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" or compressrblllty.

‘penetratlon. Undisturbed samples were taken ‘of s1lts or clays, g

- LOADING LIMITATIONS .
WASHINGTON MONUMENT GROUNDS
WASHINGTON, D. C.

~ SUBSOIL STUDY

FOR: - NATIONAL PARK SERVICE

BY : EDWARD S. BARBER, C.E. . . . - December 31, 1962

-

L In 1962 a- subsurface 5011 study was undertaken on the

-Washlngton Monument Grounds to determlne safe llmltatlons on e

. gradlng or new constructlon."

‘ PREVIOUS DATA

Tt

A thorough study was made of llbrary and Natlonal

» Archives records to SUpplement the almost complete record in

“"Improvement of the Washington Monument Grounds“ (1).

‘Seven borlngs made 1n 1930 (2) and elght made in 193l (3)

. showed stratlflcatlon with no dlrect measure of soil strength

| | NEW‘BORINGS |

_For this study, nine borings were made w1th standard

but undisturbed Samples of sand could not be recovered. !
Four of the new borings were taken at each‘corner of

the Monument foundation; fhe five others extend the total area

previously covered by borings. The boring locations are shown

in Figure '1 and the logs are shown in Figure 2. The stratifica-

tion agrees with that’ Shown for the 1930 31 borlngs (4).

“7f'iforder to get a three-dlmenslonal plcture of the stratlficatlon,

I made a model w1th palnted pegs showrng the logs to scale.

. i RO ;:.A. P Cae - R G
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The Monument rests on about 35 feet -of generally dense

HVSand gravel whlch is- underlaln by 30 feet of stlff clay over rock

"_-except that the clayvls partly replaced by medlum-dense fine sand

at the Southeast corner. and almost completely replaced at the
Southwest corner. S _' s |
© LABORATORY TESTS

Test results -on 36 undlsturbed 5011 samples, taken in -

',A,3-1nch out51de dlameter shelby tubes, are shown in Tables 1 '

through 8. ;__. ‘ 2 |
| - The stlff clay ‘has an unconflned compre531ve strength

oij to 7 klps»per square;foot_w1th a sens;t;v1ty of 3. Samples‘

_show a‘preconsolidetion pressure of 8 to 10 kips per square foot
fboth near:the Monument and at considerable distance. The_pre- |

-5Qonsolidation‘is probably due to drainage when;see leﬁel_was

s much lower._ ~_“~_=;f_j_f;:;pﬂ;_ . J‘:'7<*£~

~ Most consolldatlon test samples were trlmmed to. l 75-

11nch dlameter by 0 S5-inch height. Ten dupllcate samples were

_also trlmmed to 2.5-inch diameter and 1. O-inch helght Some of .

EN

these samples indicated somewhat higher preconsolidation preSSune

than the smaller samples.

SETTLEMENT CALCULATIONS ‘ T
Settlement, before underpinning was started in 1879,
is Uncertain§ a tilt of 1'75 inches to the North was corrected

7
during underplnnlng and. settlement has been almost vertical

."{f;s;noe,then._ Loads and settlement are shown 1n reference (5)--“l'

R
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i';4 6 1nches settlement durlng underplnnlng and completlon of the
" Monument and 1.4 1nch settlement 31nce. Some varlatlons can be
f;attrlbuted to-a gradual 5-1nch rlse 1n sea level, several 1nches
“qsettlement of the obellsk bench mark used for reference, and

"7qa-uncerta1nt1es of O l 1nch or more in check -leveling of the

” ’, L .,\\

T?7ﬁﬁf bench mark

Before 1879, the ground surface (6) was, at Elevatlon 264

o (It is now 41) The water table has apparently been nearly

A kii:constant at about Elevatlon 4. U51ng 3011 den51t1es of 120
'{f;quounds per CUblC foot from El. 26 to El. 4, 60 pOUﬂdS per
Hflqcublc foot from El. 4 to El.--30, and 50 pounds per cublc foot g
iiffrom pl.-30 to El.-45 glves a soil pressure of 5.4 kips per.
”1t'fsquare foot at the center of the clay layer- The 63, 000 kip:
’ ':ﬁ"Monument,on an 80X80 foot footlng, glves 9.85 klps per squaregr.ﬂ
v‘;-thOt gross or 8 9 klps per square foot net pressure at its ?
‘base at El. 18, At E1.-45 this glves an average increase ofr_‘ -

