y3Suedys Iweys oFeIaaw oYj ST ONTRA SILF oé.\m.

*ormsodxe woxy TeAoweX I93J8 AIp Pagsay

SU0T4TPUOO Futany

T

H : H H H H H H H H H : wn :

B 8 s g g : [ : : H : 8 of

H H H H : H H ¢ H ¢ s ¢ e *

H H H H H H H H : H H H 81 ¢
ol-lgz : In-6s2 : Gh-s0f : 99=fle : 89=lGe : mG—hee ¢ Ty~ELe  : 22-H31 :  Gg-6l2 26-1lz : o04-gle : 00T-982 @ 2t ¢
Gr-g8¢ ¢ €1-6TH ¢ CI-qTh ¢ 2¢~fon ¢ GT-68C : €~00¢ ¢ 2-66¢ ¢ q=982 H=G9¢ ¢ 0~-2¢ o-ght¢ :  0g-Gon ¢ 9
Gs=£9h : 62=f2n ¢ lf-stq : G2-0Gq : OT-G8E : g=29¢ 2-06¢ 2-26¢ ¢ g-ghh o-16¢ Tmmm o OER=9GH ¢ L
16 : o Ge=goh ot £1-GoR . Y9=EEn *  62-9th ¢ 2= : o-lnn ¢ €-89¢ :  GI-1Th =92 w9l t06=¢9R ¢ 2 ¢
Sﬁ : €6=Gtn : 6s=20n ¢ leé-teh ¢ Ll-ook ¢ €=kl PooR=lTh ¢ 02=9Th :  6G-EH +  Lw=9Gn ¢ €l-8fw ¢ w6-fsh :(STOIIWOD) O (&

: : : : : : : : : s : : 1]

¢ g f ¢ : : 8 g g 3 g : of :

: : ' : : : : : : : : e ¢

H : : : : : : H H : H : 8T ¢
19-€4¢ ¢ mjom i 0g-18¢ : O0OT-9RE © 00T-9%€ @ 00T-0S : #g-lG2 :© 00T-881 : O0OT-20f : OOT-HOE * 00T-gle ¢ OOT-Hwe !} et :
Oh=206 : l2=9T16 :  69-Sn :  Ll=ETG : G=’ny ¢ 86-2eG :  gl4EG ¢ l2-106 i Gl-wéh 19-116 ¢ tr-Ts  : 69-tly ¢ 9 ¢
H-2¢G : 29-mhG :  Lé-slh i n6-OmG :  8€-n9% :  86=29S : 268G : wh-21& ¢ Gg-L1G 695 :  ol-ghG :  HE-T : L
gs-68h : 68-n2G * 96-96h : 96-=2kG ¢ 6L-4TG :  26=12G : 86=92G : Tb—heq ¢ 88-896 : 9s-@eG : OL-GIG6 ¢ g6-sly ¢ 2
€6-G0G : €666 : B6-bhh : G6-G6n :  €6-86n :  G6=hon ¢ 66=69n ¢ 16=9€G : 06-6TG : 8s=96h : L19-62% : 86-86%  (ST0I3WeY) 0 : (C

: ¢ : : : : : g : : s : 9¢ ¢

¢ : : : : ] g g g 0 t : of ¢

: : : : : : : : : : : : e ¢

: : H : : : : : : : H : 8T ¢

00T~4Tz ¢ 00T=£G2 : 00T-9T2 : O00T=26T : O00T-HO2 : O0O0T-Ghd : 00T=98T : O0O0T-S6T : 00T-08T : O0OT-002 : OOT-96T ¢ 00T-881 * et :

