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I-»@ 
U.Nl'i,t.1on of the Pro.,_t. 

flt• bond bet ... •rtar and wick 1• one or t.be principal tanor• 
attec\ing t.be cha•ud.ll\7 and pertoru,.. ot •80lll'7 1\~a. Anld.• 

teot.•1 ..._...,., Oltwl'IIMnt, ....-1•• and o\hera ...... in t.u dttld.p 

or cona\l'Utioa of •tlOIUT 8'1'\JOt._..a an r41qt21.N4 to apeoU'J •ierial.• 

(a1em7 unite and .nar) ancl eou\nct.icm t.eobld.4,'tMt• ldd.eh will oea-

vlbuw t.o a. ..,:Let.e and dvahh bond. Beoauae teeJmioal data cm 

wld.eh to •• \he -r-itiu\ioaa an l&eld.nc, it 1• ••~ dltt1-

o\llt tor eaa;I.Mel'a, c1ea1,......, and ot.h•• to wr1te apeoiticaUona 

wtd.ob will, wit.h c~, pf'04uce the clNil'..S r•eult.e. 

ftll purpoM of thia project is to eat.dllsh and oodil7 MM e...ual 

tot.he efficient. bomtin& of brick and. aon&J" in building oouww,u.on. 
,repu 

(1) Brick tl'OJI all ld.nda ot raw •\Vial t1'0l1 vari.ou pal'\a ot \he 

oountr;r, ha'V'i.ng wide 1'U'iatione of .vtaae t,at,u:na and auction rat.a, 

wve obtained. Under clo••l.Y oontrolled at.llldpheric cond1Uona, the• 

were made 111to •Nm7 tenllion-bond specimna tor tee\ing U. bond M-

tWNn the •!'tar an4 the briJk. 

Test.a wen ade toa 

a. Deti,e:mine paya1oal pn,perti•• ot aelected aorta!' at.en.al•, 

and-11• monal" and. eand-li~nt. mrtar. 

b. &nabllab ettect. ot vanaticma of mortar r~ bond. 

c. lnabllsh ettect of •rt.ar Nt.ent.iYit.7 on bond. 

4. lnal>ll•h etteot. on mortar 'iload ot bigb-auet.ion rate briek 



2 

\bat haw been aclJull\84 t.o low auoUon rat.ea u COIJIPIINd 

to ld.a.ilar brick h&'ri.ag natunl.l.7 low auction ratee. 

•• Blltuliah effect on mrt.&r NA4 ot brick with win-out 

tau• •• to brick wU,h die-ald.n ta••• 
All ot \hie •• den:e with apprvprlat.e ftriatJ.ou ot JIOJ't.ar nniea rat.a, . 

and •thod• of tabrioating the teated apecimena. 

(2) The program included •• neari, •• poan~l.e all type• ct brick 

\tlxtm"a, t.nee ot aanutactve, etc., ao that. an ooapl,,\ed1 tt.re wu 

auftioient d&la to enable reea,arnda:tdoM and apecilioa\iona tor brick 

••Dl'7 aout.netion •• related to t.he bond of tbe &rt.Ar &l'ld repnHDta-

U ft ln-:1.ok t.ypea to be.-.. 
JuUficatJ.on 

C-,let.ion ot t.be project. with pu.bl1ca\ion aad 41.vibution ol re-

nlt,• ..S.ll gift the buil4in,g imiut.17 a ballia tor apeeit1oatioa.a. 4t 

M\erial.a and conet.ruction teohnlqv.e which lhould iaprow __..i 

acceptability or aeon17 evuct.urea t.o tbe puelic. 

project. w1ll ad-.uoe the tecbaoloo ot a80Al'1 coMvuc\ion, 

eontrulKtk tot.he oonatruotion ot be\te.- ld.80lU"7 and effect a NduoUon 

in .-.Jc. or leaJq Jl&80nl7 -.Ue wbiob an all ioo 1:rew.lent. in •1'7 parta 

of \he country. M1J17 buil41ng• eoaa\rU.ct.ed in "8 pa.et. ban bun a pm,-

llo liabill t.7. Thi• could b.&w hMn prnentu 1! t.bo mortar bond hid 

btt• at.udie4 to the exwnt. t.hat. bet.ter eno.neffing apecitiea\iona and 

recomenoaUon• could h&w been supplied deaipera an4 Hilclel'a. 

'lbe nceeaatlll coapleUon of thia projeot will contribute \o \be 

brick aDd Ul• indu.t.ry (which include• 800 or aore nlatiftl.7 --.J.l 



buaine••) imU.rectl.7 in that an iapro,,..nt ot the tiniehed product, 
' the U'ick bGIIII or ot.ber fflUOIU"7 at.urotuna, will tend to cnat.. an 

in.,...ai.Rs d.e&land tort.be produet.s oft.be indun.r,-. 

fld• proj4Mat will extend th• NHVCh wrk tbat ha• been oea-

dllc\ed in tbe Oepar\Mnt ot CeJ'Ulic lagineeriltg of * Virg1n1a ~17-

tAelm.te InaUt.ute, ldlieb •• alrNt:S7 Nnlted 1n pdtllcation ot 
J 

"Jlortar lolld Cllaftoterietica of ft.rginia BFiok• 1 &ng1 nea1ng b:,eri-

111rd, Station 8'tllnin lo. S4. 

The atatietiul dealgru1 of the experiment has bad \he •enables 

ot eaeh propoaal U.ated and cheeked b1 Dr. Boyd larab:ba.rgu ot t.he 

St.&Uatical Depart.meat.. The deaign baa ellad.na\ed neh var1aele• u 

mamldit7, wapeniu.re, eta., au in thia way vU'iabl•• aN a\udiecl 

indi'ri.dul.l.7 b7 at.aU•t.ioal ~81.a. 
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' II M!An et WMrlWt 
1'bl .....,... Jll'ft'loul.T • ....,1s...a in •'"pent•• ot ....... llad 

to Juiou 1nu• •• uallT bNl1 1n • .., .,.td.ali ... dirui• et 
\Ida woa4 ft.•14. tile ·conoluiMa lla'N •-.._ been cpd.t.e • 

1'11• l"ftln ....S.aa a lwl•t INleqn'llnd of w of Ute alltJlor• • -,.I• 

ll!IDU and the oonoluiou •• •• cln.• Nl&Uw tie ..s ~. 
,-,. ... ,1 8'.U.ed \lie ......_nt. of boDd bnwNrl WI.Oki ud .... 

ta.a Md at.aW, ..... l'l .... ld.\h MIOIU7 boacl \tta\e ·•• \llat •at. 

et U.. ,S.w cilia~ ld.ld ren1,a, and good ,..,...._ldlU,7 1• 

at,WMd, U a\ all, '-7 anificial proo....,a wld.ob Mi__,. lad.Ute tbe 

Wiek lalW'• aul,-laUon _,. proc1ue NtNlw -,tl&1Dc Un U.• 

uiMcl ia ,....U.-1 .__, 00118VUU.on. • In Ida ·1IOJ"kl M oboe• _. 

tollow:I.Dg ....,._lea, 01• ON7 •wn wiek t1aa IMdtnaf l!llwtJl'tllld.a 

(~• )5-60 &1111) .... 1&Nd in all t.e•••• !be .....,U.on nnae 
tor -, giftD Nl'l•• -· held to 10 11111 01' ,.... 'Ille 09llpl.e\• _,,. 

.... by a •oldne u1ng a 20 l"'• wight or 1t7 \applng t,bl top ltl'iok 

ti. proao\e tb• bond. UnallJ tow mnal"I wn \eat.eel at. a t.11111. 1'lle 

tlow ot U. JIOl't.ar• •• t.e1Md and bel ld ld.Wn N:& ... le lilllt.a. 

a.nlt.a ot teat.a and Conoluiona, 

(1) TM ten• uow -•t lower bend •tNac\h f• wiolr. ot 

Id.Oar abtol'J)Uon rate. 

(I) ll1abff bond •t.Nll&U& •• oMa1aed. Ina hftrier tappl.aa of t,lle 
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top wick of tb• oo\lplet. 

(-') !be etteet ot tapping the top brick ia to inerN.• the bond 

etrength from SO to 100 percent, which auu••t• that the con-

tact Ht.wen aon.ar and brick 1• IIUh improved by impact or 

th• 'fibration nault.in.g trom hpaot. 

(4) The ability or ••Dl7 aortar1 to bond t1r-1y to building unit.a 

1• ~t, \lMauae lat.eftl nNngth and akr-tight.neaa 

of wall• are largely der,eadent on thi• property. 

(;) Jfacn1t.U:de of 4"ia\iona in bond teat 1a evidAHle• ot th• preMnce 

ot un'°"'rolled ftl"i&bl•• ot eonaiderable iapor-tr.anoe. A• an 

exuple of t.he Jr•Mn•• ot unknown variables, it baa bun tre-

quea\ly' Mt.eel that 'briok haft the same abaorpt.ion in the one 

ad.nut.• teat do not alwqa, pFOduce uniform at.iftenina rate of 

a given mortar. 

(6) The coneietency ot the mortar must be closely controlled.. for 

«ample I three and. on .... tourt.b to three ineh slump gaff &ffr&g• 

t.eneile strength of 68 p.a.1. Th• Nll8 mortar batch, but •lWI.P 

ot two and tbree-tovtha to two and thr..-eighta ineb gne 

anrage teneile strength ot 44 p.a.i. 