"8 9(80/143)2 2, 8 klps per square foot or a total of 8.2 klps ;

per square foot.-ﬁ“ :

Since complefion:offthe Monument; the soil pressure_is ?g
7.2 kipsiper square foot: the gross Monument pressure on its

126. 5x126 5~ foot footlng is 162, OOO-—l26 52 = 10.1 kips per /“

square foot the net average pressure at El. 5 at the base of

el

the new foundatlon becomes 5.8 klpS per square foot; and the ;h
.(ﬂrl - stress from the Monument at El -45 is. 5. 8(126 5/176 5)2 3. 0 /’
D Kq ~
'uziggjfiﬁ'“fﬁklps per square foot- glv1ng a total pressure 1n the clay oﬁ
g et TR '

10.2 klps per square foot _ o



J'_.of 0 3 feet squared per day and a thlckness of 30 feet with

"lated as 630 days which is consrstent with the time settle-

;W;.T,greloaded clay. ggfiggug

The v1rgln compre551b111ty of the clay 1s 8% for

'f_Mdoubllng the 1oad or 1 44% per kip per square foot at 8 kips
| '-;per square foot., For a load 1ncrease from 8.2 to 10.2 kips
”igj ;per square foot thls glves 2. 88%, for a 30 foot layer thls
"5§?lglves a settlement of 0, 0288(360) 10. 4 1nches. The actual
.ifftsettlement is much less because the clay is PreCOnSOlldated
‘;ialﬁPOSS1bly beyond 10.2 klps per SQUare foot. The total stressy
'ffln the clay at, the borlngs by the Monument is onlyh8 ‘kips
iﬁper square foot, so that the observed prestress of 10 klps
”“f;?per square foot is not due to. the Monument load. Vlrgln con-

: Jlﬁf solldatlon may aPPlY t° any Load added o

.For reloadlng, the compre531on is 1% for doubllng the‘

Sfload (4 8 kips per square foot) or 0. 187 per kip per square
.*foot at 8 klpS per square foot., Thls glves a settlement of

;.0 0036(360) = 1.3 inches. Uslng a coefficient of consolldatlon

ltwe dralnage faces, the tlme for 90% - consolidation is calcu-

;

;ment record Since the thickness of the clay is not unlform,

this would cause some tilting unless the sand has a compre551-

'blllty similar to the clay The sand, with a penetratlon of

e

20-25 blows, has a relative density of about 50 for which

Hough (7) gives a compre351b111ty similar to that for the



B .-

Some of the settlement 1s due to temporary 1ncrease

':@31n footlng pressures durlng underplnnlng~‘ The vest ot. the -

.4, 6-inch settlement at the tlme of completlng the. Monument is-

.

i'liprobably due to compression of- the sand- ~gravel.

PROGRESSIVE SETTLEMENT

The progress1ve settlement of l 4 1nch 51nce 1886 has'

'f”occurred at an almost unlform rate.,

Secondary consolldatlon was measured under a load of

8 klpS})er square foot as O. 3% .per log cycle (l 10 days) or"
'a 360-1nch thlckness and 1.6 log cycles (2- 80 years) thls gives
'y0.0048(360) = l.7 1nches,-wh1ch'1s the rlght:order of magnl-

tude but would not be}linear and would involve tilting.' The
laboratory consolldatlon may be much less after one year.

The load dlfferentlal of 3 kips per square foot from

" thé Monument produoes a shear stress~1n.the clay of about

3+5 = 0. 6 kips per square foot. Housel (8) has measured creep

' ”1n clays undexr- bu1ld1ngs when the stresses exceed one-fourth the

'QUICk shear strength. For an average compressive strength of

5,klp$ per square foot, this yleld strength is 5+8 = 0,62 kips’

per square foot, Lack of tilting indicates that creep has not

been significant; however, exten51ve unloadlng close to the

Monument could permlt creep of the clay and aCCelerate settle-

et i s o P

—

JUPRCIUERS . g

ment of tnewstructure._ﬁs ' o ﬁkf\\;

4 The progre551ve settlement is probably due to further '

- compresslon of the sand and gravel., Thls could be caused by

repetltlve loadlng such as results from v1bratlons or moment

=6
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- from wind ‘loading (9, 10).- A'wind,loédsof_50 pounds per
: square foot causes an increase-in pressure‘of 1 kip.per square

‘foot at the edge of the footlng. The'wind rose'is fairly well

balanced., Granular materlals with a relatlve den51ty less than

70 are con51dered compactable by vibration, The relatlve den—
es1ty of the sand is 50 and that of the gravel is uncertaln-- ‘
ﬁj“penetratlon re51stance was generally hlgh but some loose -

areas are indicated.