00T-H6¢ : Gs=lék ¢ O00T-6TH ¢ 98-T9f @ 00T~ : O0OT-2an : O0OT-06E @ O0T-06¢ : 00T-G8C : 00T-8Lf : 00T-00€ : OOT-£T¢ ¢ 9 :
96606 ¢ #G-69% ¢ 00T-9nG ¢ 00T~ @ O00T-€16 @ 00T1-06 : 001-C1§ oonHm t 00T-£16 : O00T-9¢G : o00r-82¢ @ oor-2lf ¢ L
G656 t o T6=H9G : 00T-T6h :  Gs-Olw :  66-28G6 : 00T-G6G : 26-64G 1 £6-n9 : 96-60§  : ooTﬁmm : 00T-60G :  f3-gbh ! e :
66-0L : gl-20f : 00T-fTH : €8~9Th : O0OT-6Sk : Is-8Gn : 0g-Tsh : Hs-Teh ¢ l6=€9x ¢ 96-TGq : 00T-89r : 6L-fOn  :(STOTMTWO) O P D

] : : : g : g : : : : " 9 ¢

8 g : g s 3 : : B 3 g H of *

H H H H H : H H H : H H :N :

g 8 3 d s $ H : g : : : 8T ¢

00T-9f2 ! 00T-L6T ¢ O0OT-£9T : 00T-922 : OOT-l6T : O0OT-T2 : -00T-302 : OOT-08T : O0T-222 @ O00T-802 : O00T-=48T : 00T-HST ¢ et :

66=20n :  28-h8L t 00T-LlHE 00T-6h€ ¢ ~66-8G€ : Og-hew ¢ OOT-19¢ ¢ O0T-90¢ @ OOT-2hE : 6E6=lSE ¢ 00T-60C€ : 00T-l1E€ : 9 ¢

6-69 : 8.m:m : 00T-TGh :  hl=Ish : O00T-€Th : 2s—hfh ¢ 00T-2th : 66-Glf : €8-G : mm.mmm : nm-mcm s le=leg ¢ Ko

6 : G9-02 t 00T-89h 1$-606 ¢ 86~GbR ¢ €9=0TG ¢+ 68624 : L6-lwG : 08-8 : gh=£0 PoT6~466  : 06-Gln ¢ 2
oot-£8h : Gs-8ly * 00T-£2k 269G * 98-Tlh ¢ H#6=6TG : Gs=Ohn ¢ ls=lsy : O0OT-1SG : 88~6ly : 96-61G : Ts~fly (STO3WOD) O : &

H 5 g : g H § H ) H : 9¢ ¢

: : : : : : : : H s of ¢

: B 5 : : : H 5 H : e ¢

H s s 5 H H : 8T ¢
:QOT=OTT  irrrrrereeeegeeseeeees T RLETTTTPI BP0 S O ERTRTT v o YO S a1
: 8lomN : .-o-ouo.-o..-.--" Sﬁlwoﬂ . ev e . S.HAQN w 3
. :nlwmﬂ geeeccccions ersessecasrccscicascnny mmINmm . sessees : wmlﬂNM : : s
: mlmnm n--.-'. seessssee .s--.-:ou mm|ﬂg s @eec e : m.ﬂ m B N H
. wdlo.n:\M ".....\M s ....\M....".....\!...." nwlﬁm:\ﬂ s .....\M... . €l=€ :\M. uamﬁouunoov 0 ¢ v
8 : g " e ¢ 3 H H g BHFUOR :
seynutm Gy * 8OJNUIW QT : SO3NUIW 2 ! SejNuUIW Gy : SSINUIM O ! SOIMUTW 2 S9INUIW (T : €63NUIW 2 ¢ €OMUIW QT ¢ BejnUIW 2 SejnuW g : SImuwW QT ¢ :
(pesoto) ewty Arquessy g H
- —— S H $ - : g 5 H fem- H g sxusodxe H
soquuiw Of : SOANUIW Qf : SOINUTW Of : SEINUIW 2 : SSJMUIW 2 : BSINUIW 2 SSINUIW g ¢ SOINUIW 2 : SOINUIW 4 : SONUIW  : Sejnuiw Og sIaoy g @ 3o HILA ¢
d o062 ¢ d o062 ! d o062 ¢ ‘d o062 : “d 0062 A o062 1 ‘T oGT2 ¢ ‘d oST2 ¢ ‘d 08T ‘I o08T i d 09T ¢ ‘& o038 ® potIed :

