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CHAPTER 1

I NTRODUCTIO N

i
Li In troduc tion

This technical report describes the series of tests which were

conducted at the United States Air Force Academy to gain a better

understanding ~~1 th~ behavior of split—ring shear connectors in lami-

nated wood and to determine the s t r eng th  of laminated wood bo l t s .

F i f t y  one sp lit—ring shear specimens and 111 bolt specimens were

tested in the Department of Civil Engineering, Engineering Mechanics

and Materials laboratories.

The project was sponsored by the TRESTLE project office of the

A ir Force Weapons Laboratory at Kirtland Air Force Base, New Mexico .

All materials used in the tests were selected at random from the field

construction site and are believed to adequately represen t the materials

used in the actual construction of the TRESTLE structure.

English units of measure are used exclusively throughou t this

report. The princi ple reason for  using English units is that the

materials tested are conventional items used in the construction in-

dustry and are sold by manufacturers using English dimensions , i.e., a

4” TECO split—ring shear connector. In addition , the cons truc tion

crews use instruments calibrated In English units to control the torque

- applied to the bolts tested in this study.

The tests conducted in this study were for the most part per—

formed in accordance with the American Society for  Tes ting and Ma terials

establ ished procedures. Some deviations from these proceduress

1—1



were necessary due to the non—homogeneity of the laminated wood materials

tested . Methods for placing a given torque into bolts prior to testing

in tension had not to the knowledge of the author been established

prior to these tests. Therefore , it is believed that the methods speci—

f ied in Chapter 2 of this report are unique and probably the first

published .

1.2  Background

Heavy timber construction frequently requires that large shear

forces  be t ransfer red  between the structural members. In many instances,

steel split—ring shear connectors have been used In conjunction with

gusset plates to transfer these shear forces. Generally, the gusset

plates and structural members are mill—cut timbers having standard

nominal sizes.

With the advent of glued laminated timber , structural members

can be fabricated to span greater distances and to carry significantly

heavier loads than standard mill—cut timbers. When constructing facili—

ties with oversized members , special consideration must be given to the

transfer of shear forces between structural elements.

The method used by the Air Force Weapons Laboratory in the con—

s t ruct ion of a large wood test platform and aircraft approach ramp for

the TRESTL E Project consisted of glued laminated timber truss members

with specially laminated gusset plates in conjunction with split—ring

shear connectors. The gusset plates were fabricated from multiple

layers of beech wood which had been impregnated under vacuum with a

special synthetic resin and then densified by the application of heat

1—2
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and pressure. The grain of each layer of beech wood alternately cross

at 900 to give strength for a variety of loading directions. The ma—

terial is sold under the trade name of PERMALI.

The American Institute of Timber Construction (AITC) has published

allowable loads for shear connectors in seasoned wood. As part of their

procedures for designing shear connectors, AITC includes minimum values

for end and edge distances. Limited testing by the manufacturer and

personnel at the Weapons Laboratory gave preliminary indications that

the load carrying capacity of a 4—inch TECO split—ring shear connector

¶ in the laminated wood gusset plates exceeded the capacity of the split—

ring connec tor in the glued laminated lumber used for the main truss

members.

To reduce the quantity of steel In the TRESTLE structure, 0.75 inch

diameter wood bolts were used to secure the structural timber members ,

split—rings and timber gusset plates. Two laminated wood nuts, having

nominal thicknesses of 1 inch and 0.5 inch, were placed on each end

of the bolt.

Wood , by the very process with which it grows in nature, is a non-

homogeneous material. However , wood has excellent tensile strength

properties parallel to the longitudinal axis of growth. The wood bolts

used in the TRESTLE Project consisted of layers of beach wood which had

been impregnated with resins, densif led and then laminated to the longi—

tudinal direction of the bolt. When the wood nuts are tightened to the

specified torque , the wood bolts are subjected to tensile and torsional

stresses.

1—3
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1. 3 Project Objectives

The objectives of this project were two fold. The first objective

was to develop a more complete set of load—deformation curves for 4—Inch

diameter TECO split—rIng connectors In laminated wood material. The

second objective was to investigate the strength of laminated wood bol ts

unde r combined tensile and torsional stresses.

These principal objectives were further divided Into the following

areas of importance.

a. Split—Ring Shear Tes ts

1.) Ave rage Ul t i mate  Strength

2) Shape of Load—Deformation Curve

3) E f f e c t  of End Distance on Ult imate  S t ren g th

4) Effec t of Edge Distance on Ultimate Strength

5) Failure Mechanism

h. Bol t Tests

1) Average Ultimate Tensile Strength

2) Average Ultimate Torsional Strength

3) InteractIon Diagram Relating Tensile and
Torsional Strength

4) E f f e ct  of Moisture on the Bolt S t rength

5) Fai lure Mechanism

1—4
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CHAPTER 2

~~~~~~~~~~~~~~~ ~~~~~~~ •

2 . 1  Test tn~ Proce dur eH t~~r~~~~Ut - R l n~ Shear Corn tot

The Am er i c a n  Society tor  Test ing and Mater ia ls  has an established

“Standard Methøds fo r  Test ing  Metal Fasteners in Weed ,” ASTh 1)1761—68.

For the most part , the  testing procedures used in this study t o l l ow

hose of the A~TM. The inilowing paragraphs discuss .uiy dev iat lens

and unique requirements included In the testing ut t h e  sp l i t — r ing  sti .ir

connectors In laminated wood gusset plates.

Standard  beveled  4—inch TECO split—rings were used as the shear

‘t uer t ors. Bol t boles and grooves for the connect  o~ s wer e cut us ing

TEt:O cutters . Due to t h e  increased density and the pr t ~~ence of heat  —

~‘ur ~ d res ins • carbide cutting tips were used with the s t anda rd  TECO

cut tt’F

In accordance with paragraph 23.3.1 of ASTM Dl 7 6 l—~ 8, t he  nu t s  on

t h e  bolt s were “ t Lnge r tight ” only. Because the TRESTLE Pro~ eet involves

th e  testing ot aircraft electrical systems In an e lec t romagn et ic  environ-

ment , laminated wood bolts and nu t s  and f i b e r  re inforced  p l a s t i c  washers

w e r e  used.  The three plates and the split—ring connectors were a l i g ne t i

and p roperly seated by pr ess ing them together  in a hydrau l ic  tes t ing

machine . Then the b o lt , washers , and nuts were hand—assembled .

Wood which has been impregnated with resin and then heated and

LIefls tfiCd is generally considered to be dimensional ly stable and nut

significantly affected by local changes in air moisture content . For

2—1
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this reason , no t est s  were made t u r  wood mo i stu r e  r o u t  cut  a tu t  no c o n t r o l s

were placed en t ht~ elapsed t Inc he t wecu spec imen p i par s V Ion antI t i  us I

t e s tin g . However, a l l  spec imens were kept  in the  same l a b or a t or y  en—

v ir eum er t u n t i l  t i n a l t e st i n g .

Each t e at  specimen cons Is ted ot  V h ree  l~ h a t e s  as shown i n  F (gu ru  2— I

Hec~ use the end s of the gus set  p 1 at sa in the act  us 1 at rue I t u e  do not have

~-on i  I n i n g forces , t h .  two outs  ide p la tes  ( represen t  tng  the  gusset p l a t e s )

were partially supported at t h e  bet tots to allow the are a be tow t he sp i t  t -

r i n g  core to t ree i v  shear  upon reach ing  nI t tmatu lead . i’hie cet i  ur  i’ a t  c

w~ts I o~ided in  compression.  The spit t—r lug connectors were I ot ’a t ed ne ar

he b et  tom o I t he  center Jr I vu p ta t t , t hereby I t~av lug no r’ • mat e r I a I be

W I L U t h e  sp I t  1— r i n g  and tho  l oad in g  stir t~~ce • anti I u s t i r  lu g  t h a t  I a l l  n rc

cc, ’ tia’ r ed In t he two out aide p la tes .  Spec l inens wer e  cu t  I rem 1 t t  ~~e r p 1 a t  es

o I La m Ins ted isa teE is I w i t h  t h e  s u r fa c e  gra L u  e I t he  wood o r i e nt e d  ~t t 00 ,

or 900 to the d i r e c t  Ion of Loading.

t)~ forma t Len s  were measured on hot Ii s i  ,Ies of I he teSt spec Incus u s i n g

d E s  1 i n d i c a t o r s  w I t  ht a rese t n t  ton o t 0.00 1 inch .  the  auteun t oh a I I p or

d e t o rm a t  ion In t he ~otnt bet ween each e I the side p l a t e s  and t h e  e c u —

t r p Ia t t. was measured f rom the beg inn ing  of th e app t i c  at (ott of I oath

is opposed to  set t tug the d is is t o  zer o at  some spec I t  I t’d In i t  1st le a d .

t h e  r a t e  e t loading was established us tug t h e  ASTM git I t ie l i n es  I ci

conduc t lug  each t es t  so as to achieve max [mum t oad In about  10 m I nu t e s .

but  not less t itan ‘ or more than 11) minu Lea ,  as t h e  Inc i t ’ impet’ ta u t ~
‘ t I —

Let is t h a n  the ASTM t-ipeeit ted load ra te  ct 0 .1 1  i’  In / t u t u  ~ ‘tO p e r c e n t  .



-\ load r a t e  of  0 .01 t  u i / m m  was at’ i c t i ed .  ‘h i s  ra te i r c v i d c d  s u I t  i c i e t i t

t i m e  i c r  z u - c u r a t c l v  r e c o r d i n g  d e t e n u i t  ion d a ta  and t or coup l e t  log t a c l i

I cat w i t h  iii 10 10 12 m i n u t  i’s of  ~‘Lipsed tine .

--1

_

fr

~~~~ 

r;

~~~~~~~~~ 
_ _ _

Figure  2— 1.  Test Specimen

Three persons were required to prop erly record t h e  test  d a t a .  Two

individuals read and recorded the deformation da t a  and the  t h i r d  i n d i v i d u a l

served as tes t  leader , machine ope ra to r , and recorder  of load d a ta .  D u r i n g

t I i . ’ m i t  lal s tages  of each load tes t , da ta  was recorded fo r  each 4000—pound

2 — 1
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load Increment. As the fat lute losti was approached , the load I n cr e m en t

was r educed to 2000 pounds. in  ~it htI I t ton, as cr . icks  In V he specimen and

ch anges in ap p l i e d  load occur red  , speci al I nt.e rined late I o~d and the f orm s—

V ion re ’. i e i  I ugs we r e recorded . U pon romp let I on of each tea I • t lie tie I 011115—

Lion  da t  a f r o m  th e  two dia l  gages were  ave r aged . In a d d i t io n , V lie .ii i’ l1 e’ tI

load d a t a  was ad just e t i  in accordance wi th  the most recent c a L  (b r at  t on

curve I c r  the un i v er s a l  t e s t ing  machine .

.‘ . 2 Ra t  h~~ ‘ct~dures for  Bolts

Thr ee basi c hu t  sepa r a te  tes ts  wer e used as par t of t h is p r o g r am

to ob t a in  t en s i l e  s t r e n g t h , torsional s t r e n g t h  and combined t en s i l e

j and tcr~. t ona l a t  r t ’ngth of bolts. To establish the  t e n s ile  at  r e n g t h i

,t u n i v er s a l  V e n a l  Lu test  Lug machine was u~ t’t I .  Because It .I~~pe ’. I t t ’tl

~Iea ir ab  Ic to test the f u l l  length bol t  and it was not peas l b  h e  t o

use the  st andard  spec imen holders on the machine , t he b o l t s  were

ex tend ed  through the  heads of the machine , nuts  place d en the  ho l t  a

and the ’  V ens! Ic 1 o.t t i  applied . A special block of lam I na t  ett wood was

used to provide a smooth bearing area for  the laminated wood n u t s .

Th rs tona l s t r e n g t h  was established by piac lug the ho i t  in  :i ho ld er

as shown in Ft gur*’ 2 — 2 .  Two f u l l  t hi ckue ’ss n u t  a were  a l t a r  lied to  t a t ’ Ii

end  01 the bolt with sufficient space between t he he I t  Ito Ider  ~nd t he

nil Vs to pet -mit f r e t ’ rota t Ion . One end of t h e ’ ho I t  was he ld  w I t  h a w r en c h

.in l t h e  other  end was t u r n e d  w i t h  a cal (b ra t  ed t orque wrench tint I 1.

t j  [ l i t r e .  The to rqtlt’ wren ’ ti consisted o t a aol Id at  e ’ t ’ I bar V o wh Icli t o u r

at rain gage’ a had been app I led . The out put  f rom V heat ’ gages was t ed

2—4
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to a at i’ ( p ch a i t  r e co rder  w h e r e ’  t h e  out put was  r t ’cordetl  in m illivolt s .

The’ peak out put  was I lien used i i  oi ig w i t  It  V lie  ‘ .t I l b i  , i t  lou cu rve  shown In

Ft  gure 2— 1 t e eat ab It sit t ht ’ rna~ Imuut . ipp L i e d  t or qu e

I 
_ _

~~~~~~~~~~~~ v ~~~~~~~~~~~~~~

Figure 2—2. Tors ion  Testing Equi pment

Two typ e s  ol t ’ emh I ned I ens ion and t o rque t c’s t a we cc’ conduc t ed . The

I (rat t e a t  tug procedure c o ns i st e d  0 1 p t ar  Lu g a b o l t  in  the  t e n s i l e  ma ch ine

~ t a r  lu g  two f i t i 1 nuts en cacti end and t hen p ta~’ lug a a ct  t c iq e t e  In the

ho It wit it the e I t ’,’ t ron Ira I l v  c a l l  b r a t  ed torque wrench .  ‘i’m ’ b o l t  was

t hen p u l l e d  wi Vii the t ens! Ic t e st  lug  macli l tie u n t i l  f a t  l i tre  occur red .