( 7) Greater plaaticit7 under equal condition• usually g1we gN,ater 

at,rength. 
2 

MMerea baa studied the aaaorption cbaJ'a•terietioe ot aevez-al 

t.nea ot brick taken .from different. part• oft.he kiln. !be etfeeta of 
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dUtU"81lt. mortar•• ar,ing brick &beorpt,ion, avtace t.at.v.re, aftd wet-

t.in.g the brieka were atudied. The ratio or t10lded oube atrengt.h to 

aonar st.rength.in the wll ie etudittd. 

Beeult.a o! Teats and Oonelusiou: 

(l) The very rapid init.ial nee of •\er in the dl'J'-PN• brieka 

iaclicatee the p-eNne• of rel&t.ivelf large pons. On the 

other band, the ver, eln abaorpUon ot t.he hal"d-bttmed 'briou 

lld.gh\ tHI 1n\erperted •• due to the pone being rat,blr tine. 

14,wner, St.ul.l and. Jebneon' ohtained indication• that. ••h 

pores wn fn in nlabff and relaUvel.7 large. (Ken ia a 

MU"ly virgin field needing a,en•nt&l study.) 

(2) \then contact bet•en brick and aortal" 11 complet.e tJl8 rough 

nrtaee will g1 ve a •cha.aioal 1-J'ing which ia desirable. 

Nh eont.aot ia mat e&a117 obtained with bricks ot lower 

aor-,Uon. rat••• 
(3) The tn,e brick ba'ting the highest init.ial rate of abaol"ption 

(4) Won the aonar eet up, a ,rut. deal •re total -1st.are had 

to be alilftl'&et.e<l bJ' the aotteet. burned brick 1n a &i'fff ••ri•• 
\ban D¥ the h&N4tlt ~d .llflflber. 

(S) for briek taken rm~ H.M kiln it.•• noted that tbe :pro-

dut of the one ainu\t abacn•pt.ion in CJ'&U a.ad \be NiUng t.1ae 

in ld.aute1, •• a eonatant.. 
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( 6) The higher tbe ioi tial al>ao~ion Pate ot brick the g;reaur 

•• the apparent terldency to tona a bighJ.T cOQgMled la79r at 

the atU'fao.e ot the •rt.ar. Ko1at.ure is app&Ntnt.lf reaoftd so 

rapidJ.T from t.he a\lrlaee ot. t.i. mortar b7 110• ot t.he l>r1c1c• ·· of 

hip initial auction capacity that a oond•nsed lay• is tor•d 

haring a penealdllt7 ftl"Ji.ng inw,raJ.T td.t.h ti. iait.ial auouon. 

( 7) The b$nd etrengt.be 1ncN&ee w1 th the brick abaorpt.ion to a 

maximura, be,ond which t.he7 deorea••• 

(8) le water is added to highly- absorptive briek, the bond atrensth 

inerea••• to a -.xiautt and then acruae,. Suh b1gbl.7 absor-

bent bricka ehould not be aelected. where bond atrength and 

•t•r-Ught •11• are of importance. 

{ 9) Bricks of intenediate abaorpt.ion are eaaieat t.o la.7. ll)i-t.ara 

in eont.aot with the,a have nt.ting times which are convenient tor 

\he aeon. Tb• bond e\nngt.ha otten nm double thoN obtained. 

with brick• bl.mg ffr'I high o:r ftry low al:teorpt.ion, llhile 

the joint •rtar st"ngth i a close to the aa:xiaum. The ctva-

bili t.:, of the joint 1• also great.eat. with Wick of mecU.a 

ab•rpt.ion. 

(10) · Bond and joint--,rt.ar collpressiw •~•• are given tor 

mol"t.ar1 ~ng troa stnight 11• to straight Port.land .,.nt. 

Sm"Pr"1ainaly high reaulta HI"• obtained at. 8ix months and one 

.,.ar troa ltlt6 mol'1:.u-a. Tu problem. of aecw-ing proper balanoe 

1-\WNn rigidit.7 an4 dunl:>illt..r needs mr• u.peruantal a\udy. 



• 
lllllltr. and ,u ... 4 taaw· ftlld1ed tM •ter N\lhduc ... ot\J, 

vaaH•• a4 .....,...1 ... •~• ahe.,Uon, wlw ...... , UIII 

•chllt or· ttluUei\J ot ,o _._... ucl t.be auor,Uen rate, aiat,un 

apaaal•, _. \NUlltrN and ...,,.Niw avea,tJa ot 6 --• ot N'iok. 

'"'""ot .. '° .............. UN wl\11 t.be ' .... of Riw in MN 

of WJ.ek ..nu- a.u,a1111 .. . 

ae..iu ot tuu Md Ooaeha.tou, 
(1) lllltetrit.•Uen ot llaekM U. pll\'7' tw Ponlaad ••••• ,.._ 

..... NUl.waa.l.e tMNa• in ••I' ft\ltnlr:aa •pMd.t-7. 
(I) tlMI fldal\ ot lload -. attMt.M "7 \lie pro,-U.• of 1'otill ..,._ 

*• u4 ltriou, kt eld.•117 Iv' UM •ter nWuac oa,ui'1• 
et tale..,. .. aad tbe •N011>ll• n•• ot Ille ltltok. 

(J) au. mi.Gu of blab nwa ot ....,Uu .. , ftq, a;11tat,, 

aad 1a •n --• t.M •'""«'h ot bond •• beat 11lU:a ...tan 

., bip -- ....w.at. .. •pul\7 •. 

(4) Allllnp _.._ of Mncl -, • &ood, tM of Nall ol>-

Wn1cl lilUt 1llpen.loa l»rlq laYlq ... t.b, &l,uQ', b11clj• 

...r ... a •• ....,..U, lower t.11an \Mt. obui.ud lllltl O\lllr 

llrlok. 
(S) ... 2111'9ond.......-b••obWMd1DCIIINolall ........... 

Wiek M'f1lla a n.Ue ot &NOl'pUoa et approda"4tll' IO ;,,,,. 1lalN 

- JO ...... 1M•• allll ............. 1aoll ......S.. ill--· 
(6) lolld dWNlllli\J, ....S.dw.lnal all IIOJ'tan, 1a beat, lllia.\alned 

1tJ • &IIMIIAW'Bt,ioa 1-lo• 40 &la• 
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(?) TH bond strength at. three mc,ntb• with t.he 15 dil.t•rent 

IIOl"tar8 inere&Nd ld.th the COJIIPNN1ve strength of the •rtar• 
pro,i.ded t.be bond extent•• good. 

(S) W1th brioks of low rat.ea ot abeorpt.ion and pon>u• briou -.de 

praeticall7 non-abaorptive b7 •tt.iq, the highest. bond atnmgth 

•• ob\ained with mortar• of highest atrength, when the eden\ 

of bond•• good. 

tions. 

Palaff5 Otatlinee aoae ot the sroperties of bricks and aortars 

neoesN17 for the adjuatment ot mortar to a given brick. 

Mortars detici~nt in •ter retaining capacity' quickly COJapact and 

stiffen when on a porous b&ae or bet.ween two dry, poroue bricks. The 

W.d1J"Mt.1.onal eompactJ.ng occur• in a tn aeconde and cau••• apreeaiona 

1n the mortar Join through wl'deh •ter reaclil.7 enter,. The rapid et.it-

tening uns·tt impossible to get intiate contact between~ m,, porou 

unit and the mortar. Mortar• ot low Ntaining capacit1 undergo JIUCb 

more oonpstion than mortars of high ater retaird.ng capacit7 when the7 

are epNad on impaM'ioua units or units t.hat nave ~tura.ted t.o 

reduce their suction. !ltlen u11ing mortars deficient in qter retainin« 

capacit7, one ia SOJdwhat at an iaparse. If t.lte unit ie too poroua. 

the 1110rtar quickly atittews anti coapacte. It the unit nae a too lo• 

rate ot absorption the mortar •blffde• or Mgregatea, forming tilma and 

pockets of water on the mort.ar bed.. The atent of boml ia poor in either 
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4• tJae relAtiw a&llOU11t ot lira i• 1ncr•aed1 theater retairdn, 

capacity ot the mortar is 1ruU"fl.&ed. lot ·otll7 ia t.he extent. of bond 

by lime, \he int.eaait.7 of adheeioa it also ucre&aed. 

JJ.ae, eape.ciall,y alukect lime pu.t\7, iaprofts both the a:Mat- ot 

boad and lta 1nt.eaeit.,y. 

!MN are thrM di.Unct t.n,ee ot YOluae changes ill •l't.ld-. thef 

are all due t.o ditt'ffent. cauaea and oecv at difterent. pel'iod• ot time 

in the lite ef the mortar, tllue are: 

(l) Compacting in a :porous baM. 

(2) Shrinkage occurring during earl.y barde.nini. 

(.3) YolWIO changes exparulion or wt Una and shrinkage on dJ71ng 

that. oeoura aubsequenlJ.t t.o hardening. 

R•...:1.ta and Conclu8iona 

(1) Workability of tho •rtar (akr coat&iaing capacity being the 

coat.rol.llng tao\or). 

(2) Adheaiftn•a• of bonding po'Wfl', a high r&t.io ot t.enaile bond 

•trength to ten.ail• aort.ar et.ren,th. 

c,) Lo1I •ol\1M change Mlbnqumi\a to b&N.eniag. 

(4) a»unt. ot avenat,b obuinable wiihout uq a\enal 

eam-Uice ot plaeUcit..,1 'bon.41n.g powr and low YOl-.. change• 

atte:r ba:r-dening. 

(S) .kt4msibillty - t,~ property of under going a relatin]¥ .bi&h 

_.,... ot atret.Ghing wit.hOut rapture. »on ao:rtus r&n&• be• 

tween .02 and .o, percent. 
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(6) FrNdoa trom aolul:tle aatter that contributes to ett•••eeae•, 
atnim.ng, et.e. 