" LOADING LIMITATIONS

Con51der a dlsplacement of 0.1 inch at the top of the

Monument as permlsslble. Thls~1s equ1valent to a settlement.

'of one edge of the foundatlon of O 023 inch. Forx Virgin con=~

: solldatlon of the clay, thls corresponds to a pressure increase

of 5.6 pounds per square foot in a 30~ foot thlckness. Using

Bous51nesq s formula for stress dlstrlbutlon from a surface at

_‘El /30 to a depth of El.-45, the allowable load is a function

of the,radlal distance. The,allowable loads in terms of fill’

weighing 120 pounds per cubic foot are:

Radial distance, feet 150 250 350 450 550
Length of fill 10 feet - S
hlgh by lOO feet wide, Y~

feet 5 80 600 2000 5000




H
3
b
3
3
®

_:;Reduced Load

e should be made for preboglng, if found necessary.v-,,,., /i

It is 1mportant that lateral support of the founda-'

| tion materlal should not be appre01ably reduced Con51der a

7ipa351ve res1stance wedge startlng at the rock belcw the edge

of the foundatlon- at a slope of 2:1 it would intersect the

‘ kasurface at about 250 feet from the center of the Monument.

} Thls area should not be unloaded.

U51ng a safe angle of repose (w1th seepage) of 3 1

“beyond this area, the minimum cut elevatlon reduces to El. 5

at a radlal dlstance of 350 feet or less. The correSpondlng

ishear stress for horlzontal creep in the clay is 0.54 kips

per square foot whlch is a little less than the shear stress

,}close to the Monument.

Alplle Dr1v1ng

~ The effect of pile driving is uncertaln. Vlbratlon

'tests (ll) 5 feet from a pile be1ng drlven at the new Museum

at l4th Street and Constltutlon Avenue showed no effect

l

damaglng to an ordinary st:ucture. However, there are other ;

records of settlement several hundred feet from pile driving

'whlch caused compactlon of sand.

" Pile dr1v1ng would probably be harmless 250 feet from

the Monument, but should be used only if necessary.\\NQn-

' diSplacement piles arevpreferable.o If pileS‘are driven on the
"Monument Grounds, I recommend maklng careful concurrent obser—.“

'kivatlons of settlement and v1brat10n of the Monument‘ “Provision
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,‘SIMPLIFIEDQLIMITATIONS"ifv

' Assumlng there is no need for fllllng above El. 25,

5 except locally, oxr cuttlng below El. 5, the above crlterla
1of loadlng limitation can be 51mp11f1ed as shown 1n Flgure 3\'

.:  ;and the follow1ng table. :

Radial.nistance, feet Loading Limitation._ '

0 to 250 _;'_;fgf'>;"“;';;Nb change:~-
Beyond 250 v ":f_   ?Flll +to El. 25
250 to 350 " cut 311 slope _
Beyond 350 ©  Cut to'El. 5
':‘POr pile driving -- observe movements

e

T
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- “f“Plans and Sectlon,.1881“' NPS Draw1ng No. 74. 8'2‘_".
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"Improvement of the Washlngton Monument Grounds" “72nd
Congress, 2nd Sess1on, House Document No. 528 GPO 1934

"Log of Borlngs, 1930" NPS . DraW1ng No. 44 - 71.,

"Log of Bor1ngs,.l931" NPS Draw1ng No. 44 72.
_"Sectlons, 1931“ NPS Draw1ng No. 44 112.