The’ r e su l t s  of these tests wet-c used to draw t h e ’ i n t e r a c t  ton d iag ram.

In  t h e’ seco nd test  tu g  p r o cc dt t t ’ e  , t h e  h ot  C s  wer e’ p l . t re ’tl in  t h e

t ens  t i e  testing macIt Inc w I t h  o n l y  one i ti lt nu t  en each end . ‘l’he’ae

— nu t  a we’rt~ t I gu t  cit ed w i t Ii V lie t o r q u e  wr en ch  .-tg.i  I n s t  the  head o I t h e

t ’ l tS  t 11 t e a t  lug  macli tn t ’ tint IL t .tll ut-c occurr ed  In  t lie b o l t  • At  t he’

2— 
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t ime of failure, the tensile load was recorded on the tensile machine

and the  torque recorded on the strip chart recorder. Plastic washers

were placed between the nuts and the heads of the tensile machine to

reduce friction during the torquing operations.

The rate of loading for all tests Involving tension was adjusted

to require approximately 10 mInutes to develop failure in the bolt

spec imen. For tests involving pure torsion, the loading rate was

. i d l u s t ed to require approximately 2 minutes to fail the bolt. The

c hi a i tge in length of approximately one half of the tension specimens

was estimated by measuring the total quantity of loading head move—

ment . It was not considered accurate to measure a small gage length

as failure almost always occurred at the end of the specimen.

2—6
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CHAPTER 3

TEST SPECIMENS

3.1 Split—Ring Shear Connectors in Laminated Wood Gusset Plates

All test specimens were fabricated from laminated wood material having

a nominal thickness of 2.25 inches. The direction of the grain of the wood

in each layer was alternated by the manufacturer in the fabrication process.

A total of 51 test specimens were fabricated with vary ing end and edge

distances and with varying surface grain orientations with respect to

the direc tion of the app lied load. Complete dimensions of all test

specimens are presented in Table 3—1. Figure 3—i defines end and edge

distance as used in this series of tests.

Table 3—i

Test Specimens With Split—Ring Shear Connectors

Surface Grain
Length Width End Distance Edge Distance Oriented

Specimen No. (in) (in) (in) (in) To Applied Load

1—5 11.5 5 . 5  2 . 5  2 . 7 5  90°

6—10 11.5 5.5 3.0 2.75 900

11—15 11.5 5.5 3.5 2 .75  90°
16—20 11.5 5.5 4.0 2 .75  900
21—22 11.5 5.5 2.5 2.75 0°
23—24 11.5 5.5 3.0 2.75 00
25—2 6 11:5 5.5 3.5 2.75 00
27—28 11.5 5.5 4.0 2.75 00

29—30 11.5 5.5 2 .5  2 . 7 5  450

31—32 11.5 5.5 3.0 2 .75  45°
33—34 11.5 5 . 5  3 . 5  2 . 7 5  45

0

35— 36 11.5 5 . 5  4 . 0  2 . 7 5  4 °

37—41 10.125 6.0 4.0 3.0 90°
4 2 — 4 6  10.125 7 . 0  4 . 0  3 . 5  90

0

47—51 10.125 8.0 4 .0 4.0 90°

3— 1
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Figure 3—1: Edge and End Distance
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Each spec ime n was prepared by d r i l l i n g  a 0.78 125 Inch liole and cu t t ing

0.5 inch deep circular grooves 4 inches In ~ia: ’~t ’ter  a t  the proper  location .

A TECO c u t t e r  with carbide tips was used to insure a proper fit for the

steel spli t—ring . Careful inspection of the test specimens indicated

that the last layer of wood cut by the TECO cutter had a grain orientation

perpendicular to the surface grain.

Once the specimens had been cut , the steel split—ring shear connectors

were plac ed in the  grooves and properly seated by pressing the laminated

wood blocks together in a hydraulic universal testing machine . Following

this operation , each specimen was bolted together with a 0.75 inch d iameter

laminated wood bolt. Laminated wood nuts used to secure the bolts in

place were approximately 1.25 inches square and 1.125 inches thick. Fiber

reinforced plastic washers were used to separate the nuts from the side

plates. These washers were 3.0 inches square and .018 inches thick with

a 0.85 inch diameter bolt hole at the center.

1 .2 Laminated Wood Bolts and Nuts

Approximately 120 0.75 inch diameter EH57 PERNAL 1 lamina ted f ull

thread bolts were selected at random from the large stockpile at the

project site. The bolts were 31 inches in length. Sufficient wood nuts

were selected at random to provide unused materials for each test. Prior

to testing, manufacturers published literature was obtained which suggested

an ultimate tensile strength of 5500 lb for fully threaded rod or bol ts

and an ultimate torsional strength of 31 ft lb. This torsional strength

was calculated from the following equation: T
it 

= 4500 psi (0.196 d
3
)

whe re d equals the ma x imum diameter. If the thread root diameter of

3— 3



.62 inches is used , the ultimate torsional strength is reduced to 17.5 ft lb.

Therefore , one would expect the average torsional strength to be somewhere

between these limits.

According to the manufacturers literature , the ultimate tensile strength

of the core material will usually exceed the shear strength of the threads. p
This may be assessed on the calculated area ~DL of the cylinder at the

base of the thread which will be sheared when the nut is pulled off. For

0.75 inch diameter bolts , the manufacturers literature indicated that an

ultimate shear strength of 2500 psi should be used . The ultimate load

capacity for a full and a half nut is 2500 x ~ x .62 (.63 + 1.13) = 8603 lb.

The manufacturer also states that for most applications , a nut thickness

(L) of 1 1/2 D should be sufficient to develop the tensile strength of

the bolt. The manufacturers literature is attached as Appendix A to this

report.

3—4 
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CHAPTER ~

TEST RESULTS

•..1 Sht~ar Strengt h oi~~p~~ t—R i~~~çonnec tors in Li i i n ~~t ed C ~u sset P1~i t , -s

E~i ¼~h specimen was tested to failure . F ai l u re , .15 used h ere , m~~~us

t h at  t h e  cor e of wood w i t h i n  the  s p l i t — r i n g  had s h e ir e d , t he wood o u t s i d e

~iad b e lo w the r ing had sheared , cracking was v e r y  o bv i ou s  and , most im—

p o r t an t  I ’.- , the load c a r r y i n g  capac i ty  of t he  joint wis r ipi d i dec reasing .

In :iost tests , the wood bolt was not failed as the sp lit— ring c o n n e c t o r

had di torted sign If lean t lv and t he l a m i n a t e d  wood h i d  dov e  lop ed lar ge

0 K S .

or -  r e~ ev i n~ ca cl i  s pc c i me n f r o m  the  t e s t L I cv c o • w as  d I sa s s omb led . -

t h e dept h o f f ail~ire plane measured fron  the inside face of  cadi outer

p lat e , and a genera l  descr i p t i o n  of each f a i l u r e  p lane was recorded .

~vp l c i l  descriptions of the failure are tabulated in Appendix B. The

r a i lu r e s  which accompanied the  u l t i m a te  ~o~ d consis ted of shea r along a

t - r t  t ea l  plane of the  core area w i t h i n  each of the two s p l i t — r i n g  con—

n . e t o r s .  Cont inued loading p roduced a shearing along the laminations

‘~- I e w  t he  core area . accompanied by an end or edge split. Figures 4—1 ,

-.-2 and -4 -- 3 dep ict the gen eral app earance of the f a i l u r e  s u r f a c e s .

Load—deformat ion  data  was p lo t t ed  fo r  each t e st .  A typ ica l  curve

is  shown in Figure 4—4. The full set of data curves for each specimen ,

j and the consolidated best—fit 5th order polynomial curves fo r  each end

distance and surface grain orientation , are shown In Appendices C and D,

respectively. A graphical  comparison of load vs deforma tion for end

4—1
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dtstallces for each surface grain orientation is presented in Figures 4-5 ,

4—6 and 4—7. A full set of data for each specimen w i t h  ~p e C i f 1 e~ edge

distance are shown in Appendix E. Consolidated best—fit 5th order pol y—

nominal  curves for each edge distance are disp layed in Appe ndix  1 . A

graphical  comparison of load vs de fo rma t ion  f u r  edge dis tanc e is pre-

sented in Figure  4—8.

4 .2  TensIle  and Torsional S~~~~~~~~~~ f~ Laininate d Wood BoI t~

Twenty bo l t  specimens were tested to failure in a u n i v e r s a l  test-

ing machine . All bolt specimens had two f u l l  t h i c k n e s s  n u ts  on cacti

end. fhe t est  r e s u l t s  are t abu la ted  in Table 4—1.

The average t ens i le  strength is 5193 lb with a standard deviation

ol  439 lb. An average change in length for 6 of t h e  sp eetmens is . 22 b  In.

A l l  ot the tens ion specim ens fa i led  by rupture at the edge of the nuts

ot  by s t r i pp ing  the  threads from the bolt.

Figures 4—9 and 4—10 depict examp les of tension failures. It was

observed during the  t ens ion  t e s t ing  t h a t  the n u t s  did not f i t  the b o l t s

t i g h t l y  and in several [a l lures , it appeared that  t h e  t h r e ad s f a i l e d  at

a poi nt less than f u l l  depth  of thread . This is shown quite c 1e.irl y on

specimens 17 and 19 in Figur e 4—11.

1 ’ 
• 1
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Table 4-1 Tension Data______ -

~ 

Length U l t i m a t e  Load Change in Length
Tension Specimen No.  ( i n)  ( ib )  ( in )

1 2t-e 50~ 1) — —

2 U 4850 — —

3 ‘1 5400 ——

-~ 31 5950 ——

5 31 6050 ——
b 31 5250 ——
7 31 5950 ——
8 31 4 850 ——

a i s  1/2 5100 — —

10 l 1/2  5100 ——

11 15 L / 2  4900 ——

12 15 1/2 5125 ——
13 15 1/2  5425 ——

1.. 14 4875 ——

15 31 4655 0.22

16 31 4715 0.242

1; - 31 4965 0.213

18 31 5820 0.235

19 31 4530 0.188

20 31 5295 0.259

4 9
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Fig 4—9 : Tension Failures. Specimens 1—4 $

Fi g 4— 10: Tension Failures . Specimens 9—12

4—10
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Fig 4—11: Tension Failures. Note:
specimens 17 and 19 show that the
threads failed at a position less
than at full depth.

Ten bolts were tested in pure torsion. The results are tabulated

in Table 4—2.

Table 4—2 Pure Torsion Data

Torsion Specimen No. Ul timate Torque (f t  11)

1 27.7

2 30.5

3 27 .0
4 2 2 4

5 39.0

6 30.5

7 26 .9

8 36.0
9 22 .3

10 40.8

4—il
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The avi r ige t o r s io n  st r e n g t l i  is 30 .3  I t — l b  and t h e  s ta n d a r d  dev i a t i on

is b .1 ft—lb. Figures 4—12 arid 4—13 show typical torsion failures. Failures

o c c u r r e d  in  t h e  u r ~ ion spec irnons when the  l a m i n a t e d  lay er s  of wood

- 

-.---- 

Fig 4—12: Torsion Fail ures . Specimens 7 ,8,9
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Fig 4—13: Torsion Failures. Specimens 4,5,6 and 10

separated along the laminations . Only upon continued twisting was it

possible to rup ture  the wood t ibers. In all cases , fa ilure occurred

approximatel y midway along the bolt. Specimen 2 was the only bolt to

fail by shear failure in the threads. This was probabl y caused by

excessive relative motion of the nuts on the bolt.