(?) ,a1r •ere• ot porosity. 

' !b4t atwly ot Burridge and Stnct-S , •T be di Tided itato two i,ana, 

(1) lullcling llOl"tara u.ect tC> join bricks together to !ora brick wol'k, 

and. (2) Rendering aortars uaed aa u:t.eft'l&l finiaha• to brick work. SOM 

(1) Immertdon in oold, t.hen bot water gives uet'ul ariter.ial ot the 

probable resietanee of the •t•ri.al to frost ao\ion. 

(2) Qiftn a batch of bricks, eementitioua and finishing aterula, 

each h1gbl.7 aatiatactoey in theuel vee; have we u,r aethoci of 

pred.etend.ning how · the auction shall be adjusted eo •• to "Urf!74l 

them without da.llpr of aubwquent •di ,orce•. 

(3) 8laek4td llae baa llt.tl• or no initial ~ementit1ou sic,•r and. \be 

ultiaate bond between brick and mortar depends upon tn. gradu.l 

dnelopnent or an intimate interlock of tile two materials. 

Yoaa7 bas done e.xtenain laboratot-1 NNarch and field work in t.1'11 
.. 

field; by t.be uae of thin aectJ.ou and ld.croecopi.c studies he ha• dr&1m 

aome definite conelwsiona a.a to ta. tact.ors •hi.ch bafll pl"oduced. \bit 

ed.ating condition•. some of these are: 

(l) J.:x.t.ent and perunaa.ee of bond ahow.d be given primaey conaic&en.• 

iion. 
' 

(2) Pl&atJ.cit.y and abillt.1 t.o gain int!Ja&c:, ot cont.act are the ••ea-
t.iala of a good, ••!U'7 mort.ar. 
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(3) The mortar which can be work-4 and placed w1 th th• let.at uount 

et ettort on the pa.rt o! th• aeon and -.hie~ baa \he abil1t7 

to with.at.and repeated etreasee td.thout. 1'\lptm'e of bond ia the 

•rt.ar whieh will produce best results. &ah lime mortars 

ueual.1¥ till theae qualiticationa. lben a brick ii laid ·1n 

a high lille mortar, the auction of tbe brt ck t.emle to derud.17 

ancl f1l1 voids in the aor·t.ar at. the intertacial layer or brielc 

11M. lU. th a b1&hl1 abeorpU ft briok the higb-llae •1'1oar• 
are ba.rmed t.he lea.at. by the lar1• W&\er- lou, and the higb-

proper h:,dn.tion of the cement. With a large lot11 ot ater, 

due to high auction ot brick, the mortar attain• a rici.d1t7 

far bo,ond t.ha\ oaued by the at.ate ot hydration OI' CU'boa&• 

t.ion and t.be Nneficial aet. o! coneolld&tioa can not t.&k• 

pl.ace to t.a grN.:t;. an ext.en\. 

(4) Seftr&l epeeUIIDe ot hi&h-cemeat mrt.ara, b-om w1del:, uparaied 

di.triet.a, exhibit the 44lM traitaJ rwt8l1, high pol'Olit)" and 

tentaew.ar oontaot at the brick line and rupt'1re ot tblt boncl 

eapeei&lJ.T toward the weather upoffd face or th• point. where 

wlae chfwcea are the g:ru.teat. 
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JU•-
.... ........... lato 1M t.llotll.rll ~-

i - • .... r1 .. o1 tM Pl'fl'i ... 11t1111Dc1 ., auS• wuk enp1a\e 

11l\ll a llldlfted f!llrlen JleUIM. 

DnPlfll D • A ••11 pll'i.WI of ...,. ....._ ut.ac _, IIU't.ar no. • ...._ 
....... and ,_ ....... ot tond.ag ~-. 

Dlll•J Ill • A OOllplrilDII ., •rtu boelll lo wiek 111.\11 .......... 

...__.. ot .-ta• ot ..S.ok 1a oon-.., Id.th •rw llld.ob Joiu .._. 

'n•-•l p - A ·•-111'1- ot \he IIIDl't.ar llolld ot • -- ot ltn.ek of 
orilfMl, ld.ata •et.ion rate wf.\b.a ,.,....._.\iw of \be ...... ot 

WS.ek ud tJae ....... \iorl a-ate wt wtd.ell ba• NN •~uW \o 

DtlSP) I • !lie attN\e et aclj...,..ta et n.eUen nte on arur .,.. 
JftJlr\i••· 

Jl - A .....,.s..oa ot t.i. mnar bcNld of a lo• lll8'1oa nt.e 

brlok wllh a llldl• ••t.1• nte br.lek utag ,., ..-tao• kl:tivea. 
i,.ttil', 

1'111991 DJ • A OOIIJNlrilOD ot \he IIOr\U bond oil w '1,1 ltl'iok 1llllq 

...a Ull ..U.d wt.ek. ,- dU'teNn\ ftni.oa rat.ea .._ IIIIN. 



u fteJm;fflMII 
IJIIHI af .... IC ll11JMJIME 

1lMt ltNM ,,...... of .__,. nN&Nla, int.Ua\ed bJ' \be 

C1q ..... , ....... ...,.. •t \be l\nolanl a.,, ,.,.._\a x.u, .. 
•• lnt.....S t.e dewMM \he_, ett..Uw .... ot..,.. 

• ....,. •lnJ.&l• in reiafoNed. lft.ak a--, ..--uoa. 1ld.a 

Jll'OSfUi 1• now b«1.aa bJ' \M ~t. of Co ... , ... 

Part. I ot W• inn•'1.1&'1on ooaW.u Uae renlte ot t.a t.••w ,-r-
,.,... w1'1l 1M now \&bl•• ., t.M ftrpnla ~- lu\tWM an \he 

Aallllu'1l _.... u4pecl tor Wa JNl'PO•• 
lllrt. U ot W.• iawatipUon oontu.u t.he deaeriptioo ot '- n• 

aMl'ial.a and nnlt.a MWnM ha ,_aioal. on theN •t.en&l•• 
!be nw •tedal.• 1llll be UM in a nu, ot t.bt effN\ ot blUk ·MllaWN 

Ult ••ts.on rate oa t.aud.oa bead 8'NIIC'h• 

,. ........ 
·a. tene d.....S.W WIN aonducW with \he tlow u.ble int.be 

.__,. lalloftloJT ot the Oer-1.e lngiftffr1111 ~tot \hi ftqlld.a 

~i,t.eo)mi• Innit.t.e. All t.en• RN ad• Oft a ataftdutd IIOl"UZ' --

,_.eel Ill.th st.and&NI MMriala. 

aBf1:ll• _,, 
(a) otta• 8a8ll 
tu ... •Nd in tM ..-ur tor \he QtNIP&l'llM t-nk oon-

alfted •t tJMa -""" tna 1/J bJ' Nip\ ot ...... Ot.\a• .... purobaNd 
1a oontorld.'1' witJa A.I.T.•. Serlal DMl111&\lon Ciot-,ff, wl\h 1/3 b,-
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••h U. s. Standard testing •iew. 

(b) Li• 

Mason•• preasun bydrate4 is.,., ol'>\aiaeo troa the u. 1. QJpaa 

Compaey, Genoa, Ohio, •• ueed with the abon O\\awa eand m1xt.un in 

t.ht pnpuation or all nt0rtar bat.clM• tor ·tae ooropariaon tut.e. 

Tile standard mortas- 11NCI in all comparieon t.eata oonaiated. ot, 

{a) one part 'by weight of Jlaeon•• pressure h7dr&\ed linteJ and (b) 

seftn parts b)" weights or the Ottawa n.nd mlxture. 
' 

frooNUN 

Ja.eh batch oontain:ed 4,000 v,uaa or d17 .mortar aatffiala, Wilt.er 

content •• ftl"ied to obtain at least tour ditterent non. All now 
detend.natJ.ona wre ade at relatift hwaicliUea bet••n the ftluee ot 

50 and &o percent. The temperature ot the room•• kept within t.be limit• 

ot 10 pl:u M' m1nu 2 •er••• Fabrenbeit. At least. tiw detenatnatiena 

wre made tor each aeparat.e water content. 

'the dr, J10rtar uteriala wre weighed separately to the nee.net. 

gru. Le•• than the uaeured quantity ot ater •• poure4 into a noa-

abeor'be!lt. bowl (li pl. oapaoi't.7) whiob had preri.oualf been wiped wit.b 

a clamp olot.b. fbo preaeure n,dnted 11M •• tJloroughl.y worad into the 

•\er with \he tinaer• of one bud, proteoted by a rubber gl.Oft, mUl 

allot t.bt Uae Md Men w\ted to produce a hollopaeoua alu:r17. fte 

Nlmd.nder ot the •tar •• added and work.a into the •1Ul"l7. One-tJd.N 

the qun\1\y ot sand as added and atirring •• contlmaed for )0 aecon4a. 
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TA!Llt 1 

Results ot Plow Table Callbn.t.ien, V.P.l. La'bora.tor,, .Standard 

PNaaure BJdrated U. ... Otta• &and Mcrter. 
' 

& ,21 I Ul .iwnc• a .. 
ot ,-&• ater flow I &w!lSlk .,,,.,,,., 

' 11.0 69.o ,. r,•,. 
s lt.6 17.6 S'll "'°'· 5 20.3) 109.0 ~6S 72°F. 
5 22.00 129.0 ,id 72°,. 