TyTcumy eAj3eted juedded Jf PUS J o08 03 2Jnsodxe J104J8B pUE 8J0J0Q ' S8INqRIGADeJ BNOTJIERA 38 SONTA wadn

Butyies-eanyriodmes-WOOI UITA POPUOQq ‘POOMATd YOITQ MOTT84 nunalwﬂ\m "A1d-s8IU3 JO 84593 JBOYS \ﬂ.ﬂc J0 sjruseyg--°G e1qay




d 92949 Wz

*3uedred Uy eamyyey poom eFeroaw eyy sy Puodes aqy ‘gout exvmbs red spunod uy yiFuoxys Ieeys eFwioAw oYy ST OUTBA 3BITF oé.\M

T

ermsodxe wory TeAowex 193y oanyuiedwes WOOX 38 JojeM UT 8IMOY gf I0F POYe0s suwewrosdg

SUOT4TPUCd JFurany

: H H H H H H H H : H H M H

H H H H H H H H H H H H w :

s : g : : : : : : { t : of ¢

H 5 : : : : : : H : : : e ¢

H H H : : H H H $ H H : 31 ¢
Gh-0£2 : T9-6G2 : T8’ ¢ O00T-602 Sh=l6T @ h2-fe2  : g@=21e ¢ GU-2GT : o06=Gfz h-68T ¢ G2-88T ¢ 00OT-TLTU ¢ et ¢
€9-2€ :  6E=9f P ofe-gty 2-(6¢ € : =166 ¢ 2=_lf ¢ o-t62 h-26¢ ¢ 1-9£€ ¢ nm.:om t00T-6¢E ¢ 9
mw.nmm i 269 t o £9-Gon ¢ 8-26f :  oe-ll : -log ¢ £-60L -8l :  €1-G9f ¢ =962 9-T¢ : 00T-G8¢ ¢ L
09-69¢ ¢ mw..om: to9l-GGn  : lf-n2 t o bT-HEE ¢ 0-96¢ ¢ 8=96€ ¢ 2-oNf :  9T-02K ¢ m?mmn t IT-06€  : 6ég-2en * e
66-69 @ 6~6Gh : 00T-g6% : G9-T P98=98h ¢ €98 :  H#E-GTS :  6T-9mm : 88-l6ty . L=G6fr @ 06-L05 : O00T-Onh :(ST0I3W0Q) 0 : &

H H H : H H : H H H : H H

: 5 : ' : H g [ : H ] : 9¢ :

: [ : : : : : : s : H : of

H H H H H : H H H H H H :N :

H : H H : : H H H H : H 8T ¢
08-hTE ¢ hE-hEE ¢ C6-6TE : 001-082 : 00T-0f2 : OOT-G2 : 00T-202  : 00T-I8T : 00T-OhZ : 00T-$h2 : 00T-922 : O00T-L12 @ 2t :
m?mm: P ¢ T6-lEn : ng-fhn ¢ €G-olt ¢ s6-8fw : 2g-L to€3-9tR : G9-2 : 63-Olh :  G3-08h :  86-ffh 9

6-9 T he=€eh ¢ 06~ t  %6-Gen  :  h9tim ¢ 00T-Gth  : 99K t00T-8Eh ¢ 1l-02 Po26-8%h : 06=9 t96-hEH ¢ L
€6-T16  :  T6~4Gn : L6=9m :  66=9fw : 63-GTG 00T-Tlt : 00T-19% : Tl-hg P €8-016  : 00T-6 i 93-02 i Go-logw ¢ 2 ¢
T6-8ln * 00T-O3h : 8s-hsh :  66-6EH : H3=leS : 00T-€€H : 662l : o 16-Lt : o 66=le§ Sﬁ.wwm P00T-T0G @ €6-06w :(8T0X3W00) 0 ¢ @