Upon completion of the testing of specimens under pure tensile

and to r sional loads , six bolts were tested in a manner believed to be

representative of field installation . Bolt specimens were installed

in the tensile testing machine and only one nut was applied to each end.

These nuts were then tightened until failure occurred . At failure , the

resul ts  shown in Table 4—3 were recorded .

4—13
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Table 4— 3 Special Test of Tension
Induced by Torq ue

Specimen No. Max I mum Torque (ft 1 b) ~la xi. mum Tension 1 b)

34.3 2300

2 25.0 100

3 3n.6 2435

-I ~~~ 2460

S 43. 2410

6 52.~ 2580

The average torque app lied was 38.6 f t — l b  and the average tension

force developed was 2298 lb. Standard deviations of 9.3 ft—lb and 353 lb

were calculated.

During these tests it was observed that when the torque neared Its

ultimate value , sufficient friction was developed between the threads

on the bol t and in the nut to cause the two to f reeze .  When this occurred ,

all torque app lied t o  the nut went directl y to overcome the unknown amount

of f r i c t i o n  between the nut and the testing machine surface and to twist the

bolt. This conclusion is based on the fact that if j u s t  p r i o r  to failure

the torque was released on the nut , the twist in the bolt would cause

the bolt to rotate in a direction opposite to the direction of previously

appl ied torque. it was further observed that it was necessary to apply

a torque of t~ t o  10 ft—lb t o  begin retwisting the bolt.

It  can be observed In Figures 4—14 and 4—15 that the bolts failed in

a manner very similar to that of pure torsion . Further-more, all fa i lures

occurred near the nidd~~ o t  the full length bolts.

4—14
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Fig 4—14: Specia~ Tests. Tension Induced
by Tightening of B o l t s .  Specimens 1—3

~~~~~~

-

-
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- - • C

Fig 4-15: Special Tests. Tension Induced
by Tightening of Bolts. Specimens 4—6

The next series of tests consisted of placing a specified level of

torque on each bolt and then loading it in tension until failure



occurred. Forty nine specimens were tested to provide a reasonable

quantity of data to establish the interaction diagram. In these tests

it was necessary to hold the torque on the bolt until a minimum level

of tension was developed in the bolt. The normal force of the loading

head of the tension machine had to b~ sufficiently large to develop

an adequate friction force between the nuts on the bolt and the loading

head to prevent the bolt from untwisting and thereby reducing the applied

torque. These test results are presented in Table 4—4 on the following

page .

After  grouping the test results corresponding to a specific level of

applied torque , the results in Table 4—5 are obtained .

Table 4—5 Average Levels of Performance for
Tension With Induced Torque

Applied Torque 
~~~ 

Standard Dev iation Avera ge Change Percen t of
(ft lb) (ib) (ib) in Length Specimens Failing

* * (in) in Pure Torque

11.09 . 4902 800 .231 0

16.64 4790 719 .235 0

22 .18 4902 692 .205 26.7%

27.73 4898 434 .225 66.7%

*Values are for specimens actually reaching an ultimate tensile load .

Typical examples of failure surfaces are shown in Figures 4— 16 ,

4—17, 4—18 and 4—19 for the indicated levels of applied torque.

4—16
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Table 4—4 Tension With Induced Torque

Applied Torque Torque R el eased  ~uIt Change in
Specimen No. ( f t  Ib )  at P = (ib) Length (in)

1 11.09 1000 5410 - -

2 16 .64 2000 4500 — —

3 22.18 2500 533-1 - -

— 
4 

Trying to develop T = 27.73 ft lb
— Fai led in Pure Torque

~ 40 Trying to develop -r = 2 7. 73 f t lb
- Fai led in Pure Torque

19 ~ 
Trying to develop T = 2 2 . 1 8  f t  lb
Failed in Pure To rque

7 22 .18 2500 4175 - -

8 - 40 Trying to develop T 27.73 ft lb
- - 

Failed in Pure Torque

9 22.18 2500 -1145 -—
:1 

10 19.96 T r y i n g  to  deve lop  I = 2 2 . 1 5  f t  11)
I- all ed in Pure  lo rque

U 22. 18 250 1) 4090 — —

12 Test machine ma 1 functioned — dat a lost

13 11 .09 1500 S3~ 0 - -

14 11.09 1500 5080 —
~~

15 
- 

11.09 1500 5355 - -

16 11 .09 1500 1191) ——
17 11.09 1500 391() 0.22

18 
- 

11. 09 1500 S750 0. 2 - 1 2

19 11 .09 1500 3350 0.224

20 16.6-1 1500 619() 0.262

21 16.64 1500 3840 0.19 I -

22 16.64 1500 3980 0.197

• 23 16.64 1501) 595 0.234

24 16.64 1500 4515 0.234

25 16.64 1500 47-10 0.240
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Table 4—4 Tension With  Induced Torque (Cont ’d)
p

Applied Torque Torque Released ult Change in
Spec m e n  No . (ft ib) at P = ( I b )  Length (in)

1 500 -1~ ;o 0.230

27 ln .o4 1500 5310 0 . 2.14

25 1t~.b-~ 1500 -1355 0 .2 5 7

29 11 .09 150(1 -l69~ (1.21 5

31) 11 .09 1 500 5925 0. 255

l~ ~0 
I r y ing to d e ve l op  ‘I = 22 .1 5 ft lb

— - ~: - ~ &-J i n Pur e To rque
32 22.15 2001) - (155 0. 192

33 22.18 200 ( 1 55n0 0.251

I rv i n g  to  d ev e l op  ‘ 1  = 27 . ’$ f t lb
— l a  t I ed in Pure Torque

35 22 .18 2000 560(1 0 . 2 2 3

36 22 18 2500 13(5 - -

37 22. 15 -2 001) 5825 0.192

Frying to deve l op I = 22.18 ft lb
- -- l a  i led in  I ’u ~~ To rqut’
39 2 ~‘ . 1$ - ( 1 )00 5305 1). 1 9 1

40 22.18 -1000 5090 0. 18

41 71 Trying to develop 1’ = 2 7 .73  f t  lb
— — F a i l  t d  in  Pure Torque

-12 27.73 4000 2795 0.235

43 
- 

J~~. l 9  l~1’Ying t O  develol) I = 27 .73 ft lb
1-ai led in nrc 10 rque

-1-I 2 .73 4000 5520 0.253

-15 2~~. 7$ Failed in Pure Torque

46 ,~~ T r y i n g  to dove lop -r = 30 f t lb
— Pa i led in l ure Torque

-1 7 2~ - 7$ -2000 4510 ——
(8 6 

Ic tug to tieve lop I = 27. 73 f t lb(i~ — 
:~. I I ed in Pure To rq tie

-2 9 27 . 73 4000 4~~ S 0.187

4—1 8
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Fig 4—16: Tension F a i l u r e  of Specimens
W i t h  In i t i a l  Torque of 11.09 f t — l b
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Fig 4—17: Tension Failure of Specimens
Wi th Initial Torque ot  16.64 f t — l b
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Fig 4—18: Tension Failure of Specimens
With Initial Torque of 22.18 ft—lb
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Fig 4—19: Tension Failure of Specimens
With Initial Torque of 27.73 ft—lb
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4.3 Moisture Absorption of Laminated Wood Bolts and Nuts

Twenty six bolts were selected at random for moisture absorption

and strength testing . Sixteen bolts and ten full and half nuts were

placed in water for varying lengths of time prior to testing . The re—

ma ining ten bolts and nuts were placed in a moist room (approxIm ate 100%

relative humidi ty)  for  approximately 30 days. The bolts and nuts in the -

moist room were weighed regularly to determine the quantity of water —

absorbed. On the 28th day, five bolt specimens were tested in tension

and five bolt specimens were tested in torsion . The nuts were permitted

to ai r dry to determine if cracking and delamination would occur . The

nuts could riot be fitted to the bolts as they had absorbed su f f i c i en t

water and swelled , reducing the inside diameter of the threads . Tables

~‘—6 through 4—10 present the test data.

Table 4—6 Moisture Absorption by Full Length Bolts

Specimv~ 1)rv (7ei ght~ _____lVc ii

~

ht Gain (

~

r ams )
No. (grams) 1Da~f 

2Days 5l)ay~~ SDaysl 1 _‘Pa s~ I 6tiaysI 201 ) aysl  25 i ;ay s

1 243.1 2.8 3.7 5.5 17.0 8.6 10.4 11.1 12.3

2 238.1 2.8 3.8 5.7 6.8 8.8 10.7 11.6 13.2

3 238.9 2.0 3.2 5.1 6.2 7.8 9.2 10.0 11. 9

4 237.1 1.9 3.5 5 .4  6.7 8.6 9.7 10.7 12 .9

5 239.4 1.7 2 .8  4.7 6.1 7.7 8.9 9.8 11.4

• 6 234..0 1.9 3.3 4.9 6.4 7.9 9.6 10.6 12.-I

7 236.4 2.1 3.2 5.0 6.3 8.0 9.5 10.2 12.5

8 230.0 3.0 4.3 6.1 S.2 10.0 12.0 12. -I 18.5

9 235 .2 2 .4  4 .0  6.0 7.5 9.0 10.9 11.1 12.9

JO  237 .2 2 .6  3.8 6 .2  7.6 9 .7  11.2 12 .1  14.3

Avg Wei g i t  236 .9 2 .3  3.6 5 .5 6.9 8.6 10. 2 11.0 13.2
Gain

4—21
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Table 4—7 Moisture Absorption by Full Nuts

Specimen Dry We i ght
1 
— _____ 

Wei ght Gain (grams ) 
______ ________

No.  (grams ) lDay  2D ay s SDays ’ 8Days l2 Da y s  l6D ay s t 200ays 33Days

1 28.55 .27 .33 .54 .8 1.14 1. 4-1 1. 62 2.63

2 29 .35 .2 0 .28 .4S .64 .73 .8-1 1.04 1.68
5 25 29 .21 . 2 t ~ .46 .65 .54 .96 1.18 1. 79

4 2 8 .~~2 . 18 .2.2 . 37 . 4 9  .68 .75 . 85 1 . 37

5 2 9 .0 8  .19 .25 .55 .85 1.00 .94 1.35 2.31

6 29.oo .17 .21 .3-2 .49 .~~4 . 70 .78 1.33

7 2~~.95 .21 .37 .71 1.06 1.58 1.75 2.03 3.0-1

8 29.22 .17 .27 .48 .67 .91 .99 1 .21 2 .10
9 29.24 .18 .32 .50 .69 .58 1.06 1.15 1.93

11) 28.01 .17 .23 .6-2 .59 L03 1 .18 1.37 220

-\vg W e i gnt 28.70 .20 .25  .50 .72 .94 1.06 1.26 2.04r ~;• i i i 1  J __________ __________ __________ ______________

Table 4—8 Moisture Absorption by Half Nuts

Specimen ’ Dry Wei ght Wei ght Gain_ (grams) 
______ ________

No. (grams ) 1D~~ 21)ays Sfl ay s y s l 2Day s T6flays 2ODays 33t)ays

1 14.75 .27 .42 .78 1.12 1.52 1. 72 1.91 2 25

2 15.96 .09 . 17 .34 .53 .75 .85 1.02 1.47

3 16.23 .13 .19 .32 .45 .61 .70 .80 1 .37

4 16.20 .10 .21 .35 .49 .71 .78 .96 1.45

5 15. 71 
- 

.14 .19 .36 .47 .t3 .70 .83 1.32

6 15.60 .14 .21 .34 .44 .63 .t~9 .78 1. 12

7 1~~.43 .15 . 23  .3S .50 .n9 .77 1.09 1.81

S 15.85 .14 .23 .40 .55 .80 .58 1.02 1.44

9 16.10 .13 .21 .35 .53 .79 .88 1.00 1.52

10 15.68 .16 . 25 .34 .54 ~77 .56 1.03 1.60

Avg Wei g t 15.85 .15 . 25 .40 .S .9 .88 1.04 1.5-1
Gain

4—22 U 
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Table 4—9 Tensile Strength After Prolonged
Exposure to Moisture

Days Expos ed
to Mois ture

l00~ S~ater u lt  Change in
Specimen No. Humidity Tank (ib) Length (in)

11 3 5590 0.25

12 3 
I 

6500 0.38

13 3 6260 0.36

1-1 7 5730 0.31

13 7 5500 0.25

16 7 6310 0.29

3 15 4350 - -

r 5 15 - 3800 --

7 15 Broke in torsion while
I placing

1 
nuts

9 15 - 4200 1 --

10 15 : 3900 --

1 28 5390 .254

2 28 1 4750 .24 8

4 28 6320 .305

5 28 6700 .268

7 28 5960 .310

Average 3 6117 .33
Va l u e s  

7 5847 .28

15 4063 --
28 5924 .28
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Table 4—10 Torsion Strength  A f t e r  Prolonged -