PAIT ll 

fb7aical Pl"eperUee and Deeoript,ion of law 11&\eriale 

The t.e.ta 4eNl'ib«l wre performed with th• ob.,.ct ot determlain& 

pbya1cal propert.1•• ot tu raw material• to be uaed in det.end.ning 

the aNt. etteeUft means of uad..ng masonry ateriale in nintoroed brlok 

•IOD.?T conetruct1on. 

1!"11.ale Jlaecl 
(a) ••n• • a.nd tor »or1iar Bond Spec,iaen 

Pairl.7 cl.N.n, le• 11ver amt, repnaentatin or tlw type ueN by 

leul brick •eona, •• UNG in the preparat-ion ot all tfteion-boncl 

1,eoiaen. 81"9 anal.7•• of Mr1d. an.r acljuataenta wre Jl&cle u• aa 

iadicaled on aexi pag•s 
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11W lUV!;il SAND AM.Lt!U 

• ' ' 1ii Si I W du I S!Giil mean I 
" ' 

.... indrMf I l!llAMJ! 
16 4.9 4.2 4.7 4.? 
.30 19.7 19.6 19.S u.s 
so S2.4 s1., Sl.2 ,0.5 

100 19.S ao.1 21.0 20.1 
~tlgb 100 ,., ,., 3.6 1.7 

A waahina t.eat was pertoraed on a npreaent.a.U ft l&lllPle o! tbe 

&djuted. sud in uoorc:lanoe with A..S.f.M. Deaignatioa OU?. The l 

pereent ot •tffl•l pa.ssing 200 aeeb W&8 •11 within th• IIIIUiaa ~t 

ot S pernnt. 

A \en to.- CMl and llpite waa pertol"flltd on a NpreHnu.tive 

NJIPl• or \he adjuat.4 And in aecorctanoe with ,~s. t.M. Dctaipation 

CW. The· o.os percent of eoal mi lignite found was well within t,t.a 

nu:SJaa peftd..•a1ble Uid.t ot 0 • .25 peree.nt. 

At.eat tor clay lucnpa •u pertoraed on a r-•preMnw.tive euple 

of the adj'Uted HM in aecol'd&Me 111\h A.S.T.I. Deeipa\ion 0142. 

the ne,Upbl• amount. of ol.&7 l•P• ns tar l••• t.han the pet-miaeibl• 

11,111 t. of l ~roent. 

(ti) Lia 

W&eington powdered quick U.•, a Yfl'l7 act.iv• mat.erial, obt.td..Md 

fNtll t.b.e 811.nclard 1J.M and St.one Coapan,, Bakerton, weat. V1rgiftia1 •• 

Wied. in the preparation of all mort.ar• tor tbe tension bond a\rengt,b 
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teat,. 

1,1.ae putty was -.de up from. the quick•li• aceording to the re-, 

comandationa and inst.ruct.iona of the manufacturer. Th• lime putt.7 

•• kept covered to minimiae evaporation and e\ored at leaat. two weeks 

before used. The percentage of b;,ydra."d lime •ollds in the putty was 

determined each U. a. set o.t \est SUif'l•• ••• .made and n••••JT 
oorNct.iona wre Jll&de to k••P the limo solida ooawnt constant. tbro~ 

th• progru. A table was aatle tor checking lime ~t.• content. of lime 

putty. 

(c) o.-t 
Univeral Portland oeaent. • obtained t:roa t.he Uni ftZ'H1 At.las Cement 

Compa117, was ue4 1n the pt"eparation of all .mortaro for the t.ttnaion-

bon<I etrengt,h tena. 

(d) iriek 

Bricks claasil'ied according to met.hod ot manufacturer 

l. Stitt~, aide-cut ebale: 

Roanoke webater Brick Company, Webster, 'Virginia 

Belden led, flelden Brick Contpa.ll7, U&Aton_. Ohio 

2. 8ti.ft4wl1 81.decut olqa 

lelaen Butt, ieldcm Brick Company, cant.on, Ohio 

Loeber and ~, Qlugow, Yir&inia 

.:,. Soft-mud cl.&71 

Old Jirginia Brick ~, Sal.ea, Virginia 

st.ilea Brick Company, Conneot.icut 



Rv1d.cal t••t.• for the teU.td.i1g pn~i•• ot eacm :Ilk• ot uiek 

.... -4•. 
1. Gompl'eaaiw dnngth 

2. frannll"• at.rengtb 

,. Aboorption after 21+ hcura cold •ter innereion 

4. Abaorption an.r five hour• boiling •t•l' 1-raien 
,. aa-..u..on eoetftatent•J i.e., tbe rat.io of it4taa.3 to it.em 

4. Benlta abown 1n Table II, nat pace. 



~u.< o,· ~':! 
tti 

(. 

~n -••••r>M••-

~!.,tll,• :l~G iv.b~J" 

klden Qd. 

UJcbv 

s.)f!f ..J.~,u ~.t 

Old ibrg1m.a 

StUa:S 

~llfASI 

UUD:te 
ll~ 11re ~t 
Split~ Ont 
Oil~ 
No~ liiN Cut 
S1'.illt liiN Cut 

Cil •Die 
l!li>iJ'll'll'ia.L ~. Cut 
Split~~~ 

OU Ute 
'I·~ liJre Cut. 
~lit~ ~t, 

lt.Ndt 

iiol.4 

TAB!£ ll 

.Dl.\.1_ t.d'.',., ·ro 

.t,,f \~Jt>•~•ill'"t. t•ffl. • fftlin .. ·. ,A1 n .. ,i~,¥•l . .1: ,:#,)- ,;.,•·- i .'\ii.fi,A,ci,,¾ w. nm.ai. IL , 
'111.. 11&1 ' •• 
1.(,1JO 4.,@ 4~ 
1 Jt)O S,600 6.,140 '•'°° J..7f.lJ 4,940 

24,eoo 1,.eoo 20. ?'ID 
2;,100 1,.~ 20,530 
.a,,.600 11.,400 a,u,;o 
If&·,., f.Jaa A:Ma-

1,_.100 ll~ 12,.940 u,.~ s.,:.t0 ,~ 
15.50010,60012.140 

1~ .,.soou~ 
J.~ U,200 16•100 
U,860 e,,oo 10,tNO 
.ti.Ila .... ~. 

4:l!IO 36,0 ,. 
))It ·~ 

.~ 
91"'8 .. 

lfi',,, ··-·~ D\.i!~iffiS ffl .. · ..... · ·. 
. .a •. naa. • 

!Me !11.~!i••·. 

11)9 1''2 1:,o6 
a,, 1'41 l6eT 
17'8 llll U45 
)2'022)9,::n, 
2612 J.68? Z1U 
..,, 1614 J!Jl . 

... --··.li.'Sa. 
2001.~rm 
213l1"41'e.l 11n ua, 1m 
rmna 
2~1. m, 
1"1.Ma4.aoJ 

' .......... , 
l4Q4l.Q(l)la:tf 

"' 6al,. 
176910'2131? 
1'44 SU lliO 

• 



-1.~!J:•J:l 

l,.'li@,J,.~fiU lWt 

t,l1F1'-.litm 

Vb-gt~. 

Stil«; 

uu»A,., II (etmtimltldl 

m.. 
lf!#r~ iii.N C-ut. 
Split Cut, 

~ie 
~1:ro 

Bpllt i':ii:Nt Ct\t 

3~ 

~.r,ek 
~14 

ilMil k B&t~!!!ra!!1"ll ,, 
b~ 

Q')U) 

r&aa !111 "'•• 
6.S4 t..Ut 6.55 
6-47 ;;;.69 6.,5 
6.?2 6.01 6 • .)8 

o..,86 1.4$ 1.05 
1.1s 0.1s 1.2G 
1.60 0.49 1.05 

. Js. .ms, ~Via 

4.28 4.U 4.1, 
4.30 4.17 4.20 
4.24 4,,/J? 4 .12 

'·" 3.A6 J.)4 
).44. a.as ,.oo 
3.27 2.16 2.98 

Ill. Ill"' ,:mt. 

'· AllPiaarrf!t.l. I lt,!llltml 

~-- ... !Ba 
a.,4 7.61 1.,, 
i.s,. ?.64 S.16 
a.a,. a.at &.46 

SI& 
o.1t11 o.m o.,,, 

3.31 0 .• ,2 2.fTl c.'48 
ZrQ'l l.O, ll11 0 
231 ... 1.'7 o. 
iiae ala. ~,. ftBt 
7.U ,.,, 
,.., 6.12 '4.ff 
?JJ , .. ,.u 
.S•,~ 4.15 S.10 0.6&,j 
s.ao '-" 4.,a _ o.&iv s.56 4,H., 5-lll o.a, 
la. Ill, frDAr !,a. 

