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July 16, 1998 JAMES MADISON CUTTS

Mr. Craig O’Callaghan
Universal Builders Supply Inc.
5710 Columbia Park Road
Cheverly, Maryland 20785

Subject: Geotechnical Investigation
Proposed Access System
( Washington Monument
Washington, DC
Project No. R98106

Dear Mr. O’Callaghan:

Woodward-Clyde is pleased to submit herein our report of a geotechnical investigation that
was performed in connection with the design and erection of the proposed access system for
implementing repairs to the Washington Monument in Washington, DC. This investigation
was performed in accordance with our Proposal, dated June 26, 1998. This letter report
presents a discussion of the geotechnical investigation, the results of the investigation, and our
recommendations for supporting the access system.

Soil samples obtained during the course of the investigation will be retained in our facility for
a period of three months. After that time the samples will be discarded unless other
arrangements are made by your office.

INTRODUCTION

Universal Builders Supply Inc. {(UBS) is part of the team selected by the U.S. Parks Service to
perform restoration to the exterior of the Washington Monument, UBS’s task in the project is
to supply and install the access system for the restoration. The access system will consist of
scaffolding, which will envelop the Monument. Woodward-Clyde (WC) was retained by UBS
to perform a geotechnical investigation in connection with foundation design for the access
system. The scope of work included the engagement of a registered surveyor to determine the
ground surface elevation at each proposed leg location, engagement of a contractor to drill
test barings, monitoring and documentation of the test borings, engineering evaluation of the
boring results, and the preparation of this report.
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Project and Site Description

The proposed access system will consist of aluminum scaffolding which will extend from the
ground surface to a maximum height of approximately 555 feet. The scaffolding will taper
from approximately 72 feet on a side, at the ground surface to approximately 52 feet on a side
at the 500-foot level. Each side will consist of four panels of scaffolding, connected to the
adjacent sides by corner trusses. The width of the scaffolding is 6 feet with the legs being
located approximately;_z,syand 8.5 feet off the face of the Monument. We understand the
vertical leg loads to range from4.7to 36.2._}‘€ips. The heavier loads are associated with the
inner legs. o BN S

|

The ground surface surrounding the Monument is currently covered with a concrete pavement
and surrounded by a ring of embedded benches. Elevations at each proposed leg location
were determined by a registered surveyor. The locations and elevations are presented in
Appendix A, An active utility bunker is located immediately to the west of the Monument,
within the zone of the scaffolding. Floodlights are also located within close proximity to the
proposed location of the scaffolding.

Based upon a review of literature, it appears that the foundation for the Monument consists of
“an uncoursed rubble core underpinned and buttressed on four sides with poured-in-place
hydraulic cement concrete.” It appears that the top of the buttress extends approximately two
feet beyond the face of the monument at a depth of approximately two feet below the ground
surface and then plunges on a one to one splay to a depth of approximately 20 feet.

Regional Geology

The Washington Monument is located within the Atlantic Coastal Plain Physiographic
Province which is characterized by sequences of marine and terrestrial sedimentary deposits.
The western limit of the province is commonly referred to as the Fall Line, where older
crystalline rocks of the Piedmont Province begin to dip beneath the relatively new sediments
of the Coastal Plain. The Fall Line is located approximately two miles northwest of the site.

In general, the Coastal Plain Province consists of an eastward-thickening wedge of
unconsolidated gravels, sands, silts, and clays that have been deposited upon an eroded
crystalline basement rock surface that slopes downward towards the east. Many depositional
environments existed during the formation of the Coastal Plain. Glacially influenced marine
transgressions and regressions, periods of erosion and deposition, fluvial (riverine) processes,
and structural deformations have all played a part in the evolution of the Coastal Plain. As a
result of these varying processes, the presence, thickness, and lateral continuity of geologic
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formations are highly variable. The area around the Monument was previously filled and
excavated and filled again.

SUBSURFACE INVESTIGATION

The site subsurface conditions were explored by four test borings, as shown in the surveyor’s
sketch included in Figure 1. GeoServices Corporation, of Landover, Maryland drilled the
borings to auger and sampler refusal on the buttress foundation of the Monument, at depths of
between 5 and 6 feet. Soil samples were obtained continuously from the ground surface using
the Standard Penetration Test (SPT) method. Laboratory tests were performed on soil
samples taken from the test borings in order to aid in classification and evaluation of
behavioral parameters of strength and consolidation. Further details of the drilling method,
logs of the borings, and laboratory resuits are presented in Appendix B.