"Loads and Settlement" NPS Draw1ng No. 44~ 115.;

"Bas1c 50115 Englneerlng“, by B. K. Hough Ronald Press, 1957

“Dynamlc and Statlc Re31stance of Cohesive 8011--1846 to o
' 1958", by W. S. | ousel ASTM Spec1al Technlcal Publlca-,'
~tion No. 254 1959 LT Catt DT
"Vlbratlon Observatlons in the Washlngton Monument", by .

Frank Neuman, Journal Washlngton Acadeny of 801ences,
23(3)158 1933.'Hv““ : : . .

%The Washlngtoh Monument® by“J. J. Creskoff Journal

Franklln Instltute, Nov. 1934 ~ page 533.

.“Transm1551on Coefflclents for Ground Vlbratlon Due to-

~Blasting", by F. J. Crandell, Journal Boston 8001ety
of ClVll Englneers, Aprll 1960 page 152..



EDWARD S BARBER C. E

' . SOI’L MECHAN!CS AND FOUNDATlONS o

€'Bormg No.
Sample No.

Depth, feet -

~ples-from

- Licuid’ Llnlt .
Plastic Limit
’ Plastiqity’lndex.

Initial Density, 1b/cu.fc.
Initial Moisture, % dry wt.
Yleight .loss,110C to SOOC,
CO\lPRESSION TEST - o ]
 Lateral pressure, kips/sq.ft.
* - Reduction in height at failure, %.
_ Max. stress difference, kips/sq.ft.
DIRECT SHEAR TEST, CONSOLIDATED
Normal stress, kips/sq.ft.:
Thickness teduction before shear, %
o Maximum sheat stress, kips/sq.ft.
{ ~ CONSOLIDATION:TEST
Coeff. of permeability, ft. per day"
Corresponding pressure; kips/sq.ft.
Coeff. of consolidation, ft. sq/day

f Cumulative % reduction in thxckness C
( Ry for following loads: :

0.04

05

kips per sq. fe.

SIEVE ANALYSIS
¢ Passing Sieve -

No.

10
20
40
100

200 |
S0 e
7.005 -

.002 -
o yOOl ,

i 3 Natlondl Park Serv1ce o o
’ashlngton Honument GroundC

%

'k

22 22
14 | 7x8
122 120.
29 33
0 - o,
5. ) .
4,00 | 3.61
16, 32| 16
- 0.1, 0.1 0.3
0 0
0.30 |0.36
- 0.46 | 0.74
. 0.88 . |1.64
1.88 | 3.50
3.60 | 6.66
. 3.38 L 6.42
2.94 5.98
2.40 -5.42
1.88 4,86
2.04 4,94
2.44 5.34
3.04 1 6.04
4.04 7.08
7.88 J11.52
14.38
e

SOJL TEST RESULTS

Table 1

Date
22 22
21 | 23 -
84 89
59 .
-37 -}
22 |
107 108
46 47
5.6 :
0 0
S 18
3.48 | 6.52
32
20.2
10.6~
16 32| 8, 16
0.2, 0.2, .3
0 0
0.44 0.52
0.84 | 0.56
1.84 1.00
3.50 1} 1.84
6026 3020
5.68 o
4,74
3.80
2.72
3.00
- 3.78 *
5.04
6.78
10.84 6.94
20.20 |16.16
100
199.8
99.5
94
78
40
24
14
90 3

_Nov. 30, 1962

- 22
27
0L

N

o

® o .0 o s o e » s
NQOAONRNODDNIN W .
NNROHPODOONC®. S

*

MkakJOCJkﬂdbinﬂcjé.VCDO '

5.56

15.58

6¢)
o poitl FEE o
- OV L o

23 .

17

68

1126
25

“2 72

2.24
2.6C
3.16
4,18
8.2C
16.1C

.....
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sou.mecwmuCSANDFounnknons T T e T e e T
. pate_December 1 196