1 Jll 5.t:, '-'' .u.JS ».29 · llJt o.,19 
1.'4 ,.u 6-M u.,, 10 .. 11.40 o.,a 

16-'111.49 14.a .... 1,.,, 0.,111 
16.'7 14Jt l'-43 &Al 11.62 11'.,0 O. '9l 

a 
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lle\hod• of forlld.y 8Ulple• 

Two etboda were ued throqbout tbe proposal.a tE> form the teneion-

bond coupleto. Tho first will 'be known as the Old. ltethod,. which is 

accompl111hed b;y placing two bricks at right angles to each other with a 

one-hall inch mortar bond between them. '?he bond ia promoted bJ" tbru 

ehan, tap• with t,be butt of a trowel upon tho top brick. The noond 

aethed will be kno1ln as th• moditied Pearson W.thod which ehall be ahomi 

ng •ri•• ot pictur••• 

Figure l 

f1aur• l the apparat.ue w1 t.h th• eliding aect1on ffll>ftd back. , 

In n«ur• 2, two brick• are ahown, one to be placed on each aide ot the 

t.••t. apeoimen. The•• bricks are coated with wax to prnent ab10rption 

ot .moiature trom th• mortar. Figure 3 showa the bot\o.m brick or tbe 
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J'i.gure 2 

J'igure 3 

ten.si;on .. bond couplet to be formed in place, with the mortar screed alao 

in position. Figure 4 ahowa the top brick of the tension-bond couplet in 

place at right angles to the bottom brick. 
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.,_ upright portion ot the lilod1f1ed Pearson Apparatus Hl"t'ea •• a a\d.cl• 

Figure 4 

Pigur• 5 
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Pigure, showe the twelve-pound cast-iron weight in place. 'fhe 

weight remains in this position for two minutes, atter which it is remo•ed• 

The exceae mortar is removed from the brick with the aid ot a spatula and 

the epecimen is stored for a period of ••••n days. The mortar bond joint 

ie painted with a water soluble dye. The specimen is stored for an add1• 

tional twenty-one daye after which it is tested in the Tinius Olnn •ohine 

ehown below in Figure 6. 

Figure 6 

Th• sample to be teated is placed in the croea--cbannele 1hown in 

Figure 7 which touchee each briek of the couplet at three support point.a. 

The spherical head atop the upper channel tends to eliminate eccentricity 

and allows a more eYen load to be applied to the tension-bond couplet. 

The 2-lnoh ooa,pression auplea nre formed in the molde ehcwn on the 

lett in figure 8 and the .mold on the right as used to form the t.eneion 
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' ----------·-.._.. -- --........--- ..__ ... --....__..-- , __ ·-~--............ .._~----

Figure 7 

Figure a 
briquettes. These 8&m.ple11 were formed bf placing a plate glass on the 

bottom aide and .filling the mold l'd th mortar. The monar •• 9\lddled with 

\he tingera and struck nuab. 



J 2 

Figure 9 
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A glaaa plate was placed on the top of t he mold and t.he ml'1 turned 

oYer. T,h~ process of puddling and striking were repeated and the .mold• 

were pl.aced in an atmosphere of 100 percent relative hunddit.y for t•nty 

tour hours. The S&11l.plee were remov td !rom t.he 1t10lda and placed under 

wator for the remaining twenty-aeven days after which thy were tested 

for compression and tension i n the Tinius Olsen tAsting machine, -1.th 

the aid of the arrangements ahown i n Figure• 9 and 10. 

Figure 1l 
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Sao~io9 @et• ol Brick 

Suction rates of brick weN obtained by- f1r•t weighing (to the nMNn 

graa) th• dry- brick on the •hadowgraph scale shown in Figure ll. Tb~ bJ1,ek 

,.., then placl!fi in one of the pane shown in tipn 12 tor a period ot 

ein7 second•. Sach pan* hae t.wo borl.sontal rode 1'1 1neh under tile •v-

tace ot the water in the pan~ - Thia deJ)th ia kept conetant with the &id 

ot the eon11tant head apparatu• shown in Figure 12. The auction rate of 

brick ia reported as grua of water abeorbed per brick per lixt7 aeoonda 

baaed on thirt7 aqua.re inett.e or eurtace upo•ed. 

Figure 12 

• Speciticatione giYen in A.s.T.M. 



Mr Cotpi t1op1n,g Unit 

l'igure lJ shows the air condi t;oning unit and controls nec•••'l"T tor 

kNping the laboratory at 70 i F. and So.-60 r,e~ent r•latin h1111dit1. 
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PAST lll 

Proposal l 

A comperieon of the prev1oua method ot akin& brick co•pl•t.• with a 

JIIIMllfied :ruraon •thod, 

Kind ot brick ••••••••••••••••••••••••• 4 
JloriaJ' .n.ow •••••••••••••••••••••••••• 2 
Ti•··································-Joint. t.Jd.elaMl••••••<ooa•tant.) •••••••• i• 
'1Pa te•t••••••••••••·••••••••'•ulion 
·pecda••····························'2 

The pr1marJ tactor~ to be at.udiec.t are \he aetbod ot sett.in& ap the 

mu.pl.eta or epeciMu, and tbl ,variano• wiWn each aet.bod. 

fh• P!'ft'ioua met.had ot -.king b.r1ck 001.IJ].•t• will be reten-ed to aa 

\he Old Method, cd.eh limpl.y placed the couplet.a t.oget,her lt7 hand and n-
quil'ed tapping the top brick at three <iitterent points allarpl.)" wi tb the 

tlutt. of a trowel. Th• new aet.bod or •Jdna Wick coupl.na will N ret.....S 

to aa tbl Hodif1 ed Pearson Method. 'rhia •thod 1a delfl'ibod .,,.. tullf 

tmdff Apparatus. Th• diftel"1fflee is t.M placing of a tnlw-1,10\ll'ld wight. 

on the top brick tor two (2) ad.mt.tea insteac 01· the thrM taps. 
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h; 
b4 

ti 
( 2) '111.1. 

( 9)1-. 

(10) fR 

( l) flat 

('17) f11\ 

(26} fa',. 

(2S} ti'\ 
(11') '1~ 

,..,. ~ti.ml 

ta 
( )) '1•" 
( 4) '111. 
(U.) , .. 

(12) ti'! 

(IO) '1ila 

(19) f1t;. 

(29) ''2 
(27) ft41 

(14) t.-,_ 
('.S) ·ts,11 

( 6) .tiai 
(U)t~ 

(19) t~ 

(22) '1~ 
(21) t1-i 

C,C) ta111 

'i 1. 
(1J) ,.-. 

(16}tJJIII 

( ?) 11111 

( 8) t1-i 

<•> tn 
(J\)fi"l, 

(2') 1181 
(U) fl8'J. 

I. ~i1- t~ ~ng to Uw, 1~a1S gi'fG -h l11v!ek1 

.oh tl•t ftaAth method &nd oooh t~w eqi~l eppol'tunitq t i••• -.d\ 11 

--. r:lret ~• wld la •~•W1d ~, $• fM ...... 

pa-f,t!t"llllid on t..be 8:i~4Jth~~:>th m:tr!'aoGe the brict;• t_. t.llU 

ot w. ~t -- bijl'l«ttAd the brick• 'Ml?$ ~tii.tl«fd ud th• 

IJUIII pne$4YN -.. fol.1~ \,lJU~f tho :ro~~J,ib irurf~ of t.1-

~k.. fl-. t• 1-~ ftN ana.ty ... Mpl,MHq Md toll.MU.~. A 

tolal flt eJ.&rht, (8} b&\ehee WY ·WiAt4 U hJing u.p t.1- l~CU• 

~iQ}(I wn UHd. 
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··•-lltllt All alxlna ... doM at. • ,-,en'111N u w '° 70 ,/. t' r. •• poelillle -...a nlaUw ha141'7 •• awaWMcl -'•• ,0 and 60 pwNat.. All 

atxtnc •• doae in a .,.,.,...,,l"INtM 1UNl Pffff"817 wlptNI Id.ill a MIIP 

olotih. fo JlllinWn llld.fona ..u.uou. .... opentor Id.Md \lie 

•rtar ..... \ltroqllotat tJle propoal. ,. .. tJ»uaand lftllll ot .,, •'11ri• 
ala _.. toad ........ for pnpar1aa t.hl '-ai• blll4 epeobaa, ttae a-
ilacll nNa tor ooapnaaion t.M\ of ..-\alt, Ult britMt.•• t• ••• 
\eat.a of .nar I and for t.eet1111 \he •nar fiow llefON Mel. aftv ...U•, 
WON t,lle --,1•• WN foraecl and after t.M ••••• WN foNld. 

IJ.ae ,-tr-oars and Mnd wen wiped out·•~ \o \hi ..... 

aru. U,at pat.\J', and the MUvecl .-,nit¥ el •ler WN U..lllblr 
,.._, \o ctn• ......-u al.111"17. OIMnt •• added and nlfflMI_ 111.\11 

b9\h bud•, protee\ecl bJ nbber aloft•, ant.il boaepml• •• ~. 

Alloll\ ot \he aad •• added and at.cl tor \ldn, •---• !lie 

:re 111!.,,_ of u.. Mad •• adcledJ utt ldxSnc ...U..'11N t• 1' •Nad• 1>,-
..s.....- aturinc, .... , • .,, and lmMdtaa. a. .,. .... allowlcl -. 

nud (......S •- a dup olo\11) for 60 •••• ud t.k4III a1Jrlld •• '9feN 

tor wthttr 60 •••••• n.e W'\al" •• wa\M tor now NfON aad after 

..u.., ......... -.wnc .... ~••NU'J'• 
l!!MY9!M!WDn 

TM t1ow laltlA <- ripN 14) ... NNh1l.T Id.peel .,., tr.be 11n 

•ld •• plaoN a, the MllMI" and t1lled wJ.Ul ...w pNININC u alllow. 

TM _.\Ar .. ,-Nled 111 tu eoal.1111 tnliNa 1a \w 1.Q9ra 11lU.. 



P1gun 14 

~lllldng and. 1~ wit.b \be top ot ,~ mld one eut _ot a apatul&. 

the •ht -· t.nd ~. ucl ·••d1•iel¥ ~- -· .. ,,.. 
t.bro1alh • belpt ot 1/a 1noh tor 2, 0101•• ln 15 eeeonda. ,,_. ot 

the •rta ,U• •• ileUuncl on tou ot -1_pt. radical Ua••• d•~• 
upon wlwtber the plle •• aircul..ar ·or elllpU.i ln aape. ,._. pel'NJl\ap 

of iMN&H la dia&lltt..r ot tbe pile Off1" th• ..-tcu,al b&M dlaaekr ot 

tt. ooa.ie&l ml4 •• th• aanr• ot tbe •ru.r llo•• To .11111nt.a1n 

unitora coDd1\1ou, ttMI ot.h411r of t.b• ,., operat.or• perfol"•d •ll llo• "•• 

t.hroQib011.t \M propoal. 