The concrete slab surrounding the Monument ranged from 4.5 to 5 inches thick. The fill soil
encountered in the four borings beneath the slab ranged from silty sandy clay to silty clayey
sand. A probable boulder was encountered during the augering of boring B-2. The soils
generally classify as CL-ML to SC-SM according to the Unified Soil Classification System.
Standard Penetration Test resistance (N-values) ranged from 3 to 9 blows per foot prior to
encountering the foundation of the Monument. All of the borings were dry upon completion.
The moisture content in the samples ranged from 3 to 18 percent.

GEOTECHNICAL EVALUATION

Settlement analyses were performed using a bearing pressure of 1,000 pounds per square foot
(psf) and soif moduli values based on N-value correlations. The footings were assumed to

‘bear 36 inches beneath the ground surface. Results of the analyses indicate that the exterior

footings will undergo settlement of approximately ¥ to ¥ inch. Interior footings bearing on
the existing foundation of the Monument should undergo insignificant settlement. Therefore,
the total differential settlement across the width of the scaffolding is anticipated to be between
Y4 and Y2 inch. If all of this amount of differential settlement were to occur as post-
construction settlement, the horizontal movement at the top of the scaffolding would be on
the order of 3.8 feet. However, it is anticipated that the majority of the settlement will occur
during the three months of erection, and that post-construction lateral movement would be
much less. It is understood that the scaffolding legs will be equipped with leveling screws to
compensate for any settlement, and that the elevation of the legs will be monitored on a
regular basis.

The foundations were also analyzed for bearing capacity and the potential for the footing to
slide down along the one to one splay of the existing buttress foundation. Results of the
Woodward-Clyde Federal Services
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analysis indicate that the foundation should be an average of 7.5 feet wide, parallel to the face
of the Monument.

RECOMMENDATIONS

It is recommended that the proposed structure be supported on a shallow foundation system
consisting of spread footings. Detailed recommendations pertaining to the design and
construction of foundations and other related geotechnical aspects of the proposed
construction are presented in the following sections.

Site Preparation

The concrete pavement will need to be removed from the areas where the footings will be
constructed. It is anticipated that the footings can be excavated with vertical side walls by a
small excavator. Prior to construction of the footings, the subgrade should be inspected by a
geotechnical engineer or a qualified soils technician and be “proof-tested” and compacted on
grade with a jumping jack compactor or walk-behind vibratory roller, in order to detect and

stabilize any areas disturbed by previous construction activities. Loose or soft zones should

be undercut and replaced with [ean concrete or crushed stone. Any boulders encountered at
the foundation level should be removed and replaced with lean concrete or crushed stone to
avoid creating a hard spot directly beneath the footing.

Foundations

The structure should be founded on shallow foundations consisting of spread footing designed
for a contact pressure of not greater than 1000 psf. We anticipate that footings will be
designed with a trapezoidal shape. Regardless of load, the minimum footing dimension should
be at least 24 inches. For frost protection, all footings should bear at least 30 inches below
the existing grade. Anticipated differential settlement between the outer and inner legs is
estimated at 1/4 to 1/2 inches.

During construction, all footing subgrades should be protected from disturbance, and concrete
should be placed as soon as possible after excavation, Should the footing bottoms become
disturbed, the disturbed material should be removed and replaced with crushed stone or lean
concrete. The crushed stone should be compacted to at least 80 percent relative density.

Construction Monitoring

It is recommended that observation and monitoring be provided during the foundation
construction by a geotechnical engineer or experienced soils technician who is familiar with
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the subsurface conditions and the foundation design criteria. These services should include
the observation and documentation of foundation construction, including subgrade
preparation and evaluation of foundation bearing materials.

It is understood that the scaffolding legs will be equipped with leveling screws and that the
elevation of the legs will be monitored on a regular basis. We recommend that the elevations
of the legs be monitored on a weekly basis as the scaffolding is erected. Adjustment to the
outer screw jacks may be needed to compensate for the differential settlement. Less frequent
monitoring may be needed as settiement rates decrease.

LIMITATIONS

This report has been prepared to assist UBS and the structural engineer in the foundation
design. The work has been carried out in accordance with reasonable and accepted
engineering practices. No warranty or guarantee, either written or implied, is applicable to
this work. The recommendations presented in this report are based upon the assumption that
the subsurface conditions do not deviate appreciably from those disclosed by the subsurface
exploration, and that competent monitoring and testing will be conducted during construction.
Any changes in the proposed design of the facilities or variations in the existing site conditions
from those assumed in this report must be brought to the attention of Woodward-Clyde so
that we have the opportunity to review the changes, and if necessary, modify the
recommendations to suit the new conditions.

