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* * ABSTRACT * *

Approximate ly 250 dynamic tests have been performed on eight types of

wood— nailed joints . ~ Due to the delay in delivery of hig h carbon
-

~~
- nails, a com plete set of tests could not be completed until April 1975.

1 This inter im repor t presents the results for one type of wood —nail j oint .~~~
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PART I

BACKGROUND INFORMATIO N

Descriptions of laboratory procedures, equipment, and test material were

inc luded in a report titled, “Transportability Criteria for Cargo Restraints ”,

dated July 1974. Included in the report is information describing the reason

for the joint project .

The present test plan specifies testing of eight wood—nailed joints . Some

laboratory tests have been performed on all eight Specimens . However ,

only test specimen 1 has been completed because the high carbon coated

nails were difficult to procure .

This report describes the procedures that are used to present the test results.

Basically, It describes the procedures used after the laboratory test data are

stored on the magnetic tapes .



PART II
DATA REDUCTION

A . EQUIPMENT:

Raw data stored on magnetic tapes were used to obtain digital data for

eva luating the strength of the wood joints. A skematic, Figure 1 , can help

describe the process.

1. TAPE RECORDER:

The magnetic tape containing the raw data is read by this tape recorder.

2. A/D CONVERTER:

Before the raw data can be used in the computer it must be converted

from Analog to Digital format. In the Analog format the data ore continuous

and therefore form a curve. To convert to ~)igitaI form, i1ie curve is read at

specific intervals starting from a designated location. The designated location

is obtained by hav ng the computer analyze the readings for Channel 1. The

data for Channel 1 are compared until 10 readings having progressing values

are Found. Then it returns to the first of the ten readings and takes the

prior 30 readings and uses those for computing the time zero value or base-

line reading. Since electrical noise can cause some readings to be high and

can distort the baseline reading, the computer will determine the standard

deviation and will disregard any value that is greater than 2 SIgma in the re-

calculation of the zero value. In addition to the statistical procedure for re-

ducing the effect of noise, a filter is used on Channel I ~ Details for this

filter are shown In Figure 2. The effect of the filter can be seen by comparing

FIgures 3 and 4.
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3. ELECTRONIC DATA TERMINAL:

This is the device used to input instructions and data to the computer,

and it is also used to provide a hard copy of selected output from the

Computer .

4. COMPUTER:

All computations and repetitive type operations are performed by this

e lectronic brain .

5. DISC AND TA PE TRANSPORT:

Output from the computer is stored on a computer disc and also on

magnetic tape .

3. PROCEDURE:

1. The magnetic tape containing raw data from the laboratory tests is

placed on the tape recorder . Using earphones to hear the calibration in-

formation for each of the six channels , the tape recorder channels ore ad-

justed to yie ld voltage readings comparable to those recorded in the instru-

mentation van. This procedure will reduce the error in using two tape re-

corders to record and piay back the information .

2 . By p lacing a magnetic tape on the tape transport the computer system

is ready for operation . After calling up the program from the computer file ,

the computer will instruct the operator to enter the ten digit test run number .

The run number is described as follows :

XX XX X XXX XX
- - T T T~ 

L Impact Number
I L Position number where dolly was released
I Samp le Number

— T3st Schedule
— Test Specimen Number7



-

When the computer receives the tenth digit number it will print “is number

right?” and “is Analog tape ready ?” If the answers are yes, activation of the

return key will advance the computer to the next step. If the answers ore

no, then a “NN” rep ly wi ll instruct the computer to request the test run

number again . A copy of the program is presented as Appendix 1.After the

computer receives the correct number and the two questions are answered ,

the computer will wait for the data from the magnetic tape . T he data are

entered by the operator starting the tape recorder , and while listening to the

audible countdown for the impact , a switc h is activated between the audible

count of two and one . The switch allows the data to be processed through the

Analog/t~igita I (A/D) converter to the computer . Only one—half second of

data is anal yzed after the computer establishes zero time . A summary of the

data is printed on paper in the electronic data terminal . An explanation of

the information included in the summary is presented below .

Channel Channel Channel Channel Channel Channel

1 2 3 4 5 6

xxxxxO/ xxxxx0/ xxx/xx xx~/xx xxx/xx xx/xxx Zero reference

xxxxx0/ xxxxx0/ xxx/xx xxx/xx xxx/xx xx/xxx Maximum value

xxxxxO/ xxxxxO/ xxx/xx xxx/xx xxx/xx xx/xxx Minimum value

xxxxx xxxxx xxxxx xxxxx xxxxx xxxxx Remainder

xxxxx/ xxxxx/ xx/xxx xx/xxx xx/xxx xx/xxxx Area under cur ve

xxx/xx ** ~~~~ xx/xxx ~~~~
* / Shows location of decimal point.
** Wor k = (Area under curve for Channel 2) x (A rea under curve for Channel 6) 4.

ITime duration of impact) ~~, which is a fixed value for computatknal
purposes, 0 ,5 Sec 2 )

Disp lacement at 0 .5 Sec after impact (Permanent displacement)

8
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The Digital data ond summary are stored on the disc and magnetic tape.

Each impact requires the operator to repeat the above procedure from the

step of ca lling up the program .

3. Since each test may have approximately thirty impacts, another

computer program is used to obtain data for plotting a curve that will best

represent the data results for two variables. The program shown as Appendix 2

utilizes the least squares method and the Gauss elimination process of solving

simultaneous equations.

4. When the program is used, the first information that must be supp li ed

to the computer through the electronic data terminal is the degree of poly-

nomial the user desires the equation to be. The maximum degree is 10. As

a general rule, the higher the degree of the polynomial the more the best—fit

curve wUt respond to deflections in the data . After the computer receives the

two digit number it wHI request the x and y values of the data points. The

values must be in the following form:

xx .xxyy .yy

At the conclusion of the data input , the operator must input “00.0000.00” to

have the computer process the data . Output from the computer will give co—

efficients for each power of the equation . Then it will request the operator

to enter x values for plotting the best—fit cur ve . When the value is entered

and the return key is depressed, the computer will calculate the corresponding

y value and have the x and y values printed on the paper in the data terminal .