H H H H H H H H H H H H H

s H 3 : H & H : s : s : 9

g s e g B : g ) : : H 8 of ¢

H H : H : H : ] H H H H he ¢

H : H : H : H H H H H H 3T ¢

00T-28T : 00T~202 : O00T-89T : OOT-9nT : OOT-6HT : OOT—HST : 00T-hLT : 00T-6T : L6-OLT : O0OT-TI9T : O0OT-6GT 00T-19T ¢ 2T ¢
66-06€ @ 00T-2 PoooT-en ¢ £3=lTE ¢ 86-hOf : OOT~h9E ¢ 66-02C : 96-8TE : 86-8CE ¢ 0OT-0Pz  : 00T-0T¢ : G8=h92 ¢ 9 :
66=etth :  l6=9 P00T-6Eh ¢ G3-26 . o0T-lew :  66~98C 00T-0Th :  66=2! PO00T-EThH :  66=80% : 09~EfH ¢ o00T-2&f L
le~aGh @ l6-T6h : 00T-hlw : 96-63€ : 00T-49h : #6=G2S .  66-22 t 00T-TE : o 86-Ggh ¢ 66=£9% : 00T-2Gk :  86-0F : e ¢
00T~TGH P86=29n ¢ 00T-9ih : O0OT-8TH : 0OT-98h : O0OT-ORS : 66-026 : 00T-2#G : O00T-£€h : 00T-82h : OOT-hoy @ 88-16 i(8T0x3u0) 0 ¢

: : : : : : : : g 2 : : 9f ¢

O H 3 g ' e H ' H $ ; : of *

t H : : : : : : : H i : fe ¢

H H H H H H H H H : H H 8T ¢

001-63T ¢ 00T-89T : OOT~HGT : 00T=LLT : 00T=LIT : O00T-L9T : o00T-OlT : 00T-H9T ¢ 86=891 : O0OT=LGT : O001-OLT : OOT-6£T ¢ 2T ¢

86-h2¢ * O00T-06€ : O0OT-h92 ¢ 68=2S€ : OOT-HTE ¢ 26~9T¢ :  86=G0f : g6-gb2 =262 * lé-H2f ¢ O00T-8f{ : 86-832 9
Po00T=loh ¢ I3-6T ¢ 00T-GT: i 08-92 ¢ 00T=9T f00T-96¢ ¢ 3= T t o g8-hbE ¢ 83=2f ¢ 00T-8hE ¢ o
P00T-02fr ¢ 06-8T t o 66-0L P Gg-HG t L6-0¢ PoGe-ton  : C6-GE! POT9=EHG ¢ LG-hG ¢ 2l=fen ¢ 2
P00T-sgh ¢ 00T-£9G : 00T-I9h ¢ B6-G6N :  66=2TG : 00T-99n : T16-2GG WG9k ¢ Ll6-2lG ¢ 83~g9n  :(sT0I3uW0D) O o
H g H H H g : s : 3 5 9f ¢
H : : i s ¢ 3 g : i H of @
H H H : H : H H H H H .—m H
H H H L] H H H (] H H : 8T ¢
T QOT=EIT  f°°*t*reeeeens TOQOT-TIT  f+evt+eeesene : cot-ont ¢ 21
geccecccccanay : 00T-6T2 gecerceans T 00T=<T2 gesscececen ¢ 00T=GT2 s 9 ¢
sececccccee : MNPOWM geccccccas . Hzlhmm feccerccocne : 00T-822 : 2 H
$eveccccsns . NINW: fecescccoaaony . le:mﬂ : mmtwg : 2 ¢

: .-..-\M. : : WNINM#\M s ....-\Mu seces . . ﬂmlog\ﬂ. : : : ﬁmlhm:\ﬂ. uAuHOkaﬂOOV 0 m v

] : H g : g g : g § g : BIIUOR :