F Exposure to Moisture

- Days Exposed I
—- - —  

to isture I
11l0’~ iVat t-r ult

I men \~~~. 1 fu in i ~I I t y ‘lank I i ft ib )

1 I 16 20.5

2 16 30.S

I 16 4 . —

i n 30 .5
s In 21 .11

I 28 20.5

28 2~~.5

28 
I 

1 8.3

1 25 .~n .n

I II 28 1S .n

C II I ~~‘ . I

4—2-s
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CHAPTER 5

DISCUSSION

5.1 Shear Strength of Split—Rings in Laminated Wood Gusset Plates

The end d is tance , or distance between the c ent e r  of the  bolt hole

and the end of the outer plate , had a considerable ;mu well-detined

influence on the behavior of the joint. An evaluation of the rna~.~n i t u . ie

of this influence can best be made using Figure 4—5 , which is the

“Load—Deformation Results by Varying End Distance” graph for tl-ie per-

pendicular surface grain orientation . Recall that f ive specimens

were tes ted  to de te rmine  each of the four curves depicted in th 1~

-

~~~ f i g u r e .

The curves in Figure 4—5 illustrate the central tendency of be-

havior between load and deformation for varying end distances and do

not reflect the test behavior of an individual specimen . Typically ,

an individual specimen , as can be seen in the individual data curves

of Appendix C , exhibited a saw—toothed pattern of load reduction with

increasing deformation. A loud cracking sound was observed as most

test specimens reached ultimate load , followed by a load reduction

with increasing d?formation . Several tests were terminated after the

loud cracking sound and it was found that only the core area within

the sp l i t— ring had failed.  Hence it is estimated tha t  the ultimate

strength coincides with the failure of this core area. Occasionally, —

a load drop accompanied a m inor f ailur e be fo re the ul t imate load was

reached , and a small cracking sound was noticeable when this happened .
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The curves in Figure 4—5 are riot intended to illustrate behavior past

uLtimate , since this region is of little practical value . They merely

substantiate that there is no effective loa1i gain past ultimate.

There is relative unpredictabilit y in the load—reduction pattern past

ultimate.

None of the curves , individual or consolidated , exhibit a well—

defined proportional limit. This is understandable considering the

non—line ar nature of the laminated wood material. As anticipated , the

ultima te load increased as the end distances increased . Since the

ultimate loads for the 3.5 inch and 4 inch end distance specimens

were approximatel y the same , a constant ultimate load is suggested
4

pa st  an end distance of 3.5 inches. The curves of Figure 4—5 also

exhib i t  app roximatel y the same initial load—deformation relationship

up to about 25 Rips.

A f t e r  evalua t ing  the consolidated curves of Fi gures 4—6 and 4—7

tip to the u l t i m a t e  va lue of load , i t  becomes apparent  that  there  is 
- 

-

l i t t l e  d i f f e rence in the load—deformation re la t ionship for  the perpen —

Jicular , pat-allel , or 45—degree orientations to the direction of load-

ing for a given end distance. This is as anticipated , due to the

cross—lamination of the PERMALI plates. As previously noted , little

can be predicted past the ultimate value .

The failed surfaces of each of the two core areas revealed that

85Z of the failure planes occurred in the outer plate at a depth of

0.15 to 0.35 inches measured from the inside face of the outer plates ,

or at about half the seating depth of the split—ring connector.

5— I
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.\pproxlmately 10% of the failure planes occurred between 0.35 t o 0.50

inches , or closer to the f u l l  seat ing depth of the r ings  in the ou ter

p l a t e s .  Almos t 5% of the f a i l u r e  planes occurred  within the driver

block co re area , Figure 3—1.

Regarding the appearance of the sheared core areas , over 73~ of

th e failure planes occurred cleanly between the laminations without

obv ious  sp l i n t e r i n g  of t he  beech layer. Of the 27% which sheared

across  l amina t ions, 23% sheared across one lamination , and 4% across

two laminations. There was no noticeable c o r r e l a t i o n  be tween  the

ultimate load and the location or appearance of the sheared core

areas. Thus , the f a i l u r e  p lanes seemed to occur  along the weakest

fri lamina t ion  i n t e r f a c e  near m i d — s e a t i n g  depth of the s p l i t — r i n g  con-

n e c t o r  in the outer plates.

As mentioned earlier , the wood used t o manufac t ure the PERNALI

plates was highly densified and impregnated with resins . This ob—

viouslv increased the stiffness characteristics of the wood and also

caused it to behave as a brittle material. As a result , it was mean—

ingless to carry the laboratory tests beyond 0.15 inches o f deflection

a l though th e ASTM requires 0.60 inches of deflection.

Failure of ~olts warrant little mention since they could only be

failed long after ultimate load value was reached and af t er the area

beneath the co re area had sheared . Had the bol ts  been torqued past

“hand— t ight ” or “snug”, a d i f fe ren t resul t might have occurred from

bulging (or spreading) of the specimens at the connectors after reaching

5 3
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ultimate strength. There was no noticeable bulging of the specimens at

the connectors before ultimate.

It should be pointed out that the ultimate load carried by each test

specimen was in reality supported by two split—rings. Therefore, the

capacity of one split—ring connector is one half of that shown on the

data plots. In addition , this ultimate load must be reduced by the con—

ventional capacity reduction factor of 1.65 to correc t for th e ef f ec t s  of

load duration in wood. These values are shown in Table 5—1.

Table 5—1

Average Ultimate Load

Orientation of
End Distance Load to Face Grain U l t i m a t e  Load (Uncorrected)

2 1/2” 900 18 kips/ring

— 3” 900 24
3 1/2” 90

0 30
4” 90° 31

2 1/2” 0
0 25

3” 0
0 27

3 1/2” 00 26
411 0

0 31
2 1/2” 450 22

45° 25
3 1/2” 450 32
411 450 

33

td ’~e dis tance, or the distance between the center of the bolt and

the edge of the outer plates, had an influence on the behavior of the

joint similar to that experienced during tests using end distance as

5—4
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the variable under  s tud y .  As an t i c ipa ted , the u l t i m a t e  load inc r eased

is the eli ge distances increased . Since the ultimate loads for the 3.5

inch and -
~ inch  edge d i s t ance  specimens were  app rox ima te ly the same ,

a co n st ~t~it ultimate load is suggested past  a 3.5 inch edge distance

for a given end distance of 4 inches. The curves of Figure 4—8 also

exhibit approximately the same initial load—deformation relationship

up to  about 55 R i p s .

The f ai l ures which accompanied the ultima te load for  all edge

d istances tested was essentially the same experienced in the test

speci~~cns with variable end distances. The failed surface of each

o f  the two core areas reveaied that  85% of the failure p lanes occurred

in the outer plates at a depth of 0.15 to 0.30 inches measured f rom

the inside face of the outer plates , or at about half the seating

depth of the split—ring connector. Approx ima tely 8% of the failure

planes occurred between 0.30 and 0.50 inches , or closer to the f ull

sea ting depth of the rings in the outer plates. Almost 7% of the

fa ilure planes occurred within the driver block core area.

Approximately 50% of the failure p lanes occurred cleanly be tween

t he laminat ions  of the sheared core area without significant splinter-

ing of the wood layers. Of the 50% which sheared across lamina t ions,

3O~ sheared across one lamination , and 20% across two or more lamina—

t ions .  There wag no noticeable c o r re la t i o n  between the ultimate load

and the location or appearance of the sheared core areas. Similar to

the tests with variable end distances , the fa i lure  planes seemed

5—5



r

to  wcur along th e weakest l amina t ion  i nt e r face  near m i d — s e a t  lug d e p t h

of the spi i t — r  thg cornice tor In the o u ter  p lat  es.

In the series ot  tests having variable edge distances and a con—

stant end distance of 4 inches , almost all of t h e bolts failed . A

best est imate as to when fal lure occurred would be after ultimat e load

had been reached and during the long period of relatively constant load

capacity. It was during this later period of loading tha t the specimens

showed v i s i b le  signs of bu lg ing  (F igure  5 — 1 ) .

H
~~~~~ _ _

Fi g 5—1: BulgIng of
t est  Specimen
(Note separat ton between p la t es)
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_
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- - -

~
- 

— — — ~~—~ —~ —--~~~ 
—



The ultimate capacity of one split—ring connector is one half of

that shown on the data plots. This ultimate load for one split—ring

as shown in Table 5—2 must be reduced by the conventional capacity re-

duction factor of 1.65 to correct for the effects of load duration and

arrive at an allowable maximum long term capacity.

Table 5-2

Average Ultimate Load for Specimens
With Variable Edge Distance

(4 inch end distance)

________-- 

Orientation of
Ed ge Distance Load to Face Grain Ultimate Load (Uncorrecte~_

2~~75 900 31 kips/ring

f 3.00 90° 33.5

3.50 90° 35.7

4.00 90° 34.4

5.2 Strength of Laminated Wood Bolts

Laboratory t e s t ing  for material properties frequently produces

results with considerable scatter in the data. This is particularly

true when testing non—homogeneous materials. Such was the case with

the tests to establish the tension—torsion interaction diagram for

phenolic resin impregnated laminated beech wood bolts. Figure 5—2

shows the test results for J~ wood bolts tested under various com-

binations of tensile and torsiona l stresses. As shown in Figures 
—

4—9, 4—10, and 4—1 1 , many of the tension specimens failed by shearing

of the threads. This was a continuous problem throughout the test

program and was the primary reason why the bolts were extended through

5-7
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the heads of the testing machine with two fu l l  size nuts  a t tached to

each end of the bolt. The standard length  tes t  specimen holders were

too short to develop even a reasonable strength in the bol t .

Average values and standard deviations for the ultimate tensile

strength developed in the bolts under specified levels of app lied

torque are tabulated in Table 4—5. These values are based on test

da ta for  onl y those spec imens develop ing tensile stresses after the

spec i f ied  torq ue had been app lied. This, in the opinion of the

wri ter , is not totally realistic as a large percen tage of the bol ts

fa iled in pure torque as the specified level of torque approached

the average ul timate torque under pure torsional stresses. When all

of the specimens selected [or any level of combined tension and torque

are used , some of the average tensile values are signif ican tly reduced

as shown in Table 5—3 and Figure 5—3.

Table 5—3

Average Levels of Performance
for Tension With Induced Torque
(All Specimens Included in Compu-
tation of Average Values)

Applied Torque ~u l t  Standard D e v ia t i o n  Avg Change Pe rc en t  of
(ft ib) ~(1bl (Ii,) in  Length Spec i mens Failing

( i n )  in Pure Torque

11.09 4902 800 .231 1)

1t~.64 4790 719 .235 0

22 .18 3595 224 ’ .205 2 i~.7’~

27.73 I~~33 2319 .22 5 t~~.7%

5_9



00
0 ) >

(II 5 4.14.1
— S

C 0 C t-.o ~ 0C
‘ f l O  ~~ 

-

~ . 5 0 u m0 C~ 0 CU I-. ~ 14 00 C)C o O  0 ) >  -~~~~~~~
~~ C 14 0) 4.’ C0 0 )  • 4..1 5

~~ 
.4 4-’ 0 5tfl C C —C 1 4  ..~ 14

S Co.C
—~ 5 0 0

- . 4 5

-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_ _ _ _  —  

-~~~~

-~~~~
—

.

