














































































































































































































































and altered area on the right abutment above the road. (Drill holes 

2, 8 and Composition of the feldspars is quite uniform bu.t their 

amo\U'l.t is ve.riable from 5% to 5o%. This is due in nart to alteration 

and in part to the finer or eroundma.ss portion of the rock being un-

identifiable. Quartz appenrs as a replacement mineral {up to 4a!,) 

in at le:ut half of the samples. Alteration products account for most 

of the remainder of the work. Kaolin is present in surprisingly small 

amounts for a rrJck of' /SUCh lusterless, unsound outma.rd appearance. 

Condition of the drill corea made it impossible to seoure any specimens 

for shear teoting in this particular area. From calyx hole and tunnel 

data the sound rock line was placed below this material. 

50. Uany local areas exist where the andesite has become a · 

hybrid, quartz-bearing rock by the addition of hydrothermal solutions. 

While its strenr,th is probably not as great as that of the unaltered 

andesite, it is still adequate for a rock. More normal 

appearing andesite was in tunnels A and D, although pet-

rographic of thia rock may show some of the and 

hybridization fom1d in other 

VII - [ound .. if;l.fFi+1S 
I/ . 
;/ 51. Overburdm: Little than a brief sum:>W.ry is necesf.lary 

in diacussion of the overburden in the foundation area. The rock 

contour map (Appendix B, Plate III) ha0 beon drawn from fil'.lld data on 

drill holes, tunnels and tr"''nches. The ovBrburden material containe 

a few large boulders (Tunnel C, RR emba•1kmcn t, etc. ) but due to the close 

jointi..11g in much c>f the t:1e talus and slofJe we:Jh is r,mallin aize. 
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'./ 52. M.a.x1mull1 d~-;-;th of overburden encountered was in DH 54 near the 

he~ld of the buried gulJy rJn the right abutment, Seventy feet o:f this 

was talus ov0rlyin;r the cemented ::ravel ;Jl1Ci b'mlders. ArJparently little 

of this waterial wonld be removed for the low dam. Further e>..1Jloration 

should be done during or prior to construction to verify the rock bench 

in tne vicinity of DH 16. The present interpretation ehows a continuous 

rock 'line above the crest elevation of the low dam, but extending diag .... 

onally downstream fr;:,m DH 8. 

53. On the left abutment the :-rreatest depth of overburden in the 

foundati(~m area lies between DH 52 and DH 34, where t~:e material :ts 

talus and slope wash. As :.)reviously mentioned in Sec. IV, gTa.vel 

Jepositu are knovm to be 60 feet deep .in the riV8r channel. 

~- 54. Rook ~_xr..:lvnt\tJn: Liru:tt of rook excavation is estimated from 

appar-ent sound rock in the drill ceres, and in the calyx holes and 

tunn'!la. The sound rock contour mo.p (Plato IV this Appendix) is bas/3d 

on these int'!rpretnti.uns. This ma:ti is exoected to sot the maxinu.un ra.ther 

than the mi.ninnuu or &Vt3rage lirui t of the rock excavation. Ma.ny a.:raas 

especially below elevation 1300 are believed to be {Jerfectly sound only 

a. few feet below tr1o surface of the rock. Estimated 'average depths of 
~' : ·,, .. 

rock excavation based on expl~tian data are as foll~ws: 
\, 

!toga1},cn Elcyq!t~ AJerage Dqpth 

Lef't Abutment 1400-1550 20 ft. 

Left Ab1t.rnent 1300-1.400 16 ft •. 

Left Abutment 1200-1300 7 ft. 

River Bed. 1130-1200 3 ft. 

Right Abutment 12(X)-l350 18 ft. 

Right Abutment 1350-1550 38 ft. 
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55. Selective Luning out of seams and alter&Q areas below the 

general excavation line mey be nacessri.ry in places. , .. '!'hiB ehquxd 

eliminate the necessity of deeper _a."{cavntion W'tder 1vho~e block~t-

> 56. Grouting* A program, for gr-outing_ tho foi.uu;latiprt area haa been 

outlined by E. B. Burwell (b), consulting geologist, tn nis: report of. 
' ' 

October 25; 1940, (See Chapter 'II of this a.ppondix) .. The initial stage 

or tbie progrc:~m probably will effectively se·al the majority c,r the open­

in;:;s ov·:r most cf the a.rea.. In the final stage of.· grouting tho. abut-

mants a.t the higher olev~tions will likely receive most of the grou~. 

This is espw:ially true of the high dam. 

PreE:.ftur•:! tet:ting has given some indicatton of the eXtent of· · 

open jointing in the foundation area. Five-foot segments weretested 

concurrent with the drilling or each hole in the 1940 exploration program. 

This method is recommended over the methods used in the earlier program, 

When an a.ttGrn.pt wail rrtade to place the packer at successively lower 

e~evations (usually 1 or 2) until the bottQm portion of the hole ehowed 

favorable holding and pressure tests. 

Least favorable tests during the 1940 prograJ1l. were ol:rt&'1n$d 

in the NX pilot hole at CH ). .Water loe3es weN as much as 2 .• 1 cu, rt. 
perrninute for !Jl.BnY of the five-foot segments in the upper ·80 feet of 

· the hole. A large runount o.f seepage was noted in tunnel A at· tbe time 

CH 3 was being drilled. Upon completion o!~ the caly:x: hole a.nd thlt tunnel1 

''' 

fltqyrraseine dye was placed in the bottom of CH 3 and the tim.e ,o~ ·its 

appearance was noted in the tunnel below. A fow minutes over fivl!t hours 

were required for the dye to travel the inclined dieta.nce of 90 rt. by 

gr~.vi ty alone. 
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59. Depths of oxidization a.nd of h'9avy discoloration of the drill 

cores nre sh,Jvm in the drill logs by a heavy vertical line. (Appendix 

B, Plata v, Sheets 1-4) 

/ 60. Incidental to examining the cores for determination of sound 

rock dor;:ths, the ma.Y.imum depth to which the cores were stained by iron 

oxide we.s also noted as an indicator of the extent of the circulating 

ground water. A line dravm on the profile on Plate II, Appendix B 

shows the lower limits of the tron stained ,j ointfi a.s determined from 

the drill cores. This probably does not represent the maximum depth 

to which good gr·:ut penet:rati:.,n 'Will be obtained, but is considered the 

most importc:nt area. 

61. 9tabi6iti: With such foundati~n treatment as hae been out­

lined, no Y~o'nn factors remain which would affect the stability of the 

dam. The joints and fractures are favorablyiloca.ted with reference to 

the axis of the dam and dip downstream or toward the left abutment at 

high angles (70°-85°). A few sub .... horitontal fractures dip toward the 

same abtttment. Prop0r c,9.ro in wasb:tng and g-routing these to elim.jna.te 

any aeepage is necessary. Differential settlement tmder maximum loading 

is to be expected in a jointed rock of this tY'Pe and is considered 

in the design. Compression stresses are most nearly parallel to the 

fracture lines while the shea:r-ing stresses are more nearly norraal to 

these lines. 

•, f 

62. Div~!"sionz Plans for diversion of the river during the early 

stages 01~ c~)nstruction call for earth cofferdams above and below the 
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the found:-.tion area. Deep gravel deposits are known to exist in the river 

channel at the axis of the dam a.nd for 200 feet or more upstream. To 

effectively seal the area against seepage two locaticns are suggested 

for the upstream cofferdam • 

.!!;• In the yicinity of DH 6 where the bedrock rises to 

elevation 11?0. Drill records indicnte large boulders 

in the gravel which might prevent the use of sheet piling. 

Rwuoval of the cravtl and boulders to bedrock may be 

necessary before placi.ng of the cofferdam. 

R• Just upstream of DH 1 and DH 7 a ledp,e of rock extends 

part wa.y across the r:i.Ver channel which mi.ght be utilized 

in an effective cofferdam. 

63. Consider~:hle depth of .gravel should be expected in the 

stream bed below the spillway apron and should be considered in placing 

a cofferdam in that area. 

64. Spillwav r.;.nd Vu.t~~t..J:. 'rhe dovmstream edge of the spillway 

apron of the low dam is .favorably located on the diorite dike, which has 

alrea.dy retarded erosion of the stream channel in that area,. Excessive 

ero5ion downstream from the &~ron seems very unlikely. There already 

exists a deep p~ol partially filled with debris, whieh m.t.y be effective 

in retarding the aetLJn of the water. 

IX - :fi.ESEHVOIR 

i,' 65.. MW!~e: The Detroit reservoir presents no problems involving 

lea.ka.ge or evaporation. No low divides or narrow r~.dges separate the 

reservoir from adjacent river valleys, and the volcanic fol"mlltions a.re 
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relatively tight and impervious. Several large deposits of gravel may 

give some additional storage, but the a~otmt is not expectect to be very 

great. 

66. Landslides: Some small landslides are found at maximum oool 

elevation, and may affect the rnact and highway relocation in these areas. 

One of particular note near Berry Forest Camp (Sec. 16-TlOS-F..5E) has 

already been considered in the relocation surveys. I~and slips should 

be of no concern in the Sardina lava series of the upper Eorr;e. The 

Breitenbush Tuff series above the mouth of Blowout Creek may be sub-

ject to local sliding in deep roadcuts. 

67. §ilting: Deposltion of some heavy debris must be expected 

where the Breitenbush and the main North Santia.m enter the reservoir. 

Fluctuation of the pool level would distribute the mat~rial 1 with a 

certain amount of reworking, between minimum and maximum pool levels. 

The silt content of the Cascade streams this far back in the mountains 

is unusually low, although high water stages must necessarily carry 

a small amount. Some glacial flour is carried in the sunm1er melt water 

of Whitewater and Milk Creeks. Wave action, while probably not severe, 

may be noticeable in some areas. 

,! - COl'JCR'ti;TE AGGRt'{;GATE 

68. Alluvie.l Deposits: Preliminary studies of concrete aggregate 

deposits were made in 1940 on two widely separated areas.. The.most 

extensive deposit of river gravel and sand near the damsite is the river 

bed and the adjacent low terraces between Blowout Creek and the Breiten­

bush River. (See Plate VI, this appendix). This area lies three to five 

miles upstream from the dnm and 0ffers severr~l good sites for an aggre-
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gate proeo.saing plunt. Rail trt'nsnortr,ticn to the damsite could be 

probably arra.nged ove:r ths exi~t.1nr- ro ilroad t.racke. 

"< .. 6c; .. · More tha.n 200 acres in this vicinity are undarla.ii1 ,by sand 

and g:rRvel deposits, ncne ·of which t:as been penetrc-.te(1 mor~ than 10 

· feet by any of the eight tljst,. pits in t.he ar<~A. Apparently sufi'i c1ent 

material eXists to allow selective operat1.ons a .. ud to allow a hi;7h 

percentage waste if necessary. 

70, Ano·ther natural aggregate depostt of sufficient size f,:)r 

consideration is. in the south hal{ rJf Secticn 2.5 T9S R2E. It extends 

for r)ne 1-o two miles along the right bank of the river beloli· Mill City. 

(See Appendix B, Plata VI) Only one sha.llov; tes,t pit was dliJ i.n the 

bot tom o! tlte state highl'Nly borrow pit. Furth or rooonnais:s.alioe of the 

ar~ ~ndicateci a sufficient. (iue.ntity of material available for Dt-ttrt}it 

Dam. ·· Oee ';>f the deposit is dependent,, however, on the quality of the 

mnterial, which is expo·cte(l. to be a.e. good .ae the deposit above the 

dam.site. F'urther tests wo•..tld be neeessary to det~rm.ine 1 ts suitability 

8.$ concrete aggregate. Bo-th deposit& show considera.bla variation in 

the natural grading, and therefore may be deficient in certain ac:reen 

sizes. The /-6" ei~e ranges ,from 2 • .3% to 53.ZC and the sand sizes range 

2:3.:3% to 66 .. ~ of the total. Since either area is sufficiently large, 

. Selective borrowing might possibly improve the size r;r.e.dati\)fl r:.nd elim-

innte ease o..r- all the crushing costs. In general the two areas may be 

com:pa.red as follows t Both deposits are derived from the lavas and vol-

· ca.nic roeks of the Cascade Mountains. Tho Mill City dttposit. has the 
. " 

additional·· ad.m.ixture of the rocks and minerals derived from the Santiam 

- 28 -



canyon. Much of the tnaterial in the lower depoeit, h.!·~.v.in.;: travelled 

further, oh·)uld, by comparison, be smaller in size and have a smaller 

percentage of tmsound material, especially in the gravel sizes. The 

ratio of mineral grains to rock fragments t~hould be higher in the sand 

sizes of the Mill City deposit. 
\ 

71. 

permanent 

Most cf the samples tasted eo fe.,r are above the level of the 

water t.?.ble, Material b$low this aurf'ace may be less weathered 

and conseciuer.tly give better test results. 

?2. QruspBd. Ro~: Use ·Jf crushed etcne frnm the foW1.dation of 

the dara ;;r a. nearby area fen' all or part of the aggregate has been 

BUF~·r~ested. The petrcgraphie study of the founda.tinn rocks showed. c'•n­

diti:ns very unfavorable for their use ·as aggregate"' Altn9u.gh the 

m.at~rial is considered moro than adequate as a foundati?n rock, its 

mineralC"',;,ic•.:l cor.11)osition is not dsairable for good ccnc;rete tilJ:;ere­

Ec'.te. Abrasic,n tr~sts are neoes&urily high on crushed rocl and the shape 

o.f tht~ fr,f,f)nentfi ~nay not be su:i.ta'ole. Magnesium eulphate losses would 

be high beca·~..~.ze ,,f t~1e st,ructure of the rock and because of certain al­

t.erntion minerA.ls such as chlorite. 

' ?";. It.. ir:; a foregon-e conclusion that most of the r,~ck to oo 

excavated for t}le fQunda.tion of the dam 18 of poor quality and therefore 

of little or no use. Altf)ration of Lhe andesite country rock has been 

;.'retty, ~T,enoral in th0 damsite area, and while possible,. it is not very 

:-)rob;\bls that exta'1.si vo areas Jf ,:;ui tabla audesi te fur a.ggreeata can be 

found. A :co.~,<:.itility r;xis!..o .:1b.ut a n~:i.le upstream, where the qua.rt2r 

dio1:"1te intru3ive reeks l,:re well ex,pose-4. Specimens of material from 

these larger bodies have not bean e.x.amined microscopically.· 
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74. The North Santiam River offers a numh~r of favor~ble eit~o 

for power dams w.tth 100 to 150 ft. hea.ct; The cross-section of the 

Santiam can1on is very distinctly V.shaped in the bottom and widens out 

into narrow terraces or benches above. Hirrh .storage req~rem.ents for 

flood eontrol dams presen+. m.gny difficulties in selecttne- sites of 

favorahle aroes-s~etion. This is trtte not .. only of the North Santiazn. 