:r-t»M te •ns "'9»nv 
the •rt.ar )Ill• •• ~•J'Nd to the auotlOIJ-a.-,n:t,u'• abown 111 
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Figure 15 

procedure, and i tlow determined as de,acribed a ve . Mortar retentirlt.7 

is expressed as tbe ratio of flow after 1:tu.ction to tlow before euct.ion. 

!l!kiM tb.e Teat . $J!cill.era~ 

For each or the eight mo.rt.ar batobeo th t.wo operators collabor&teei 

in making three 2- inch mortar cubes, three tension briquettes of mortar, 

and eight tension-bond speoimens. 

Trowels, and templates we.re moistened betore bonding. The mortar wae 

kept covered with a saturated cloth to min1m11e evaporation when not in uae . 

The template (two di!terent aieea were w,ea depending upon t~ method of 

l&ying u.p aa.m,plea) was cent.ered. with its larger opening on t.he bed face 
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of t.he bnok •• l&1d at. right. anal•• to tu first. bone na OOll-

pletecl 'b7 \ap,S.ng the brick t.hrff \1•• or pl&einc a 12 polll'l'1 weip\ on 

\be top brick: depenting upon whioh Mt.hod•• ued. The unite INN pl.and 

on ahelfta, and not diat.VNd tor Hffl'l dqa. After all the apecieau 

had been miMM1 the mortar•• again t.ea\ed tor nw Wore and after· 

auction. To ainte.in unitona condi ticma, one open tor lll&de all tuaion-

bond apeciaena, while the second operator aade all eube• and brlquetw1. 

Stot!y t.he t!•t lft!1.!tM 
Cu.bes and briquettes for IIOl"t.ar atrengt.h det.eminatione NN RONCl 

in their aolds in a 110iat.UN aat.urat.d at.aoephere for one da1 and rlJBOftCI 

from their molda to a tank or water mtil t.htt7 were tested at the age 

ot 28 da;ra. 

Aft.er anen dqs wit.bout. diatvrbance, the tension.-boad speo-illen.1 were 

dyed at t.b.e joints and stored on ahel't'es tor 21 dqa before they were 

tene4 tor tensile et.renct,h or bond. 

(kei:9& \he J'.S&•P:J9nd ll!S:!fl'l" 
DJe1ng •• accoapllahed b1 painting all tour aidea or the joint 

with a bruah aat.vat.ed with a wat.er-eoluble, dark blue d3e. lach join.t. 

_. treated in aucb a unn.er aa to insure dye penetration int.o all joint 

openings. 

I!•»nc t• se~• 
The mortar cubee weN te•ted for compr•••1•• at.r~h in• timua 

Olsen eerew-type 11114h1n.e with a straining head apeed ot O.oat.. 1nehe• per 

111.nute. The .-rur bricpset,t.es were teated for t.en&ile strength in a 

fl.r\ius Ol•n acu:-...,.tne testing achine with a a\r&ining head speed. ot 

0.024 1nebea per Jld.mat.e. 



A _.. bo~DC • 1Mfi1DC 4"1 .. , --•nina ot 
(IM PipN ?) ... 11 ...S.ppld 1d.lb \IWN pda llearlag•, aa UN 

la t.aeilq t.bl t.euien llll1ad .,.._... "'- top --..i aa 

, ....,.Ml.7 ... Id.Md Mld.apanoal. depnaiea ln\o llbleb ... -w aa 

aeearalel.J •atwt Mid.a,_... '9 VUllllllt t.- 10N .tNII 

tbe .talnin& Mad ot tbAI OlMD ....,.\Jpl t,'eniag aolwM. tM a,,_.lu 
.. "17 dllllar t.o \Ila\ cleaui'-1an41p1dftacl 111 t,a A.I.T.JI • .,._Ml 

' 

for ootober 19'9. The ......... •• NNf.U,- eenteNcl in tbl bot.tAIII 

ehann•l eo \hat. \hve would be a .S.nimll ot \oniOQ and Nllllina 

1-,oNd. 1M \op Gbannel •• UkewiN CINflall7 plaoed an4 U. ......,_.. 

eeaW. LMda ..-. applied at, a at.nia1sq lllacl apucl ot O.Ol4 S...0.• per 

a1ma,. •"11 failun oeolll'Nd. TIM foll.owlq data ..... NIONNI 

(1) 1-11 a\ tailv.1 (2) oroee-NOU.oaal dblllaiou at Joiat,J C,) Jo1at, , . 
tbiuneua (4) ••tJ.aaW a\a.t. or bond fJ'OII t1Je p1Deva\.loa· .... ,111 •• 

(S) ..U.W per--.p of tailve in t.he \op Jein, t.111 bo\'811 .1o1n,, 
the _._.., ucl in tM bri.ek. 
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1 u.1 ~.1 

' a,e.9 86.) 

Ji ,faiel 17.1 
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1 144., 144.; 

' 112.7 s1., 
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l 684., 684.s 
1 4).34..S 4114.5 
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lcplaation of Qftph Page S?. 

TM orduat.e ia in ,.s.1. Ind 1• an •""P ot _all •••• _. • 

.... all ftlialtle-• bU\ the OM at t.1- ... of tbt Nlaa. OM bu 

in tM Al>NU& 1• \he average of all Na,lH _.. of the _. ftl"iabl• 

repn .. '6d. ,Or --pl• I]. le u &ftl'&I• of &ll. --,1•-• MH wlth 11. 
&ad 1a.ellilde• all. n.on, __.,,.... and aetJt.ode. !be Nat an all .s..llar 

to Bl in the •thod \he7 WN deterld.Md •. 









Pl'op:Jal 1 

D1NUUioa and Coul11aona 

lilt.bin the liat.t.a ot t.he 'VU"iou hna ,-rtOl'lllN in th• pnpoal.1 

ta• tollow1n& SWlftll7 and eonclueion.a appNI' Ju.Utied1 

(1) The etrengt.h ot the tenlion-boncl apea.ana abowa a w1de rua• but. 

from the anal.Tei• ot YAri&no• it ia ftldent that. the Nault• ue Npro-

duoible. 

(2) The effect ot ti• of la)'iQ& up the 8fUll,J)l• bao been elind.nated by 

1711\eutic alternation of forming tbe aampl••• 

(3) The experl•nt indicate• a clit'terence in the mortal"-boad avoph. 

Th• •Utt......ud. cla.7 brick pn the higher a-nra1e strength. 

(4) A.pparent.l.y there 1• no great, ditterence in the average tennen-bon4 

stftna'h due tot.he auction rau of the brick. 

CS) It is indieattKi that. the rel.a.ti ve roughnese or aaiootlmeaa of the brio 
!aces which aN in cont.act wi t.h t.he IIOJ"t&r intluenee the propeni•• and 

obaractvilt.i.ca of the bond. In tbie oa• the nonaal wire-out taee 

gave g.Nat.er ayerage strength than tbs die fa••• 

(6) 18prdleu or suction rate of the tour brick teated. ot brick, 

•tl'lod ot tond.ng, Ume or tond.ng &mi aurtace uffd, t.h• \en.eion-bemd 

at.ren&th incNANd witJ<. an increaae in mon&I' flow. 

(7) Couid•rina whieb property 1• the aoet desirable, high atnngtl.1 or 

eorud.stent renlta, the old method g&Te an higher average st,reqt.b tun 
the Peuaon Method, but. the atatJ.stio&l. analysis showed no aignifioent 

ditf•Nllce in t.be two aethoda. 
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P.Npoul 11 

A eoa,ariaon of boncla, wdn1 t.bfte •rtu• 111 t.h t.wo tlne eaeh. 

eo.,l.et.1 fONted by two aeth.o4-. One \7pe of en.ck (~, 
au.tr mKl ale) and one aurtaoe cbanowri.Ue wenued. ·TM aueUon 
rate•• kept. td\bin (lo-a0) gbn lild.t.a. 

tari.ablee in t.he Propoeala 

11.nd ot bl'iea ................................................. l 
Suction rat.e .......................................................... l 
~ve ................................................................. l 

•••••••••••••••••••• t11 .. ••······ .. ····••····' 

Mol't,are tlow ........................................................... 2 
118-\bl.Mla .••••••••••••••••••••••••••••••••••••••• 2 
loin\ 'JbiokMM ............................................ i• 

wet, • •••••••.•••••••••••••••••••••• \eaaion 
~·····················• .. ··••··········•41 

TM ditterenCNta to la et.wlie4 &Nt (l) the ut.bo4a ot Mt.\iag up ta. 
e.uplet.a or speci.zeu J ( 2) mortar lliue J and {3) aol"\u' tl.-1.. 'lite t• 

aetbods of eetUng up the couplet.• are the "Olcl leMtoc.t• 184 the •Fearton 

Method•. 1.'he three mnar 11:l.JaH are •• follow•• (1>7 'f'Ol,..} 

8l"tar lt 1 .. 0 Lime i CUlent. l land 

liol"\&l" 2a 1.0 u... 1.0 Caeat 6 .. o land 

Xo!'tar ,. 1.0 JJ.ae 2.0 c-nt ,.o Sand 



• • • • .. • • • • • • • • • • • • • • • • • • 1 .• 0 1..0 i.o 
13 • • • • ., .. • • • • .. • • • .. • • • • • • • • l.O 2.0 9.0 

l"i.~~ t.- c.pl«.t 

' 
11,Ntt ~h\iM 

'!!,j u '1 ta t1 z ta f1 ta 
(l) Jl\ (1} II. (9) ffl1 (9) • (1?) lit (iT) 1\1. 
{J) • (2) • (:W) ft,a (») (ut) (l.8) • 
(J) 81 ()) IJJ. (U) IIJ. {ll) (19) (19) mg. 