—~ I

I
1
0 ~ 

~~~ / / 

-T / , / . - /

,
~ 1 

/

/ //// - / -

sth~ Ut peo’l )ntxy 028wt21fl

5—10



-2W’

The plot of these average values In FIgure 5—3 could serve as a

possib le in terac t ion  diagram . However , if  one looks f u r t h e r  in to  the

data and realizes that at high levels of appl ied torque only 337. of the

bolts were suffic iently strong to develop the torque and then sustain

tensile stresses , it would seem equally val id  to consider the material

to be bilinear. This bi l inear  curve is based on average ultimate loads

in pure tension and pure torsion. Reducing these values for  a load dur—

a t ion fac tor of 1.65 , the bilinear interaction curve then encloses the

are a w i t h  the single diagonal  lines on Figure 5—3.  I f  now a f a c t o r  of

s a f e t y  of 2 is used , the allowable in t e r a c t i o n  curve encloses t~o’ area

on Figure 5—3 with the cross diagonal  lines .

Although the bolts wore impregnated w i t h  resins , the moisture .Jb—

so rp t ion  tests  showed tha t  t h e  nuts  and bolts would absorb approximate1~’

6 percent of their weight in water If exposed to a high humidity environ-

ment .  These resu l t s  are shown In FIgures 5—4 and 5—5.  I t  is gen er a l l y

agreed tha t when resins absorb mo i s tu re ,  t h e i r  p rope r t ie s  change .

- 
- Test ing - of the  specimens which had been exposed t o  m o i s t u r e  revealed

an initial gain in tensi le  s t r e n g t h  fo l lowed  by a loss in strength ,

Figure 5—6 . Furthermore , different levels of streng th loss were experi-

enced for those specimens exposed to a high humidity environment and

a water bath. The initial increase in tensile strength can probably

be attributed to the swelling of the bolts thereby providing a t:ighter

fi t between the nuts and bolts. Most of the  threads which failed during

th e testing of these bolts appeared to have sheared off at a plane

cles ,’r to the core of the bolt. Standard wood fibers which have been

5—11
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exposed to mosi ture for prolonged periods of t ime will absorb water

and hence develop lower levels of ultimate strength. Such would

appea r to be the case for  the specimens placed in the water  bath.

Apparentl y , the wood f ibers  absorb less moisture in a high humidity

environment than In a water tank and consequently do no t lose as

si g n i f i c a n t  a portion of their ultimate strength.

in  a s imi l a r  manner , the bol ts which had been exoosed to  m o i s t u r e

developed reduced levels of s t rength  when tested in pure torsion ,

F igure  5—7. In this case it is not clear as to the effec t of mois tu r e

absorbed In a h igh  humidity room as opposed to a wa te r  b a t h .  There

is i n f o r m a t i o n  ava i l ab le  on testing of composite materials at the

A i r  Force Materials Laboratory which  would suppor t  the premise that

a high humidity envi ronment  is more d e t r i m e n t a l  on a phenolic resin

than  Is a water bath. Since the torsion test  specifically subjects

the phenolic matrix to  high levels of stress , th i s  could account

for the 30 perc ent loss in torsional strength after 28 day s in a

moist environment.

The last series of tests which deserve some comment is the

special test which simulated field installation . In these tests ,

• th e bolts failed in a manne r similar to failure under pure torque.

At the time of f a i l u r e  the bolts had developed app rox ima t e ly  45

percent (2295 lh) of their ultimate tensile strength. Although the

bolts had sufficien t residua l tensile strength , imptope~ tig htening

of the nuts or tightening t o  a level which tend s to freeze the nut

and bolt could easily fail the bol t s  in torque .
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CHAPTER 6

CONCLUSIONS

Wood and wood products are nonhomogeneous brittle materials. As a

result , an engineer would expect to obtain somewhat inconsistent performance

from wood as the levels of stress approach the ultimate strength. Recog—

nizing this characteristic behavior of wood , the following conclusions

seem reasonable as a result of the tests performed on steel split—ring

shear connectors in laminated gusset plates.

a . Th e lamina ted , resin impregnated wood material has a stiff-

ness lar ger than  t~iar  normal ly  experienced in wood products , hence a

more brittle type failure snould be expected .

b.  The o r i e n t a t i o n  of load to face grain has no significant

effect on u l t i m a t e  load ca r ry ing  capac i t y  of the split—ring connector .

c. The f a i l u r e  of the core area of the split—ring will occur a t

some dep th less than the fu l l  dep th of the sp li t—ring groove, possibly

along the weakest lamination within the wood materiaU

d . The shear connectors with 4 inch end distance do not develop

any significantly greater strength than those with the 3 1/2 inch end

d istance for all load to face grain orientations.

e. The shear connectors with  4 inch edge distance do not develop

any significantly greater strength than those with the 3.5 inch edge

distance.

f. The ultimate load obtained will occur just prior to shearing

of the core area of the split—ring co~mector .
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g. The overall behavior of the split—ring connector with a con-

stant end distance of 4 inches and variable edge distance closely

parallel that of the connector with a constant edge distance of 2.75

inches and variable end distance.

h. The wood bolts will fail after the connection has reached

its ultimate strength.

i. Bul ging of some connections will occur only af ter deforma tion

of 0.15 inches are developed and the specimen has developed its ulti-

mate strength but has not completely fallen apart.

The results of the 111 bolt tests tend to support the following

conclusions . 
- 

-

a. The average ultimate tensile strength is 5200 lb with a stan-

da rd deviation of 440 lb for  3/4 inch diameter laminated wood bolts.

b . The average u l t imate  torsional s t rength  is 30 f t — l b  w i t h  a

standard deviation of 6 f t — l b  for 3/4 inch diameter laminated wood

bolts.

c. Tension f a i lu re  is frequently initiated by shearing the

threads. Specifically, the threads may shear at a point not along

the maximum core diameter.  This may be true even when two full nuts

are used to secure the bolt.

d. The exceptionally lose f i t  of bolt and nut probably is a con—

tributing cause to the lower average tensile strength when compared

with manufac tu rers data.  One would suspect that  in a more humid cli—

mate the bolts and nuts  would fit more tightly and therefore provide

greater contact surface and thread shear strength. This is partially
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suppo rted by the increased utrengch developed a f t e r  the bol ts had been

expo sed to moisture for some period of time .

e. Bolts subjected to tensi le  stresses will most probably fail  by

s t r ipp ing  of the th reads , some bolts  wil l  break at a poi nt  roughl y 2 inches

from the end of the bolt. This corresponds to t h a t  point  where the in-

side nut and bolt come together. Few bolts are likely to fa i l  in tension

in the middle third of the bolt length.

f. Bolts subjected to pure torsion are likely to d isplay the

charac teris tic sp iral failure. Almost all of the bolts will fail in

torque in the middle third of the bolt length.

g. Torsion fa i lu re  will  be in i t ia ted  in the resin matrix by de-

lamination of the wood layers .  Onl y a f t e r  considerable twisting will

It be possible to fail the actual wood fibers.

1-i . The wood bol ts have su f f i c i en t  tensile streng th for  proper

field installation. However, as the tens ile forces increase in the

bol t , the bolt and nut develop sufficient friction and freeze. Hence

the bol t may fail in twisting if excessive torque is applied .

i. The laminated wood bolts behave as a bilinear material.

Throughout the testing program , the average tensile strength remained

relatively constant until the applied torque approached the torsion

failure envelope. From that point on, onl y approxima tely 50 percen t

of the bolts had sufficien t strength to resist the applied torque.

Those bolts which did develop the torque also develeped approximately

the same levels of tensile strength as did those bolts tested in tension

only.
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j. The wood nuts and bolts may ex per ience an average gai n in weight

of 6 percent after 28 days exposure to a high humidity environment. The

moisture absorbed by the bolts will produce a tighter contact between

the bolt and nut and therefore an initial increase in tensile strength.

After  prolonged soaking in a water bath , the bo lt , however , develops a

lower level of tensile strength.

k. The moisture absorbed by the bolts will produce a deterioration

in the phenolic resins and therefore a reduced level of torsional

strength.

1. Three quarter diameter bolts which are 31 inches long will - 
-

elongate approximately 0.25 inches prior to failure under tensile loads.

Hence if the wood beams and columns used in a structure are likely to

swell more than 0.20 inches in width due to changes in climatic conc!i—

t ion s, t hen adjustments  must be made in the tightness of the bolts

as the average bolt will fai l  when the elongation approaches 0.25 inches.

m. Af te r  appl ying a load duration factor of 1.65 to the average

u l t ima te  tensile strength and average ultimate torsional strength , as

established in the laboratory, the long term strengths reduce to 3150 lb

in tension and 18.5 f t—lb in torque . Appl ying a factor of safe ty  of 2 ,

the above estimated long term strength values reduce to an allowable

tensIle strength of 1575 lb and an allowable torsional strength of

9. 25 f t — l b . -

H 
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~~~~~ ~~~~~~A.L~I ~~IIHIGH STRENGTH PHENOLIC LAMINATE
This unique product is a phenolic laminate made from
C,I ;CIUI I, selected thin beech veneers These wood fayers
are ;~ -‘ .siisited under vacuum with a spec ial synthetic
i t ’s- i ;  and th4 -n densified through the application of heat
m d  pressure. The result is Pern~a lm g rac e EH. a ho mo - ADVANTAGES

clenous material that combines the great strength and
toughness of wood fibers with the excellent stabil ity and When compared ~~. oh NE MA - wad e ce l lu lose - base
diele~t i ,c properties of the most advanced thermo sett inc l phenolic laminates, Permali ~H is;
resins , equal e lec t rically

superior mechanicall y
PROPERTIES • ge ne ra l l - 4 less t’~pens ivt-

When co mpa i ed to N EMA-g i . idt ’ g I rSs l an r i n i t es
Dielectric Strength - - . Permali ER was developed Pe,ii;ali EH costs only about 35”~. as much - a siçt n;f m-
t i i  and finds its principal use in high -i Itagt ’ electrical cant consideration A further saving is made due to t is,’t ’quipfl rent of machining . Also, tab, c iting charges r i m ’ nOrmJlly
Hi gh Strength/Weight Ratio - with a specific 50% tess than for glass laminates
;j .i

~ 

‘ lv of 3 i t  has tensi le strength -.d 14 tons per Variable lamination arrangement. Unlike m ’O i t o f l  or
str uare inch ir St r t ’ i5IUi/~\ t ’~ lht i .it~~ t ilil il tO high ri lass cloth . Perm.rl i s t h in wood ‘.m nS C r s Conta in U i l i—
tt .’ f lS i lt’ ~t , ’m ’l di rect ional  f ibers By vary ing  th~ grain direction at hi - ’

Dimensionally Stable s ir ic; - it is t i l : y resi n- in ipreg- laminj t ions the production ot st-~t- ra l  t~ pes of Penmali
I ted a si densil isi ~ i t t i a hson pt ion s very low and U H with differen t mec han cal proper t ies ca ri be iii ii u

tact u i ed to give y o C Str t i;gt h w i l- i t - YO U need itdiinerrsion,il st ibi lit ’4 is ood
Resistant to Abrasion - - - more res istant than quartz. Structural advantages . Per mali EH pi avmd ;s a ii;ilit i

has a o~ t- r rate of ~s I-ar than many nietals mod u I us of t’l ast cit v than of her phenol ic I ami sm Ins
Designers and $ a hi i-a t ni s c ji; bent $ i t  I her t-fo rn l;~Resistant to P-fear and Weather suitable for pro - using a rvduc~d cioss sic t ion . or t;~ prov id rnq g i t - r t t ’i

~ to r i  tsl U:. in all Cli i i i ,rteS and weather - may be used rigidity with the s i n r i -  c ioss scC t ,or ;  The latter is a vni~cnntinuously it temperatUreS of 1 05’C and ir rt e rn n i t -  imporliurrt consideration in him constiuclion of l i i
t r ’ nt ly t i ’  1 5O~’C insulating St mu Ct l i r t s
Retains Strength at Cryogenic Temperatures -

‘ t t , i i c i S  about 80’ .- of mechanical strength at - 192~C
( - - 3 14” F’ - - compressive strength (perpendicular to TYPES OF PERMALI EH
thn t icel actually doubles at cryogenic temperatur es
Completely Non-Magnetic - t’s’ aval Ordr mance Six symbols completely describe
Laboratory tests indicate magnetic permeability is lm-sii any type of Per mali ER . as follows.
than 1 .004 - - in another test af ter t i r i n g  subjecte d to a - - —

1 4 kilogauss fie ld, a Permali ER sample it- corded a Grade U to, most app lications
residual fiel d of less than 01 gamma on a Vari an Assoc . , , . - — 

Rubidium Vapor Magnelometer - motion in the mag- Species of wood H is Beechnetic field of a coil wrapped on a Perm,ili E l-f frame w il l - . — __________ . - ________-
nnt produce eddy currents ’ Type Laminar orien tat io n (Set’ p. 3)
Resistant to Chemicals - unaff ec ted by continuous
i m mersion in o ils and f i n .  - resists itt i- ,’k of n;ikl acids Veiit,er thickness 5 is
and al kalis - - - 

7 is ~ -

Attenuates Fast Neutrons a mosl efficient st r uc- P Su rf .mc i - as presse d
tural material for neutior; shielding can be fat i r i i ’ated -—  ‘ — —

to close tolm ;r ,nnces and i-an be 3pi-i rt- -d at re lativel y M Surface m acl ined for closer
high ter ; rpt — r nt ;ires w ithout defo rniation i - i  loss of shield  tolt ’i ,irri — es
in~ properties . - -

~~~
—.— - ..- 

Surface fi n ish - Unvarnished
0 Edges -. .n r r ;isf red spin i_ il

QUALITY CONTROL cases only)
1 Transf ormer oil finishAll Permali E l-f is processed under tight contro ls. Daily (threaded parts)

tt StS are normal routine and conlinuous checks on pro ‘I Standard air drying el ec tr ical
i i’- ;S ir ;ij operations maintain these high slandarri s The varnish I- xc t-llt -ig anti -m ’l,’;’lnical mechanical and physical propert ies detailed ti nt -king pint it-iti tison p i , - 4 a re averaged front product ro’ i-run materials , , , ,  -
!t~stOd on a continuous basis fo, more than a decade EXAM PIE U H65 P4 U It- . r i ’ il t s ir t~ P~r mali nail,-

f ro m ;  i- ros s a nh rialt’ml bet- i-h \ t’ nm’t- r s
thick . pu ss fi n is h with sF ,irshird

u —lm c tr  it — _ i l  ii i ; ,s t n coat ir ’r g

- I— —
.