River but of other ~JtNa.ms 1n t.he Willtllll~tte 13afin. The "innfllr canyon• 
'A';l' . . 

is rarely of sufficient de;:,:,th and a flood· control dPt,m~s;F ~itend up 

on to the adjac~nt bench or te:M"r±CI), The Det1101t Dam Bi~o) looated netu"" 

tho head of the Sa.ntia.m .~·orge is m.ost fa,vorBble for ~$tor.age· ·ra-quirel'llente• 

7;. Roak conditions at the other North Santiam ~lijl\ eite$ inves­

tigated for the 1936 report (MoKitrick 1 (d) 1 (Piper, (1)) e1~" stmtlar 

t0 those at the Detro:i.t {Boundary} ~ite •. Joint1ng and f:f'S.ctutiingr, in• 

trueion.e, and secDndary mineraliza.tion are l~enera.lly .Pr~sent, ther~fore 

the lo"r sites would have 11.t.t1e i.f a.ny a.dvantages in fou'"dation oon ... 

ditiona. Sw .. all ad,ra.t'ltagea would likely ~ offset by: increased. height. 

of dam to provide sufficient storn~-

cvnstruction of the Detroit Dam is the location of suitE~.ble conor0te 

in the reservoir ~.rea is not sat:U3factory·.,' Furt.her reser:trch and testing 

is nec~ssa.ry to deterro.~.ne whether the Nortn Santia.r.\1 e:ands and gravel 

CQO be brous._mt up to specification.,. It may be necassary to add 

Willam.ette or Columbia River sand to Detroit' sand whicn hae been washed 

.;t.nd roil led. 
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77. .;~XJ;lor,J.tion oi' the damsite has h3en adequate to outl:i.ne 

structural conditi.Jns of the fctmdatic'n and cietennJne within reas•mable 

limits the roc;k su:r·f·.:tce and the sound rock line. Further exploration 

durinr, const.r"\H~ti!)fl 0ften becomes necessary t·:'Y r>tlt.line rr.inor irre;(U-

larities and this 11~y 'dell be tho case in a dam of this size, 

Lloyd L. Ruff, 
Assistant Geologist. 
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lleport .2£ 2· ]. 3urYrell, ~·, Gonsultin'{ Geolo;:;ist, 

Det~ Dar1 !lllii Re~mrvoir, Uorth Sa.ntiem 

River/ Oregon. 

Gctober 13, 1939. 

Detro it Project 2.!! North Santiam ll~ 

1. The p)-an for the iJetroit Project provides for the construe tion of 

a concrete dam to an initial crest elevation of 1475 and an ultiJ:-..:~.te crest 

elevation of 1580. Tb.e maximum hei[.~1ht of dam for the initial sta;~e v~ould 

therefore be af)prox:i:m.atcly 325 feet and for the final stage ar)pro:x-lmately 

430 feet. As this 1iam is to 'oo ve'J."'f.J high, careful consi,~erntio:l must be 

given to all the facts that relate to its foundation. 

2, G-eologic Setting. 'rhe narrovi gor.c;e in which th1:1 dom site is lo­

cat~d is formed in and underlain by thick Tertiary lava flov~s of tJ:1e 

tlndesltic type which appear to dip 'Nest~rly n.t low 3IL1le s. The base of 

the Rndesite was not reached in borings drilled to a depth 2:)0 feet be­

low the stream bed and it extends to an elevation of core than 1000 feet 

atove the river in the vnl.ley VIalls. A few niles ;:1bOVf; the dan site, near 

the vil.la;;-e of Detroit, the lavas rise above dra.inaee and frag;:tental roc1~s 

of volc? ...... rUC origin - tuffs .1.r!d a:.":::lo!,1eratt~s - ccd·ne to t..'le surface. At a 

number of places t.he lavas are cut by intrusive !l'k"tsses of diorite, a luck 

sinilar in composition to andesite, but distin,:;u.isha.ble from it b:r i.ts 

grc: .. nltoid texture. 

3. Charactt3r rmd Condition of Foundation. The prinei;)r.J. rock ::1ass 

at the d .. m;l site i.s composed of andesite, a dense, fine .::.;ra.:Lned rock of 

volcanic orig·in. It will form all of t.he foundation axcept in subordinate 

areas vme re intrusive bodies of diorite in tl.le form of (lj_ke s r:tnd ton:~ as 



are present. The EJldes.ite is a dense, hard, durable roc!:.:, ha.s a high 

strength, is free frora porous layers, such as are commonly found in lava 

flows, and, where structurally sound and unweathered, is a suitable rock 

for .:. high dan of the gravity, arch, or buttress type. Preliminary teats 

indicate compressive strengths rru1~ing from 141 000 to 30,000 pounds per 

so.ua.re inch4! No scoriaceous cont(1.ct.s, vosicnlar layers or cinder beds 

have been discovered in outcrops or in any of the 43 core oorings made 

in tr1e site a.l"'ea. ~11ile the andesite has undergone a. considerable amount 

of hyti.rothonne.l alt (=ration, and such alterations ho.ve in places lowered 

the quality of the rock somev~hat, the changes are relatively unimportant 

from the engineering point of vieY•; for Yft1ere uriV>roa.thered and confined, 

the poorest r':'l"ade of andesite observed hn.s a strength ra.r in excess of the 

requirements. 

4. The diorite masses mich will form a relatively 311all portion 

of the foundation are composed of thoroughly competent rocks at1d no evi­

dence was found that the nnture of the contact zones is such a.s might 

affect the desien or st:.:bility of the dazn. :3ome non-notallic minera.lizar­

tion by materials weaker than tbe inclosing rock has taken place in t.he 

contact zones and in pramineralization fractures in the andesite, but the 

strength of the foundation as a whole has not been appreciably aftected 

and such ruinara.liza.tion has been adva.'1tar:;eous to the e:x:toot that it lk'1s healed 

the older fracture systems. 

5. The principal flaws in the foundation arise from t.he several 

rather conspicuous fractur~ s.:i'";.;Lems ·.t:ich cut 1xJth t!1e andesite and 

diorite ma:sses. All of these ha:ve promoted w(;athering of the abutr:1ent 

rocks, in :)laces to cooDicerablo Je:;th9 1 ;J.nd !llonv sa:1a of the fra\!ttrcs 

m:inor 3hear zones of mattered rock have developed. In t~eneral, hm"lover, 
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these planes and zones of weakness appenr to have 'been greatly accentu­

ated by '::eathering ~d lt if: rrob:1ble th:-:..t most of ther.. will become ti~-11t 

and many of them barely pe rceptlble oolow the zone of weatherinG .. 

6. There are two fracture systems thd.t wnrrai1t special mention and 

consideration. Jne of' these strikes a.ppro:<irnately ri 45° Wand dips aoo or 

more to the southHest. These fractures c.rosu the proposed axis of the 

dam at an angle of about 70 °. If continuous and open., they \';OU ld have 

an important bearing on leakage and mi[jlt conceivably affect the shear. 

strength of the foundation. They are conspicuous along the bedrock floor 

at the f.oot of the left abutMent and have to a large extent controlled the 

course of the river through the ::.ite area. and probably t.l-te buried ravine 

in the right abutment. The fracture spacing varia s from a few feet to 

20 feet or more. On the valley floor, where the outcro~11ing rock is 

fresh and sound, they are tight, are arranged in an echeloned pattern a"'ld 

are not continuous over great distances, thoueh oome ma..,v extend through the 

dam site area.. Generally they are single f"ra.cturea, rut a few show narrow 

fractured rock zones along them. -t;'h.il& this sy::"item of fractures has pro­

moted weathering in the abu ~":len ts and be.:u:-s on the srout in2' problems, partic­

ularly in the abutraents, its bear.ing on the stability of a gravity-type dan 

is believed to be ()f little significance. o~ving to their nearly vertic~ 

position, mea.ring of the foundation muld take place before slidinc along 

these fractures could occur. 

7. The ather set of important fr:.7.Ctures strikes N 10° E and dips 

70° or more to the northwest. They are therefore rwghly parn.llel to the 

&"'tis of the dam and dl.p in a downst reara direction. The nost conspicuous 

development of the a~e fractures is seen along the hichv:ay cut ill the ri,t11 t 

abutment a a~ort distance upstream from the proposed location of the heel 
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of the .];ravity da.r11. In a zone apprry;.::iF.::lt.ely 100 feet \\'ide, 8 of these 

fractures were observed. Along some of the~ shear zones as much PlS 2 feet 

vd.de occur, but nowhere was fault-:-;ou;;e or fi:;.el;,..- crushed rock found. It 

is relieved that the anount of movement B~lonc theo has been mta.ll.. Deep 

lieat...herin;::: has ta.'!.(en place :llong some of them, hovvever, and the crushed 

rock ~one at the outcrop consists of soft fragrttmtal rock and clay. 

These fractures were not observed to extend dovmward through the abutment 

to the valley floor n.nd are appe.rentl;r, in part .::~.t lea3t, cut out by inter­

sactine fractures .:ll other systems. It is believed that weatherine has 

enon:\Ously a.ccentur"ted those zones of weakness in the r.ieht abutment and 

that belovt the zone of vreathcring the conditions will not be such as to 

challenge the feae:ibility of the foundation for the high dam proposed. 

Further imestigation of these fractures and rnirtor shear zones by means 

of tunn.els and lar616 diar:1eter drill holes io, however, 1JJa.rranted. No 

evidence was found that an..v faultinr; of major proportions occurs within 

or near the dam site area. The opinion that belov; the zone of weathering 

the rnajor frr~cture systems are tight substantiated by the satisfactory· 

core recaverJ obtained from most of t.l-Je l;orings drilled in the vulley ootto1:1 

v:here erosion ha.s kept pace ·.1ith weatherinz. 

8. Stabilitv of ~ Ric;ht Abutment. Uo evidence has been brought 

to light thf'.t t.l-te roushly pyramidal shaped rock mass that forms the right 

abutr:lent is out of :.:lace or that it is parted from the :·Jain valley ~·•all 

rnas s by any dancerous plane or zone of \/JeaJcne ss. 1'\'h.ile :L t is rzoo b able 

that a prominent set of northv·r'3st fractures cu·~s the right abutment nlong 

the wried ravine, it it:: r.:>elieved that, far all practical :ourposr~s, the ') 
/ 

ri.-ht, abut;.Jent mass is monolithic with the valley wall ru.~ss. InvestiE~a.tion 

of the turied ravine area by mo.:1.ns of tunnelinr:; J.s decirable, ho·,vever, and 
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has been included in the suggested plo.n of explorations. 

9. TyPe~ Location' of ~· In the writer's opinion no rreologic 

conditions are now lJtown that ~·10uld preclude the constl'uction of a safe 

and effective concrete dam of the gravity, arch, or buttress type. Both 

the foundation and the topography are believed, hov:ever, to favor the 

gravit:r type. ~:Jhile it appe a.rs that the c!:oic e will be ,;AOverne d primnr_.ily 

by anginee:ring oonsiderations rod econo:~ucs, it seeD-s reasonably certain 

that a gravity-type structure would t.'linirnize the disadva.ntage5 of the 

foundations resulting from the fracture systems described above. 

10. The location for a ,";r.:-.vity darn ;;,s 110\'; :;roros;d has been (-;ave.rned 

largely by economic consii.lerations o.s determined from tl~e preliminary 

bedroc~,~ cout·0ur "lB.j!. Further investigZ?.tion of the Ghear zones in the right 

atutment :nay bring to light conditions that will justify shifting the 

axis some'Nhnt farther dcnmstrem, rut no major change is indicated. 

11. Strip~)ing Re(:-tirement. In the $Xamination of cores special 

attention wa.s .paid to the condition and depth of vJeatherinf;' in all critical 

areas in an. effort to determine the depth of stripring necessary to secure 

acceptable foUndation rock. All of the cores taken thus far m:-e of small 

dir.r~leter (1-5/8 inches or less). Owlnr; to rather high core los :-:;es :in many 

of the abutment holes, so:ne of \';hich were undoubtedly due to causes 

other than weathering, ::t well defined strip line is rot apparent along 

any <;i.ven section throueh the abutments. It is certain, ho·:~ever, that 

the depth of strippinr; on tlHl 3. ;utment s will vary widely due to variable 

thic~messes of overburden and to irregtlla.ritie s of weatherinc e.long 

fractures. It i!!: antic i;!2.ted that the depth of rock strippin:~ c.orn.al 

to the slope of the abutments vrill ran(~1·e from 20 to 5J feet.. Cornylete 
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re::1ov al of the proj ectine rock r:v1s ses belm'.' the hi..gh·u9~r brid.:;e should be 

provided for ns they are badly broken enri unstable. In the ~ralle:r bottom 

where the rock is, in eeneral, sound ut the outcrop, allo?Iance of 5 

!Get of stripping below the bedrock surface c..ppe2.rs adequate. All of 

these figures rtl.a\t' 1::€ EJ.t ered rJ.at sri ally by the further r:1ore ~liable e:tt-

plora..tions \Vhich have been recornrnended,. Sorn.e in die ation of the probr.tble 

depths to sound rock is given by the following data on selected oorirtzos: 

Hole ~ocation; 

5 VP.lley bottom 

7 Valley oottom 

15 Left abutment 

16 Right abutment 

19 R.tgtt abutment 

22 Right abutr::i.ent 

23 Left abutment 

24 Itit.<jlt a hutment 

25 Left al:utment 

28 Right abutment 

30 Rid"tt abutment 

34 Left abutment 

38 Valley bottoJ:t. 

41 Valley bot torn 

Elev. -
1195 

1213 

1375 

1575 

1643 

1427 

11+71 

1404 

l4lr9 

1433 

1505 

1207 

1193 

Rock Slev. ---
1130 

1213 

1368 

1517 

1620 

1396 

1433 

139J 

1395 

1449 

1431 

1456 

1207 

1198 

Sou:td .li£.tt ~. 