(4) a.a (4) • (U)aa (11) • (20) me (IO) • 
?lopU.«,tion 

(J) (S) "A (U) ll (13) ., (21) ,. (al.) • 

(6) , ... (6)11J. (U) ... (14) a.a. (I.I) 81. (aa) ... • 
(?) Jlj, (?) ma (lJ) ... (lS) • (2S) • (IJ) • 
(I) .... (8)11JJ (16) ... (16) mi. (24) ·81 (14) ... 



........ 
lla191'1a ...... 

M'IJd!II of IIN'lu' in PNPHlll 11 1• tJII .... u in PNJIINlll 1. 
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Pl'opoal II 

P.ropoaal II, deld.gned to test bond ~DI one briok, three .lllOJ'tara 
with two flows each and two .mt.hoc.is, gave the following resultst 

{l) The difference bet.•en the &VtiJl'age etrength ot t.M aortara 

Neu rather amall but the atat.J.otical anal,1'sia show• a decided ditt'erenee. 

Thia difference is probablJ' due to tbe higher strength ot •rtar ltlt6 

(vol) aa there seas to be very lit.tle ditterenoe in bond 11trenct,b tor 

mort,ars 1 and J. 
(2) On]¥ om; au:rface eht,ract.eristic and one suction rate 'being used, 

the tension-bond strength incnand with an inereaae in mrt.ar flow. 
' 

(.3) Th• w,e of the Pearson •thod pn higher and .more corud.•t.ent 

ruw:t.a than tbe old method. It waa tbereto:re chosen tor all future 

propoNla. 



Pl'oponl III 

.l coapariaon ot •rtar bond ot brick with cpaaala on ditfereme 

in \enure of au:rfac• of brick in contact wit.h mortar which joins the•• 

Six \>l'iek \nu were uaed. The IN.nok...Webater (st.Ur..._., shale) 

aa Locher (e\itt...-, •J.q) Wll"i!ll wi\bin tbe (lo-20) p nctJ..on rate ll'OUJ• 

itel.d4to Wf (stiff-mud, clq)and lelftn Red (stitt-m'lld., abale} Nre 1:tot.b 

in tbe l••• t.han S pa auetJ.on rate group. Old Vi:rginia { eo~ • olay) 

and SUles (ooft-mud, clay) were both within the (So-60) ct- euctlon rate 
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IUrtaoe OOll!binationa ......................................... 2 
a.'1a .. .,. ................................................................ , 
Saad Cln<ting ....................................... ..u.. 
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tlowa .................. * ........................ ·• .3 
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.,,,. of \eat ...................................... uneion 
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an• x n. 2 l)l..6 6S,.fi -
Mekx~t~ 1 ;3.9 5:,.9 -
J'low x Surt'~c• 2 6'.'fJ.l 304,.,6 ,., 
Bl":lek x Surra• x i'low ,, ll;5.C ;,7.9 -,i"f-

~r a 1.&1,2 91.2 
fottal 2; ;;oo., 

'ittt (F i.8 Z7at:i.kr than the 1 ;i_.NGnt. pcirit. th•U:"id'or.1 t1~ 
~ieant.} 
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-' ™ .... 
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2 155.I ff.6 
l 261..a -..2 
2 lS.J ,., 
.L •• 18.2 
u "°•' 

, lla'altlo•• 
a., 
--

, ...., ...... 
w 
u., ff 

-



.~ flt lari.at.w 

Mak 

,in. 

hr.tao. 

Mok:,cf'um 
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Jri.ek X it.u-f"" lt ti. 
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D/1 U Mt 

l 4,:0.6 ''°•' 
2 "'9.1 ,w.,., 
l .,,,,,., m., 
2 9,rJ.? '"·' l ao.a 11.2· 

a uo., (A.OJ 
a a61..o 1,0., 

11 .lt.\W U4.) 
2; 4404.0 

, 
M 
2.1 
.a., 
,.1 



1TOpoeal·Ill 

,,nal,yaia or Vuiru'ioe 

Souro• of Variation D/F ss ~s , tU.,r:nit1aanoe 

Beplicationa l 144.s 144.S 1.6 
Dri.ek s 7'1,2..; 14l8.5 15.6 ... 
Surface l 2069.4 .n'J9.J. ~-a,.·; ..... 
Ploaa 2 uo2.5 t10l.J 0 ·: .... t ·k,, 

ll,-i9v. X Surf UXI 5 J.48.l a9.t, 1.0 

Dridtxl'lowa 10 lt38)e5 180.4 2.t,l 

lurtnce x t'low 2 228.1,. 111..~ 1.3 
Brlck X t,urtt'.cu X Flem 10 10,ri eG 105.a 1.i 

an-or ~,, :UtP:aZ 90.9 
Tat.Al 71 17'108. 

-u• (JI' 1a gnat.er than t:,a l. r,cwaenti pt'i:1t; t.hanfore, .1udf~ hi.•?hly 
a1gnit1cant) 
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PropoNl 111 

Prom the nnl\e ol propoal Ill \bl following oonolwd.ona appear 

.1uUt1ed. 

(1) Six brick, ( three \n,ea) and t.hr•• rlowe being repr•NnMCI 

\he rough•to-rollgb eurrace aho•• a higher average than the 

111100tb-to-1000th aurrace. 

(2) flle terudon-"bon<i atrength incr•Ha to a .-x1.:num flow inc,,_..• 

and then dropa ott. 

(3) or the t.hrN briok t7pe tJle at.itt 11ud, cla1 ahowa the higheat, 

atrengt.h tol.lowd by aillt mud and BOtt W<1 clay. 

(4) 'l'he bricka in the 10-20 gbrn 11Uotd.on rate gl'OUp do not wry 

significant int.Mir strength, but the brick in the le!la than~ gbnt 

auction rate grou~ do Yr ry considerably in tension-bond atren«th. Thi• 

fflA7 auggeat that in the 10-20 gb1n group it niatt.er it the brick 1• 

1t1tt lft\1d clay or stilt mud _•bale, t.he at.rengt,h will be approxi-.tel)' 

equal, but. in the loss than 5 gb:n grouµ the ciit'terence ht!twean the 

nett 1-.1 01&7 and stet£ mud ahal• ia highly ditferent.. 

(.5) ln th• aott DIUd clay bl'iak \here ia not. a dittennoe in briok 

altho111h one gins higber aYerage reault.• in thie proposal than in the o"-r. 

(6} From the Mana it is indicated the reaul.ts or this proposal 

are reprodueable. 



102 

PNpoal If 

A coapari.110n of a raake ot brick of original hif.h auotion ratA 

wit.h a repreaentatiye ot t.he aame uke ot brick and the AlllB auaUon 

rate, but which has been adjuat.ed to auoceuively lower auction rat.ea. 

In prniowa work it. waa neceae~ry to adjuat thtt auoUon rat•• ot 

oenain ot briok from bigber t..o lowr nlaa becuaN the air-dl7 

MID'1on rat.ea preacribed !or the program ot teats 'ffN not. available 

tor t.beN Mk•• ot brick. It appear84i that. alt.er such &djuatment ,... 

•• the pertoraana. ot "bl t.enaion-bond apeciMna wre 

nla\1"17 at.able regardl••• or \he •uot.1.on rate to which t.hey NN 

adjuted. It. waa felt that ohould receive oome Kt.tent.ion by a 

.ore utenaiw program ot t.est.iog. iith Ude ~.n tllinci the following 11 

a\lba1.tt.ect. 

Variable• in ?roposal 

l1nd ot briok••••••••••••••••••••••••••~ 
Su.at.ion Rat••••·•••••••••••••••••••••••' 
Sand Oraclin, •••••••••••••••••••• ...U.a 
Mor\ar llix ••••••••••••••••••••••• 11116 
Mortar ,1o ............................. 3 
Joint Tbickn•••••·•·•••··••·•••••••·••*• 
TJpe Tll•••••••••••••••••••••••••tenaioft 
llo 8peeiaen•••••••••••••••••••••••••••27 

In ad.jat.1.ng au.ct.ion rate, the bricks were aoaked under •tar tor 

a pn-det.el'lllioed lenat,h ot t.imo, wrapped in a uturated cann• cloth 

and placed under a box tor one bour, aft.er whioh t.1:Mt tbey •n re&CIT 

to be toraecs :lnt.o ooupl.et,a. 



IAJ.•••••••••••••••••••••••••••••••••••••••••••••••••••••l.CX>-110 

•2••··················································.i;:J.,1.3, i 
-, •••••••••••••••••••••••••••••••••••••••••••••••••••• .11,-us i 

BriGk 

b1••••••••••••••••••••••••••••ioe.noke i'iebater (.u.tf 111d abale) 

Wcriar :UU 

Jai•••••••••••••••••••••••••••••••••••••••••••••••l•OL 1.0I.. 6.0S 
luoUon Kata 

91••················································ 4H5 ,ma 
•2•················································· i,.a, &ta 
., •••••••••••••••••••••••••••••••••••••••••••••••••• ,0..,..0 at-

i.::..l brick won orieinall,y int.he auction rat.• rc.nge o.r 4~55 

but ~.1t.ion raws .2 and 3 wro aniftd r.t ~,:, th• .:,roc«lur4t ,iwn 

on th• prrniw• page. 