BoqnUTW Gfy ¢ seqnuUTW O : Sernuym 2 ¢ seqnum Gh * seInuIW QT @ B93NUIW 2 : SeqMUTW QT : Sejnuym ¢ -i Seqnuim QT : SejnuUIW 2 : SejNUIW 2 ¢ sSejnuTwW QT @ :
(peso1y) ewyy Arquwessy H H
H 3 3 : : : : B : : : :  emmsodxs
sojnutm Of ¢ eenuUIW Of : sejnuTm 0f : sejnutw 2 ¢ sequuywm 2 8OINUW 2 : SOqNUIW 2 : BOIMUIW 2 : SejnuUIW ¢ sewmuIw 4 : seynumW Q2 smoy g & 3o enty
L 0082  t ‘M o062 ! f 00G2 ! °d o062 * L 0062 ! °f o062 ¢ °& 06T ! "k oT2 ! ‘L 60T : A 608T : °f ¢09T ! M 08 * PotIed

oo o oe ee se o

X370 1W0Y 5aT48Ted 3ueodod ]G PUE 7 .08 03 6Insodxe 18336 PUs 910J6q 'Seanjuleduo) SNOTIGA 78 SOUIF BOIO
13303-01039160W93 ~WOOL U3 TM DOPUOQ ' POOMATI Y9ITq NOTTe UoUT-G1/§ ~ATA—9Tqs J0 53557 T20Us Yok 30 SaTnseE "9 S1qmL '




cqueoged uy exnyyer

poon eFeleaw OU3 ST ONTBA

o

puooes ey3 ‘youy exenbs Jed spunod uy yyFuexys Ieeus eFureAw oyy ST enyeA 38d(J onh\M

-07040 oyy yo qred Fuiyeos eyy Ie3ye Lyeseypeuwt pe3sel nnosaoonm\d

8uUOT4TPUCO Futdny

: : : : : : : : : : : o ¢

H H 5 : 5 H 3 : g B : of ¢

H H J H H : H g H 3 : H e ¢

H 5 : : 3 : : : H : 4 : 8T ¢
99-2hE ¢ LG-hof : l€-80€ ¢ Of-h4E :  le-6s2 ! o ¢ n-262 o-flz : 2I-6IL ® 0-Gef 6-0T¢ :  £9-T8¢ ¢ [
£2-06€ : In-T6€ ¢ GI-0GE @ l€=29€ ¢ HI-hEE ¢ -1 ¢ 2-06f :  €-62€ : m=G9f ¢ o0-2€ : 2r-’le : l9-lE ¢ g ¢
28-98¢ : B6-lGf : €e-g8¢ : @s-sG¢ : e2L-elf : 2-20f ¢ H-6E 2=21e  :  9I-6lf n-6hE : OT-8S€ @  H6-69€ ¢ L
Ge-lfw *  28-0Th * 9l-@k mTﬂwm : 9f-9on ¢ L-69¢ 9-26f : 2THeE ¢ oe-ltn : 2T-09f ¢ [e-2r s Lg-08€ 2
66-69% : 66-£GH g 00T-86% : 9-1 P 98981 J fo-fen : H6=STS : 61-g9th : ss=lén t  Gl-Gbh ! 06-L ¢ 00T-OMh storqmwog) 0 ¢ &

H B H : B H : H g 8 g 3 ot :

; ; ; m ; ; ; ; ; ; ; : -3
ll-g8€ ¢ 96-80h : 06-9lf : 96-Gon ® mmnmS : lg-20n 68-h9t :  6G-TLE : lg=20R ¢ wTwm: LI 14 : o G6-89E 2t
685 : 96-Ten ¢ 00T-9€ T 8661 i 1g-Ghn ¢ 06-62 ¢ 18-96€ : Ll-gth : 6l-awn : 08-9tn : 68 €h ¢ 00T-£4h ¢ 9

0oT-£l¢ : 00T-9¢k : 00T-£l t #8-t6 : g6-fTH  : 00T-£6¢ ¢ 18-T19¢ ¢ G6-=kth : ol-eth *  96-00K : 26-Teq ¢ o00T-20n L
16-6th  :  86-h9h ¢ OOT-2qh ¢ O0OT-£Eh ¢ 86-GGn i 86-T¢n :  06-8T : gs=Gey ¢ 26-£0G6 ¢ 86-€L t 96 .mwm t 00T-6h ¢ 2 ¢
6-8ly Po00T-08n i 88-hsh T 66-6EH  : Hwe=l26 ¢ 00T-£fH 662 : Te-lt¢ ¢ 66-l2G6 * oOT- t 00T-1 T €606k i (sTo13u0)) 0 Poa

