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,i Denver~, C01orado, ;'February ~, 2 0 ,  1930 

Memorandumto the Chief.Designin~:En~ineer. .. ' o- ..... 
(E. W. Lane, Research;Englneer) " " 

~ . .  . . . .  , . .  , . . . . . .  ; - . / " ,  , : 

SubJectr Digest of Tests:of : :: 

[Di~Eest~of..Chemical~:Testu~of~Stcne 

:Average 
iS trata"B 

,Average : "  ~ 
: : S t r & t a C  • 

Phosphorus Pentozide!P205 0.18 0 ; 2 0  

S~zlphur Trioxide SO 3 0,6 0.2:  

Total Alkalies:Na20 

ignition Loss 

3A2 

18.A 

2 , 2  

:,-26,8 

Magnesia MgO " 3 ' 1  3 ;o 

Calcium Oxide CaO 116.3 :26;A 

Alumna if203 16.0 11.9 

Total Iron:Fe203 5,8 5.& 

SilicaSiO 2 35.6 27.1 

Carbon Dioxide 'CO 2 9.2 21;v 



.... "2 

L,' 

Average Average 
:Stratum!B StratumiC 

Density, artificially drled, 1 ' ~ p . gr . ~ "" ~i ; 7~5 

;~Lbs. p e r  cu. ft, iii0 

DensJ ty, artificially saturated, ,~ sp. ~. gr. 2.0A9 
Lb~.~per cl].:ft. 127 

Apparent specific gravity 

Specific.gravity (asof cement) 

Water absorbed, "% by'weight 
" " " " volume 

1.72 ~ 

::2.57 

116.9 
27,3 

31.3 

3.8 

Voids, % 

Hardness (abrasive) 

Linear dimension charge 
Perpendicular to,bedding 

Original cond.[to saturation,~% +0.0023 
" " " dry, ~" -0.0589 

Saturated to dri, " -0.06L2 

Parallel tobeddingdirectlon A 
Original cond. tosaturation, .% 

" " "' d r y ,  " 
Saturated to dry, -,,, 

~!1; 93 
.L2. 

2;206 
;137 

2.66 

.ii3 ,A 
125 .i 3 

2.A 

+O.O02& 
-0:0782 
-o.o798 

+0.0008 -~÷0.0063 
,--0.0352 ~'fi ,'O;OA80 
• ,0.0360 -O.05~A 

Parallelto~bedding dlrectioniB 
Orlginalcon~to saturation, % +0.0039 

" " ~" :d.~-, ,, -O. O39A 
Saturated to dry, " •-0~0&33 

Number of :soaking ~ud drylng c~le~ producing 
disintegration lO 

Number ofcyclesofboillng and drying produc- 
ing disintegration 

+0,0028 
-O.O623 
-0:0596 

15 

2 

>!? 
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Digest of C~,pre~sive To,~ts ;on ::Stone ~of ~FoundatJ on 

- ....... !:: - ' ' ! i" 
Six'Inch. Cubes; l~ormdl to:BeddingiP..l.ane. • ., , " 

Compressive strength: on:bed 

As-received at laboratory 

,'Average' ::r~AVerage ':~ 
~Str~aiB.. .;,Strata;C ::~ . .... 

' :~.I:573 

Artificially dried .: -2675 

I! 

saturated - " •1367 

Lm l •  • •, . • , 

9 8 o  

:. 2 1 9 h  • 

. 8 9 7  " " 

After s s v e r a l . , d r M i n g  a n d  6 9 0 ~ . ( I 0  ~) :,325.wet:,(~cTcles): 
saturating, cycles . . . . . . . .  (Cycles) •.310.: il ~ ( 9 :-:C~leS:) ~ ~ 

M o d u l u s  o f  ~ e l a s t i c i t y  . . . .  . . . . . . .  : ' -  

A s  received 4 at ilaboratory • 628,000 ~ !5221000 

'•(,k:,- .... 

:Artificially.rifled 1.567,000 :~, Lh20,O00 " 

" s a t u r a t e d  : / / 6 2  i 0 0 0  " ~ 3 2 0 , 0 0 0  " " 

Shearing across grain in condi . . . . . . .  : 
tion received 310 ...... " : ..... : ~ 

Poisson' s ratio • " 

. . - . 

As received., at ilaboratory 0;27 :to .1.06 !O.~3A 
d 

Artificially dried " " " . 0 .25  ~ t o : O . A 6  L0 . :35  

" saturated 0 " ' ' 
. . . .  hl . 0 . 2 0  to<0.35 
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1.53~.:j, as detenn/ncd_ .above, F, ives:~t.he. :following ,au ~~./.ii@~obability..of ~::) 

floods at AlhaJuela: . 

]~ 

Maxlmum:Discharge of :~;~Iood " Time 

" a~ : .;..2j~ahour 

1 year "1,'~0 ^ . ~  ~v ) " ~ "  
5 .~,ars . ,~, . 27,000 

l0 years '.9&;200 61;6,.:[) . 
25 years i17,000 . 76.,:500. . . . . . .  . 

50 years :~/~7 ;:200 ", 96,200 
~170,O00 L'lll,,100 

i00100 yearsYears ]192,800 " )126,000 " 

2/~0,000 ;156;000 

The one and five-year ;floods of .this table:.seem.~o02hlgh, i.but,.the " i "  " :  

50 an:l 100-year frequencies are not ,Unreasonable. - . . . .  ~ - 

A study of the records,of t h e  ~ A : 8 : i y e a r ~ : : ~ g ~ ~ n g ! 1 8 7 9  indi- 

cates alternate periods ~of h~i@:,~and low floocs, 5ezlnnln= 
w~th 12 years 

of high floods, then 151,years of ,ilow Tloods, followed .by i5 years.of 

high, ~hen 12 years ~,of.~iow and :ending;wlth &>years , ~(or.,~mor~-.of [.-a±c. :..nxsn 

floods. 