Soil samples obtained during the course of the investigation will be retained in our facility for
a period of three months. After that time the samples will be discarded uniess other
arrangements are made by your office.

We sincerely appreciate the opportunity to be of service to you on this project. Please do not
hesitate to contact us if you should have any question concerning this preliminary report.

Very truly yours,

A 4.

Robert D. Pinciotti, P.E.
Senior Geotechnical Engineer

RDP:als

Attachments
Woodward-Clyde Federal Services
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JUNE 30, 1998 AMT JOB NO.98-076

A. MORTON THOMAS and ASSOCIATES, INC
12750 TWINBROOK PARKWAY
ROCKVILLE, MARYLAND 20852

ELEVATIONS OF SCAFFOLD FEET POINTS SET ON JUNE 30, 1998 ARCUND THE
WASHINGTON MONUMENT
l ELEVATIONS ARE BASED ON AN ASSUMED ELEVATION OF 500 FT
BENCH MARK IS A STEEL BAR APPROXMENTLY 1 INCH ABOVE THE SIDEWALK ALONG THE
EAST WALL OF THE MONUMENT 4'+- SQUTH OF TEE ENTRANCE.

l POINT NO. ELEVATION POINT NO. ELEVATION
15 499.82 16 499,70
17 499.71 18 499.95
20 499 .22 21 499,306
22 499.00 23 499,20

101 NOT SET i0z2 NOT SET
103 499.82 104 499,79
105 499.75 106 499 .41
107 499.40 109 489.39
110 489 .41 111 4939 .65
112 489.55 1i3 499,64
114 499.42 115 4938.39
117 499.41 1is 4959 .44
119 499.72 i20 489,80
121 499.85 122 499 .68
123 499.866 iz25 499 .65
126 499.63 127 NOT SET
128 499.97 129 499,96
130 ELEV NOT TAKEN 131 ELEV NOT TAKEN
141 499,95 142 500.02
143 459.97 144 499 .94
145 489 .72 147 499,73
148 459,85 149 499 .79
150 495.81 1851 495,74
153 459.73 154 £99.89
155 455,97 156 500.02
157 499.99 159 4595 .98
160 500.1¢ 161 500.09
162 500.11 163 485,55
TEST HOLE B 499 .41 TEST HOLE B8-2 499,44
TEST HOLE B-3 499,65 TEST HOLE @&-4 499.65

FLOOR ELEV AT CEﬁTER ENTRANCE TO MONUMENT AT FACE OF WALL= 499.89



APPENDIX B

SUBSURFACE EXPLORATION

The subsurface exploration consisted of four borings, the locations of which are shown on the
sketch in Appendix A. The borings were drilled by GeoServices Corp. of Landover,
Maryland, under the technical supervision of Woodward-Clyde. Layout was performed by A.
Morton Thomas of Rockville, Maryland. The surveying data are presented in Appendix A,

The test borings were drilled using a skid rig. All borings were advanced using hollow-stem
augers. Samples were obtained for identification and classification by means of a 2-inch O.D.
split barrel sampler driven 18 inches by a 140-pound hammer freely falling 30 (the Standard
Penetration Test, ASTM D 1586). The number of hammer blows required to drive the
sampler during the interval from 6 to 18 inches, or fraction there of, is reported on the test
boring logs as the “Sampling Resistance,” and is also known as the “N-value.”

A “Key to Soil Symbols and Terms” used in this report is presented I this appendix. Logs of
the test borings conducted during this investigation are included thereafter.

Physical property tests were performed in the laboratory on selected representative soil
samples to aid in classification and for correlation with engineering behavior of the soils.
These tests included natural water content (ASTM D 2216), liquid and plastic limits (ASTM
D 4318), and grain-size distribution (ASTM D 422). The numerical test results are presented
the appropriate boring logs. Grain-size distribution curves are presented on the pages
following the boring logs.

IWCCIR9IB106\REPRTLTR. DOCY 4-JUL-9B\GTE
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Project: Washington Monument
Project Location: Washington, D.C.