—
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GENERAL APPLICATION

!~TYPE 5—Uni-direct ional laminae
For components stressed in t u ’nsio r r , 71VPE 6—Cross Laminated
f lu ’ .w r e  or torsion ,‘ For panels and coni ponents in compression - 

-L u’ ;q t hrs  to 170 or for parts stressed in more than one d irec t ion
\\ :dtb ;s to 10 ‘Sizes to Suit 11051 app lications
I irc;k in .’ss Type 55 ‘.: to 1 - Thickness Type 65 “

~~ to 1
0 to 3 Fype 67 ‘ . to 6

SPECIAL APPLICATION

Uij i i lQ H
TYPE 2—25% cross laminated
For tt~ir~ ,I m ’ , ipt i l ic in iOn s requiring higher TYPE 7—— Lami na e ta ncj er t t ia l  to periphery

s b ii ’ , mn str . ’ ng t h- .ihong thi- niajor ,m ~~s For non- iinpri ’ i rr i ,Itt ’O tr , i i r s fcun r r ; u i clampin g

Lengths to 1 70 ringS

Widths to 20 Minimum I D. - 17

Thic kness Type 25 ~u ~ 1 Mas iriurn O.D. 110

Type 27 ‘ . ~ 4 
Min’miim Radial Walt 1 -

Ma xi in un;; Radial Wall I

- 
Ratio i f Wal t no Thick n ess 12 1 Maximum
Thi ckr ’mu ’ss to 7 ’ .

TYPE 3—-Radially disposed laminae TYPE 8—Lami nae 45” to major ax is
For i rr. ik iurg sile n t gears Thm- , i r r , u : , I t ’riii nt Fo r m iw ; m si— i n q t hn t  m - hi ~ t u i i ,il s t i m ’iri;t i i ( If

achieves unrfonr ;i to~ tt ; stne nqth omponents along t l~i nualo; ax is whtr rm-
Maximum d im noo ter * I n;e& . h.inica l nu ’q i i i uu ’ ’ r r u Ct s  ann nol cnit mc , i l

k r’ ’ss TyPe 35 . to 1 S’ii’s u ’sni , ‘ t i ’i i

Type 37 1 to 1 th u -k nm -ss Ty l i hb ‘ ‘ - to 1 ”
~~~~ 

,q~ 1 In 3 ‘
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MECHANICAL PROPERTIES PHYSICAL PROPERTIES

T Y P E 5 TYP E 6
Vvj t r’r — i t i so np t i o r i  “. 24 in

T hri, ’ krru ~ r “~ 1 Ot)
Th ucknes s 1 0 5

f , ’ i i -~, J t  St ’  is n t h i  psm Lenqfhwise 28.000 1 5,000 -

Coir ;p re- .-. x  e St re n gth ~~ 
ln w nn r mt len t  opena t iml cn tem n ;pt - n a t u rm ’ 1 50CC l307~ F 1

P4 ’ r , ,-nd’~’ub .ii to laminations 1 7 ,000 30 , 000 Continuous ,liIi ’ , u t l i i , i  t -nil ’t- ,,ituii ’s
Pjm ihb, -l to l ,i ’ ’ , n , m t i o u i s  and ra in 17000 22 000 In Oil 105~C ( 221 Fl

In Air 105CC 1221 F)

r I ,’ ~uraI Stne ng t b i  psi ( f l a t w i sob
‘ i t  iss sm- 32.500 18 Ou2c) Specif ic G r r x  mt y 1 30

- 15 .000 H , imd r i m -ss Ihocki\ u -Il  H Sc . mlm t go - 100
~‘ im. ’ Ii,’ He r E 04

O I l  fl~ psi _______________________________________________ — ______________ ____________________________

P.i’ , i t l , -b to grain pith I in;inatron;s 3.500 3, 500
(‘ t n t ’ r i . l i c uL i r  i i ’  I_ i u ; i i r ;_ mt io ns , (~&ii bf ,’ u, ’ n i t  of t brm ’ tmin j l ms(an; s i o n

‘ ur illel to c J n ii r) 4 .800 7 200 ,‘ i’ i i t , i ti , i ij m um; inc
(‘ u - i .  - 1,1k ul ir I,’ guam ,,in(I

i’i,, m.m t io i i - . 9.500 7 , 200 Ti mm~ 5 1 m.-n~nti;e. is. ’ 1-1 x 10
Ciosss’ si’ 01) x ii,)
Pei pemidmc ul~in t o b . m i m m , n , m t u i i i i s  11$ x 10

R.’ rd : Ir .  St r r rn m nn bi . lbs  Cond A 1,500 1 400 I v p u ’ 0 Parallel to ) r i nmi i ,aui i;l. 1 b 0
Peri;ei ;dm,’u l,im ,~ lamp n,iti, rns 113 s 10

hi ’ p,mc t St n , ’ i i , nt h i  h o d  ft lb/ in oh notch;
‘, ‘r iC mm ,$R uI.mr to bac ~ lengthwise 54  34

Pe rpe ndicir l mm to edge , lengthwise 5 0 1 6
Them na) Cou md ui ’ t i x  ny ca l/ i ’m/ C/ -n c -

k 
‘ m m ; plane of $jmm na tm o ns Ii’ r i , t t i~ sm ’ —~~~~~

•
~~~~\ 10

)li~ hibu~ ‘b E l , r s tm c i t i  2 5x1 o 2 o~i ot in plant ’ of laminations i’i,i~~~,\ ~ m ’ 30  x 10
ac i , ’ss pla int- oh ) a n nm nmt tuns  -~ - 1 10

ELECTRICAL PROPERTIES

Oi~~lu ’i pm, ’ Strengt h (s te p-by-s tep i . ’ 25~C - IMI’li[ SE STRFNG1 H
so, ’ I’m-i na! i leaflet E T L - A for deta mI s ) T~ pic,iI Valu es ho, “l ,i-di~~ e m ii A ,r

)‘ u ’’ t , - i i dmm ’ 1il~ir to hnrnmnat mon ;s (V/ M)  “n 360 1’ : .20 ~‘t’ ,m x  m - F ,‘ i i ’ m
250
175 — --_______

- [ . 4 i s t _ i’ i, ’ ,’ Birt5% u—r u; Nu ’ m , i t i ~ u- ‘u — _ t xP n r a ) t u ’l to Iammn;atsons KV U ,. io , i, ’ ~\ , u  ( ~~~~~~

hmm ’.~ m u  Li to i ‘ ‘ . - - 60 Hz 1 9 1.’ 210 KV 1 hO k\ 
—

- 2-1 435 KV 380 ~~106 Hz 1’ 0 t;:’o KV bOr ’

Dm.-It-ctm ic Constant 60 H, 4 5 — ———— —

- A l l  , h , I t , i  I ’ m  l’,isu m l on , i t ; l th u il l,
Sl iu -c~~ , R es’st . i rn ’ ,’ otin;s/ r - rn i 2 x 1 0’~ -N b  \ IA / ,’t S T M  t u~ .t x t , i r r d . iii b’.

_ _ _ _ _ _  - —
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The curves below are for uae In the d.stgu of thr.ad.d P.rmall parts employing ANC thr.ad&
In order to d.velop a thread shear strength .qual to th. ultbnat. tensile strength of th. stud a
thread length equal to the ‘ opt lmum nut th lckneu” must be engaged. A shorter thread engage
ment wi ll rssul t in a pro rata reduction In streng th of the assembly.
ANC thread s ore norma lly recommended for diameter s to I ~-1 I ~~~. For greater diameters ANT
threads should be used. (See Threaded Ftttlngs-ANF)
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NOMINAL DI~ M ET ER lNC -~~
T ’  5

~‘. c E  C U R V E S  R E P R ES E N T  AVERAGE RE~~.’LI~~ OF’ AC ’ OA L ~E~~l’~
USE OF CURVES

al Ti , fi nd ,slnimoie ns,n.(Is- •r,.nqih of a P,,matt ihr.c,d.d cempon .nt reod up from ii ,, desi red dlam.i .r io Cur. . A
and hen acr o ss ro ihi- riqh i verii cal sca t. ,
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in Cur,. 8’ and ‘hen acro s , no the oun .r f.m ..nifcal sc at .,
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THREADED FITTINGS~!
__  

- 
- - ‘  ~~~
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The curves below give th . ultima t. shear strength
of round Permctll sectio ns (Types 55 6 57) in a plane
perpendicular to the motor ads as Illust rated by th~draw ing.

The dat e presented is for si ngle shear . With many
fittings doub le shear will occur and will permit the —
curve data to be doubled. An analysis of the fasten- - ‘-~~~

‘ - - - - 
~~‘ -. - ‘

~~~
m g  wi ll ind icate whether single or double shear ~

‘—
~~ jso” 

~should be considered. ~~~~—~~~‘-, 
- -‘.. - - - .-

The upper curve g ives the ultimate strength of a -_, “ -_~
“N~ -

stud in t he threaded portion ; I.e.. at the root diameter ‘ -h- . ‘

~~~~ 
- -

of an ANC thread. The lower curve gives the ultimate ~~~‘ ~~~~
“-_

~ 
- -

strengt h through the full nominal diameter. “—-_~~
‘ 
- -

Additional data for larger diameters and or speci al
t hread forms will be supplied on request.

All strength data presented In this data sheet is
ult imate. We usuall y recom m end a safety factor of 4
w hen loading is uniformly applied and 6 when shock
loading may occur. For particularly severe applica-
t ion, an even b i g h t - c  safety factor may be ind icated.
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Informa t Io n Sheet

The mechanical properties of PERMALI listed in our technical literature have been estab’ r
hshed end are maintained by laboratory to sts carried out to N.E.M.A. or A.S.T.M , stand-
ards . However, alt pr actical cpp lication s inev itably introduce stress concentrations --- the
t’fl,-cI of which Is to limit the achievement of maximum ultimate stre ngth.

The purpose of this data sheet is to suggest methods of calculation that have been proved
in pr act ice to produce co naerva ti ve ly accu rane determInations of the ultimate strength of 0
actua l components.

L•’l
PERMALI IN TORSION - Normally Type “5’ is used. ISee technical leaflet for typo
descriptionl z

I’, t n t  mh rim m t— . , m n- - ~- _ l  t m t ‘r’—m , m r m , t }ti’ ulet m ’ t - t i n t t u n c  t . i , -
~ ‘ n - — in’ ,- ,u n - — — tu ’nt: mi t i—nu ~ t in ‘ u n

‘.hu’n I Is mmmii  mnicmiLmr -  l u ii, , uns f u r  tuni ng m m m i i — , ‘iii,, it us n u t  1 u , u— ’. , l ,i , ’ t u m (lt’~(’u% a ‘. l i ; fn ’ ’ Iunt —
0 i i ts s l it wel l ;u , ,m ’, , , u~ u u - IsO In s ’ aiti,’—. ‘i’ all h- .m~ ni~ ,

‘t Im, ’ u,~~a im , mt ,  - Iiu’ ,ir - _ t r u ’ nn cn lm ‘h l’v~’t - ‘u l’,’ r int ilm t im uk inn t - . - -  ‘ v  I~~’ : . ~~
‘ 
, . u -  ‘0 ’  ‘ 1 u ~~

a i t t - t x  I i - i n- it I - _ In m mmni l hu ~ u - _ u ’ , 1 , ,i;t,l : - i  .~~. ‘ - 
- - - , ~lui - ; , .  ‘~~~‘ I

‘— ,m~u ’t ‘, - _ Im ,u , u l ,  I hum ’  0, Inn F u r _ i t , , ’ . ltt — r ’e O’ r’ u . t I m , ’ utll ,usx .mI’l , ’ nm ’ om’i _
~;n .: I.’.i,t - rn - .1- - ., r ’ - -- - - ’’. - l’o

1 , 1 ’ ~’ I ‘‘— t,n’ m l i i i  ui _ s in t l  , ~i ~~~~ 
Ito’ ‘—hot ’ I—. io~ ijs ,

\\ h -m ’ .’ mtn 1~m n I m r  th-flee tmomn —. a Omm -t o r It t it ‘ ‘. 
- - , . ~m i , t u i m ’ ,, - - - -

~~ - -s

-e~ 
583.6 1L 

00162 
T L  i : :  ‘ : ; ‘ .: -

d G  d 
—

‘S i ’ - - , ’ . 
- - 

:.°...