: : : : : : : : : : : : %

5 : : : : : : H H : 3 : ot ¢

: : B : : : d : H : t : #e ¢

: : : H : : : : : : ' : 8T ¢
96-09¢ * Te-f2n ¢ 96-09f ¢ GG-92€ ¢ L1696 ¢ €6=6en *  O6=92n i H6-02m ! Ge-8lf ¢ 96-08¢ *  €6-EnE ¢ ELbHE et

00T-024 ¢ O00T-99h : O0OT-l ¢ h6=£9¢ ¢ 86-Owh ¢ O0OT-gsh : O0OT-hGh ¢ O0OT-Glw : oot-omy i BE-gen i gE—6sL 06 g€ ¢ I
00T-6hE : 86-1Gh : oot-2zh ¢ 6L-£9E€ : OoOT-6On i 00T-Ely ¢ 00T-2 o 06=19h : O00T-T9x *: O00T-Olh ! ooaumun t In-blE ¢ ¢
00T-£0n : O00T-Giy * 0OT-Osy ¢ 26-€4E : 00T-02q ¢ 0OT-8 : o0T-gly ¢ O0OT-6Gy ¢ 00T-GEw ¢ O0OT-6EH 1 0OT-Ewh ¢ 88~£8 ¢ 2
00T-15h J 86=2gn  00T-9h i O0T-gTh i OOT-98% t00T-OnG ¢ 66-02 i 00T-2H : 0oT-§€n ¢ 00T-gh ! OOT—h9n * 88-T6E :(STOIWOD) O ¢ D

" ; : .“ ! : m i : m m : ¢ :

: H : H : : : : : : 3 : Nm ¢

: : X : : : : ; : : : : s i
9§ * TI=96€ ¢ T6=9Lf t 92Ty : @2-04€ ¢ GI-6ef : 28-G6E 2G-f2n t f9=6an ¢ he-lE ¢ lefl€ ¢ le-eSE ¢ et
98-gTh ¢ Of=lfn : Ge-zew t f(a=gmn * 0926 t 9G=6C : S6—tGh ¢ Ss-gmy :  hS-bln G BELEn ! 6565 * :Tc.nm : I
El-2on ¢ ln-swh t OOT-60n ¢ 86-9% : ol-26€ t ST-sl€ t oO6-len : 9shln : 9l-lSh * GE-nEy 1 owfen ! 7695t ¢ L
le-eln ¢ mm.mwm : oot-f2n :  86=Ebh ¢ 88-Tn ¢ 6L-Ghn 1 0OT-TEw ¢ sb-2mh i 680 t18-L : d...mwm T Is~t6E ¢ e
S6-0gh : 6s-OnG © 00T-8sh : O0OT-€9G ¢ 00T-lgx ¢ 86~Geh ¢ 66-2T¢ ¢ 00T-99 : T6-2GG w6-Gon ¢ - lé-2 P g8-ggn  ((sTOMWO) 0 ¢ &

: : : : : s : : : 1 : H :

s : : s : : H : t s : of ¢

: : : : : : : : H : : of :

: : : : : : : H s : e

s : : : H : : H : s 8T ¢

msesecsnssataresncoesssal esssseceannay HHIO;N s t H lea gesrsscecan le:mN H Fa S
casasacs sessoe edssssces . OIIMOM . . Mlmmm t1esssasrren ONIMMM : m.u
ssescean LR NN 244000000 H d H H IJN HEEEE X KRR . H : H
sascnesen ssessscan : eeseus N INM& ] .e : mwlmwﬂ fessssccccnas : Mﬁaﬂﬂ : 2 H
-v.-\l e ..»‘\M- i mcn.-.\.l sse n. WNINM;\N. n.-‘.-\-l ....u.-.oo-\l o..om.-.-\ﬂ. -.-n. nmls:a ".-.-u-\M Ty m nmﬂﬁmﬂ\m ".A_-.HOHaﬂgu O w 4