.t~ tar P'Ol'rdng Samplea 

Firat UeplioaUon 

Mert.arFloa 
Suotion Ba.,_ i.:1 }¼ M3 

si (l) (10) (19) 

S2 (2) (11) I (20) 

s, ()) (12) (21) 

Seoond Replloation 

Mortar ,1 .. 
hotJ.on Ka'- lii1 M:z M.3 

32 (4) (13) (22) 

S3 (5) (14) (al) 

Si (6) (15) (24) 

Third Replicntloo 

Mort.ar 'Flolllll 
Suction Rates ii "l 

,, 
'""2 l{ ) ,, ('!) (16) (2S) 

Si (8) (17) (26) 

s~ (9) (:W) (27) 

The nullben in parent.h•1a ind~t• th• order ot tol'Jld.ng ot t.h• 

aar.ip.l••• A tot.al of :-;ine aort,ar b&t.chN waa UNd 1n ~i.~ un t.he 
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rroeeduN 

usaor \b·,' Me!1ztit 

Tept;Ln,r 9' UOf1rH: !leJ 
Teatirllr the aortar t'lcm1 in r rope>a,J. IV 1a th• 1!,i·...- ae in hopoaal 

Toeilr)f-:; t.hc r-..ort.r..r Ntentivit;· in .i"ropoSii::.l 'IV is the lti..r~ aa 1n 

fropoe:...l I. 

Thtp 

iL.,Jdnr. t.h@ Teet specir.wns for ~1ropoe6l IV is t.:ie ht:.19 a., in i-ro-

po8f<l I, with the exception t.J,ut. ntne mortu bu.t.clteo co.apl.otod the 

Donne: t.n, Speop1 

Storing the apeci: ,ma in f'l'OiJOlal IV is the aaci.1 oa in Pl'opoaal. 1. 

l>-.iJIMM! the Ima190:i9Pd SPlfWnf 

Dyeing tho te:;.a1ao-bor¥1 apeol:•MJ tor l'l"O.l.oD.al IV 1• tma 84\li'll8 as 

1n lTOpoatu. I• 

Teat~ t.ho •.rec:L::ie!,11 1n l'1"0poaal IV 1• the aar.10 NI in l'ropo11al I. 



~11 a a a 
~JJ a a 
• fli~ \ i B 

j, J l X. ii I 
i I¥ 

! . 
1& 

M
N

~
 

W
 

• 



1. 
I 

• 
t 

t 
f 

t 
I 

I 
f 

i 114 
t 

t 
t 

I 
t 

I. 
t 

I 
t 

J~ 
§ 

§ ! i fl I
i
 I I 

I • 
•~ 

~. 
n 

la. 

ii~ i 
§ 1 i

i
 1 

iJJ s s s s s s s s s 
)f~u §§§~-~§fl!! 
Iii~

! 5 5 5 5 5 ! 
i. 

Ii,. 
I Ii I I Ii 

I j 

li11 z I I I; 1 JI I 
I~§ s 

s s-l a 1·a 



..__. 8"1· 

11.aw U~l,O :, 

Ori~ 1dju~ U• tZkl" 
S.\100 l~'t,h Joilit 

~l• n. qtA ·- P-1/&.I. ~~kt1.•li~ ~'t ~:a. f)1•'~ 
lo. " ,_ f ~- ,, 1<'116.I. ' B ){ .,, 

10 133 4;-ss - 12, l.056 1/2 ~:; 2S - 1.00 -
u 133 4:>-jS 12510,6 1/'3. 9S 36 ~- -
12 1:0 45-SS 125 10'6 l/2 9' 26 1(1)- -
u u., 4$-55 ls-25 m 101, l/2 95 )2 - lJ:),u. - fi 
14 U? 45-$5 30-40 l2l lOl) l/2 100 19 l.00 ... -1, U? 4:i-S5 ... Ul 1013 l/2 10!) 17 - lt'O -

16 .U? 4S-S} j(),-40 122 lOSS 1/2 9S a9 - 100 -

17 l....¥/ 45--55 - 1055 l/2. (j!> a l.00 ... -
u lZf: 4S.-55 l,5-,25 122 1055 l/2 100 '4 ~'! - ·• 



ti•ter lii-iek ~•t.o-I~ 

f:lm'I ll5-].2S Percent. 

tit-~ ~"- lt.-ti!i.r 
Sw.,tion at.Nl~ ,;, Jolll\ lke4 

~i., n. law laie ,.s.i. ~~*• ~t T•~ T,,,e ;~ , .. - .. T ,:1 Inebea 1' r.a.i. t" D ll '~ 

19 120 ,,_,, - ll)S l/2 9, le 100 - -
20 UC 4,-,s ls--25 128 ll.)8 l/2 9$ 38 100 - -
a 110 4S-SS 12\~ l/2 95 28, 100 - - s 22 ll9 4S-5S 15--1S 134 lt)4t:; 1/'l 100 '° 100 - -
2) U9 4HS ,o..J.O 134 1(}40 1)2 90 2) 100 .. -
24 u, ,,...,, - 134 1040 1/2 ,, 16 100 - -
25 u, 4,-.,, U5ll'1 1/2 9.S ,i. -100, -
2ti U9 ... US ll.51 l/2 '' 14 10(} - -
2,7 lrt 

:'i 
4,-;5 l~S l3S ll5l l/2 9S 24 lOO - -









i--. flt fari.alillll, 

1-pl.1•'1~ 

iiu4tion a.t.t.M 
,1-. 
a.uuoo ~w x n... 

l~~r, 
Aa1l1rd.e o£ Vtlf'1~ 

• • 
20-2 10.1 
•• .a Wul 

461.6 IJQ.,8 

1)1 .• t n.a 
™ ,,.6 

U1/l.7 

, 

' 

... 

* C, la ,re•'- than the 5 ,er~ po-int.J le4lll than t.be l ~, ,eut-1 
theNtON j~ •1gnU~t) 

«•(r 1# 0--'-" thM t,he 1 ~;,t. poitit. t.beNloN. Jw/lpd hl.,bl.y 
-~imiftt..} 



ll4 

~.D 
,..- ._ NNlH tit.~ ~S... ,_. Junltlech 

(1) 'h __.. ao\tt.m ftM of a bl'"iok U 14,1~ \G U. i.,.IJ 

,._~,the hilf~ tbt -....wn •~ 
{I) IUih &4.1u\ed. ··"· • With ~\ad ~- n.w, 1M 

l-oad ~th IA~ -.th n.e t..u a ....... 

()) t.h• •an it. ill I.Rd!oaMd the ..-ltll of t.lu _,. 

~ti.. 



~' 
Jtt•t ot adjul~, ot •~ »-&M Gn bQoo J:tl"$paf'Uu, 

la • pNlri.CWIJ ~J•'- 11 -. bae12,!:id. that theft 1a a iU.tt.,._• 

1a the l~&!'ttWlM ohana.flerlat:i~ d. bond .,.~ d~•'!d~ ~p«i now 

the te11e at b~ielt .ti• Uflod '4th t.h1r ..,-,_ t!i~t but the hOtietn flt 

ls-25 «- 1a amv-1 at b; ·~ :r~t.i> iwts of._ highff aueM.tlll 

ft.to, •fJ.3' 40-SO· awl a..ijuti~r U,eo to t.he ls,...25 ,ta .. ~.. \'fU1 

th• per,f~mi,~• ~tAJ.rut.J.ea be the a.-t ~t u, t• a .!d.va _. 

ot tw1.ck 1 an t.ho ,-.f or•1iw.rut• e~+.l'iiJU• ot the to-1 a, 

~. epeeJ.tlod DU.CUM ;rt,i,tA indoJ:~ftt of tho in flhi. t.1-i&t •ct.ion 

rate le ohWntdt 

Xin4ot ~k ....... •••••••• .. ••• ....... 1 
11.- .................................. , 

hot.lon iaM .., ........................ (.1-,.)l 
J41tint. lhiekneee ............................ i• ................ .... . 

no. ot .............. ia 



'b •••••••• ........ --- (.utt ..... ~) 
.. u ..... 

~,i.. 
hnrtoa .* 

•1 
82 

fl-
S.eti.Grl ... 

'1 

• • 

r~t•,~~• 
11n!Jt fteplio•U.. 

'1 '2 
(1) (S} 

(2) (6) 

(3) (7) 

(.4) (S) 

,, 
(9) 

(le) 

(U) 

(11) 

,;• ~t11 kl p&ntn~• lndill·k tlhe order o! !Gtm1~ at Ul• 

~1-. A et· ab: bau• _. \\Sed U lJ:q~ ttp \h@I pro~. 



ll'f 

...... ltnts: 
M~ at lllm"W 1tl :P~•~ 'f is tlact - u i.t1 l>ropoal I. 

f.MUIW It lfai£: fla 
Tet1ting the mcrt.u- ll01re in 1TOpo.-al f is th• aw~• M 1.n P~ 

lll$V .lGaaMcn.u: 
.,._,ifll' the Nt.enUvity 1n PN>po.td Y 1• the •~ aa in 

.r"'Npoed I. 

!IMal\b.tJtlilllfktil 
Making the t.et speci~M tor f~al Y is the •~ aa 1n .f'~Nl 

1 with t.he a.uption that sb: mo~ ~t.ch•s c:ampleted the ft-~ afld 

,~ ten$1orl-bond spcci.m~lfll UN !'~med \Id.th •aeh ~tch. 

&Ida Mlt !atflritM 
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1:!IWlii Ma bMI IIM 
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