1126 

1213 

1.357 

1515 

1578 

1372 

14.33 

1369 

1391 

1337 

1386 

1456 

1204 

1194 

12. Leakage Conditions. A cursory exru:1inatio:n of the reservoir 

geology and a study of the topography of the Horth Snntia!'.l watershed 

indicate that there is no pro'.:>ability of important leakage if the dam 

abutments Md foundations are satisfactorily sealed by means of n g't"'Ut 

curta:Ln constructed at the heal of the dam. A considerable quantity of 

I 
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rather deep erouting is inclic ated for the n.h.ttJT~ents, for atnon~;; the r:1ost 

prominent fractures a.r\.~ those that trend r·:mghly nonn.al to the axie of 

the dam. Below the valle:r bot tom it is believed the ,::rem ting require-, 

ments will not be excessive. 

13. Earthciuake s. No ,;.Peat earthquakes have occurred in Oregon vd th-

in historic time a.nd onl;r 2 of the 13 racorcled since 1856 are listed as 

of intensity G: as measured by the Rossi-lt'orel scale. One of these occurred 

in 1873 and had its epicenter near the Oregon-California border; the other 

in 1936 vrith its epicenter close to -the Oregcm-~'lashinr;ton border. Con-

cerning these two most OQte-worthy earthquaketJ, the foll.OlN!ng statements are 

taken from Sa.rthquako History of the Un.'tt ed Jta.tes, Part I, Coa:3t and 

Geodetic Survey, U. 3. Depa:rtr~lent of Comnerce: 

1.873. November 22. A :::evere eartLcpake centering bet1veen 
Crescent City, Cat. if orn.ia, and Port orford_, Ore:jJOn1 aid preS\Lrnably 
near the State oorder, was felt from San Francisco, California, to 
Portland, Orl3gonJI over an nrea. 2&1 miles by 160 miles. Between 
Port Ortor d P..nd Grescent City man:;t chirmeys '11ere thrown down. 

1936. July 15. North Oregon just south af the oorder. The 
earthquake was destruct.fve at Freewater, State Line, and Umapine 1 

Oregon. At FreewatiJr, plaster and ·.ti.ndows were broken, chimneys 
were shifted a.t the roof line, and there was various damage to 
schoolhous~~s and other bnildin,:~s. At "'falla Walla movable objects 
were shifted and a fmv chir;meys vrere wrecked. In the central 
region there was much crRcl-::ine of the (~ound in one case over an 
area 1500 by 75 feet. The shock wo..s felt over a large area in 
rlashin~?ton, Oregon, and Idaho. There were nu;nerous aftershocks up 
to N:>ve:nber 17. The two strongc;st attained intensity 5 on July 
16 and Aur:-;ust Lt .• 

14. No seismic dioturbances of sufficient intensity to cause damage 

to an en,::ineering structure have been felt at Detroit within historic tL"le 

and no active faults are 1nown to e:tist in the area.. Hm·rever, as t:us dam 

is to be very hit;h, and the T'ossibility of 3eismic disturbances does exist, 

there appears to be justific o.tion f~r nn earthquake assttr1ption in the design 

of the dar1. 
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15. F'urther Investigations. Further subsurf<1ce i.nvestii~ations by 

meaJ13 of JJ-inc.h drill holes and tunnels to determine t~1e character of 

the fracture zones in depth and the amount of stripping nacesscwy· to pro­

vide sound foundation rock ;-we nhovwn on the aecanpa.nying l!'lap. ( Flat.e I .. ) 

:·fuile the important areas have been rather exten.si,ely explored ni th smeJJ. 

diameter drill holes, much add.:ltional information re.:;a.r<lL:1:; the structural 

details and d~th of weathering is to be desired and this cml best be CiCCom­

plished by explorations of sufficient size to pen1it an inspection of l}·!e 

foun:ia tions in place. 

16. Conclusions. The present inco.mplete data indicate that there 

are no geological conrtttions at the Detroit site that 1vouJ.d preclude the 

construction of a safe and effective concrete dar;t of the maxir:lll:n height 

proposed. 
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Detroit~~ Eeser.~, ~·Jorth Snntio.m 

River, Oregaon. 

October 25, 1940. 

1?,; .A report on "Geologic Conditions Hele.ting to the Locution, 

De errl Construction of' the Proposed Detroit, Cottage Grove, Fern 
. 

Ridge and Dorena Dams" was prepered b;r me and submitted lJ l.der the date 

of October 14, 1939. Subsequt3ntly, extensive subsurface investigatiortp 

have been made at t.1te Detroit an:l Dorena sites an.d the Cottage Grove e.nd 

Fern Ridge projects have entered the construction stage. During t.'fJ.e 

period October 7 to 11, inclusive, 1940, I made further studies of the 

geolocic conditions at Detroit end f:o.rena and inspected the foundations 

for the spillway structure at Cotta.ge Grove. On October 12, 1940, a 

conference v1as held in the District Office, at which time the results oi' 

these investigations and th;, ve_rious problems e.nd questions presented for 

my consideration were discussed. T!tis supplementary report conf'irms the 

findings and opinions given nt that conference. 

DETROIT 

18.. Under the subject "Supple::nentary Geologic Report on Detroj t 

• Dam Site.., North Santiam River, Oregon" the District Engineer, in his letter 

of October 2, 1940, requested a supplementary geologic report on the 

Detroit dam site covering specifically the follcwnng features: 

"(a) 1\ check of' all t;eologic interpretations made by 
this office. 'It is especially desired that an e.ccurate and 
complete check be made of our 'rock' and 'sound rock' contour 
maps. The latter ~ap fixes, in general, the excavation lines 
for the pro posed structure. 
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"(b) A study of the :.1ost sui table aligmnent for the 'lmY' 
and 'high' dam axis as determined by ceoloc;ic considerations. 
The low dar.1 axis must be loc e.ted to fit econorrically into s 
future hi.c;h dam plan. Future rei sing may ta.\:e place either on 
the downstream. or upstream face of the ini tiel lOV'r dan. 

n(c) A reco:mmendation in :regard to foundation grouting., 
drninF ... ge, 8.nd, if pertinent, special treo.trnent of fracture 
areas.., Your opinion is especie.lly desired in regard to depth .. 
grouting pressures and extent of' groutinG thF.:.t r;dght be re­
guirod for (1) consolidation of cri ticB.l fcundation areas, ard 
(2) the provision of a suitable cut-off ~:;::rout curtain near the 
upstream face of the dam. 

"(d) A reconsideration of the stability of the right 
abutnent. Reference is made to pare.t:raph 8 in your report of 
October 18, 1938. Your further considered opinion is desired 
in rec;erd to the possibility that the whole right abutment area, 
dow:nstrea!:i from Turmel T-::, is a slide block W:·lich has become 
seperated fron the me.in valley wall mass. If such a condition 
is possible, a. statement as to the seriousness of this feature 
from e. structural ste.ndpoin t is des ired. 

n(e) Reconsideration of any other geologic features brought 
to light by the 1 atest explorction ~program ·which r:Ught change the 
conclusions arrived at in your m·iginal report or which mi[;ht 
affect the de sign of the struc turo." 

The above items are discussed below in the order listed. 

1q~ A careful study we.s made of bedrock conditions revealed by 

the 36 -:inch dri 11 holes, tu1mel s and trenches end the cores were eX['JTl:'~ne d 

from all sr.:all diarr.eter drill holes located in the areas in w:;ich structures 

'Wvould be placed. ~,;y findint:,s rele.ti ve to bedrock confit;uration end sound 

.rock eleva.tious agree reasonably close vii th those m.ede by the Uistrict 

office. In scrrne locutions. where the sound rock elevation was not elea.rly 

def'ined and it was necessary to make a cl:oice be tween a ma..ximum D!ld minimum 

strip line, I have 'tr.dcen tl"e ccnservati ve viev.rpoint arrl used the rnaximum. 

On e. basi,s of all of these deter:mine.tions, it appears that the average depth 

of rock stri':~ing necessary to secure fou..'Yldations suitable for the hie;:: da:n 



proposed vrill range from 40 to 60 feet in the right abutm::mt, from .s t·J 10 

feet in the va.lle y bottom, end from 20 to 25 feet in the left abut:ueu t. 

The data on sound rock depths are tabulated below: 

;-role No. Depth to rook Depth to .sound rock 
in feet in feet 

13 18.3 58. 0 

9 61.3 75.7 
19 23.2 61.6 
16 58.3 60.0 
14 5.0 f 48.0 

8 4.5 Not reached e.t 54o8 
28 0 .. 66.3 
29 1 4' 42o3 
30 2 40.1 
47 0 10.0 
53 0 1:3 •. 5 
35 31.7 46.2 
37 19.6 46. 7? 

4 64.7 69(15 
5 65.2 68.9 

38 0 3.0 
40 0 3.0 
41 0 9.2 
45 0 10 Vertical 
31 0 5 
43 13.0 20.2 
46 0 2.1 
15 6.7 32.4 
49 13.0 24.8 
25 9o4 34o9? 
17 11.4 22o0 
51 11.9 29.7 
34 49.5 54.1 
52 30.3 43.0 
50 17 .o 25.0 
48 10.0 67.0 

Special mention should be made of 36-inch hole CH 2 in the valley floor 

where locel conditions apparently are responsible for the deep s~und rock 

elevation. It seems probable that a few feet away fro;n the in·trusive 

contact,,_.,. ich t.l-)is hole penetrates, the sound rock elevation lies 'hithin 

5 to 10 feet of the surfa.ce. There v:ill doubtless be o·thcr lo:~.alized 

ercas ':.'here, .:iue to structural concitions., a deeper than average vres:t:hered 

rock z :Jne v;ill be found snd he.. ve to be removed" but these should not 

materielly r.ffect the total quantities. 
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2C.. Structural conditions in the andesite moss 'Nh.ich forrru;; the l'etroit 

daJn site P. .... YJ..d the effects of strwcture on rock v:ea.therinr, uro S"il.'Jh Es to 

m8ke it :-Jesiroble to locate the axis of the de.:, es f'&r dmm stream es 

tunnels T-B and T-C (strike N 5 to 10° d. 65°+ t c:: .,. 1 . .. 1 f '11 . 2p _ o ~ •.• .~ ~:.r:ct c e.;;r .l. ~1ng:s 

from a fraction of an inch to 6 inches are present e.bove tr.e hir;hway lovelo 

~·.'11lle t 1 ~e :.:'ovement e.long tl:ese fractures appears to have been sr:r'li and 

they ere not regarded as flaws of a serious n.e.ture, they have ::nateriully 

affected the quality of the foundation in the area in ~Nilich they nre :T.ost 

conspicuously developed and should be &voided as far as possible in locating 

the upstrer::m limits of the d~~. It is to be noted thrt these fractures p,re 

near1y norr:'1.:·1 to the line o:' maximum thrust r.md it is conoei va.ble that they 

rnicbt fLf'ford f3. considerable emount of slack in the right a.butment founds.-

tion uninss thoroughly treat.ed •. For these ree:,sons it is rccor:7:1ended 'that 

the heel of the ultinmtc stage dm•\ be loce.ted not farther upstrorun than 

that s~iov...n on tre sheet i~o. 1 o;f' the present project plan. It would seem 

desirable, therefore, if this recomrnendation is to be followed, to decide 

in ndvP.nce o+' the initit?l. stage construction on wl;ich face the da.1·n Ymuld 

be raised when enrl if the ultimat.e ste,ge construction is undertn~-::en. 

21 ~ \.Thi..le the found e. ti on rock ~. t Detroit is a strong, durable 

andesite, it is cut at re..ther close intervals by fractures of both tension 

m1rl shear types. Partial removal of' restraining loads incident to the 

development of the ;<orth ~~e.ntiam Eiver valley has resul<~ ed in the open:l.ng 

of r::rm,r of t~'.ese fractures to considerable deptl:s in the valley walls and 

deep wenthering has tni:en place in masses that lie above the vrater te.ble. 

1b.e tvro !:!Ost noticeable frfl.Ct'..J.re s:vster.·s Bre t ose ·::l:icl; for eJ.l practicable 



purposes ma.y be considered as having trends parallel and normal respectively 

to tl'"e axis of tho dam. The fonner, especially, might afford some slack 

in the abutment rocks in the eli recti on of the maximum thrust end the 1 atter 

e .. re of' special imnortence from the leakage point of view. As the 36-inch 

holes nnd tl1e tunnels indicat-,e the presence of a ccnsidera.ble number of 

open or cl~.y·-filled fractures below the probable foundation elevations in 

the abutments, it is believed thet consolidation grouting should be provided 

for beneath the ebubnent monoliths of the darn. Reasonably tie;ht bedrock 

conditions are indicated beneath the valley floor by the 36-inch holes end 

the pressure tests made on small diameter holes so thnt curtain grouting 

only seems necessa~r under this portion of the dem. The following general 

plru1 of grouting is suggested: 

a. Prior to placing concrete in the dam, consolidate the 
upper 30 feet of the abutment foundation by means of drilling 
and ~=routing 30-foot wagon-drill holes on 20-f'oot centers over 
the entire area of the abutment monoliths using pressures un to 
but not exceeding 50 pounds per square inch. Careful washing 
of a,ll holes to ren:ove clay-fillings should be done. 

b. Construct a shallow curtain alo:ng a line 5 feet up-
strerun from the heel of the da."n for the full length of the dam 
before placine; concrete by drilling and grouting wagon-drl 11 
holes 30 feet deep on first 20-foot centers, then 10-foot 
cent..ers, then 5-root centers, if necessary~ to secure ~l tight 
curtain usi.ng pressures not exceeding 50 pounds per square inch. 

c. Construct a deep curtain along the fUll length of the 
dam and for a. reasona.hl e dis te.nce beyond the ends of the dam 
from the grout gallery after a sufficient weight of concrete 
has been placed to permit the use of high pressures. It is 
recorrtrnended that the grout gallery be made at least 10 feet 
high to facilite.te drilling and grouting operations. It is 
further reco1·JTnended tho.t grout pipes be set on 2-1/2 f'oot 
centers and th& t the grouting be done in two stages, the first 
stage extending to a depth of 75 feet in the valley botton1 end 
inoree.sing to 100 feet in the e.butrnente, and the second stece, 
if found necessary after exploratory drilling Pnd pres sure test­
ing, extendii1i:., to a de?th 150 feet in the valley bottom end in­
creasing to 6 depth of 2·.'0 feet in the abutments. l,ll deep curts.in 
drilling VH)J ld be done with rotary drills. Provision should be 
me.de for drilling angle holes either in a plene parallel to the 
n:xi s of the tunnel or inclined upstream e. t angles up to 60 degrees 
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from the horizonts1. Upheave.l gaGes installed in the grouting 
g~:.llery and anchored through pipes set in drill holes to the 
foundr,_tion at depths belO':: that of the grout holes should be pro­
vi.C.ed for to avoid exeossi ve pressures. As tJ·-i s dam would devel-
01J a heG.d of over 300 feet. e.t ul ti:rna te stae;e, pre .. ssures of 150 
p~unds pe:r Equare inch for the first stage grouting, e.nd 300 pounds 
for second stase f;.re reeo:mrnended. T:be order of groutinc for both 
st~lt~es v:oeld be to drill Flnd grout holes first on 20-foot centers, 
then on 10-foot centers, etc., until ~n effective seal has been 
provided rs determineo. by drilling tmd pressure testing. 