The computer will accept x values until 00.00 is entered . Because zeroes are

used to signal the computer that the input is completed, all input values must

9



be greater than zero.

C. RE SULTS:

Summar es from the computer output for the impacts are numerous and

are considered uneconomical to publish . The summaries were analyzed and

condensed to show the yield and maximum forces that the various samples with—

stood , These results are shown in A ppendix 3 . The data for the dolly im-

pact force; dolly, hammer , and specimen accelerations; permanent displace—

ments; and total displacement are obtained from the impacts that provide the

yield and maximum forces on the hammer .

10



PAR~ Ill
DATA EVALUATION

A . DATA EVALUATION:

1. Data evaluation will be discussed by describing the parameters

used in the tables, and by giving other details that may be of interest .

2. Refer to the column headings in Appendix 3.

B. TE ST NUMBER: ( Column 1) . This number represento the test speci-

men number and the test schedule number . For example , 1—6 means that the

data is for Test Spec imen 1, Test Schedule 6 (See Appendix 4). Information

prov ided under this number provides a brief description of the test specimen.

The phrase “Oak on WH” means that the blocking or test specimen material

is oak and the floor material is Western Hemlock. The nails are described

by a phrase similar to “50d HCB” which represents a 50 penny high carbon

nail with a bright finish.

C. RUN NUMBER: (Column 2). The sequential order in which the samples

were tested.

D. MOISTURE CONTENT: (Column 3). Readings obtained by using the

moisture detector .

E . DOLLY WEIGHT: (Column 5). The weight of the dolly including the

hammer weight . Wftho~t including the weight of the hammer, the dolly

w e g hs 1514 pounds.

F. DOLLY IMPACT FORCE: (Column 6). For this column and the remain-

ing columns, except the hammer weight In Appendbc 3, there are two lines of

data for each run number. The first line contains data based on the impact

11



that produces the yie ld point described under “Hammer Impact Force ”. The

second line is based on the impact that produces the maximum value for the

hammer impact force . On the computer printout, the dolly impact force is

located in the first column and second row of each impact . A zero must be

added to obtain the actual va lue . The dolly force shown on the first l ine of

eac h run in the referenced appendix is obtained from the last impact in the

yield point range, refer to Listing 1 Test Run Number 0106106120 .

G. DOLLY ACCE LERATION: (Column 7). Dol ly vibrations are measured

by a mechanical transducer with an electrical output . At low Frequencies

relative to the natura l frequency of the transducer , the transducer acts as an

acce lerometer . Primarily, because of this characteristic and because the fre-

quencies of the components are difficult to measure , the acceleration data

should not be given a high degree of impor tance . The dolly acce leration is

located in fourth column and the second row of each computer printed data

summary . See last sentence in “Dolly Impact Force ” for se lection of value

used in the appendix.

H. HAMMER W~lGHT: “Hammer ” is the nomenclature for the load cell

transducer assembly and the control weights. The hammer weight is changed

by adding or removing metal slabs to provide sufficient number of impacts to

locate a y el’. point .~nd maximum force the specimen will sustain.

I. HAMMER IMPACT FORCE:

1. This Is the most important value in the data listing . It is the

peak value of the dynamic force input into the test specimen. On the corn—

puter printed output It h the value in the second column and second row .

12



A zero must be added to obtain the actual value . The value of the hammer

impact force shown in the first line of each run in Appendix 3 is an arith-

metic average value of severa l impacts in the yield point range . This value
s the yield point for the specimen. “Yield Point ” as used in this report is

determined somewhat different than the procedure used to locate the point in

materia ls like metals — that is, to p lot a stress—strain curve . Before explain-

ing the procedure, a description of the yield point wi ll be given. Consider

the curves shown on Figure 5 . The scale on the left is used to read the two

upper curves; however , the bottom curve must use the scale on the right.
The calibration curve is not used to determine the yield point but is included

to show the force that would result if the specimen was a solid mass , that is,
a single piece of lumber instead of a nailed joint . Observe the lower curve

which is a plot of the permanent displacement versus the distance up the ramp

on the conbur type incline ramp. There are two locations where the curve

could be considered Flat . The second flat portion is considered to be the lo-
cation of the yield point. Since the force on the cleat or hammer impact

force Fluctuates within that corresponding flat range, the force is arithmeti-
cal ly averaged for several impacts .

2. The procedure for calculating the yield point can be explained by
using a sample of the computer printout, Listing 1. Observe the number in the
fourth column and sixth row which Is the permanent displacement . Starting at

test run n~ nber 0106105116, the number is —00127. The negative Sign means

that the wire length in the displacement transducer is decreasing, which is

13
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CALIBRATION FOR 1079 LB HAMMER WI.
a—o-—-- HAMMER IMPACT FORCE
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FIGURE 5. TEST RESULTS FROM T EST 1-6 , RUN I
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UP? B I DT uo:3 0
DEBUG TER M INATED -

-

ENTER TEST PLIN NUMBER
xxxx xxx xx
0106 11:2

5116
15 NUMBER PIGHT~I:. ANA LOG TAPE READY?
— 00 C~02 +cIoc~~5 —00012 —00009 — 00018 —00126
+~~0386 +1)1)285 +00378 +0044 1 +00296 +01j 126
+01: 1:1 1:1 0 —000 2 5 — 00 116 —0008 1 —00078 —00136
+00383 +1)01)18 +00116 +00127 +00304 —01:1764
+00449 +0’~’104 +00208 +00191 +I30~ 12 —00132
+1) 1) ii 1) i) +03432 —00002 —00129 —00038 —00 126
OP~ B I PT U 0:3 1)
tIEBLIG TERMINATED