For Netlonal Park Serv1ce e : - R SRR

- -ales from. ..*Iashlng'ton I‘.onument Grounds L AR UEE I SR
=\ sNo. « e 23 . 128 23 23 23 | 23
S ,,le No. - oo 7 oo 18 20 .22 24 | 26 | 28
: Depth feet SRR TS I fC TR 78 82 - |88 - 92 97

quu1d lelt S LTI 47 e o o T8
~ Plasstic lelt T T ' 22 - | PRI RV AT 1o
‘Plasticity Index - -~} o 12 oo} I 38
o _Imtxal Density, Ib/cu.ft. o 123 120 .108-+- 108 -} . 107 1 107
' Inicial Moisture, % dry we. 4 126 |} 32 | 44 |48 44 - 49
" Weight Loss, 110 C’ to 300 C,,o Y4 e - 17.4%| 5.%
COMPRESSION TEST L PEEE D SRR R
_Lateral pressure, kips/sq. fo. 10 ] 00
Reduction in height at failure, % - 10 6 .
<77 o Max. stress difference, kips/sq. ft s 2094 4,70
'-‘*'DIRECT SHEAR TEST, CONSOLIDATED - S
: " Normal stress, kips/sq.fe. =~ -7 - s ) 320
* Thickness reduction’ before shear, % b 1 1944
7 Maximum. shear, stress, klps/sq ft N 9, 37
- CONSOLIDATION TEST SR SEEREY N | N | B
._..Coeff. of permeabllxty, ft. per day S FEC TR FR _‘- ' . R I T
‘ Correspondmg pressure; kips/sq.ft. | 8, 16| 8, 16| . 8, 16 18, 16| -8, 16| 8,
" Coeff. of consolidation, fr. sq/day 1, 2] 1, 2] 515, .32, 5| - 1, .3 1
T Cumulative % reduction i in thxckness . : : o ) ’ ’ o SR
for foIlowmg loads: "

N T-Xoa

.80 | 4.57 | 4t

0.30 | 0.74 | 0.30 [0.54

a4 | 1.s4 | 10160 |1.06
- . |2.30 | 3.06| 2.10 |1.88
13,70 | 6.46| 3.68 [3.30 | 3 u
‘ | B.96 ] 3.18 R & | 2.
. 5.22 | 2.62 ' o 2.
2.46| 2.0 | -} L
3.54| 138 | | - | 1.
3,70 | 1.50 o) L2
4:36 | 2.04 | - |2
5.34 | 2.78 1 3.
8
7

0
- O
“to.s8 | 1.0a| ©0.68 |o0.74 0.
1
1
3

sy 16 .. L 6.70 ll 28 -7 00 6.34 6,18 :

32 13.18 | 19.44 | 15.46 | 17

Secondary consol. 1- lO days % o 0.3 | '

STcVE AMALYS IS

% Passing Sieve e ’ ' 4 ' . '

NO. lo . '; . - ) . - . lOO

20 e T : 100 ~ 99

| 40 R . 99.8 | 99

#0100 - . L ——l-993 |- | 95

200 oo o 95 S b -1 90

05 e p 91 ) 1o 85

.. $005° T N 2 T e s P <

=L, 00) ‘-.-: e . ‘ g e B S b A IR R S R R

T,
S

-m:s’.\
M°re °rganic part of samnlp +o2TfL--



.. EDWARD 'S. BARBER, C. E. PVLL L oL llhOUh.lD

‘soiL MECHANlCS AND FOUNDATlONS o
{ For.

<

Bl

tested

Natlonal Park Scrv1ce ‘
s from” Washlnqton uonument Grounds
' No. . R 24
_ Sample No. ]_6
.Depth,, feet - 83 '
;- Liguid Limi%
- Plastic Limit
Plésticity Index
Initial Densxty, lb/cu fe. 102
Initial Moisture, % dry wt. 55
Weight loss, 100 c to 300 C 7 .
CO\(PRESSIO\I TFST C e
Laceral pressure, k‘xps/sq fe. S0
- Reductxon in height.at failure, % - 5
i 0 wiMax. stress difference, kxps/sq f. .}t 3.957° .
DIRECT SHEAR TEST, CONSOLIDATED S
" 'Normal stress, kxps/sq fe. R
Thickness reductxon before shear, % -
_ Maximum shear stress, kips/sq.ft. :
CO\SOLID ATION TEST. : e
" Coeff. of permeability, ft. per day IR
. Corresponding pressure, kips/sq.ft. 8, 16 }
Coeff. of consolidation, ft. sq/day 43, .15
- Cumulative % reduction in thickness Ll
fot following loads: TR
0.04 kxps per sq ft o
O e - 0.84
N 126
ey & SR : T 2.76
-8 I ,1nundated.. 4I 5.54
CLNs 4 TR R 4,52
2 3.72
B 2.88
1 -
2 2.80
-4 b 3:96
8 Lo 5.72
16 b 12.16
32 21.48
SIEVE ANALYSIS |
$3 Passing Sieve
No. 10 i
20
40
100
-

More organlc part of sample .