Though extensively :f're.cturod throughout and cut by a deep, 

filled rPvi ne in ·the vio ini ty of tu1mel T. C., no evidence has been eli s-

closed the r~~pt explorations that the right abutment rock mnss is a. 

slic.e block or the.t its :-;ta.bility is questionable because of sor:,e ma~ior 

structur~1l weakness. The prim.ary considerations here r:;rc deep strlppir.1g 

to secure s ounc founde.ti on rock end ceref'ul grouting t..o provide uniforrni ty 

in si:;ructur:ll stre1.1f,;th in t.he upper part of the foundation r:1ass. 

2J.. In the lir1;ht of the geolot;ic conditions disclosed by inves-

tiEe.Uons made subsequent to my earlier report, it is concluded that 

no foundation conditions a.re present which would preclude the cons-true-

tion of a se.fe nnd e.ffecti ve cooo1·ete dam of the gravity type to the 

ma.'"'Cimum height c en si dered. 
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LAB'~H.ATORY Tl!~STS OF FOUNDATION ROCK 

·1:-:. ----SlHB!PJU'·¥· of Teet R~Hn::~lts:-· Results of laboratory teste show in 
t+ s- :::.. 

Tables ~·and ~· and Chart '% e:t·o·-ttre· erKl. o.t .. this. chapter of. the ·appendix 

indicate that the un.jointed foundation rock has a compression strength 

var,yine from 6,000 to 48,000 pounds per square inch; a shea~-friction 

resistance of ap;;roxirnately 1,000 pounds pe:r square inch plus 1.15 of 

the normal load; a modulus of elasticity varyine from 4,770,000 to 9,440,000 

pounds ue:r square inch unrestrained; anrt a Poisson's ratio of from 0.18 

to 0.28 .. Stress-strain field tests on und:isturbed foundation rock ln 

the tunnels indicate a modulus of elasticity varyine .frC\J'n approximately 

150,000 to 1,100,000 pounds per square inch and a Poisson's ratio of front 

0.20 to 0 .. 48. 



APPENDIX ~ -~ 

TAB!$ i ~ 
PHYSICAL DATA - FOUNDATION BQ9[ 

. DETROIT D.A)€ SITE 

. : :Modulus of Elasticity : 0 

Hole :Sample: : ~S:Q§~1t:i~ G~.;y:1~x: D!n~i.:trl: zAbsorp.:1t LQ~d lOOO lb.L§g.in1 iPoisson's 
No, : No, :Depth:E!evation: Des)<riQtion Dn 0 We~ pry ; 1M ;. % • E ~ 0 Bat.ig . . . . . 
9 . 3 =95.8 1496.6 :Altered andesite . 2.f:i4 !165.0: . 0.34 t . . . 

16 : 4 =99.8 1475.0 :Altered andesite 2.71 . :169.4: : 0.63 . 
19 . 5 =75.2 . 1567.9 :Andesite diorite : 2.59 1162.1: • 0.75 : . . . • . 0 . 
25 . 6 =47 .. 3 1357.3 :Andesite diorite : 2.61 . 1163.2: : 0.56 . 4, 770,000 . 0 0 

29 7 =46.2 : 1394.0 :Andesite . 2.79 : 2.?9 1174-7: 174-7= o.oo ' . 
32 8 :73.0 :·1192.9 :Andesite breccia 2.76 . 1172.5: : 0.07 : r . 
39 9 :45·7 : 1632.6 :Andesite breccia . 2.63 . :164.5: . 0.93 : : : . . . 
42 10 :44·4 I 1372.7 :Diorite 2.57 : :160.7: : 0.90 a . . 
40 . 11 . 0.3 : 1201.2 :Andesite . 2.68 :167.6: . 0.45 . . . . . . 
40 12 : 2.1 . 1199-4 :Andesite 2.69 : :168.2: . 0.23 . 6,630,000 . .. . 
40 . 13 . 4.0 : ll97.5 :Andesite breccia . 2.70 . :168.9: : 0.05 : 6,290,000 . • . . • . 
18 14 :64.5 1457.) :Andesite diorite 2.70 : :168.9: . 0.84 . 
18 15 :69.0 . 1452.8 :Andesite diorite 2.63· . :164.5: 0 0.65 . . . . . 
35 16 :32.5 1195-9 :Andesite ( oxid.) . 2. ?Q, : :168 .. 9: . 1.36 . . • . 
35 17 :34.0 : 1194-4 :Andesite diorite . 2.68 :167.6: . o. 78 . . 
35 18 :37.5 l190o9 :Altered andesite . 2.67 : :166 .. 9: : 0.78 . 9,890,000 . . 
11 19 : 6.0 1270.4 :Andesite 2.74 :171.5: . 0.20 : : . 
11 20 : g,; z 1267.9 :Andesite 2.82 :176.2: : 0.42 : . . . . 
46 1 :25.9 . 1183.2 :Andesite 2.67 . 2~68 :166.6: 167.3: 0.52 7,250,000 7,800,000: 0.183 . • 
46 2 :39.8 . 1169.3 :Andesite diorite : 2.63 . 2.66 :164.1: 166.1: 1.09 . 5,320~000 : 5,815,000: 0.186 . . . 
51 . 3 :25.1 1422.3 :Andesite diorite : 2.67 . 2.69 :166 .. 6: 168.0: 0.61 5,160,000 : * . -f};·6?&-·· . . . 
49 4 :48.9 1322.4 :Diorite 2.Q3 . 2.65 :164.1: 165.5: .0.79 9,440,000 : 12,120,000: 0.282 • . . : : . : . : . . . . . . 

Not computed - Suecimen b~hf;~!J·~tjn~rmally~11 
, 

, ~~·o<lo 
* 
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COMfRES§ICN TESTS 
DETP.OIT DAM SITE 

: . . :Compressive :Computed Shear -:Computed Normal . . 
Hole Sample . : : Stren&.-th : ing ·Strength Load . 

Number Number Depth Elevation . :Qesex:i;ptiQn :Lbs./Sq, rn,: ~b§./§q, In• Lbs./sg. In, , . : . 
lt 

3 . 95.8 • 1496.6 :Altered andesite : 17,300 . 6,990 . 3,560 • • • . . 4 99.S . 1475.0 :Altered andesite . 16,100 : 6,500 J,:no . . . 
19 . 5 75.2 1567.9 : f..ndesi te diorite 13,200 6,260 . 4,540 . . 
25 6 47-3 1357.3 :Andesite diorite : 11,600 : 4,910 . 2,720 . 

_2.9 7 . 46.2 1394.0 :Andesite 14,900 . 6,020 . 3,070 . . . 
32 . 8 . 73.0 . 1192.9 :Andesite breccia· 6,)60 2,570 1,310 . . . 
39 . 9 . 45-7 1632.6 :Andesite breccia 12,870 . 4,770 2,140 . . . 
42 10 : 44-4 1372.7 :Diorite 21,000 7,800 3,480 
40 11 0.3 1201.2 :Andesite . 9,190 3,510 1,635 . 
40 . 12 2.1 1199-4 :Andesite 12,610 . 5,090 2,600 . . 
4Q_ . 13 : 4-0 1197-5 :Andesite breccia . 14,080 : 4,880 . 1,980 . . . 
18 14 64.5 1457-3 :Andesite diorite • 12,900 4,SOO 2,140 . 
18 . 15 . 69.0 1452~8 :Andesite diorite 13,400 .. 5,680 3,150 • . . 
35 . 16 32.5 . 1195.9 :Andesite oxidized 8,820 ' : 3,570 1,820 . . 
35 17 : 34.0 . 1191,.4 :Andesite diorite or \..'4 : \) . 

7, 770 ~: '\ . a1 t.ered oxid. andesite 3,440 '\. 
. 2,060 • . 

32... . 18 37.5 1190.9 :Altered andesite . 10,320 ~ \: 3,440 ;'«)' : 1,320 . . 
11 : 19 6.0 1270.4 :Andesite : 10,850 ~: 3,910 ~: 1,660 
11 . 20 . 8.5 126?.9 :Andesite . 6,130 ,, : 2,540 : 1,350 . . . 
46 1 25.9 . 1183.2 :Andesite . 15,830 "\: 5,089 '~ : 1,852 . . 
46 2 : 39.8 1169.3 :Diorite (andesite inc.): 8,920 ': 2,614 ',,: 852 
51_ : 3 . 25.1 . 1422.8 :flndesite breccia 12,720 ~: 4,250 l'>i"): 1,636 . . 
49 4 48.9 : 1322.4 :Diorlte • zo, 700 ~: 6,068 \·,,," 1,977 . 
25 6a 47.3 . 1357.3 :Andesite diorite 48,200 ') 16,700 ·-. 6,?80 . 

~; 40 12a 2.1 . 1199.4 :Andesite : 28,000 .:0 9,300 3,580 . 
"-.,. 

40 • - l.3a 4.0 1197-5 :Andesite breccia . 19,700 ~: 7,880 : 4,060 

~ 
. 

18a 37-5 1190.9 :Altered andesite ~ 9,~---- -~--(;. 
.•. . . + 

_ __.. .. -· 
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s. 

l. T~;tt J.!lQ fymsaa Two foundation loading ·tests Jrere ~omp~•t•a 

on Detroit foundation rock1 one in e.ch of .ttmnelJJ T~ and T~.. These 

testa were made to dete:nttine Poisson • s ·ratio and the ·.dtiulus of eia.a .... . ' '. . " . . .. \ 

tiei ty for the foundation rock in 'place. · 

1/r~. ie!stt·3QS-·eE:.4tltrl• 'nle teat in t~~el T-1;) was loca.teq at·. 

Station 0/.37 abOut )0 feet from the . faee of tne· cliff at·. an ap]J~x.im&.te 
/ ', y :, 

elevation of 1300 feet 0 e.nd at local dwite. coo.rd~t.ea lf. 1387 1 ··· w, 
. . N tl 0 e 

1089. · 'i'h~ ~ bearing of .the tunnel ies N. 58'? ·38.1 E. . 

....,._. ln tunnel T-A the test was aet .. up at .it&tion of97 approx..:. 

imately 60 feet fro.m exposed rock faee., elevation .1237 feet, and oo~ 
' ~AI· !o d ; 3 I w ·. 

. ordinates N. 13581 W. 899· The tunnel be.a:re 'S. 8,0 00' W~ 

"-· Th$ material in both tunnels is a dense nne grained ande.eit~t. 

In the area tested in tunnel T-D there 1$ evidence of considerable 

jointing on three plan-es, with Sotle joints spaced as close &a one foot. 

In tUl'Ulel T-A the test was made in· a :JectiQn where the roek indieat•d 
Citt4~r .. ·l $;(e·'"'~ ' .. ~:;?;,,..­

large blocky jointing and no fraetur~ng. ~e J3l'"tUiM1R~mi tre.et~res 
,. l ... d to~ . .. ' ' ' . 

_A.•}\ 1 ( ,)_ (. · .. I ·••. '·•"" t. .• 

·&nd jolnta .._. ·,s.e• on-~ ~~.~~:-~ttiet ~ 

S· Egy.1,Q11Pt ansi §tty,ga e~art· t -of Appendix •B•,. Chapter V and 

fi~re 1 show the arrangsm.ent of th• equipnent. Load was applied in 
. ,' . . ' 

a horizontal direction normal to the tUn.nel center lina ,~~~ a hJ'draulic 

j&ck of 100-ton capacity, to whiph. a PN••ure gag$ ;wa:s ti~tf.di:e·d. 
" ~]!: ' . ' ·: ' ., . •' ,, '·.. " ' 

Pressu.rt) in tho jaek was vari~d bJ, means. of';:a hand 'ope:r ... :bed PWAP• The . 

bearing areas conai•ted of stetl pl.a~·~· 1)-9/16." diM~&ter., 3/4 inch 

thick trane:mittin~t the load frot4l a 12 x 12 timper to a. eonente bearing 

S. 

.. .: .. ; 



block, and one 13-9/16" diameter and 2t inches thick transmitting 

and dietriblltina the load· trom ~ 1~ inch diameter steel ball to a 

concrete block. Each of thee$ plates wae imbedded in a G~1erete block 

mountert on the tunnel wall. The thickness of concrete was kept at a 

minimum, 4 to 6 inches being eu!fioi~t to cove~ projecting rock and 

produce a bearing surface • 

• 

Fig. 1. Te~t f4uipment Wounted in Tunnel T-D. 

- 2 -
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6. Gaus• plu.ge, ,3/ 4-inoh machine bolts, were located and desig­

nated as shown by charti At leaet 6-inchea of each bolt was grouted 

into drill holes with h.igh-.arly strength cem.Qnt and san4 grout. The 

bo:tt heads we-re aligned in. a. vertical plane parallel to the tunnel 

center line and e.e near the wall as possible. Rock between the 

ga\tge· pl\igs, projecting b87ond this· plane, ~as· triuned to afford cl~arane, 

tor the atrtf'J.n gauge. A eom.plete $f!.tt of plugS wa:s installed on each 

wall, one set directly opposite. the othet'. Holes for Jtrain g-auge 

points were drilled in the gaUge plugs at distances indioat•d.. The 

diets.nce betwe&n plugs 11 ., 2 and ) we.s made equal to the· gaug• length 

of a l0-1nch strain · ga'fl€e. The diatsnee 'betwe~n plugs 3 a~d 4 lla$ 

made equal to the dis~anee between the two paraUel planes Q.f bolt 

heada •. 