ENTER TEST RUN NUMBER
~~x~ xx~xxx
1)1061 05217
I:S: NUMBER RIGHT?
I:~: ANRI_OG T APE READY?
—oc IocI ;2 +001:123 —001 :110 —00011 —00012 — 00125
+1:11:1380 +00:30:3 +00:360 +00457 +00318 +00125
— 0( 1 (114 —000 25 —00116 —00079 —00050 —00155
+0016:3 +0055:3 +00729 +00203 +00276 —0u689
+01:1449 +1:11)11:19 +1)0207 +00199 +00188 —00177
—0 0 001  +0482:3 —00006 —00 131 —00002 — 0u124
OP ? F I PT 00:30
DEBUG TERMINATED

ENTER TEST PLIN NUMBER
xx xx x xx xx x
Ui 0611)5318
I:~: t~IIJMBEP RIGHT?
i S  ANALOG TAPE READY?
— 00002 +00010 —00014 —00016 —00020 —00127
+00:398 +00332 +00462 +00406 +00342 +00127
—oi :i008 —00016 —00064 —00072 —00044 —00177
+00012 +00579 +00498 +00379 +00004 — Ou ?60
+00456 +00177 +00234 +00237 +00232 —00210
—00002 +09292 —00008 —00136 —00002 —00126
IJP? BlOT 0030
DEBUG TERMINATED

ENTER TEST RUN NUMBER
xx xx xx
0106 105419
IS NUMBER RIGHT?
IS ANALOG TAPE READY?
— ‘:‘oooi +00030 —00009 —00015 —0001? —00142
+00427 +00:312 +00329 +004 (11 +00339 +00142
—0 0009 — 00030 —00 095 —00055 —00113 —0U164
+00829 +00691 +O0~ 00 +00250 +00489 —00414
+01)457 +00093 +00210 +00240 +00217 —00162
—00002 +0:3766 +00000 —00146 —00008 —00146
OP? BlOT 0030
DEBUG TERMINATED LISTING 1 j-5COMPUTER PRINTOUT SU~’1ARIES
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correct for the direction the transducer is mounted . The decimal point is

located three digits from right. Therefore, the permanent displacement is

0 .127 inch. Continue to observe the number in the same location for each

succeeding impacts . The numbers are 0.127, 0.133, 0.136, 0. 145, 0.133,

0.153, 0.190, and 0.215. By comparing the values you can see that the

first five values do not have a large di fference nor do they continue to in-

crease . This indicates that the y ield point includes the impacts prior to and

including impact 20 or test run number 0106106120. To determine the number

of impa cts to include in the averaging of the hammer imp act force , the force

values (second column , second row) must also be observed . If these values

do not vary much or if the difference between the highest value and lowest

value are within 80 ( 800 lbs ) then the numbers can be averaged. If the

range is more than 80, reduce the lowest number impact until the range is

acceptable . The “80” value is an arbitrarily se lected number . The last im-

pact in the range, 0106106120, is used to obtain the information for the other

variables that are recorded on Line 1 in Appendix 3.

3. To verify the procedure for determining the yield point, a special

test was performed ( Test 1—34 ). Components for the joint were same as

those for Test 1—30 . Instead of increasing the force on the specimen until

failure occurred, the dolly release point was increased until it reached the

pasitlon corresponding to the beginning of the yield point range of Test 1—30 .

At that position, the dolly was released twenty times. To complete the test ,

the dolly release point was increased until failure occurred.

4 . Results of that test are shown in Figure 6. Note that the twenty
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extra impacts did not adversely affect the shape of the curve . Based on

these results it is concluded that the procedure for determining the yield

point is acce ptable .

5. The second line for each run in Appendix 3 is for the maximum

force the specimen withstood. Again the dol ly force, dolly acce leration,

permanent displacement , etc . correspond to the impact that gives the maxi-

mum force on the specimen .

6. The data in Appendix 3 were obtained from the computer printout

without using the computer to determine a best—fi t curve to represent the

data . It was concluded that application of the best—fit curve was too time

consuming for the benefit that it would give.

J. HAMMER ACCELERATiON:

The hammer acceleration for each impact is found in the computer

printout at the fifth column and second row. The decima l point is located

two digits from the right.

K. SPECIME N ACCE LERATION:

Core must be exercised in using the computer printout to locate the

number for the specimen acceleration . The accelerometer is mounted on the

spec imen in a direction that is 180 degrees from the direction the other

acce lerometers are mounted. Some of the personnel that operated the in—

strumentation van would change the polarity of the data signals from the

transducer; therefore, the acceleration signals would be positive . The lo-

cation on the computer printout would then be Column 3 and Row 2 . However,
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if the polarity were not changed, the location would be Column 3 and

Row 3. The decimal point is located two digits from the right.

L . PERMANENT DISPLACEMENT:

As mentioned earlier , the permanent displacement was recorded on

the computer printout at location, Column 4 and Row 6. Decima l point

is located three digits from right. This value represents the displacement of

t he cleat at 0.5 second after impact .

M. TOTAL DISPLACEME NT:

Total displacement is the sum of the permanent displacement and the

displacement caused by the dynamic force. It is obtained by adding the

values from Column 6, Rows two and three . Decimal point is located three

digHs from right.
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PART IV
DISCUSSION

A . In the discijss on and use of the test results, there is one important

factor that must be considered . Each test was performed only three times,

and the lumber for those three runs may have come from the same board.

Ths  w iU prevent the use of statistical onalysis in determining a degree of

confidence for the data . However , the data does present some interesting

results .

B. Observe the data in Table 1. The strength of the joints can be

combined into four groups. The first group would consist of Oak on Oak

using 50d bigh carbon, coated nails . The next eleven joints would be

Group II. Group Ill would consist of the next eight joints . Again, only

one joint would constitute a group — Group IV. Because the maximum

strength for an oak on oak joint using 50d low carbon coated nails is high,

it may belong in Group II instead of Group Ill.

C. To show the effect of changing the materials in the joint , consider

Table 2 . The first two groupings shows the effect of specific gravity on the

strength of the joint. Comparing the average yield and maximum strengths

show that a change in the specific gravity of the blocking material produces

a negflgible effect on the joint strength. However , a change in the specific

gravity of the floor material produces a corresponding change in the strength

of the joint . In con~ dering the results from Test 1— 1 and 1—25 , no ex planation

con be given for the small difference between the Iwo values considering the

other tests in that group do show significant differences .