— - ;::: .:i~:.:~ ::: _ :
~~ I 1,~ ~~~~~~ ,, ,— r u, .uu i - , ,, ii lL ’ I . - 

. ‘ 
-~~ 

I 
- -

I e’,~m i h , ‘ , ‘ ,‘s ’ . 
- - - ‘  ‘—“-(‘--‘

~ 
— —  - ;  :‘~— ‘ i  - :‘ . ~‘— ~~‘ — ‘ -  ,r —

- u , , . i,’ , , , , , f u r ’s ’ l .., : , , : : : . t : ’ ’  r :. : ‘ : ‘ . - .

- . ‘ ‘ 
-

T ,- ,s , ,l a,,uo, ,-s oh ,-l,i r i’, t’~:!::: ’— : ~~ 
. .... :  

~~ 
‘ :~~ ! : :: .

i f  / / \1~
)ç ,.?

T S 0,196d ’ 
- 

.)m : /‘~ : : “ ‘  /~ \~*‘:~ 
-

I i

5 , 

I 1 ~/
/~
‘ 

~~
z _~/

I 

0 , h I /
sh~ ul~ I m /

T 

I L 
,IAIJ J/ .y ~~: m l :

:

Fr 

0 407 ~ Gb 
00111 b - -~

s”rfr ,-, ss,,, i,~~Is us .,i’ ,- v - - L — - — 
‘
~~~~~

‘_ . ~_._ . ‘ i ’



- —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ P~~~~’ ~~~~ n. ,~~~~~~~~~ ~~~~~~ M~5

COMPONENTS N TENSION - ‘
~ 

- -. - .  - -- -

I 
~~~~~~~~~ ~~~ -,sme r’~~ — • ~~~~~~~~~ .aa. -

RECTANGULA R SECTION PERMALI PABTS_(Types 2.5 and 6)

H ~~~~~~~ 
- When bolts , pins, or rix’ e ’ts are used to attach metal end fitti ngs

- to a link or bar the’ st l- e’ss cmmncemntl-a t imm n around the bolt holest and
,. - 

- 
met the sharp t’ortnt’ rs of the e’omlncmne’nt will cause’ it t um fail at a tensile

- __________________________ st re ’ss we’ll below t he’ t ine~ mi n t  Oat s- in lime. The “heat’ values a re sinnihi ml v

•F~~ts show that the’ frictional grip ox tightI~’ lnoltt~ end t i l t  ilmgs

- 
will carry between t ime- -third and one-halt ’ of’ the’ tota l load in failure.

.‘ 
- 

- - 
‘ 3,s there’ is a simbstant iiu l ‘humarn e lement ” in asst’mlmtv t ightmness

—- 
A 

mnmanv designers imrefe’i’ to ignore’ the ti’it t i,mn:uI gr ip, S-patt i It’ figures
- mire t ht’rc’fmmz’u’ qutmt& ’m J in ‘Ftrhlr ’ I for Imoth types of b ail tratnsft’ r. Nuite

hum t Ine’ only t li lTe’re’ ne’e’ bet we t- mm tight iy I iolte’d and pinned e’nd
fit un m g- _ us irm the ’ shear s-aiu&’s . since tensile failure’ usually occurs -~

te l  th e mnn,’r end u mt the ’ f i t t in g ne he-mn the’ Pt’rmmnli is carry ing the’ - . 
- 

- 
- - -

sehimle ’ tens uir ’  I~ m m m l. ‘ 
- 

._ _

V.Ir,’n ti — t r i g fin.’ Ia hula I.’uI , l.i Eul tb. lot lute’ i rug cm unsmmie- ruut ii mns —

—ti numul r l  h~’ ni ’,’ u u~nui,’m ’ mI

I F 1 ‘s~u, ’ - - .‘ rr  ‘ rug iu -_ ht ‘imld itt ’ cur li ii hi te ’r I urn t hi’ reduenrl - >_._ - - 
.

‘ u s — - — i-m t i~ inn ,s ’m u m  i’nrng at the ’ m mmnermnnunst inol t or ton hi ‘Ic-s . ( Set’ Skench B,
m c i - u  in ~ kr ’ tu ’ln A. F

12 ‘I ,~h.’mm r .~tr, -n ct 1r should Inei base-t i on tine’ failure- in
s ingle’ 11tar or splitting of the’ mnial c-r um l lint wecri tine ’ bolt holu-~
antI the end 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ Skt~ch

will usutmily ,uc - m -ci r liv she-tu ring u- m t the ’ whole’ t riumngeit uur port ion
- - . 

- — ‘ irnm lie ’a te- d 3 m m  I the’ sln, ’s m r figure’s qe mot esi slumit ild bt’ ttmpl ie’d to tine ’
— 

- 
- 

__ ,,
_, 

- 
tota l areul muf fumi l t i t ’ c- ,

- 
~~~~~~~~~~~~~~ - ,,‘-~~ “~~~‘ ‘ ‘  The rise- of imox set t iomn end fitt ings or channel pltite~ I as

shown in Ske tc h ( - F whie’h gist-s side- sl ilmim,irt to t ime !‘m -i-nn;m li
- 

Sk.rc h C is re-c ’onlmnne’nulesI toni ! ssuIl su lunmant i,tlly inci’m ’ase’ t lu’ tanl ing Im m u m i l
in shear.

h i ’ ) .‘r!mi r ’ r nm um n tucari ng p r , -ssiur, - (c alculated on t lme’ prolect(-(l area of ,‘ontact ‘F is the st re-es
at whit -h Ioe’tll c-rushing anti e’omprehens,ve fir h urt’ of mn~ater iuel in C(mflta ct with the- inoltun ~s’ilt
rme - 1-Ur, ‘rhe’ vu m lue qui)ted are’ conse-rs-ativc . m t  care’ must be’ taken to misc ’ pins cur bolts of sm ic ’h
su e’ and nnumte’rial that bending stresses will cause’ no appreciable distortion. If the pins bent!
or distort , local st frssing of t ime’ Pe’rmali will tu m ke place- , and the st re’ngth of tine’ assembly will
ire’ re’due -e ’d, Higin tensile’ stee l bolts arnd pins are’ ree-ornme’mndeoi.

TABLE 1. FAILING LOADS: RECTANGULAR SECTION PERMALI RODS

t ype of M~ rertul iiti’~ & E}tSS 
‘ m:os” & Ff15 ,. b’H~~’ ~

- - . Bet)r,mi’m ~
, . - Beorm no , , Il,- ,,’ u -

T ype ’ i t.o~ drnq , To,us,te Sh.ar Prpstuito , ,~ ,, , , i ,  Shea, 
I’ u e’usuu ’o 

Tet ms mte Sf ,e’0, Pu e ’  -

Piutned end l mmm i nq s ,
Ut nmm, ’m re tiqtiri io bp 10,000 4,000 14000 5 (i(’j  9 , 600 14000 7 ,~ m’0 5 300 - 1 4 000
onpecteJ p n i, 

-
S ‘c - f  i—ut _b  tmmnfn ai ‘ - -
q,’ti iu,tf imemued Utn~ 10 (lSu ’j  6,000 i4 000 6 000 12 ,000 14000 7 500 7 510 14 (‘50
Utt,ur, u re tt, ruTe i. he I - 

-

- I _ _ I 
- 

I 
— -

The,..’ u - i , u u , ’, am,- i,’r ninq le nhc’oi and sh ould n,-i be dom,hte,t. tu0 i,,’n assume j ,’,,blu’ cheat will occur,
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COM PONE ?~ .3 IN TENSION
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TABLE 2

PERMALI ROUND RODS— (Type 5) 
~~~ of Rod

FA I LING LOAD S :  -
~~

In àu-rei gnmn g nnc-_ L- m I c -in tl ts r  nn i~ -. fm,r I~., imu .r I u 
~yp~ 5 PERMAL I ‘‘ ~~~~~ t),•I,’_ 

-rods of cirm -ular se’c tu ,um n , t eem pomm nt-m — I m u u t m l m f  b’ . ROUND SECTION “~~‘
crrnsiderr’d :- - RODS 

Th,..a ic.m ,-‘~ar

1’ In connn’ue)n w ith othe r wsmil , i tmmn~ nt , :mi , ’ r m. , I- :
Permumli ‘— “ ‘ ‘u -In son,s m t i s - t’ . m t  i t  is inm puurt amm t to

- ‘id st ru-es ccmmu-t-n tr t - e tir m n :m” otuc-h as 
~“ ,ut,— i blu ’

2 ’  The’ ultimate’ str,’ngth-u of I’ ’u nntm li dr?T,’r 
‘ —

widm-I v hm’twu-e’n tm - m Is a ‘ mu - s ht’ m r mi t  I ,‘ut inn lsr u ’ - _ uu ‘ii ‘ t b  , ‘ L 
pruupmmr tnt ’ nts cml a f ’ ,mI : r mm, -u i  t ,’ -_ ,e’ni will , t h m , - r , ’ f . , r , - 11

di fT ,-r fronn t hu,’-, of ,u s im m titer n ut , ‘i,el part  2 500 1 800
~‘- , - v m’ r nh , ’ Im - _ - _ . t In t nt — u ’ of ,‘u u m - s, ’nn r i ,u ni : m h thir,- ,rd,-t I ‘ - 

-
t rim-i In t u t u ‘u— is r,’e’u mnn rune-_ nd, ‘ii f mr normal •mpp i re’a - A au,,,,I ‘,a,- an six s-i: - ta ~ S I - S i.

ti,,nut: AN( n-m r  smnm:mII,- r s i i , ’,_ mnni .-\~“~i-’ for su i ts ,

us’ , ‘r uci,. ‘cit mu m ,- inc-h \k’h iii’ u - i-i n n - mt ‘ Is fitting
- ru mund’ or ‘rum l I - fu urn-n t l-mrt’anj .. in- - ’  - ,u ’t u ,r l Iv st rungu ‘r .
the-i r u-ui’ re-tilt n rt ’-u spot-int l f mmr n-m ti_ ur is . tape , :mnd - ~, ‘‘ 

- -

iuaugimmg e-qc mipm m-nt , rlnis , ‘~ ;“-
- m, -u ’ is -,-ldu’nn war - 

-r:nnte-d u’\ m ’,’pt f u r  vol cm me’ prm ret mi t t ion - — ~
‘ - —

IS ,OOu~ 18,000
Actu ,nt iemnsi le ‘ t t : ’ ,-mi c, nJ’ p .s.i p s u

o u t  .5 5 - P,-,n,aI, - _  Su n ’.