H : H ] : : ” : H H Mﬂdﬁﬂ’ .
sajnuyw G sejnuiw QT sejnuw 2 Sejnuim G . gejnutw QOf sejuuiuw 2 seqnuUm Q[ : Sejnuym 2 : 884NUIW O ! SBejNUW g : S\INUTW 2 « sejnuiw OT
(pesoTo) emyy A1quessy . .
- H exmsodxe H

sequuUW Of : SSJNUIW Qf :SOINUIW Of : SOINUIW 2 : BOINUIW 2 SHINUIW 2 BOMUIW g S8INUIW 2 ‘tosejmutm § ¢ 8O4NUIW # : SeINUTW (2 ¢ samoy g ¢ Jo : enyp
‘I o062 ! °d o042 d 0062 ¢ & 20642 ‘I 0042 *d 80G2 T E oGT2 1 ¥ oST2 *d #0321 E 0081 ¢ ' 6091 ! E o038 ¢ potIed .

Tyipyony eatjerad juedied Cf pue X o08 38 Ite Ul 8Awp 21 103 Yaiiip pue @03 6100me]

TOOX 3@ 40364 U} 8Aep ¢ JOJ FUPIe08 038lis}(e 03 eansodxe Ja3je pue

! qO11q AOT1e4 YoUT-9T

810J0q 'Seanjeledmay SNOTJICA 38 66Ny

"E{d-e533 3o 53803 Teaus ASk 3O B3 Tasog--*) OTqEL




4 lagh9 W7

*8Inoy gh J03 exnjeredmweq woox e Jojem U FuTHwos 1037 30A an-on.n
*89803 (2 JO oFeJeaw ouyy ST ouyes yoey °juedsred uj esuryel poom eFsresw oy ST eureA puodes eyy ‘youy exenbe zod spumod uy yjdueris Ieeys oFevleAw 6Y] S} ouyes 38I1J onam.

. 44 Tpyumy eatierex jueozed Gg pUe °f ¢08 38 JOOA euUO 38wET 3w I63ye AIp ec»naa.m

1 : H H H B H H T H T L :

H : : H : : : : : : : i sjrnseg ¢
Ge=Gtn :  6s-8Gh :  L6-glw i G6£9G : #6-HGG :  83NTCS :  oG-l6n * GT-OGH ¢ 06-0EG : LE-fly Ly ¢ 66-0nSG ¢ Casep 3
€l-sth - ¢ ol PoTs-bTR  f 96-T LR 5% mmva»m Pol8-Ogn  meccceceesces : mm.oom : om...mm R dseus !
66-69n : 66 to00T-86h ¢ G9-T to93-9sh ¢ £9-sh ¢ R6=GT6 :  6T-ohh :  es-lén ¢ GL-G&y :  06-loG G O0OT~Ohy ! ol ” k|

i : : H : : [ H : B :

4 H : H ¢ : H : t
88-82h ! thEl P 26=22 t 9l-f9n ¢ 9G-6 i 8g=2 O H6-00S  : gS-hb t 2e-2st ¢ €-8Th ! 81-82 P 69-neq ¢ s3rveey
:.nwom : mmumwm : 06-86 ¢t g8-g9eq * m».omu : mu.:.m oot 2%-9en oTﬁm 2 ll-gen ¢ wm-a: t 6E-L6 ¢ Ll-eGn ¢ 380]

96-96 t Gl-ooh ¢ T8-low :  G6=Gew ¢ l6-hGh : 16 nm P W6 18-Teq ¢ OG-geq :  fs~fgn ¢ mw.mm: S (ST aveys @
lg-gGh ¢ €6-GTH 68-20h LE-Thn LL-00n €E-nl Pooh=lth ¢ 02-9Th  : 6G-6EH  :  Lli=9Gh ¢ l-gfn t  H6-fen Aba CO ¢

H H H H H H H H :