D. The next four groupings show the effect of nail size . Even though
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TABLE I . Test Results . Yield and Maximum Strengths in Order of Decreasing
Yield Strengths.

_  
A’ m~~~~~~~~~~~~

’ /,/~JOak Oak 1741 3113 50d 1040T Coated 1—3 1
Oak S . Pine 1293 1574 50d 1040T Bright 1-25
Oak Dak 1290 2055 50d L. Carbon Bright 1—15
Oak Oak 1279 1646 50d 10401 Bright 1—1
Oak Oak 1272 1969 40d 1040T Coated 1—17
Engleman Oak 1237 1742 50d 1040T Bright 1—1 2
Spruce
S. Pine Dak 1209 1577 50d 1040T Bright 1—14
W . Hemlock Oak 1192 1806 5~d 1040T Bright 1— 11
Oak S. Pine 1118 1691 50d 1040T Coated 1-26
Eng leman Oak 1115 1699 50d 10401 Brig ht 1— 13
Spruce
W. Hemlock Oak 1113 1695 50d 10401 Bright 1~ 1O
Douglas Fir Oak 

— 
1058 1760 50d 1040T Bright 1—8~

Oak Douglas Fir 1049 1426 50d 10401 Bright 1—4/
1—23

Oak W. Hemlock 1038 1450 SOd 10401 Coated 1-28
Oak Douglas Fir 1024 14-64 50d 1040T Coated 1-24
Oak Oak 938 1778 50d 1. Carbon Coated 1—16 Ill
Oak Oak 931 1212 40d 10401 Bright 1— 18
Oak Oak 836 1508 40d L. Carbon Coated 1— 19
Oak Oak 834 1342 40d L. Carbon Bright 1-20
Oak E. Spruce 804 1414 50d 10401 Coated 1 —30
Oak W. Hemlock 777 143E 50d 10401 Bright 1— 6/

_____ _____ _____ ___________ ________ 

1—27 
________

Oak Engleman 687 11T ~ 50d 1040T Bright 1—7/ IV
1—29

* Based on 3 ~mp les . Force per no I .
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some of the results do not s how an appreciable difference , t can be con-

c luded that nail size affects the results . However , the data do not indi-

cate If the nail diameter or depth of penetration contributes the major portion

of the effect. This is because the nail diameter and length increase with nail

size and it would be difficult to determine the effect of either parameter

without manufacturing special nails .

E . The next seven pairs in the table show the effect of nail coating.

With the exception of oak on oak, the coating did not appreciabl y affect the

strength. To reduce the possibility of time affecting the strength of coated

nails , most of the joints were tested within one hour after they were nailed .

F. The only comment on the last two pairs in Table 2 is that no explanation

can be furnished until additional data are analyzed from other specimens.

The data have not been corrected for moisture contents above or below

12%.

G. By just comparing yield and maximum strengths without knowledge of

the strength curve could cause a user of the data to overlook features that

could otherwise be used. The curves in Figuie 7 show how specific gravity

affects the slope of the curve . A joint made of high specific gravity lumber

like oak (for example Test 1—1) will have a steep slope. The yield point is

located near the relative sharp break in the curve . This means that the joint

will not withstand much additional force before the maXimum force is obtained.

However, a joint constructed of oak nailed onto Western Hemlock (for example

Test 1—6) the yield point is almost one—half the maximum strength . Therefore,

a designer may be able to use the oak/Western Hemlock joint without a safety
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TABLE 2 . Test Results . Comparisons~of Joint Materials.

est Yield_ Stren~t~~ ~~/Nail_ - 
Max_ Strength ,__LbLNajl__—Jumber Variable 1 

— 
2 3 AV I — 

2 3 AV
1—1 Sp.GB/Sp. 1355 1357 1124 1279 1788 1600 1550 1646

GF
è

_ _ _ _ _  

0 .63/0.63 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ____  _ _ _ _ _  ____  ___  _ _ _ _ _

1 —25 0.63/0.55 1178 1455 1245 1293 1663 1600 1460 1574

1—23 0.63/0.50 1154 1053 940 1049 1410 1583 1285 1426

1— 6 0.63/0.45 785 881 666 777 14 15 1503 1388 1435

1-7 0.63/0.35 683 646 731 687 1140 1030 1188 1119

1—14 0.55/0.63 1232 1131 1264 1209 1598 1538 1595 1577

1—8 0.50/0.63 884 1274 1015 1058 1738 1898 1645 1760

1—9 0.50/0.63 1035 1071 105 1 1052 1395 1410 1398 140 1

1—1 0 0.45/0.63 1087 1094 1158 1113 1718 1718 1650 1695

1— 1 1 0.45/0.63 1168 1183 1224 1192 1730 1858 1830 1806

1—12 0.35/0.63 1275 1095 1340 1237 1930 1515 1780 1742

1—13 0.35/0 .63 1097 1150 1099 1115 1570 1780 1748 1699

50 LCC 767 1064 983 938 1540 1835 1958 1778

1-19 40 ICC 652 878 978 836 1555 1473 1498 1509

1 -22 30 ICC 622 651 729 667 838 913 965 905

1— 15 50 LC~ 1228 1506 1136 1290 2238 2048 18R0 2055

1—20 40 LC~ 845 813 844 834 1430 1218 1378 1342

1—32 30 LCB 730 
- 

- 623 677 1308 1268 1553 1376

1—3 1 50 HCC 1714 1802 1708 174 1 2503 3484 3353 3113

1—17 40 11CC 1169 1422 1224 1272 2030 1928 1950 1969
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est Yield Strength._ LbJNail Max_ Strength._~~~~aJj~~_,
‘lumbe r Variable 

______  _____  ~ _____  
1 2 3 AV

1—21 30 HCC 1458 1390 1208 1352 1930 1980 2010 1973

1— 1 50 HCB 1355 1357 1124 1279 1788 1600 1550 1646

1— 18 40 HCB 974 827 1069 931 1305 1115 ‘1315 1212
853 1113

1—33 30 HCB 1084 1111 1103 1099 1460 1543 1505 1503
1-1 50 HCB 1355 1357 1124 1279 1788 1600 1550 1646

Oak/Oak

1—3 1 50 11CC 1714 1802 1708 174 1 2503 3484 3353 3113
______ 

Oak/Oak 
______ ______ ______ _____ _____ _____ ______ ______

1— 25 50 HCB 1178 1455 1245 1293 1663 1600 1460 1574
______ 

Oak/S .?. 
______

1—26 50 HCC 983 1239 1131 1118 1720 1695 1658 1691
______ 

Oak/S. P.