7. J2tf&U1Mt191l Muor~:JI Radial deformation, movement 

· in. ·tha plane ot the walla to':'8rds · t.he loa.ded area, waa measured with 

a lO•incll Whittemore Strain Gauge between points 1, 2 and 3. Radial 

deformation betwe,m p<>int5 3 4U"ld 4 and wall deformation, aeparatiou cf' 
... / "' 

the tunnel walle. in the ditection.ot the applied load, were measured with 

an ~s Dial attached to an exterl-sion. The· e:xte11sion was made ~· ot 

1/2-i:Jleh pipe ·and ria providetd with a hardened tapered etEH!l point whioh 

could be adj.uated ro~ Narti..;)ua t.~el widthe. A thermometer was also 

attached to the pipe. 

8. ~· 'nl•. total . load applied was detenuned by readings on a 

pres,eure gage a.ti;.Mbed' to the_, hydra:ulic jack. 'ntis' total load wa.e 

uniformly distributed OVI't a circular area of 144.5 aq •. il).chas. 

- 3-
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9. Tests Qomplete!,!: Radial and wall deformations were observed 

for the follovdng loadings: 

Test Ng. Loadings lbs,/sg, in. 

:Time - Beginning 
to End of Test 

Hours 

In }'unr)el T-D, · 
1 

2 

In 'funnel·T-/J,. 
1 

2 

3 

0 to 210 to 0 

0 to 367 to 0 

0 to 806 to 1012 to 
1382 to 1012 to 806 to 
592 to 367 t~ 210 to 0 

0 to 210 to 0 

0 to 518 to 0 

: 0 to 1382 to 0 

. • . • . . 

1 

1 

' 
5~ 

6 

18 

5 

10. Nomenc!ature: 

w1, w2, w
3 
~ Wall deformation of points 1, 2 and 3 in the 

direction of applied load, in inches. Assumed 

equal to one-half the measured wall separation. 

w1_
2 

m Wall defonnation w1 minus wall deformation w2• 

u1, u2, u3 : Radial deformation of points 1, 2 an1 3, 

in inche~. 

u1_2 .. = Radial deformation of point 1 minus radial 

deformation of point 2. 

6 = Poisson's ratio. 

E = Modulus of elasticity in pounds per sq. inch. 

q = Intensity of load in pounds per square inch 

on loaded circle. 

- 4 -



Q = Radius of the loaded circle. For·l3 9/16" 

diameter, a is 6.781 inches. 

r1, r 2, r~ • Radius in inches to points 11 2 and ;. 
"" 

Et, K, = Complete elliptical integralt for point l. 

a a a k1, k2, k3 = Constant r; 1 ~, tJ • 

U, ~gu§tl2P1!: The observed deformations· were eubetit.uted in the 

following equations., When solved si.rnultaneo'Usly, t;hese equations give. 

values for Poisson's ratio anct the modulus of elasticity • 

.!• For wall deformation (W} in the direction of an a.p?lled load.. 
z ' ]! ,', 

w ::4(1 -4 )q.r[ £.tf~ 1:_ Q ~sin'ede_ {I~"') /z : clrJ .]· 
rr E J Y 1

:- Y:J.~. r 1:J-... I 1'- ;i~s~n~6 
o . . 0 V r" 

See ''Load distributed over a. part of the •· 

boundary or a semi-infinite object." -

11 Theor.y of Elasticity" by Tilnoshenko• P~.334, 

1st Edition. 

£• For radial deformation (U). 

u • w fr_: z /Jft!:_/) _!i__E!_ 

'lliua.tion derived by H. D. Eberhart fr~ equation 

. by A, E. H. Love, Equation is identical to 
' ' 

that given by TSJnoshenko for a conCGlltrated 

load (P) on a. semi.:.infinite sol~d. V-.iu~ 0! 

P • q ;r •
2 ("Theory of Ela:stiaitytt, pa,.ge 33~ 1 

1st Edi.tion). 

- 5 .... 
~ 
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12. Con :;tan! s combined: 

a. 

f 

E, und K, being elliJiticol in+eqraJs) ~et>''A '::>1 1,Jrt 
T"o b le ot :.;.. n teq ra 15 11 Peirce p. 121. 

( l ) W
1 

, For- a II No. I. Point .5. r
1 

::: I 0 ~~. 

5
. -h, 1n 

.::::: 

(E,)
1 

=- J .3705 

(K,), = 1.8216 

6.781 
10 

=- • 6 781 

4 < i -:"'·) g 10 [r. JI'O~- I.BZ/6( 1- 6;~~1 z)~ 
3.1416 E ' ~ 

= 4. 9 3 ( I- l
2

) g 
E 

(2) Vv~ , Fe" tz -:::. 20" 

J-;2 = 6. 781 =-,33.8 
zo 

5ir(k.~ :::: 19°-49' 

.E 1) ._, = I .. 5246 . ~ 

(K,).: :::: I .6191 

, '\' = .:U_L_} z L'l. ___ f a [ I "' ;' -' .:.. -·· ' (' ), I 91 (/ I -- __ §: ?_§j_: ))1 
r.?. 3.1416 E ,_,~.._.,) I•' • ;:.oz ~ 

= 2.33 j__I_-f~~--- ·----- --- ~ --
E 

-::.·.2.26 
30 



(E.,)
3 

I. 5505 

(k)~ I .5915 

w3 :::: .1ll::.A~1-V o .. 
3.1416 E. 

-- _ _1__~_4- t L ____ cj_ ~- .Lg_ __ 
E 

( 4) w 1-.~: 4 9 J k' -6 
2

) g - ::_:_;:.;,:_~f~ .( ~)_q ___ _ 

b u = __ (I- 2 i )(I +i) a a2. 
· 2. Er ~ 

(I) IJ1 , for Y( = I 0'' 

U, == _ li: 2 6) ( I .. "*" t) s_ ___ _i_:.l_{ll_~ 
£.~ E 10 

(3) U3 , for YJ 30'' 

u -' 

(4) u 

--7··· 

-r 



13. £quat ion!;) (..ornbined. 

a. .Solve for 6 LJ5in~ observed U, and~· Divide W1 btj -u,. 

W, (1 -2.1)=: -U,(Z,/5)(1-/) 

6 ( z. vr, +- z... J5 u,) = w, .._ 2.15 u. 

H .,. 2. 15 U, 
2 w, + 2' 1 ( 5' u 1 

w, ( 1- 2 /) = 

Wt -zw,l = 4.Z9 u,~~ 

z \"' I+ 4. 2 9 u,_z.. i - 4. 2 9 ~·- 2 -1- vvJ 

f = ¥\', + 4. 2. 9 u J- 2. 
zw,-+ 4.2.9 u,_ 2 

vv, -~ - z J w,_ 2 = z. z. 6 6 u,_ 2 



I 
I 

14.. pbserxea Y!!!lu.,~P '1~ablet _.i( and off, and charts ~:!: to ''f·· in-

clusive a\J.mlllari.ze all meaeurernentR mad~ in tunnels T-D a.nd T-A. Values 

which d~via.te<i excessively have not been 1..ncluded in these a.verat,-res. 

Individual radial etrain gauge measurements are believed to be accurate 

to ± .0002 inch.. Wa~l separaf4,on measurements probably v<u·y in a 

range of ±. .000~ inch. ·ir _· .)\ G 4-

. 15 •. !WUJ!(l ,t-tl Regulj(rs: Referring to Table ...f·"' and charte 4-i: and 
/) .. · . ' 

-lll-!or·tunnel T-D, it 1't'ill be noted that the values for radial de-

tonu.t.ion ·on the upstream or right wall indicate conside.ra.ble increase 

in d;1Rsiioe between pointe, 2 and ~ and a decrease between points 1 

and ·2· rn .... greater part of tbil movement can probably be attributed 

to-c;loaing ofthe jointe 1n..the rock. The d01mstream or left wall 

produced.\ radie.l deformations .of DlUCh lass magnitude and in the dir-
' 

action o! ·tba loaded area, indiea.ting that the rock in this wall was 

not jo_!Dted· as extenaj.vel.y, ae the opposite wal.,l. Compa.rieon of radial 

deformation on t~e right and lett •lJ.s, aleo indicates that the r,reate:r 

part. qf tha W.ll separation probably occurred in the right wall. 
. . . 

Wall ~ration lfas measured !rom. wall t~ wall each reading being the 

Still of the· deformation of bot,h -.alle. 

16. For evaluating Poisson's :ratio and the modulus of elastioity 

of rock in 'l'unnel T-D, average ve.lues fot' radial movement observed 

on the downetream or·laft wall, and average values of the observed 

wall separation for one wall were applied. Since the defonnati~m wae 

gr~ateat on the points elose to the load, values, shown in tables 
7 8 .. 
~and !i!,. we,re deter.mined either from the deformation at point I 

or the difference in deformat:J.cn between points 1 and 2, By using the 

- 9 -
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diff~~rences, effect of PeT"tllflnAnt set is redueed ,to that occurring in 

a 10" gauge length. Values a:r-e c:Jmputed from total defonnation occurr;tng 

on the appliccltion of each load, b.Itd for deformation recovered on re-

lease of the load. Jeformktion caused by an applied load may include 

sliding on joints and permanent set in addition tc elastic deformation. 

iVhen the load is removed, the recovered defo:nnaticn may include sliding 

on joints in ·addition to elastic deformation. 
'1 ("!' 7 

1"/. ~1 T-A Rerrul;1f!i Table -TY- and charts -1¥- and ..Y..· show tho 

results obtained in tunnel T-A. Comparison of the radial deformation 

in the two walls shows that the movement is more ,_ !liform in direction 

and magnitude and tht.t it is not as great for similar loadinp,s as 

obtained on the left wall of Tunnel T-D. In tunnel T-A the radial 
~ 

deformation on the left, or river wall, shown on· Chart i¥, presents 

the beet example of uniform elastic deformation observed. Very little 

}ltJrtuanent set is evident on releas~ of load. The r-teht or hill wall 

shows some evidence of sliding alon~ & joint and a slight p~rma.nent 

shift in position due to load. 

1a. .Average wall separat.i ·:n in tunnel T-A for a maximum load 

of 11 )82 lbs. per square ineh wae less than one-quarter of that ob­

tained i.n tunnel 't-D. The cumulated permanent set o-r wall deformation 

at the completion of test No. J was less than one-eighth of that ob-

tained in tunnel T-D. 

19. · Values for Poisson's ratio and the modulus of elasticity 

of the rock in tunnel T-A were determined by substituti·:)n in the ec;uations 

uelng the difference of obs~rved defonn.aticns of point!> 1 and 2, table 
10 
-;r, sheet 2, In addition it was possible to measure the radial movement 

.... 10 -



between points I-3 and 1-4• Assuming that point 4 remained fixed, the 

total radial movement of points 1, 2 and 3 could be determined. Results 

using the total radial movement and the wall deformation of point 1, 
10 

excluding cumulative permanent set, are shown in Table .1f; sheet 1. 
I I 

Table .lff- summarizes the results obtained in Ttmne1 T-A. 

20. Permanent Set: Permanent set, deformation not recovered on 

release of load for wall separation in these two locations are r)lotted 
;;. 
~~ .. , .. / 

on Chart~ for various distances from the center of the loaded area. 

It will be noted that the permanent set in Tunnel T-D is much greater 

than in Tunnel T-A. In Tunnel T-D the amount of permanent set increases 

~~th the load, but in Tunnel T-A the permanent set is approximately 

constant for loads fr~ 500 to 1382 pounds per square inch. 

21. Symrg.&.rr: Values for Poisson's ratio and the modulus of 

elasticity derived from these field tests are tabulated below. 

:Cumulative Permanent 
Modulus :Set, Wall Deformation, 

Poisson's of :10 inches from Center 
Load oer SQYAte;~: Ratio Elasticitv :of Loaggg Ar:~a in in. 
Iunne! T-~· . . 

ldoad a2~11~d ( *) : 
210 0.34 147,000 .0022 
367 0.48 301,000 .0036 
S06 0.46 228,000 

1,012 0.46 218,000 .0078 
1,382 0.46 224,000 

Load rele.{sed . **) . 
210 0.35 200,000 
367 0.31 543,000 
806 • 0.46 195,000 . 

1,012 0.45 220,000 
1,382 0.43 286,000 

Tunne~ T-A· : 
Lo~.ct anal~ed( *): 

210 0.23 750,000 .0004 
51B 0.36 880,000 .0009 

1,382 0.38 1,080,000 .0007 

- ll- . ~ 
>/ 



LQ§g t§leaseg, ( **} 
210 
518 

1,382 

0.41 
0.44. 
Q.J2 

6BO,OOO 
1,020,000 
1.100.000 

(*) Values are derived from measured defor.mati0ns for ~ach load 
which include only a portion of the cumulative permanent set. 

( **) Valuas are derived from deformation rac:Jvered on release 
of load which do not include pe:nna.nent set. 

21. It is believed that the most of the movement recorded was 

caused by sliding along and cl9sing up of joints r8.ther than elastic 

deformation. Laboratory compression tests on sound 4-1/Brt cores 

from drill holes indicate a Poiseon 1 s ratio of about 0,18 to 0.25 

and an unrestricted modulus of elasticity varying from about 4 1 00( 1,000 

to 9,000,000 pounds per square inch. 



1 
2 
I 

1 
2 
I 

manu A - QHAnu J. 

rtiH.1 .1 
~ZI\OU Ja .ilD. 

ZQIIII. t:1! •. 