~ 1TL~
“Fhr- ru-d im -t ior m in tu ’ mn—ik ’ strength caused by stress c-onc-e’ntratuons at tint’ base of AN t lmr e ’ads

F-. ti m ut us —u-s u m - i’ us that (‘aemsed by holes in fiat links , and the’ tilt imnnznt ,- tensile’ st rengtir of Pc’rmntat i
l i t - u- :  u, iu ’ , I i- i md-u Ii ppriux mini :, tm-I 18 ,000 psi cal c’tiltr ted nm th,’ ‘ru ins sect it umn u m l ar ‘~m at the Inane of

th,’ thret id. it d~ Sm’,- Table’ 2
- 

~~~~~~ 7 t ~~~~~~ t A~~~~~1-.-, -

1-I, mci -s -n - , t he- ot t  I um nu t u - te nsile’ st re-ngth of - n-’~’ ~~ ‘ 
- I ~the ’ t ’u muu -  ss’ iII ‘ i - m i s t ily r-x nc-e-d the shu- ter -- .tre-ngth ‘

~~
‘ 

- ‘ i ‘J~ 
- ‘ . . ,

rmf th,- fit ru ,,,I— ‘ t b - , nna v I’,- cs,—, - -- - s u i t  on t int’ 
~
‘- ‘ L ’ ‘ ‘~ 

~_ 
t’:u le ’ u i l. ,t u ’d , m u - ,- ,u ii 1)1. ’ ruf tIn,- u-vl inn dm ’r at tint’
b us , - ut th u I In r, - .m i l  sslmn c -h ciii hi’ u-hi ,-:n rotl wi ne-mn IFig. 3~~’ rig. 3:1”
m l -  m mii I’. p u m llu ul i l l  l”umr rods Ic-es than 1’’
iii m mm ui- t , - r :m slm,’ ,ur ‘ t i - , -mn g t i n tuf s ’,~ m Ml psi nu ts’ I’,- mn- .ntnui m - d l-’,ur di tr nnm tnrs )z ru ’ t mt u- r thuenn I’’ list’ a
Ii iii’,- , ,f I u $ i  psi —u -  - T flute- :‘ ‘l’hu’ ul t i mum Fe I - ii Ii ng load iii the’ : 5- 5,-nit I ‘I w ill I ’ m ’ ei the’r this load
i ’ m’ tim, - u -:ml, - nm b , ’ m t , -,i nul l  mn m ui t , 1 ,-mm — m i , ’ Int ui t , winit-h,— s’u’n’ is snnalle ’r,

I”,,, i bm r, ede-t f I’, -r ’ nununl i rusts , whe’t ime ’r (i-ui ’, I se-i flu Pt-n -m um : iii or mmnu’ t :tl m u  nut thre-ami engagement
- i - m g  I ‘.hn u ,tmlmi I ’ m ’  ~ ru’ . t t , - r  tl i ;m m i tine- mn t nmm ni m nu n l d it r mnu e ’ te ’ r. I-’u’r nuont applk-ations I. shocmld by’
I) ,unmd t i n  F’,- i’tr r tin ,’r i~~u u , ,  — , ‘u I with tumi s un i t igu- ss-hu-n fbi’ calculated simt’uu r strength is less

m i nurm cmli n tmu .rt ,- h im - _ il,’ — tr ’,’ne’tlu .

1,, ‘r 1, ‘ron , ,I c-mutt ti t t i n  iz u - u ‘mu- ’ n-u hut t uf :, sh i ’m _ I to I’m’ cur tap , r,ul cd t’r se aget! into shallow
io u -n  ‘ ‘~ I t ,  , mu , ‘ii mi  -,mr tint’ r inds u u t  the’ l’e’rnntm l i run ii set l~i gs, 2 I tu ‘ :rnd 2 b - The limitation of

,F i rsilm t - u t musju . -.’t u - t i n hr,w,’ve’r ul ,- h : i f t ’ that t I n,— inni’t huud sinoulmi Imu ut il i ’ind mnnly se-he—re’ quantities

- , u ‘ - s l i t  a rut to p,’rmn u i t tus~t m itt t im dtetru cticmmn tub a re’;rsontml’lt’ nun-umber muf s imple’s,
,-\ si mm1 - i b i t t ,  mug e’nnm plo~’s .n split ring or ~th,’r cu umnn tsmn m ’ mm t inust- rti-d him a grueus’ r - cm m t in tr rocmmnd

l u - u  n u m b  i ‘~ u I  ‘ l ’ tmj s tr urn — unt i l — tIn , ’ load by puttimn t: t hi,’ e’vlimn di’r of nm:m te ’ria l i’t’tw ie’nn the gm~nove
mmm i i tine ’ ‘ • I u -  t of t h e’ rod in n slim -ar F c- m ut— ral ) s ’ tine’ t’binu ’t is -, m nmum i: nr  t ,u tinat u,t’taine’d wit h s,’n’ u’sv

i t t -u hmrt — n rots r- r ’mn, -,’ m ntr a trmmnm n—s nnore’ -si-s’ ( ’ri- w i t h  only (nine’ gi’iu sus m a

U’- uum tt a orus us, ’ su kin a eh.rr;’ m ’ m ,r mme ’ r , .’u’u in F~m~ 1 ‘ a ’. turn ~m I t m i nntufu ’  ,sInu-: mr s t rm -s,s mit 1,20(1 1’i~i
s h,’umhd I’,- ims, sI I’. e-ah ’cj l tmt ,- fl u ,’ f t mi l  rug load of tine ’ m -v hinder, 71 d L.

‘b i t  - its, - u t  n I, fir  s I .u rg.’ n ’ s tu l net ’s in flue’ I ‘t ,tto inn c-m mrne ’ r of the’ grtsn\- v. mm. hut -n ’ ,- t ine at rm’s.s is ct mn—
e-e ’rntr ‘ iu ’ m l  s t i l l  r u - . , ’ bbn - unit f t r i ’ i m mg -s tres s t.n I,F.04b 

~‘- su - \V Ii,’r,- su hm lu,’ re ’d fitting, mis shown inn
Pu , ’ - F I. ‘ , n-. mist-st n r u s s  e~ ‘ri ‘ i t t  r: u t mu ‘ii Is -st II 1cm rUnt-n- re’dcic- crel snou t em it fail i mng st ru-sn can be
t _ u b~u -uu i- I 7)1( 1 1,’ 1 , 50c m p— n

A —9

j j
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STRUCTURAL APPLICATIONS

- ‘
~ PERMAL I COLUMNS

u m t .m li m ’u u m i u b u u u n i , ’ n n t - .  ,um ’ tunn t t  , , s  ,-,u ltmn nn m n ’ , _ r — inn t in t ’ t m — ,’ , 0 t i n t u i t  b u t ,  ,mk , ’u’ b u n  r’ m’tls art ’ seumnne ’—
t i n t : , - - . t m , - ’- — , -d , m t t m ’ m  m u t t - s  inn t u  i—u ,u t j  , ,n nu l  c’~ui rnpI - - . - . m ’ t mn  I’, ’ mr — j lt- u ’ i s , i , , u m ’ iu ’: i — t i , ’ ’— mm ’ ,’ d m , — ,’t u - ’— —u ’uh ,un
I_ i t t , ’ — — , ,u iu l  .1 t’(mui , -,’ ,’ nu t i t t  , i : t t —  ii, ni t — u n un , u tl s u t  t . t , - Im,- ,i iii “ mn , ’Ii - u m.s _ m s -  t h n , mt  t in, ’ e’muliim nnns m ’_ mmn I’,—
, i - ’— t i minu -, f L u ,  b n , m s , ’  (‘o t t i  u-n i l— : .  ,u , i ‘nm t u u m ’ u u n . u j u~ t ’ _ - . us ,‘ u u R ’ , ’ , i’— nnu , rn nnsrll v t ht. ’ — cnn, ’ ,i— for fb~ e’t 1
m u , .  n i - u i-  - m it In ti - ut - m i m i  iii lni~ Ii u u l t , u ~~’ - “ mr - ni t  n u t - ,- — ,- \ - -miu n urm ~ ti~ ,sl ,‘ n nm fs - m mm l tin , - ui — ’ m ’ t ‘Pvp,- ~
I’ u nmu , , hn h i ,  m i l t nn iu ,u i , - t iu ’rm g thn ut ’ e’tu hr,irrmii — m i t t  I’,— u’ ,,It ’t ml _ i tm ’ m i mliii —

When the st,ad,rn.sa ratio (1. hI Wb,n (be sl.nd.rn.u ra mlo ii hI
•zc.pds iSO’ FORMUI,AE SYMBOLS ~ less than ISO--

P = u,I a IV ~~~~~~~ P 1’uu - k :n u , ~~Icu ,i~, 
= 

1 8 0

pounds I 0.00025 i I., k)t
Ii h. column I. a square s.ctlon, 9~ ~c’ u~;th tn -i t in , hi’s

When the cro
~

c aseti on Is un-be aba., can be .ole.d for ¼ to -t d s t- S t- iU known. ihes •quatt on can onlySecilon ciii as (ott awa - -  - -- - -m
-— 

un’i PCi iu . t t~ ~~~ be sutyid by frial but, If a

b = 1 0 , 1 2 1 3 . 1 0 ’  p~~ ~~~~~~~~~~ 5~ u , L ~~ square s.ci lon Is assumed , lb.

.quofl on b’ecom.c —

I > 43,3 b Pm ,-uc ’,’t :,’t t  ,uu ~~ -.: 
= 

b ’ a 18,000

Ii h, cal_urn,. us a round s.cffon, 
Su.~ t.Cii I’ ~~~ lien 

314 bi
ml,. toltowtng apptl.s ~~~~~~~~~~~~~~~ ‘ - 

II a round sect ion Is used , lb.
, .q_uatfon b.com .s, ‘ -d = 0,201 a 1o-~ U~ 

d duanuetter :nnu ’ties 

— ~~~, Ut)

(> 3 ~~
-S d 

— — 

1 -s

S-.” I s u t s u: s “ 5 tI:,’ ,tb— ,ns’t’ ,is at ,sb,ue ’ pi n.’,t :~ m ’s mill _i t _ t im ’
SA FETY FACTORS st ie in .uth I’ lss ,, lu ’, m uns ,-, tii’t\ ’  hi- t . ’ n — “t 4 ~n sLsns ~ ~,n, s l t : t , ’, , t i -,,I

6 f ox -,h,,’u, -L l,,u u u u t : u i s u  , u u ,

PERMALI BEAMS PERMALI IN COMPRESSION
I i s  s n t ~ u u I , i 15 , - is  iuit thi inn, “li lt ‘‘I cli i - tu ,  ml I’, , itn , mii ‘l’s u, u -Ii’ s u u b  n u t  ‘ ns ,mt I s ‘t - —u ”

m i m i  t u b  ‘ t u u ’ u i’ei ’ mmnsu ls n — .i ni n, 5 ,- _u i  —I n u t ,  n i i , , I  u i  ‘ i t t  nnn smnms m - ,,n nn i u ,  ‘ m u m s i b  — ‘ - t n  ~~~~~~~ urn
sn s ,  m u _ r h  in n _ I n n —  s m h m n m - b m F r u i t — s  I n n s - , u i s u ’bu - t - t n t , ’ ‘ n , — — - ’ ts j i,’ _i l ,— , u  . i.I, - i  i nn t In, I i i - ,

‘‘i u — u n - i t s ,  t i l l s ,  j u i u - l m , ’m Su m — l’ u u i ’  t ’
,

t i m ’~t l , u5 u - — r n —  in t l  b u s - .  n u t s  ,l, - t m ’’ , ’ s i i u u 1 mm n s I u t ’ - ‘ I  niu , , t -  - i l
t i — u  ,t ur n , i _ m t  — F I — u n  t i n t s  it us s t I t  - : ,, un ’ — ‘u - m u m- — ‘ u i ’  mn—u -u  I .

nut l i n t  e ’ t ’hn n u il I’ el , h u r l STRENGTH WEIGHT COMPARISONb i t  ‘ ‘ n m - s  - _ n n , , nn i , l  I’ , , , u i  m ’ t mm ! l ~ . ‘ — t a m -m I m u
r b , m I t  l im it I’, - in t mu ~ - int l — I t ,  a ire -s i — . Sp,’.u it ,  
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information Sheet

Pem’mali types EH55 and EN $7 are frequent ly specif .ud for insulating operating shail s subject
to torsional loadinç , The curves on this sheet have been prepared to aid in the accurate
selection of section dimensions. The information shown is recommended as a basis for
design.

Round section shafts are commonly used in conj unction with driving pins or fl ats  at the poin t
of torque application. A preferred method utilizes square section ends providing positive ~~contact with end fittings and minimizing stress’ concentration.

As explained in the “Mechanical Design Data ” sectio n, t he ultimate shear stress for torsional
loading is 4,500 psi and the Torsional Modulus of Elasticity i-u 3,6 x 10 psi, It is recommend- zed t nat safet y factors of 4 for static loading and 6 I ~r impact loading be applie d, T i-u s results
in a maximum working sfrebs of 1125 psi and 750 psi respectively , These limits are well
defined on the curves. ,...~
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PERMALI IN TORSION
SQUARE SECTION
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Although not as commonly used as round sec-
tions ,  there is logic in the use of Permali square
section shafts ,  Greater torsional strength is
obt ained per do llar of cost and the exact angular — -_  —_ — — —
placeme nt of at taching parts is simplified , — — - — - = = — —  = — 
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The curv ,’s above give the data necessary for the — — — — — — — — — — —
design of square section shafts, As with round 
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APPENDIX B

TYPICAL FAILURE S OF

SPLIT—RING SHEAR CONNECTORS

IN LAMINATED WOOD GUSSET PLATES
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APPENDIX C

I’ TEST RESULTS FOR SHEAR STRENGTH OF

SPLIT—RING CONNECTORS WITH CONSTM~T
I

END DISTANCE
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APPEND IX F

CONSOLIDATED LOAD—DEFORMATION CURVES

FOR SPLIT—RING SHEAR CONNECTORS

WITH CONSTANT END DISTANCE
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