1—23 50 HCB 1154 1053 940 1049 1410 1583 1285 1426
Oak/D .F .

1—24 50 11CC 1071 911 1090 1024 1525 1488 1378 1464
Oak/t) .F .

1—6 or 785 881 666 777 1415 1503 1388 1435
1-27 Oak, .H.

1-28 50 HCC 1001 990 1124 1038 1420 1400 1530 1450
_____  

Oak/W.H . 
______  _____  _____  _____  _____  _____  _____  _____

1—7 or 50 HCB 683 646 731 687 1140 1030 1188 1119
_ _ _ _  

Ook~~ .S .
1-30 50 HCC 824 971 618 ~~4 1338 1423 1480 1414

Ook/E .S .

1-18 40 HCB 974 827 1069 931 1305 1115 1315 1212
Oak/Oak 853 1113

1—17 40 HCC 1169 1422 1224 1272 2030 1928 1950 1969
Oak/Oak

1—20 40 LCB 845 813 844 834 1430 1218 1378 1342
_ _ _ _  

Oak/Oak 
_ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _
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est 
_ _ _

i t q

~~

._Ib/Nafl Max_S~~~qPh~~Lb/NaH
lumber Variable 1 2 3 AV 1 2 3 AV
1-19 ~0 ICC 652 878 978 836 1555 1473 1498 1509

Dok/Oak
1—31 50 HCC 1714 1802 1708 1741 2503 3484 3353 3113

1-16 50 ICC 767 1064 983 938 ‘1540 1835 1958 1778

1—1 50 HCB 1355 1167 1124 1215 1788 1600 1550 1646

1-15 50 LCB 1228 1506 1136 1290 2238 2048 1880 2055

~ SP.GB/Sp.G = SpecificGravii of Bla king M erial/Si ec ifi c
Gray ty of Flc r Mate ial. Si cific C avity a
Varic s Specie of Wo ri are I ted 3d

Wood Spec ifi Grav 
-

Oak 0.63
S, uthern N 0.55
Douglas Fir 0.50
Western He lock 0.45
Engleman S uce 0.35
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factor whereas he may not be comfortable using an oak/oak joint like

Test 1— 1 without a safety factor .

H . It is also interesting to note on Figure 7 that the yield point is lo-

cated near 0.1 inch of permanent displacement. Or in other words , a

jo int can be considered a failure when the joint members are displaced

1/8 inch ( this is not a momentarily displacement due to a dynamic force ).

I. No tests were conducted to determine the effects of improperly pre—

dri lled holes for large nails. Also no efforts were made to measure the effect

of wood grain orientation with respect to the nail , i.e ., wood grains are

perpendicular, or parallel , or at an angle to the nails .
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APPENDIX I



REVISI1INS
LTR I EE~~ flPTDJ I ElITE I IIPRIJVED

APPLItJflT~ON

MTMC DATA CIIJNVERSThN
AND REDUCTThN PRUCRAM

DF~RCE1v1 F~1MUN~~E~ CENTER

MTMC DATA CDNVERSILI N
_ _ _ _ _ _ _ _ _ _ _ _  

AND REDUCTThN PROGRAM
R J  28620 J 1000002

__________________ _____________________ 
SQtE N/A J DATE 12—15-15 ~ EET I



x 1000002 MTFi~~ HT~t DATA I~tJJC11Et4 PfW~F1’1
TJTL MTMS DATA F~tUTr1Et~1 PREJQThDATI~D D~ CDATA DATREP~(’8000 )&)~)DATA DAT}~D~)ATF P1TIIBJ3
DATA X~8000’ AT1~P 0 ~~)crr DATA DAT~ D~~~J

E1 ~Dfl~~IN DATA DATf~ D~1FI&J~X’4411
N1T[J DATA DATFEDaF11281i281X~)042’
N1TE11 DATA DATftD4Jd0110d011O~X’0042’
tFtJ DATA 1lITF~D&F1I2811281X~)043’
~ F RES 64
Bill RES 64
IKNT DATR O
ItfO( DATR U
ThIIN DATR O
ISUM DATA 0

DATA U
1STD DATA 0
ILIM DATA 04)
Il.P~ 4 DATA 0
I DATA O
1ST DATA O

tlITA U
JJ DATA O
IE~C DATA U
RSIJ’l DATR O
IXA DATR O
IYR DATR O
D0(2 DATA O
11Y2 DATA 0
LF~R E~J X’0O0A~DATA L2-LI-1N2
Li DATA LF~~~~NTER TEST I?J~ ~IJ~~ R

DATA LF~~~ OO00OO00O(’tFt1~DATA L3-L2-i~2
L2 DATA LF1lI4~’I8 M1~~R RI~ IT?