SJJW fflt 91. l"l>IBID4il01 LOltQlJlb( :rGl P6U 

I Loa41118 ~ R4PIA_ miOlwAizfj ij nwiji_S ( *} . j DUORIUT lOB Of iiA.LL ( *) 
l&Ma,Lsa, In. 1~ RIGH'f Wfi·1· l J, , lEN W,!Jt!· Jlp R!mAAiOA Q! .Ltalilt lL 

sLoa4 ID.O,..U4 ~ 0 .Lbee/Sil• In. !heie val1.16e l.Mlude ~nt Mi pro4UiOH 4ur1ng 
teaoh sea~ 1rG 4o J~o~ l.eelwle <tumul.ativt ptJIDIIIUWnt aet n•ulting tl"oDl p:rnioua loa41nga •. 
t o 1 210 c ~.0006 a feOOOI sf ;..0001 a -f-00~: .006!s .ooaoc.0020a ,0007 
' 0 ' 36? I .... ooo. a f.OOO? '~ f.OOOl ' -.ooosa .oob&s .ooaoa.00171 .0002 
~- Q • .. 806 a -.ool5 1 1:.0021 , ; ;..o004 a f,.oools .om: .oo67t.0035s .oooa 
t 0 ; .~&&• c -.0017 .t;. ;t.oo2a <. f.0004 • f.OOOla .Ol-46a .oo77a.0039s .ooo9 
i o a 1,.012: a -~.0016_\~-f·OOI3 ·~ ;..ooo& a ~.oooaa .ol'!Va .ooa5a.004oa .09()6 
t 0 t 1,012 s .. ·-..0018 c fe00i4 tt f-0006 a f..OOOlt .OlS6• .oo~ .. Q046a .oou 
f . o a l,IS2 • •• 0018 a jl.004l cf jl.oooe •: .j..0002a .oMOs .Ol21a.OO&lt ~0011 
. .' ~ Deor.aeea to. 0 .l.)a.jaq. 1n. ftdl .. .,.1-.s i!ld.104'\• 4et0l'!llf.U.oa reoareMd. OJ>. 
· >releaN ot load aDd ~ uot t.aolwl• ~rilan•nt •'• . · . .·· 
~- 210 s . o s .oooo • . f.oooa ( ,t.ooo5 , · -~oo • • oou, .OOlth.oolO~ .oooo · 
~ ~7 s o . : ~ •. ooos J ;...~ • ;.oo04 ' · .ooots ~~~~ .ooZ&a.ool~ .<>Ooa 

, :t 1,381 • o • · • .. 0001 • f .. OQ81 s 1•0010 a .. ·~· .Gl99• .~loos.oo&ts .• otr~ 
J 1,012 • o .r .~ : f•QOa? • -;..ooos a . •000.1• .tll~: .OO&?t .0045s .• oooa , 
•. oo& , o t't.· -:.ooo' • f..OO&S • ;..ooa~· t ·0002• .otsza .oo7'h .00411. .qoo1 
.I 69% r & t . · .... oe()a t f:.0922 I f:•0001 s .• oooaa .0~40 a ,0065a .t>OIOJ . ~03 
.·• Z6? r o • -.ooot .: f.qoa • f:-0006 • . .WOl• .oot& a .oo4tt .oou,, ·· .0002 

r 1 210 I 2 I · -,Q)}Q4 ,; 
4
ita!91J. 1 t.0008 I . <.aOJ)Qit s29f! I eOOJ'la.OOlil . ,0001 

Note: A plus sign (f) P!eCed:lng values for trl-2 and U2_3 indicates. spreading, dtte to the load, 
betnen thsse points. . · 

( *) Each value is an average of one or 11\ore readings on four similar gage lengths. 

! 

l 

I 
t 
! 



Solve tor { and B 6 = w,_~~ +- z. Zb u,_z. E = z. 60 c , - ol..J ~ 
2..WI-Z. + ?..(.6 u,_~ W,-z 

l Lo&4 l w,_2. + 2.26 u ,_ ;::~ •zw,_l +Z. zo u,_z. ' 1 f l iL :r •• , I q ' Potaao.as I /1.. • 1-tl.. '£::: (..60 (1-6 )q 
No. t Lba.j a W,_ z. U,_ .z. I 2..Z4 U,-~ I WJ-L + U ' 2W,].2. I iW(I-2) + t Ra'lo • • t 

' W1-l 
I Ia a liia I I I•'~ Wall a a z..z..~tJ I-.?., · 1 z..6iLL,-c. 1 a- &. I 

'• 

lor lnorea.ing .I.Da4. 0 L)e.f•q• 1n. 'b loa4 indioued.. Values illcluh 
4eto:rmat1on aDd permanent set • 

1 ' 210 I .oo~. -.000? I ... oolt , .0017 l .0066t .0050 1 .M I .11: .a9 . , 147 .ooo 
2 ' 367 I .0022t -.0011 • •• oooa , .oo20 I .00441 .()04.2 I •• 8 ' .u • .1'1 ' aa..ooo 
3 ' S06 t .oo&ea •• ()()Oft I -.0009 I .oou. I .Ola6a .OU7 : .46 I • .211 .19 a 243.000 
3 I 1012 I .009ta -.0006 I ... ool4 I .0078 I .Ol.$&t .0110 I M I .2lt .79 • 126.000 .· 
3 I 1382 I .Ol25t -.ooo8 & -.0011 ' .010' • .OaMs .o232 I .46 .2lt .19 • ~7,000 

ror :o,:toreuilli Load. l'alota ta0lu4e ~01"D'J8r$1oB reOOYere-4 Oil 'rele.,.. ot load:• 

1 s 210 I .0026a -.0005 ' -.oou 1 .0015 I .0002a .0041 I ~7 • .l6s .S6 ' 1$9,000 
2 I 367 I .OOl!t -.000' : ... 0009 I .0004 ' .002'6& .0015 I .a? t .ov_, .ia I 68&,000 
3 ' 806 a .0085a -.0005 I -.oou I .0014 s .ol10c .0169 ' ·" t .21, .79 I 195.000 
3 t lOU I .00961 -.oooa l -.oo~ • .0077 I .OliOt .01'72 I .45 • ·.ao, .eo ' 22.8,000 
I I 1382 : .00991 -.0010 & -.0083 ' .0076 ' .01981 .0176 I .. 48 I .19a .sl I 2.94,000 



• 

I Lead 
'ea~ J q 
lo. t Lba./ 1 w, 

1 S&·IJie' 

d =- 4.2.9 UH!. f w, 
. 2.W, -l- 4· 2.9 u ,_ ~ 

E :: 4. 93 ( J - tf z) 9. • 
w, 

: zw._. + 4.Z9U,_z• -= 
Po1asona s 

l 
/l 

Ra~io o 
c1 .I 

lor lAOMUing ·~ 0 llD••/fA:. 1Jh · -~ 106\t Uid1oate4~ Yaluea 1nala4e . 
determ&,ion e.za6 pe~ .... 

1 J .aw I .0063s -~000'1 1;: ,..;.()030. .oo33a • o1.26s .00961 ·"' t .11 I .89 
2 t 367 I .-0062t ... oool • -.0004J .oo•:t- .0104s .OlOOt .48 I .20 • .7'1 
I ' 8061 .Ol.45a .•• Ql)t)& I -..'00171 .Olaf I;~ .0290• .021as .47 1 .&2 1. .'18 
3 • 1011 t .Ol8Gt -.0000 j - .• 0026t .Ol50t .OI?Ja .oa.t.Oa .46 1 .u J .'li 
3 : 1~%: ,(}24&, -0008 I -.0084-t .o2U• .ouas .ous. .46 1 .n l .79 

For Decrea•ine; Loa4 •. Vallles 11101-ade ••tormu1oa recOT8r•4 on relea• of 

1 I ... • o04aa -.0006 1 -..00211 .oo~l; .0084a. .00631 .&a I .11 ' .89 
2 ' Af· I .ooag, -.0004 • -00171 ..0022; .OO?Sa .006lt .36 ' .13 '· .B1 

.a I &06- : .016.2r -.0005 l -.0021, .0141: .oz24, .OZ03t .46 I .21 l .79 
3 t l&U J .Ol82t -.0006 • -.0034& .tU4St .oaMr .0330; .45 .20 • .eo 
3 l lMZ, .0199& -.0.010 I -.0()4a; .Ol56a .0598s .OZ5oa .44. .19 • .a1 

. 
; E:: 4.93 (1-IJ q 
• w, 
I 

. -, 146.000 
I 266.000 
I 214,000 
: 411,000 

' 220,000 

load • 

I 2.20,000 

' 405,000 
194,000 

l 219.000 
l Z?S,OOO 



AfW~i J.i, OH4\1ER I 

tJJU,i iW:- \o 
" 

41mQIT~~ 
TJJlijjEI,. ~ 

StJMM&;RY ~ QQJ4liD!ED YJ.LUlS LW. J;OI§~·s u~ro 
AU J:illi.Q;QY~U~ Ql ii.A~~g·~l 

I Measurement• I 

I Used in I Polaaoz:.'• !4o4nlue ot 
Msllll I asan~a~ J.ga lll~il I I~AI~1Ailii 
Loa4 .t.ppliea 

210 ' wl-2& ul-2 .34 147 ,ooo 
: wl & U1-2 .34 f 146,000 

A!l• I .~ I uz.ooo 
367 ' "1-a& 01-2 .48 a84,000 

I '1 & 01-2 .46 266,000 

I i..ll• .i~ ISl:l.ar& 
806 : w1-2& U1-2 :. .46 243.000 

J wl & ul-2 .47 114 ,ooo 
All• I 1ii .& I •• QQQ 

1012 I 11 ... 2& 01-2 ' .46 • 2!6,000 • 
I 'fjl & u1 .... 2 1 .4-6 211,000 , ..... ai§ I ~§.QQQ 

l3S2 ' w1-2& 01-2 .46 ' : 227,000 

t "1 & 01-2 .46 220,000 

Ave. I .t6 • iaN .ooo 
Load Released 

210 I ~'1-2& l11-2 ~·· ,37 180,000 
1 wl & 01-2 .Jz 220,000 

:&ve 1 l: 
'\ .aR ggQ.QQQ ~ ' 367 1 wl_z& ul-2 ,. .27 : 682,000 

I wl & u1 .... 2 .36 405.000 

1.!1• .3~ §:i&.QQQ 
806 I "1-2& 01-2 .46 l9S.ooo 

a w1 'ul-2 (: .46 l 194,000 

'"• ' ·i§ • 19p,QQQ . 
1012 w1-2' 01-2 .45 222,000 

t w1 as 01-2 .45 219,000 

. &ve 1 .~~ 2iQ.QQQ 
1182 • "1-~ 01-2 .43 294,000 

1 .1 ' 
0
1-2 

.44 278t000 

Ail• a4~ &Di.gQQ 
•""'' , .. 

,'>{~ 



Test: 
No. 

l 
2 
3 

l 
2 
3 

APPEJ"JDIX ~' CHAPT~%' Y.. 

TABLE IV 

Loading RADIAL DEFJRMA'fl,JN IN INCHES* DM'\..iRMATivN OF WALL* 
Lbs.Lso. In. RIV1..£R WALL .• L.E:FT : El~L ~.A,bL 1 RIGHT IN DIR.:•:CTLN OF LOAIJ 1 II~CHES 

Initial Final ul to 2 : u2 3 
: u 

to : ul 2 : u2 : u.3 to 4 Yil w w w 
to 3 4 to to ., 2 3 4 . . . j . 

Load Increased from 0 Lbs./sq. in. These vaLues include permanent set produced by load during 
each test, but do not include CUI:lulative pem.anent set resulting from previous loadings • 

0 
0 
0 

210 
518 

1,382 

210 
518 

1,382 

,L.0002 
,L.0002 
,L :'11'01 . ..) ../ 

.0000 
,L.noo1 
,L. CDO 5 

/-.0006 
,L.n003 
,L.noos 

.0000 
-.0002 
~ .0004 

,L.0002 
,L.0002 
,L.ooo6 

. 
,L.0003 :.0015 
,L. 0002 • 0024: 
,L. 0008 : • 00 53 : 

.0009 

.0010 

.0024 

.000?: .0001 

.0005: .0002 

.0012: .0005 

Load decreased to 0 Lbs./sq. in. These vc.lues indicate deformation recovered on rele<;se of 
load and do not include permBnent set. 

0 
0 
0 

,L.OOOl 
,L.0002 
,L.0003 

-.0002 
/-.0002 
,L.0005 

/-.()003 
-.0005 
,L.OOll 

.0000 
-.0002 
-.000/+ 

,L.OOOl 
,L.0003 
,L.0006 

,L.0003 : .oou 
-. 0001 : .OC19 
,L.ooo6 : .0055 

.0003 

.0007 

.0026 

.0002 

.0003 

.0013 

.0001 

.0001 

.0004 

Note: A plus sign (,L) precedin1:: values for U1 to 2, "Jw to 3, and u3 to 4 indicates spreading, due to 

load, between these points. 

*: Each value is an averE!ge of one or more readings on four similar gage lengths. 



Test 
No. 

1 
2 
3 

1 
2 
3 

APPENDIX ~~ CHAPTZR y 

TABLE y_ 
DETROIT~~ 

TUNNr!l, 1::! 

COMPUTATIONS 
SHEET: l .Q! 2.. 

Solve for 6 and E. 
I = z. 15U, + WI 

2W, -f2..15U, ' 
E:: 4.93 (! -lz)q 

w, 

. . : Load 
q 

Lbs./ 

. • ~ + ;2.15 u, 
U, t~.I5U, 

Poisson's 
Ratio 

lg. In. : 
w, 

: Left Wa1l : . . 2. W, : 2. W, + l./5 U,: . . . . ( 

. . 
: 
• . 
: 

210 
518 

• 1,382 

For increasing load. 0 Lbs./sq. in. to loa.d lndica.ted. Values include 
defamation and permammt set • 

. . 
.0015 -.0005 
• 0024 : -.0006 
.0053 l -.0013 

. . . . 

. . 
-.oou 
-.0013 
-.0027 : 

.0004 

.0011 : 

.0026 

.003(): 

.0048: 

.Ol06t 

.0019 

.0035 

.0079 : 

.21 

. :n 
-33 

: . 
/z: -/; E = 4.93(1-t:Jq 

(] :l : ~ . . . . 

: .04: .96: 
.09: • 91: 

: .ll: .89: 

660,000 
970,000 

1,150,000 

For decreasing load. Values include deformation recovered on release of load. 

. . 

. . 

210 
518 

1,382 

.0011 : -.0002 

.0019 

.0055 : -.0019 . . 

-.0004 

-.0041 

.0007 

.0019 

.0014 . . 

.0022: 

.0038: 

.ouo: 

.0018 

.0038 : 

.0069 
: 

.39 

.50 

.20 

. . 
• 15: .85: 
.25: • 75= 

: .04= • 96= 

800,000 
1,000,000 
1,190,000' 



Test 
No. 

1 
2 
3 

1 
2 
3 

APPE.~DIX B, CHAPTER I 

TABLE V 
(CONTINUED) 

DETROIT ~ SITE 
TUNNEJ.. T-A 

COMft.JTATIONS 
SHEET: ~ .Q1 ~ 

Solve for J and E. 6 , w,_ z -+- 2.26 u,_ 2. 

zw,_~~ + z.zb u,_~ 
£ :: 2 .60 ( 1 - I 2

) '1 
Wt-2.. 

. . 

. . 

. . . . 

Load 
q 

Lbs./ 
~sasin. 

210 
518 

1,382 

210 

: w,_z + z .2b u 1- z : 2W1-t. -t z.uu,.~ 
f Poisson's 

: w,_z. U,-t. :z.z.6u,_z. . w,.z.. + 
~ 2W1• z. ~ 

Z~-2) +- Ratio . . . ~1~ ;t!aJ.l . : t. 2bU, • .._ z. 2.6 u 1·/,. f . . • 
For Increasing Load. 0 Lbs./sq. in. to load indicated. Values include 
defo:rmati0n and pennanent set. 