‘ o Table 3
T Date._DQc_.;__fl,,. ,-.".;..;;;,.':}. —_
24 24 - 24 " 25 - Z5
18 20 22 5 257
.88 95 99 . 15 104
65 -
" 32
1 .33 - - L
90 108 108 123
75 42 43 18 | Re-
19.4% 4.9 0.6 |mif5.,9
. oo
0 0 0 o (0
6 6 8 - lLizlo
4,07 | 5.66 1.07 Ji25)3.27
- 32 .32 -32
18. 7 13.6: 24, ]
1.9 1201 10.2
8,16 8, 16. | 16 8 3, 1
2, .5 1.5, .4 0.5 | 2+ 1,
0 0 0 o 0
0.74 0.26 0.58 0.8C O
1.12 0.36 0.88 1.00 1.0¢é
1.86 | 0.70 1.52 I 1.2% 1.9C
2.88 | 1.60° 3.04 boos.2¢
4.70 |I 3.46 1 6.04 5.8
4.14 | 3,04  5.70 5,22
3.54 2.60 5.24 v i 3,20
2.96 | 2,20 4,74 | 1.22 | 4.3C
2.46 1.70 - 4.20 l.14 ¢+ 2 3¢
2.74 1.94 4,36 1.24 3.60
3.14 2.32 4,74 ' : .24
3.86 2.78 .5.38 2.66 5.38
4,98 | 3.70  6.46 3.22 | 7.26
9.10 7.22 10.44 5.6C 12.92
18 74 13.62 16.60 ‘ 24,14
' - 99,4 100
100 | 98 99.8
99.8 ~g5 °.7
96 3 W1
91 63 i
86 53 {3
73 46 - o
Te2 21 oy
16 .19 i [9)
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i B¢ son_ MECHANICS AND FOUNDAT!ONS _

;““pd“

3 from

thlonal Park Serv1ce

B\ No. R S
Sample No. ==+ -m el :
Deptb feec e

quUld L1m1t f;uf
1? Plastic Limit"
. .- Pldsticity Index
* " Initial Density, Ib/cu.fr. - '_ _
" Initial Moisture; % dry wt.

“COMPRESSION TEST.
. Lateral pressure, klps/sq fr.

“.- Reduction in height at failure, %

" Max. stress difference, kxps/sq fe.

IRECT SHEAR TEST, CONSOLIDATED

,Nozmal stress, k1ps/ sq.fe. s

Thickness reduction before shear, %

* Maxxmum shear stress, kxps/ sq ft
VSOLIDATION TEST . :

'Coeff of permeabxhty, ft per day

Cotrespondmg pressure, kips/sq.ft. -

.Coeff. of consolidation, ft. sq/day "_'

"Cumulauve % reducuon in thxckuessv
- fe followmg loads i

SIEVE ANALYSTS .
% Pa551ng Sleve'No._ﬁ- e

- Weight loss, lOO C to. 300 C,7 B

Washlngton Fonument Grounds .

26
6
17

1. oo;

12.4
4.18 -

27
20

19

108
3. 1

110 .
o 66

46 .

Tdie 4 .
1 1962

Dec.

Date

5., 68
6.34
10.78

15.98

127 -
27 .
25

1,18 11
1270
©6.06

127 :
13
41

1os o
1. 8 0. 5L2.o

0.40 |
0.68

5,20

4.16

et
i




o EDWARD S. BARBER, C. E. uunu .ll_JbJL AN URL A

SOIL MECHANICS AND FOUNDATIONS

L Por° Natlonal Park Serv1ce

Cﬁﬂ " 1 from

LB No.

. Sample No..
Depth feer

- Liquid lelt
Plastlc lelt
Plasticity Index
Initial Density, Ib/cufr.. - T
Inicial Moisture, % dry wt. '
. ¥eight loss, 100 C to 300 C /
© * COMPRESSION TEST .. ~ _
: Lateral pressure, kips/sq.fe. =~ B
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