DATA L4—L3--1N2
L3 DATA I.Ft?4)~IS fNI1L TWE REq)Y?1

DATA L5—L4— 1N2
L4 DATA tFU~~ (J PER( t?’ ~]fflf1 1’

DRTR 2
L5 DATA LF~~E}~DRT~~P P~~CRU E~J X’88’
RI E~J X’89’
R2 EW X’~~’LA 04)
M I1*’iJT TEST RIN MP~~RST 04flD~1

Bi 24)T!
DATA Li
~L 211N1
DATA 31~10

MTMC DATA C[]NVERSIE]N A 28620 ] 1000002
AND REDUCTION PROGRAM 

SCFLE N/A J DATE 12-15-15 J S~EET 02



)( IS Mu iR UR~ CT Ml S1WT lIVER
~~YES CDffIt&E

~ 24)Ti
DATA L2
El 2~IN1
DATA $‘3j2

[111) LA 04)
u~ 04)~N’
BC I1~~TREP

)( IS FI’RW TfFE REFIll Ml V*11T
)( YES 0141Th&E
UTI El 24)T1

DATA L3
El 2~INi
DATA 1’3i2
LA 04)
o~1 04)N~

1
BC INITI

tJRII3 EW X~F30’
LA 44JATREP

x R[~~T R/D tThVERTERS6~ RE~~TLA 04)
LD8 12
DATA $~21X’81c01

~ ~ q~a-i rii~ ff ~11U sI~a.
~~RH.[ LEX~ C04)4)TI31~DLDO~ C164))~1Vf ~D

~ TB 11I1
~ TB 114)
LD~~ Q64D~LJJW*~D
~ TB 12i1
L N6ii1
L i~iari i
D A 0 ~833
ST U4~ITF~.18~3ST 143ATFe 24’3

134)
u’t. anwt~iu~iMP
B 1.4
B $‘6
LA 04)
B ~ JIl1
m
ci~ üdü
BC IFCVTSTR
B ~ J~ 1

CTF*1~D DATA X’25’
U DATA X~)5001

tUTI~f~) DATA 04)
LTh DATA 625~815
~ Y4EN STFf~T SIQfL FUN) ~~ .ENTIElLY
M tXNVERT FN~ ~ ittt DATA
CVTSTR LEX~ CO DCTI31~D

LIXR (1s4))a.Daf~

MTMC DATA CONVERSION A 28620 1000002
FNJ REDUCTIEJ’J PROGRAM 

__ 

~~~~~ ~~!1 ~~~~~~~~~~~~ ~ EET 03



SE~B liii
~ TB 114)
LA 14)
LA 34)
LA 44)

CVTST2 LA OdSc\rr5r3 LD~~ (164))~0
~~TB i2~1
~ TB 124)
~~E 13i1,$
LD~~ CI64)J4~1SETB 8~1STt~ C164)34~2
~ TB 13~1134)
~ TB 84)
ST 24lATFe~3m 311
U~ 3~24U00
BC 11~ VTST1
f l I 0~16U~~~0~U2
BC 114)VTST2
B CVTST3

CVTSTI LA 44BTRED
LOS I’2
DATA S’2~~800U’
B SC~IERE~ T DATA 0,0+1
LDS I’3

ZERO DATR O
DATA 1.2~X18100’
L~~ CO4D1ZERD
LD~~ C164)IZERD
~~rB 9,1
SE~B 94)
LOS RE~ T

M SEB E tITTA IN NEMFY
~~FLE LA 0~23999

rtR 1~~T~~4)
___

ff8 -liI-24)
x ~~lf~ l mm I FU~ PEFI(

L 3~ZERtl
ST 31D(NT
ST 3i1
B 1.6

~ EltPL  3~1ff 316
ST 3~IcRA 3i240.)0
BC 10&10
L 04JRTF€~3SR 0~100
BC 10+4
B 82(10
L 04~1TFI3i3

MTMC DATA CONVERSION A 28620 1000002
AND REDIJCTI[]N PROGRAM 

SORE N/A J DATE 12-15-15 J ~€ETr 04



SR 04000
BC I2~ 202

82(X) L 31ZEH!J
ST 3~IKNT
B ~~F&tP

8202 L 3iIKNT
f f 3 1 1
ST 3~IKNT
SR 340
BC 10~204
B SlEJttF

M _fJJ_fflE S1WT FN3 SlIP It(EX
~ tF DATA FiELD
B204 L  0,1

SR 014t~S
ST 0~IST
ff 0,44~i6
ST OiIEM)
B 8211

8210 El 243T1
DATA L4
B tF1T1~P8211 B 8300

M ~[EJ~Y 1/11 DAIWRS
tiTi L 3Q~2BC 1h3~2ST 3~T’1

L 3r-1i3
ST 341T•3
LA 3i lJT
SXBS ~1Z1
B 3i2

INI L 3~2~2BC I14~2ST 3iINl
L 3i312
ST 3~IN’2
LA 3~.IN&XBS 3~121B 4~2M CFIOJJITE TI-E ZERO REFEREMI FIR EFOI

~ DATA t}RfEL USW. A STFWf 0 tFVIR11Et4
“ EF 2 FtP tgppw. ERAERS FN) TI-EN
)~ RBB..OIRTE T)E RVERFI~
~ i~TElt TFE RESILTS
B 3 0 0 L 3 , Z E R O

B 1.6
B153 L 3,~JIRA 3i1

S T 3~dc R R 3~5BC 106154.
L OIZERO
ST 0~iKNT
L 3~ZERO

MTMC DATA CONVERSION A 28620 1000002
AM) REDUCTION PROGRAM 

~~~E N/A DATE 12-15-15 ~ EET 05



B151 L 3~If f 3 1 6
ST 3,1
cRA 31fl4
BC 106152
A 3~IST
A 3,~JL UIIKNT
A O4JATFB,3
ST OiIKNT
B B151

8152 L ~1~fJrc~ o~i0A 0131
L 3~€J
ST I1JATFB,3
L 0~ZERO
ST UIISU’1
ST OiI&I1 ’l
ST OIISTD
ST 0~1KNT

3~ZERD
B I’S

B180 L 3,1
f f 3 1 6
ST 3~1
~~ 3~fl480 106181
A 3iIZT
A 3,1J
L 1~J
L 0 rFe~3S U4)RT~~,1ST I1$’3

~~~~~ST O,iati
ST 1118i1 ’1
B 8180

B181 DA 0,29
LA 04)
LA 3~(’l~XXY~SXBS ‘~121N~~~0,2
ST 1,ISTD
L 3~JL 1i~1TF~ ,3
A bISTD
ST 11IUM
L I4JATF€13
S liISTD
ST 1~1LThH
cR 1~1LTh1
80 106181
L 0~ILIT1
ST 0~1t1t1’1

MTMC DATA CONVERSION I A 28620 J 1000002
AND REDWTION PROGRAM 