• . 
.0006 : -.0002 -.0004 
.0014 . -.0002 . -.0004 . . . .0029 : -.0003 . -.000? . . 

. . 
.0002 . . 
.0010 

: .0022 

. . 
.0012: 
.0028: 
.0058: 

. . 
.0008 : 
.0024 
.0051 

.25 

.42 
-43 

~ .! z ~ I_ i~ ~ E = Z . 60 ( 1- 6) q 
• : . w,_l. . . 

. . : 
: .06: '.94 850,000 

.18: .82 : 190,000 

.18: .82 :1,020,000 

For Released Load. Load in l~bs./sq. in. to 0 lbs./sq. in. Values include deformation 
recovered on release of load. 

: : : : : l . : . 
.0008 . -.0001 -.0002 . .0006 • .0016: .0014 . .43 .18: .82 : 560,000 . . • • 

518 : .0011 - .. 0002 -.0004 .0007 .0022: .0018 .39 .15: .85 :1,040,000 
1,382 . .0029 -.0003 -.00(J? . .0022 : .0058: .0051 .43 . .18: .82 :1,020,000 . . . 

: . . 



APPENDIX ~.. CHAPTER J.. 

TABLE~-~-~ 

DgTROIT Mg SIT:§ 
TUNNEL T.,.A -

SUMM...Afii OF COMPUTED V A1UES .EQE PQISSON 'S RAIIQ 

~ ~ MODU~U§ QE ELASTICITY 

Load - : Measurements 
Lbs./ Used in Poisson's Modulus of 
~Qs l~Qb Conr:&t~tj.oru~ :&t;i.g El&ll~~!e1tx 
Load 'aH~ieg. 

210 wl & u1 .21 66o,ooo 
w1-2 & u1-2 . .25 850,000 . . Ave, .23 750,0QO 

" 518 : w1 & u1 .31 970,000 

wl-2 & 01-2 .42 790,000 

At.§. a a ~6 asQ.QQQ 
1382 w1 & ul .33 1,150,000 

wl ,.. tt.. ul-2 • .43 1,020,000 • -t:. 

' 
. 

!::,vet .Ja . I.oso.ooo t • !&isl R!l!Arullg• : 
210 w1 & u1 : .39 800,000 

w ....... & ul-2 ..43 560,000 J.-.a: 
:l\V§s ·l.l 

: 
~~o.OQQ . . I I 

518 l w1 &: ul 
. .50 . 

1,000,000 .. . . . . 
w1-2 & u1-2 .39 1,040,000 

Av~ 1 ,~.,, . laQ20.QQQ . lt 
1382 w1 & ul • 20 • 1,190,000 . 

w &U .43 1,020,000 
1-2 1-2 .. . 

l.l.QQ.QQQ . A via .3, . .. . 



WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY 

-~------Dev/oflon nof to exceed 1/aH:t 

-+----

Distance = S H 

?rim projecting rock between Plugs. 

2!/E"P!ofes 
1:; 91J6"dlo. 

100 Ton 
Hydraulic Jock 

1'/z"Sfee/ Boll 

~~" Plote 
13 9/;G" dio. 

!Z"x/2" 
Fir Block 

projecfion of' 6oge Plug 

6oge Plugs - ~4'" Mochine Bolts. 

SECTION THROUGH TUNNEL 
ARRANGEMENT OF TEST EQUIPMENT 

!6" 

Beonng Plofe 

ARRANGEMENT OF GAGE PLUGS AND BEARING AREA WILLAMETT E BASIN PROJECT, OREGON 

DETROIT DAM AND RESERVOIR 
MJfe: FOUNDATION LOADING TEST 

Plugs a-e num/Jered I, 2, 3. t 4 rodtolly from Beor/ng Plate. 
T /ndicofes location above Bearing P/ote. SET UP OF TEST EQUIPMENT 
I ft .. ahead on Tunnel sfofion/ng. 
8 below Bearing Plate. 
0 ixx::kon Tunnel sfofioning from f3eoring P/ofe. U.S. ENGINEER OFFICE, PORTLAND, OREGON, DISTRICT 

DRAWN BY: P.A. S. 

TO ACCOMPANY APPENDIX B OF DEFINITE TRACED BY: G. E.G. 
PROJECT REPORT DATED: AUG. 9, 1941 DATE: DECEMBER, 1940 

CHAPTER :2:- CHART l __ D_E_-~4_0:....._--=2;__7/_1_ 
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1. Aggre~at2 D'po§i~§: Preliminary studies have been made on two 

possible sources of concrete aggregate. The deposit near Blowout Creek 

in the reservoir, area, Sections 15 and 16, T.lOS., R.5E., i5 the nearest 

deposit containing sufficient yardage for Detroit Dam (see Plate VI 

this appendix). The distance is approximately 3.5 miles above the dam 

site. The deposit covers more than 100 acres, and has been sampled to 

a depth of 10 feet, approximate summer ground water table, in several 

of the test pits. No data are available on the thickness of the gravels 

but an average of 20 feet or more is not unlikely, 

2. The second area in Section 25 1 T.9S., R.2E., one and one-hnlf 

miles below Mill City, 15 miles below the dam site, is comparable in size 

and thickness to the Blowout Creek deposit. Only one sample was taken 

in the areu. Comps.rative preliminary tests indicate that the material 
I 

may be slightly batter than the Blowout Creek deposits. .,! 

3. Labqt§toty An§J.ys:i,s: Laboratory test!S •.)n ag~~egate from the 

above depoai ts were made by Professor S. H. Graf at the l2lgineerin~ 

Laboratory, Corvallis, Oregon and includad sieve analysis, abra~ion, 

soundness (magnesium sulphate), decantation (silt), bulk specific gravity, 

e.beorption, org'f'...nic impur1.ties (color n\.ijl\ber), mortar strength tests and 

compressive strength teste on concrete cylinders. The test data. is sum-

marized on Tables I to III of this chapter of Appendix B. 

4. Sieve analysis on the nine large samples shows considerable 

variation in the size gradation. Six inch plus material ranges from 

2. '5I> to 53.~. Material under six inches shows -



!.· Average percent of gravel 59.50 

l2· Average percent of sand 40.50 

.£• Average fineness modulus gravel 8.19 

£. Average fineness modulus sand 3.20 

!.• Average combined fineness modulus 6.32 

£.. Average gravel/sand ratio 1. 74 

5. Abrasion testB by the Los Angeles method show satisfactory 

results for all samples tested. 

6. Magnesium sulphate S')Und.ness testa were made according to 

A.S.T.M. specifications and also by the modified method as developed by 

Charles E. Wuerpel at the Central Concrete Laboratory, West Point, New 

York. The average weight loss of material tested by the A.S.T.M. method 

is higher than the other method and specification limits must be in ac­

cordance. Mr. Wuerpel makes the following comment in a communication to 

the District Engineer dated August 1, 1940: 11 There is one important 

feature of the magnesium sulphate accelerated soundness test used by 

this labnratory which was not mentioned in recnrmnendine its use to the 

Portland District. The use of the centrifuge eliminates attack on the 

sand particles by the physical action of the salt on the QUtside of the 

particles. For this reason the percentage of lose is lower by a practically 

constant amount than would be obtained by a well conducted test by the 

existing A.S.T.M. procedure. In order to maintain the criterion of 

acceptance on a standard basis, it is the practice of this laboratory to 

multiply the net losses by the centrifuge method by a factor of 2.20 in 

orcler to make our results col:lLJarable with tests conducted properly by the 

A.S.T.M. procedure". 
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7. Comparative tests to date by Professor Graf do not show a con-

stant conversion factor to be applicable. The variation may be from 

0.85 to 2.43 as shown in the following tabla submitted by him: 

Fine Aggregates 

Coarse Aggregates 

: % Loss : % Loss : Ratio 
. :Sample:Wuerpel :A.S.T.M.:A.S.T.M. 
:Num~t: Method M~thod :Wuerpel 

BH-2 12.76 : 31.01 2.43 
00-2 : 12.78 30.53 2.39 
BA-1 23.32 32.09 1.38 
BI-2 23.28 41.4 7 1. 77 -. 
BG-1 11.27 11.73 1.04 
BI-2 1).06 11.12 0.85 
BG-2 : 4·63 11.04 2.38 
BF ... 2 z 6. 36 9.21 1.45 

B. On the fine aggregate specified losses were to be not over 30% 

by the A.S.T.U. method and not over 10% by the Wuerpel method. The only 

sample passing the A.S.T.M. test is one from pit B-D at the Mill City 

daposi t. No samples pass the Wuerpel test with a 10% minimum loss 

allowance. Even vdth a 15% limit only four of the samples pass the 

test. (See Table I this section), 

9. Sands from the five test pits - B-A, B-F, B-G, B-H and B-I 

were examined under a microscope by Mr. R. C. Newcomb, Junior Geologist, 

in an attempt to discover the cause of the unsoundness. His observations 

are aa follows: 

/ 

.!• "Composition of Grains. - A hasty exarninat.icn of all samples 

showed the sand to have essentially the same composition 

throughout the five test pits. -- Relation of type of ~c;rains 

in the various screen sizee is typically shown by sample 

BA-l." 
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Screen Siz! 

4 - 8 
8 - 14 

14 - 28 
28 - 48 
4S - 100 

Grains 
a~proQim§t~ per cent 

Rock Mineral 

100 
98 
95 
70 
35 

. . 0 
2 
5 

30 
65 

Composition of the rock fragments or grains is largely 

fine grained felsites 5 to 15% soft and weathered. Com-

position of the mineral fraction is quartz, feldspar, 

iron oxides - mostly magnetite, pyroxenes and amphiboles 

in the order named • 

.£. "Description of 'before' and 'after' MgSOL., samples. -­

The 'before' sand grains ha.ve a dull, chalky or clayey 

surface; the grain surfaces are fairly smooth and evenly 

rounded. The 'after' sands are clean and bright with the 

same general outline, but with a surface rough and irregular 

in detail. Sharply angular fragments mark the grains 

broken by the Ygso4• The 'punky' coating, oxidized streaks, 

~~d weathered spots of the 'before' sands show a5 holes 

in the 'after' sands. Some badly oxidized and weathered 

grains occur in the 'befcre' sa.r1ds but are -~.~resent only 

aa an~ar fragment~, if at all, in the 'after' sands. 

Fresh unweathered fragments generally have suffered only 

a scouring effect. The basic (basaltic) grains are gen­

erally weathered more than the more siliceous (andesitic) 

grains. 
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.£.• "Cause of unsoundness. - The grains broken by the MgS04 
a.re in practically all cases oxidized and weathered ones. 

Fresh unweathered grains a.re practically never broken. 

Since the rock grains are commonly an aggregaticn of fine 

mineral crystals, it is common !or one mineral (especially 

f~ldspar or chlorite) to be pried out of the rock erain 

by the MgS04. From the correlation between unsotmdness 

and aJ.terati0n or weathering observed ln lndtvidual grains 

it is concluded that the unsoundness :1.s due pri..rnarily 

to weathering and to porosity produce(l by weathering. 

Minerals such as feldspar and chlorite, into which incipieltt· 

weathering can easily pass along cleavage lines, cau3e most 

of the unsoundness." 

9. While these findings are not conclusive they at least indicate 

some of the defects in the fine aggregate. 

10. For the coarse aggregate the specified losses were not more 

than 15% by the A.S.T.M. method a.nd not more than 10% by the Wuerpel 

method. All samples tested by the former method pass the test as satis­

factory. By the latter method seven out of ten samples meet the required 

specifications. If weathering is an importa.nt factor in causing the 

unsoundness of the fine aggregate it possibly is also a contributing factor 
... 

in causing unsoundness in the coarse material. It further holds that if 

surface weathering is mainly responsible for the unsoundness it.s volume / 

decreases in proportion to the increase in size of the ag~regate. 

11. Bulk 'specific gravity deterrcd.na.tions range from 2. 4 9 to 2. 78 

with three of the four samples tested being greater than 2.60. 
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12. Absorption tests indicate satisfactory material in each 

of the two areas tested. 

13. Results of decantation tests show a low content of silt but 

calorimetric tests show a high organic content for all the samples 

from the Blowout Creek Area. An average color number of 3.5 indicates 

the need for washing or other treatment to meet the specified color 

number of 2. 

14. Mortar strength tests comparing the test sand from pits B-B 

and B-D with standard Ottawa sand were made in two ways. In the first 

series for each test sample the present A.S.T.M. method using a water­

cement r~tio of 0.6 with mixes adjusted to five 100% flow were used. 

This method requires the use of the graded test sand. As will be noted 

in Table II, the samples tested by this method failed to meet the specified 

strength of 90% of the standard sand which was designed for 3000 pounds ' 

per squa.re inch at 28 days. In the secJnd e~ries tests were made by the 

old A.S.T,M. method of 1:3 (by weight) mixes for both the standard sand 

and the test sand. In this case the ordinary 20-30 mesh standard Ottawa 

sand was used. The test sand proved to be stronger in each case than the 

standard sand. 

15. Compression tests on concrete cylinders using various combin­

ations of coarse and fine aggregate were made. Tests using both coarse 

and fine aggregate from the Detroit Area failed to meet the specified 

90% of design strength. Tests using Willamette River stmd from the 

Corvallis Sand and Gravel Company, Corvallis, Oreeon and coarse aggregate 

from the Detroit Area gave more satisfactory results. Indications 

are that the Mill City gravel may be of slightly better quality. See 

Table III this section of Appendix B. 
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16. Conclusions: 

~· A sufficient quantity of aggregate is to be found in either 

of the two areas investigated near the dam. 

~. Coarse aggregate shou.ld be satisfactory with a minimum 

of processing. 

S· The suitability o.r the fine a,&rgrega.te has not been definitely 

proven and may take extensive processing or an admixture 

of outside sand or crushed rock to bring it up to speci­

fications. 

17. fiecgmmendationa: 

~· Additional samples of fresh send from the river bed in 

the vicinity of Blowout Creek or the mouth of the Brelten­

bush River should be tested to determine the maximum quality 

of fine aggregate obtainable in the area and iJldica.te to 

what extent weathering has affected the low terrace gravels • 

.h· Magnesill.r.l sul9hate tests after mill tests or a.bra.sion 

testa on test oit gravels to check the.amount of Mgso4 
loss due to weathering on t.he surface of the individual 

fragments. 