H H H H H H H H H H H H

00T-2T6 : T6-2ly : 00T-9G : O0OT-06f ¢ OOT-00G ¢ O0OT-9HG : O0OT-hsh ¢ G6-8 t g6 : oot-léh : l6-8 t g6l i s3Tmsey
RM&. : anum : STmom t 666 PO660T& i G6-h9h *  sh~2 : omMm I ¢ : mz.nmw: ¢ H9-HT LI« -] : 189]
T6-€ohr : fg=ely : Gl-69n : G6~€3n t 09=9GH : 96~glk : €2-6TC : g o6 ~Teh ¢ L=G6h : T8-98q : &9 : qeous
........... R R R R Rt leNMd R R R R R R mw§ gececesescesozecscscccrrcens nmlhm# . ﬁuth (3 v

H H : H H H H 4 H H H H ¢t

H H H H : H H H H H H
f6-83h ¢ OB o962 ¢ 66~rGh t 96 Po96~69% :  Is=9ln : 96=9 T 00T-G9% : O00T-HOS * T6~Ely * 868 :

Gg- PonG-6ln ¢ E9=aly  * 89-Tgn ¢ SM“ t fl-gGn  t 2e-ely t 96=2 Po19-sth ¢ oOl-Tey *  2l-s 2 9t i s3Tneey

16=2tH : gg-h2h ¢ €6~hith : n6-06% *  08-8€h ! HE-9GH * OG-Omh :  hS-HTn S..omm t Oh-89h : 2s~e4h *  0G-TTp ¢ 3897
mm.mm:.«. : 6L s : mTom..m“. wanoimm al-lon  +  l6-Ths mm-wt_mn lé=eshy * T1-96 t ooduam..u." :m.mm.ﬂ Gl Ieeyg

D R D N R NP w,:lo.n#M $ecececsns ‘..w ........... u ......... m..u mwlmm#& seeee esecectony mhlmm:w. m Mh.un m v

S9RUTW Giy ¢ SIMUTW QT : SeINUTW 2 ¢ sejnUmM Gf : SejnuUTW QT ¢ SOINUIW 2 : SOJMUTW O : SOMUIW 2 : SS4NUTW OT : seynuUW 2 |t sejnum 2 ¢ ‘sejnuyw o iempy Liquessy:

sejnum Of : sejnuym Of : sejnumyw Of : sejnuIW 2 ' sejnuim 2 : sejnuUIm 2 : SeqNUIW 2 : BeINUIW 2 : SeNUIW f{ f.seqnUIW 4 : seynuwW (2 @ emoy g ¢ emiy Fupan) ¢
H H H H H H H H H H H : HE ) 8 ()

: 5 5 : : s : 5 e g 3 ¢ eangjeradmey :

f 0062 ¢ ' o062 ! °f o042 ¢ "H 00G2 ¢ T o052  ‘E o0G2 : “E oGT2 : L oGT2 : A 608T @ ° ¢08T ! °& 09T ¢ °f 008 ¢ Furrny

¥ :
. .

: -8owWy) ZTqUOsse pUv seln3eiadme; FUTIN0 SNOTIEA 3¢ SO0 wein
go»omgaﬁo&mmalsonn:-voﬂm‘uaorhangoug nonauwﬁ\mhanlooauo-qaﬂ«uommnom»nouudonwuoau.?aom.i.moanna




SUBJECT LISTS OF PUBLICATIONS 1SSUBD BY TIE

FOREST PRODUCTS

LABORATORY

The following are obtainable free on request from the Director, For:
Products Laboratory, Madison 5, Wisconsin: e

Note:

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products,
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

List of publications on
Fire Protection i

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications for Partial list of publications for

Architects, Builders,
Engineers, and Retail
Lumbermen

Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Since Forest Products Laboratory publications are so varied in
subject no single list is issued. Instead a list is made up

for each Laboratory division.

Twice a year, December 31 and

June 30, a list is made up showing new reports for the previous
six months. This is the only item sent regularly to the Labora-
tory's mailing list. Anyone who has asked for and received the
proper subject lists and who has had his name placed on the
mailing list can keep up to date on Forest Products Laboratory
publications. Each subject 1list carries descriptions of all

other subject lists.
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