~~~ N/A DATE 12 15-15 ~~~~



ST 1~IL1MB181 L 0~ZERO
ST OII&I1
ST 0~1&f1’i
ST OIIKNT
L 3~ZER3
B 1.6

B182 L 3~1f f 3 1 6
ST 3~1cRA 3414
80 106184
A 3iIST
A 3,J
L 04)AT1~~3cR UIILIM
BC 12~ 182
cR UiILThl’l
BC 106182
~1I IKNT,1
L 04JATF8~3A 0,laf’l
ST 0~1&J1
B B182

B184 L UIIKNT
ST 06185 1
L UII&11
t11 011

8185 DA 04)
L 3,~JST NJATFB~3B B153

~ ~~mii ZEJ~J REFERE?ILE VIIIES
B154 3.. ~W1NT

DATA DAT~B B158
PANT L 3,2,1

51 36159’!
El 24311
DATA L5
L 3~ZERD
B 1.6

B156 L 3~IFIR 3i1
ST 3~ItFR 3,5
BC 10~3~1• B159 L 0413
LA 3iX~2800”.B~F1~1
SXBS xlZl
LA 34)’ ¶

ST 3i311’4
LA 3~8ST sari
El 211T1
DATA Bill’!

MTMC DATA CONVERSION A f 28620 } 1000002
AND REDUCTION PROGRAM 

~~~E N/A J DATE 12-15-15 ~EET tYl

~

. .
~~~~~ 

. . . .
~~~~~



B B156
‘ LEDITE ~iRXItij’1 R~D tlINItlil VFUES

)~ FtP £10-I t}Ffl[L
B158 L 3~ZERD

B 1.6
B165 L 3,J

FF1 3~1ST 3~J

BC 106166
L 0~ZERO
ST U11t1~ST OIININ
ST UI1~J~1ST U~1~i1’1S T 0~~J~1L 3~1ST

B I’S
B163 L 3,1

f f 3 1 6
ST 3~1cR 3~IEMJ
BC 106164
A 3,J
l~ 04JATAB13
BC 128161
U~ 0,1I’~~BC 128162
ST 0~ThW
B B162

BiSi cR 0~1MIN
80 108162
~~~~0,IMIN

x ul_cLIRTE FWA Ii4tIR EI3JH UPVE
B182 L Id

S 04)ATfB~3t~ 040

ST U,I&t’1
ST 1i1&tl ’l
B B183

B164 L Id
L OIThIRX
S O4IATF&2
ST U4J~T~~’S13
L 0~Th1INS 04)AT~~3ST 0JJRTf~’12~3L 0,1~i1L hiat-ii
DR 0,833
ST 04)RTf~’18~3ST 14IRT~~’24~3B B165

~( PRINT NINItIII VR.LE

DATA CONVERSiON A 28620 1000002
AND REDUCTION PROGRAM 

~~~E N/A [DATE 12-15-15 J ~ EET 08



8166 3.. ‘WANT
DATA DRTF~~6

x PRINT ~1RXIT1i’i VftLL
BL ‘WRNT
DATA DRTF~’l2

)( PR1~NT VtW REI’IIIM EH

DATA DRTF~’18)
~PRIN’r l~1W

DATA DATF8’24
~ ulXJIATE FTINEl VIUE tF 0R1€L S
)( BE~~D tf~ TIrIJ 5111 !I’/IATIl1~SL 0~DRTFB’29

M O4BTfe’25
DR 0!—4
ST 0,DATFB’30
ST 14JAT1~ ’31
L 1~IEMl
ffi fr-I
ST IIIEMI
LA 2~9LA 0,0
A 0,DATAB,1
RA 1~6FPB —1,3—4,2
NIR 0,1
DR 0~1UST 0~DAT~~’32
ST !4)RT~~’33LA U~UST 0~I~J’1
ST OiI&I1 ’l
L 3~1EMJ
LA 2~98240 L 04)ATFI3I3
S 04)F~ RR~33
ST 0+3
tlR O,0
~flJ 0,j~J~
ST 0,I~J1
ST !~1~~Hff 31-6
ff8 -18240,2
DR 0~9LA 0~0LA 3~’1tXX)’SXBS MIZ1
riR O12
ST 1~1STD
L O4JITFR’33
A
ST U,ILIM
L 04lRT~~33
S ~ISTD
ST 0~ILIH’1

MTMC DATA CONVERSION A 28620 J 1000002
AND REDUCTION PROGRAM 

~~~E N/A DATE 12-15-15 ~~~~ 09



cR~~~ IL1M
80 108241
L WLThI
ST l~IUM’l
ST 0,ILTh1

8241 LA 04)
ST OII&I1
ST 0,1~j1’1ST 0,IKNT
L 3~1EMJ
LA 2~98243 L OOTFF8.3
c R t hILIM
80 128242
cR O1ILIM’l
80 108242
FIMI IKNT,1
L 04)ATFI3,3
A 01i&t-1
ST OiI&t’1

8242 ff 3r6
ff8 -18243,2
L 0~1KNT
ST 08245’l
L O~I~i1N~~~ 0,1

8245 tP 0,0
ST 01)lftU’32
ST 14JATFB’~)( tLrrPUT t}Ft’lfl, S RESULTS

DATA DRT~~’30
B 8235

)‘ PRTJCRFf’1 EXiT
8221 LA 31X’O4tX)’