From. Memo. No. ~, Retention~olum~Neceslar., -The - p u r p o s e s . ~ o f  ~the 

Madden Dam:(AlhaJuela p~oject "in order of " " 
~Amport, a n c  o are : ~":~ 

( a )  IncIeased water-.sto~age i.fordry,-eeason ;10oka2es, .~.and 

• incidental :power production -:at ;.Gatun, ~ - "  : " " " . . . .  

• ~ - ~  p~acticable, . . . . . . . .  
-, . , . . 

" :('b) ~Flood control to :obviate the necessity,.-of ,excessi~n~,uss <of : ~ 

Gatun~spi~S/way:;to regulate : . . ~he  heig~<of:Gatun Lake. 

(c) Power produchion at AlnaJuela. 

(d) Prevention of excessive currents ,in the canal channel at 

Gamboa. (This is of minor import~ce. ~) 
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D~.., t o .," C o,,Ip:'~. :~ .~, ; v ,,. Te:~,t ~.,.. ~'m,'.D:'..~ Ii C o.,'e.~ ~:f :'ore ': Fm.u~da:~ fort 
JI • 

. '  ! ~  . " , • , , . : ' 

A c o m p a r i s o n , :  o£ .  t h e  s t ' r e i c h s ,  o } :  S t r a t a '  B i:.~md St ra ta~ :C  " . g i v e  .. 

the following results: ' :" " i!: 

Compression a6.  received 

Artificially saturated 

0ven-~.~-J.ed Ii0-120o:"C. 

After a cycles.'dry to'~.wet, 
tested wet 

~,'s£rata B., 

'~ ~1669 
! ?, 

:',,i1598 

:;2780 
{ 

T 
T 

;' s t  rat~'a~ ;. C : 
~D 

. < . , , . 

i :1~27. " 

f.- 

.319 l. "901 ... . " 

A n o t h e r  ~ t e s t  ..of t h e . - c e m o r e s s i v e - ; : s t r e n ~ h  o f , c o r e  s a m  l e s  

from;Strata:.B.-:and ~,C, ::18 :.'.eamples.~ from each ~etrata, fromholes % 0  

L-9 inclusive gav~ ~the :: following ~ results: 

~ Compressive StrenKth~n ~ibs. per~ sq. in, 

-As received 

Artificially s atur~&i~ed 

Oven,dried i! > 2 7 8 0  ::2880 . ~X 

. . , . / : i  i . ~ i , / ,  • " " - : : - ' - " .  ~ : ' .I¸ %.":¸¸¸¸ " :~ " ~ " 
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Cores ~f~om :il.iidder: :D~:.~i t,e .. .... ..,., 

~ k  

L-A-C . . : - - -  : 

L = - % - B  ,' ~ U , ' ) ;  . . . . .  . 3 : 0 
L-5 ~C • • : -3h.l : 65 
L-6-B . . :.~71'2 : 0 

L ' 6 - C  . . : -PJ~.I : i 

L - 7  ~ B  , ' .  : , ~ . . , . ~  i 0 

L-7-C .:. : ~13i6 , 58 

L . - 8 - : B  . . . .  : +52.2 : : !  

L-:,-u • : ~!~.3 : 19 
: ! 

: :Av. amount:, ~Ch~mge .,Av..increase:~:i~n ~'i'Av. i::increase !in 
,Elev. , of water : <of~fiow::s61fds c°n:ent :!'Ixed:residUe con- 
zDepths :passed :in • ~ith :to£~wa~erlp&rts(: ~ztens~6f~wateriin 
: : ~, hours :: ~:hlme :: o -~ ml]lion :o .... ; • • - -  - ,  - ,. ,.., ar~s ::.:per~.m~l$on ! 
! : : -; ! 

0 : : 0  ) 

, 4 : c .  c .  : " 1 0  i : ,  : . 1283  
. ~ .  , l  0 : - " ' :  " --~ 

.J,l : . 0  : ,--- 

:"~.Decreas ~ ~ : 1501 
• ' ~. 0 :: .... 

• :!: . . 0 -: 993 

: ' :1.913 

• :DecreAse : .35A ' ~173 ' 

| . . ~ .  

: 1"1098. 

, 'QI8 : 

• c , , , 

-. . . . 

: .Tes.t~'::: of 'Wator.!Table. • ..- 

RecoPds. wer~:kepC Of :•the~.elevaLion.:.of the ground-•:wa~.er.:in " 

drill holes, .in :order to determine ,the posiSion-of~the~Water_~table. 

,The:resulte o'~+" - ~ , .- : ;.. ;. , i .:~.: . .. :..: .-: 
I ,he test ~ a r e  shown.on,Figure~,R:.at;ached 'hereto. 

,Weight .:of ~Concretn ...... " 

) . . 

Teetg_on-the. weigh~,0f c°ncrete:showed~weights" ' : " ~ " '" " : -varying . < ,:. ,_, 

from.iS~.:.to LLA,3 los. per cu,~ft;,-generml v close-go 1501" bs (i; ~ 

cu. ft., wlth>an average of •150. l ibs. per cu."~ft. .~ - 
i 

:| 