£• Additional magnesium sulphate tests and concrete strength 

tests on aggregate which has already undergone one standard 

magnesium sulphate test. 

£. gxploration of additional natural deposits, and of quarry 

rock, should processing fail-to bring the Detroit aggregate 

up to specifications. 

- 7 -



~· Prior to construction a complete survey should be made to 

determine the aggregate deposit or deposits which may be 

used in Detroit Dam. Previous observations and tests on 

Willamette Basin aggregates indicate certain deficiencies 

which may become a serious problem jn the larger dams and 

therefore materially affect the cost of aggregate. 
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APPl'..NDil. Jl - CJiAPDB !! - TABIJ!i l 

~RX Jli AOGRPliA . ~TS - g100II Mil §lii, 

Date Sample Taken 8/15/40 $/2 40 ' 8/26/40 8/28/40 I 8/29/40: 8/20/40: A/20/40: g/30/40: 9/4/40 : 1/4/40 : 1/4 40 I 5/22/40 I 4 .. 40 
770 Elevation Ground Surface:M.S.L. 1324 : 1)07 : 1307 r 1303 1303 : 1325 1 1325 : 1333 133~ 1334 1 1334 1 1334 : I 

Depth to Water Table :Feet : 5 I 9 f 9 : 8.5 1 8 • .5 10 : 10 : ? : ? (f) (f) (f) 
Sample Number l : 1 s 2 : 1 : 2 : · 1 : 2 1 1 1 2 1 1 2 : 3 
Depth of Sample IFeet : 3-5 3-5 I 7-9 : 3-5 : 8-9 I 3-5 I 7-9 : 3-5 : 8-10 1.1-2.1 2.1-).6: 1.1-3.6 
Weight of Sample :Lbs. 6377 5442 t 8195 4197 : .3357 : 44JJ3 : 3684 6792 : 5662 1 76. 77 c 1500 
Over 6• I ~ 34 : 35.5 i 53.2 8.8 · : 33.2 · : 2.4 : 2.3 : )0.3 : 5).1 1 21.6 21.1 : 
Gravel (a) I • 62.9 .. : 64.5- I 59.5 35.6 I 66.0 I 41.3 I 53.2 : 78.) : 72.5 : 73.1 76.7 I 

Sand (~t) I ~ I 37•1 35.5. p 40.5 64.4 I )4.0 I 58.7 I 46.8 : 21.7 I 27.r. I 26.9 23.3 I 

I ( ) 1 695 1.82 i "' G S Ratio & ' • 1.:47 0.55 I 1.94 : 0. 70 I 1.23 : 3.62 : 2.64 I 2. 71 3.28 I 
F.Y. Gravel (a) I . : 8.52 : 8.54 i 8.-88 8.07 1 8.1.7 1 8.30 ~. 7.58 : 8.95 : .~·.41 11 . 8.45 8.57 I 
F.M. Sand 1 I I 3.14 l 2.83 f 2.98 2.90 I 3•38 ·I 3.24 • 3.48 I 3.60 I ;; 28 3.24 3.~37 I 
F.K. Ccmbined (a) . t I 6.62 I : 6,,5Q J 6.49 4.75 I 6.74 I 5.32 I 5.65 I 7.80 I 6.99 I· 7.05 7.)6 I 
Oracting-Percent Retained& .1 · f : 1 1 1 . 1 . 1 1 
(Katerial unc:ler 6") 1 : ._ I 1 : 1 1 · : I 

(f) (f) 
I 1 I 1 I 

I 5a)-6.4 : 2.1-3.1 : 
·148: 50 

26.9 I ?le6 
72.1 I 
27.9 I 
25.8 I 
8.28 ... . . 
).57 I 2~40 
6.96 I 

I 
• • 
I 

I 

. : 
I 

t 
I 

. I 

I 
I 
I 
I 

5 40: 
1333 
3 (d) 
1 

0.6-1.8 
2500 
4.7 

. f' C~rse - Screen I 6" 0 · I 0 • 0 0 I 0 I 0 I 0 : 0 · I · 0 : 0 I 0 I ' 6 0 
I )• . 24.1 I 35.0 J . 43•9 ·10.7 I 25.4 : . 18~9 I 7.3 a· 47.2 : 27.0 : 24.6 : 20~9 I ~£..11(-- I 11.1 I 

I 
l 

I f ~,-~· 

I 1i" .3).1 t .·20.4 } 23.8 29,.1 I 3().0 : 27.4 I 17e7 I ·24.3 : 25.). I J0•0 I 40.7 I ;..1 I 29.5 
I 3/4'1f 21.5 : 19.4 ~ 16.1 3().0 I 2le7 28.5 I 25.1 I 13.1 I 21.0 I 21.4 : 20.7 I ) 1.1 I 26.1 
I j/S11 13.4 I .13.9 t 8.7 : 16.5 : 12.5 : 15.0 25.6 : 7.6 I 14.7 : 13.8 : 10.1 I /J•b I 15.3 t 

I I /14 7.9 : ·U.) I 7.5 : 1.).7 I. 10•4 I 10.2 I 24•3 I 7.8 12.0 : 10.2 : 7.6 I j/.y· I 11.0 
I 64 0 : 0. • 0 : 0 I 0 : 0 I 0 I 0 : 0 : 0 I 0 . I , 0 ,o · : 0 I)· I 0.8 
I #8 11.) I 16.2 ,f 9.7 7.5 I 21.1 I 15.6 : 22.3 : 28.0 : 23.1 I 20.4 r 19.6 I t'1•1 21~9 I 2.5 

Pine -- Screen 

I fl14 : 27.5 : 20.7.. 22.6 19.2 :. 29.2 : 28.7 I )0.7 I 35.0 : 26.3 I 26.0 I J0,3 : ),&·~ )5e0 I 15,4 
I /128 34.6 : 21.3 J 36.1 : )7.0 : 26.1 : 3(),2 26.2 : 18.5 : 22.7 : 24.3 I 27.8 : ;_'].'1 : 27.6 I 31.9 
I #48 I 19.2 I 21.0 : 21.7 I 29.5 I 16.2 17.5 I 15.4 : 9.9 : 16.2 : 18.3 : 14.4 : (j.ll.. : 10.7 I 25.1 
l #100 5.3 I 13.3 -1 .6.9 I 5.7 f 5.0 : 5.5 : 3.9 4.8. I 6.6 I 8.2 5e7 I ~ J : 3.1 I 14e8 
l Pan : 2.1 l. 7e5 ': 3.0 : 1.1 I 2.4 2.5 I 1.5 I 3.8 I 5.1 : 2.8 : 2.2 I j. ! 12.(7~)'·· : 9.5 

Color Ho·. - A.S.T.W. : : 3 : 4 ·: . 3 : 3 I 3.5 : 4 : 4 : 4 . : 3 1 : : 3 • n1~ 
Abrasion-Coarse-L.A.Testa : : . : : I : 1 : : : : : 

100 Rev, l : 3.68 .(k) I 3~30 (k): ). 74 (k): 41.6 (k) I 4.04 (k) 3• ?2(k): 3.94(k): ).SO(k) I 3.48{k) I 2.9 I . 3.4 : 
500 Rev. a :21.42 (kh.l8.64 (k)-119.50 (k):20.98 (k):l9.22(k):20.24(k):20.28(k):.l9.50(k):l9.0L.(k): 17.7 : 19.2 : 

: 

Soundness Test (b) :actual 1 : : : : : : : : : : : : 
· Coarse c % : 8.72 (k): 7.37 (k)': 6.36 (k):l1.27 (k): 4.63 (~ .9.90(k): 8.88(k):. 8.66(k):l3.0t(k): : 110.60 (k)l 

Fine :lose :2,3.32 :15.68 ~22.56 :13.38 :12.78 · :14.67 :12.76 :17.61 123.28 : : 1 : 
Soundness Test (c) &Weighted: : : . : I I 

Coarse 1 average: . : .: 9.21 (k):ll.73 (k):ll.04(k): : :ll.l2(k): : ·: 
, Fine : ~ loes :32.09 : : )0. 53 : :31.01 : :41.4 7' : JO.B 31 .. 7 I 

Specific Gravity • : : : : : · : : I 
Coarse : ·: : : . : : 
Fine I ·: : : ·: : .: 

I 

2.61(k): 2.78 
2-49 : 2.74 

I Absorption : : t : : . • : 1.82(k): 1.41 

I 

I 
I 

. . 

: 
: . . . • 

Coarse c ~ c : : : . 
Fine . 1 % .: : : . . ).78 3.?8 : 

Decantation (silt) :. . 1 : : : 
Coarse - 1 % ·i · : : : : : 

: . . . Fine • • • 

(a) Based on Material under 6" 
(b) Wuerpel Method - Central Concrete 

Laboratory, West Point, N.Y. 
(c) A.S.T.w. - 5 e.yc1es 
(d) Water Table - January 4, 1940 

. • 
3.29(e): 1.56(e): 

. . ·4.3 
: 1.66 

(e) Washing lose­
(f) Uot reached 
(g) For Location see DE-40-24/1 

: 1.89 (e): 
.24 
.43 

(h) After washing . . 
(k) 'Does not include materi•l retained on 3" screen· 

I 

t 
I 
I 

I 
I 

: 
: 
: 
I 
t 

I 
I 
I 

: 
I 

: 
: 
: 
I 

} ' 



APPENDIX ]2 - CHAPTF£ .ll 

TABLE II 

MORTAR STRENGTH TESTS Q! FINE AGGIDLATE 
DETROI1' DAM ~ 

:Cylinder: Age . : Strength : Shear L :Ratio-test sand: . 
: Size :Days • Send :Lb,(sg. in.:with vertical: to standa.td Remarks , 

: 
A.S.T • .M. (a~ :2" X 4" 7 :Ottawa 2890 32° 
A.S.T.M. (a :2" X 4" . 7 :B-D #1 1495 . 33° o. 515 • . 
A.S.T.M. (a) :2 11 X 4 11 28 :Ottawa : 3?90 : 28° 
A.S.T.M. (a) :2n X 4" : 28 :B-D #1 2600 300 0.685 
A.S.T.W. ~~5 :2" X 411 7 :Ottawa . 2880 .. 29° W/C = .365 . . 
A.S.T.M. :2" X 4n ? :B-D #1 . 3560 . 28° 1.233 w;c = .333 . . 
A.S.T.M. (b) :2" X 4" . 28 :Ottawa 3210 : 31° . W/C = .365 . . 
A.S.T.M. (b) :2" X 4" . 28 ::B-D #1 5240 2?0 L636 W/C = ·3_33 . 
A.S.T.M. ~~) :2" X 4" 7 :Ottawa 2740 27° 
A.S.T.M. :2" X 4" . 7 :B-B 1800 24° . 0.66 . . 
A.S.T.Y.. (a) :211 X 4" : 28 :Ottawa . 4360 25° . . • 
A.S.T.U. (a) :2" X 4" . 28 :B-B 3410 23° 0.78 . . . 
A.S.T.U. (b) :211 X 4" . 7 :Ottawa 2300 25° W/C = 0.428 . . . :20-30 : . . 

27° A.S.T.Y. (b) :2" X 4n . 7 :B-B : 2740 1.21 W/C : 0.443 . 
A.S.T.M.. (b) :211 X 4" .28 :Ottawa 3540 18° : ?!/C = 0.428 

: . :20-30 . . . . . 
A.S.T.M. (b) :2" X 4" 28 :B-B 5030 240 1.42 W/C = 0.443 . . . . . . 

(a) Present Standard A.S.T • .M. Method (b) Old A.S.T.M. Method 
W/C = 0.6 - 100% flow. (1:3 by weight) 



APP;;1'JJIX Jl - C:-iAfTER :Ll 

COM.·~ ~SSION Ti~0TS .QN. CONCR><:TE CYLINDERS 
DETRdT Q!M .§.!.ll 

Cylinder:Age : Coarse 
Size :Days: Aggr<:Jcate Sand 

: Stress : An~le :% of Design 
:Lt./sg. in,:of Break:Stren.dh (a) : Remarks 

611 X 1211 : 

611 X 1211 : 

8 11 X 16 11 : 

811 X 1611 : 

8 11 X 1611 : 

8 11 1! 1611 : 

811 X 16 11 : 

8" X 16 11 : 

8 11 X 16 11 : 

8 11 X 16 11 : 

811 X 16 11 : 

811 X 16": 
811 X 16 11 : 

811 X 1611 : 

7 :8-D #1 
28 :B-D 1Yl 
7 :B-A & B-B 
7 :B-A & B-B 
7 :B-A & B-3 

28 :B-A & D-B 
28 :B-A & B-B 
28 :B-A & B-R 

7 :B-A & B-B 
7 :B-A & B-B 
7 :B-A & B-B 

28 :B-A & B-B 
28 :B-A & B-B 
28 :B-A & B-B 

:Corvallis, 
:Corvallis, 
:B-A & B-B 
:B-A & B-B 
:B-A & B-B 
:B-A & B-B 
:B-A & E-B 
:B-A & B-B 
:Corvallis, 
:Corvallis, 
:Corvallis, 
:Corvallis, 
:Corvallis, 
:'corvallis, 

Ore.: 
Ore.: 

Ore.: 
Ore.: 
Ore.: 
Ore.: 
Ore.: 
Ore.: 

1620 
2920 
1520 
1580 
1450 
2200 
2260 
2340 
1520 
1420 
1490 
2740 
2730 
276o 

29° 
27° 
24° 
24° 
23° 
23° 
24° 
24° 

: 2~ 
23° 
28° 
25° 

: 240 
300 

(a) Designed Strength 3,000 lb./sq. inch at 2B days 
(c) Signifies conical fracture 
(d) Signifies diagonal fracture 

. 
(c): 
(c): 
(c)! 
(c): 
(c): 
(c): 

: 
(c): 
(c): 
(d): 

97.0 

?J.O 
75.3 
78.0 

91.4 
91.0 
92.0 

:No aggregate was sheared 
:No &.ggregate was sheared 
:Very 3light aggregate failure 
:Very slipht aggregate failure 
:Very slight aggregate failure 

J [
Few aggregate particles sheared. 
Failure mainly in cement paste and 
of bond ~tween cement & aggregate. 

:No aggregate failure 
:No aggregate failure 
:No aggregate failure 

J { ~=~iu~;i::~~;c~~~~:~e~~~ ~~~~ and 
j of bond between cement & aggregate. 
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