SXBS M121
~ PRINT DATA &~~!1JTThE
PANTI L 3~2,1

ST 38115’l
3.. 243T1
DATA L5
L 31ZERLJ
B 1.6

BuS L 311
ff 3~6ST 3~Iu~ 3~&~80 1113,1

8115 L 0413
LA 31X’2800”.351’1
&XBS K171
LA 34)’
ST 3&Fl’4
LA 3,8
6T 3&F1
El WI!

MTMC DATA CONVERSION A 28620 1000002
AND REDUCTION PROGRAM 

~~~E N/A DATE 12— 15-15 ~ EET 10



— ..

DATA BilI•1
B BflS

FIWIRT TEST DATA TI) BNRA’Y DATA
8235 LA 01X’2020’

LA 1~ 3
ST oaFl~1FI~B -1~$—2i1L 001
ST 0~3.F1•2L 0~I’1ST oaFl•5
L 0&F•2
NRA 8~X’88’
ER 0aJ’l~8ST 0811 1’8
L o~aF~2flA 81X’88’
L !81F’3
NRA 8~(’89’
DR O,X’89’
ST 0&F1’lI
L 0&F’3
MR O,XTF’
ER 0&F1’14
ST oaFl•14
L 0~~F•4
ST 0&F1’fl
LA 0162
LA 14)
ST 10I•1~0ff8 -14-24)
LA 0~C’1100’
51 0811
LA 1,5
LA 24)
LA 3,X’2C00”a&F1

BISO ST 3+5
SXBS N121
LA 3~0IRA 3,3
ST 00.F’1~2RA 24
ff8 -l81~ hl
LA 3~C’4tXXPi.3J.1
8X88 M17l
LA 04)
ST 0&F’12
LA 0~32
L 1~~T~~4)
ST 1811’134J
ff8 -14-44)

x WTPUT L1~~~ Y REcLB~LA 3~ TD
SXBS M171

~ EJJTPUT LI~~~Y R~XXFD TEl ?1C TffE
LA 301T0

MTMC DATA CONVERSION A 28620 1000002
AND REDUCTION PROGRAM 

S~fl•~E N/A J DATE 12-15-15 SlEET 11



SXBS )(121
L lIST
FIR
ST 3~’ff Dl’!

x EJJTPUT DATA TO NRC TFFE
LA Iá’ITDI
SXBS x12’l
B 8221

Dcx DATA O
ITY DATR O

RES 40
DRTFP RES 24000

MTMC DATA CONVERSION A 28620 1000002
FiND REDUCTION PROGRAM 

~~~E N/A ( DATE 12-15-15 
~ ~EET 12
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LTR rE8aUPTJrJ~1 DATE 

____

APPLIL’ATIIIN

A PRUCRAM FUR LEAST
SQUARE CURVE FITTINC

DARCIJM Atl’IUNITIUN CENTER
DATA INI YSIS

A PRUGRAM FUR LEAST
_ _ _ _ _ _ _ _ _ _ _ _  

SQUARE CURVE FITTING
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

A 28620 1000012
________________  __________________  ~~tE N/A ( DATE 1915 ( SlEET I 

—
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f_ iIJ - : 1 1 1 1  1 •

~ ~ i =~ + 1

f_sI J 4 1 1 1 1  I=~ P1 •~-1
IF ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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41’ 1~I i_ ij ri I I r iP _SE
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TEST SPECIME N NO. 1

BLOCKING TO FLOOR CONDITIONS

C
0

..! C _ —
~ 2

4 -=  =~~~~=:~~~~~~
, 

~~~~~~~~~~~~~~~~~

~~~~~~ ,~~ ~~~~~~~ 
j Remarks

1 50d HC B 2 Oak Oak 1—1—1 Displacement gage at top
of 4 X 6

2 50d HC B g Oak Oak Average cond it ion floor

3 50d HC B 2 Oak 
- -- 

Oak Fair condition floor
4 50d HC B 2 Oak Doug las Fir

- - - 5 50d HC B 2 Oak Southern Pine
6 50d HC B 2 Oak Western

Hemlock
7 50d HC B 2 Oak Englemon

Spruce

8 50d HC B 2 Douglas Fir Oak
9 50d HC B 2 Dou glas Fir (1) Oak (1) Dense No. 1

10 50d HC B 2 Weste rn Oak
Hem lock

11 50d HC B 2 Western Oak (1) Select Structural No. 1
Hemlock (1)

12 SOd HC B 2 Eng leman Oak
Spruce

13 50d HC B 2 Eng lemon Oak (1) Select Structura l No. 1
Spruce (1)

14 50d HC B 2 Southern Pine Oak
15 50d IC B 2 Oak Oak
16 50d LC C 2 Oak Oak
17 40d HC C 1.5 Oak Oak
18 40d HC B 1.5 Oak Oak

19 40d IC C 1.5 Dak Oak
20 40d IC 8 1 .5 Oak Oak
21 30d HC C 1 ,0 Oak Oak
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= = _ ~ =:~ ~~~ 
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~3 ~ ~-

~~ 0 0 3 0 £ — ~~ 
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0 Remarks

)-. V) Z Z ~~ Z U~ U~ 0 ~- 41) U~

22 30d IC C 1 ,0 Oak - Oak
23 50d HC - B 2 Oak Douglas Fir
-24 SOd HC C 2 Oak Douglas Fir
25 50d tIC B 2 Oak Sou thern Pine
26 50d HC C 2 Oak Southern Pine
27 50d HC B 2 Oak Western

Hem’oc k
28 50d HC C 2 Oak Western

Hem lock
29 50d HC B 2 Oak Eng lema n

Spruce
30 50d HC C 2 Oak Eng leman

Spruce
31 50d tIC C 2 Oak Oak

32 30d LC B 1 .0 Oak Oak
33 30d tIC B 1.0 Oak Oak

* HC — H gI Corb In Nal — AISI 1040 - Tempered , 4 Rockwe ll C
IC • Low Carbc Nail

B Bri g
C ‘ Coa ,d
Fl or pei ~trat i i in in hes

Adc tiona l Nail Chara~ mist ics :

Flat Head
1 Dia iond oint
Plai Shar
No ~d V~ ti ca Il~ into lumber

t
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