Log of Boring B-1

Project Number: R98106 Sheet 1 of 1
Date(s) §/30/98 - 6/30/98 Losged  MA Younls Checked RD Pinclott
Drillin Drill Bit " Total Depth
Method Hollow Stem Auger SizelType % Drllied (feety 56
Dyrill Ri Drillic Sampler
Type 2 Skid Rig CME-45 o or  GEOSERVICES CORP. Topecs) SPT
Groundwater Level Hammer - proximate
and Date Measured DY 6/30/38 Data 140 Ibs gﬂrfaoe Elevation 4994
Comments Sg::?(%ﬁle Yes
SAMPLES

g & ‘gf 759‘ g’g R
5 £ 5 |25 83 |2 MATERIAL DESCRIPTION _#|38)  REMARKS/
o3 P8le E |88 38 18 82| 8ol OTHER TESTS
ug ofe 5 se] 25 |B8 sl -8

_ ~ Z |ar| of (oo SO{RY

- -0 ““ .| Gray, plain CONCRETE (sidewalk slab);(5")

Medium stiff, moist, brown, sandy siity CLAY, trace gravel
22 (CL-MLY; (gill) y sity g 3
- 56 117
56 17 | 54 |LL=23, PI=6

-495

- 100 T 18

Gray, plain weathered CONCRETE (existing foundation)

- - L _
—490

- -0

Template: GEO_40B Proj ID: R9B106.GPJ
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Project: Washington Monument
Project Location: Washington, D.C.

Log of Boring B-2

Project Number: R98106 Sheet 1 of 1
Date(s Logged Checked
Date(s) 6/30/98 - 6/30/98 By MA Younis g RD Pinciottl
Drilling Drill Bit " Tofal Depth
Moth Hollow Stem Auger SizelType  ° Drilled {feet) 5.8
el Rig Skid Rig CME-46 Driling or  GEOSERVIGES GORP. S sPT
Groundwater Level Hammer Approximate
and Date Measured DT 6/30/98 Data 140 Ibs Surface Elevation 499-4
Borehole
Comments Backfill Yes
SAMPLES
S > EE & g’g
B £ g |Eg Swle MATERIAL DESCRIPTION ¥ g% REMARKS/
5 Bule © |85 525 52| 8o | OTHER TESTS
me Agole §|§8| 88 (s 55[a8
£ z |de| B8 |68 20 |=¥
- -0 = | Gray, ptain CONCRETE (sidewalk slab);(5")
Medium dense moist, brown, clayey silty f SAND, trace gravel
oulder encountered between 1' and 3'
- 17 | 9 ’
56 6

—495

- -5 100 | 100/4" |-

Gray, plain weathered CONCRETE (existing foundation)

—490

- A0

Tempiate: GEO_10B Proj ID: R88106.GPJ WOOdward-Clyde e Printed: 7/3/98




Project: Washington Monument
Project L.ocation: Washington, D.C.

Log of Boring B-3

Project Number: R98106 Sheet 1 of 1
Date(s) 6/30/98 - 6/30/98 Eoo9ed mA Younis grocked RD Pinclotti
Drillin Drill Bit " Total Depth
Moty Hollow Stem Auger SielType 3 Drited U{;el) 5.8
Drill Ri Drilling Sampler ]
Type 9 Skid Rig CME-45 Contractor GEOSERVICES CORP. Typelzs) SPT
Groundwater Level Hammer Approximate
and Date Measyred DY 6/30/98 Data 140185 Shrace Elevation 4997
Comments gg(r:il‘fl_:lalte Yes
SAMPLES
8 . > S R 22 )
5 £ 5 ol 83 |e MATERIAL DESCRIPTION <52 REMARKS/
cl| Own A7)
2w $8lo 2|88 22 |6 38| 8o OTHER TESTS
e ALia E 2o ol |oo BEILS
& oli% S |oe| &5 |E8 3l
E z |lde| a2 (o8 20|=¥
- -0 Gray, plain CONCRETE (sidewalk slab); (5")
Medium dense, moist, brown, clayey silty f SAND, trace gravel
0 8 (SM-SC); {fill) yey sity s 9
T 22| 5 6
56 4 18
~495 :
- 5 100 | 100" 18
Gray, plain weathered CONCRETE (existing foundation)
o . i
490
- 0
Template: GEQ_108 Froj ID: R981 06.GPJ WOOdWﬂI‘d-Clyde e Printed: 7/9/98




Project: Washington Monument Lo g of Boring B-4
Project Location: Washington, D.C. S
e
Project Number: R38106 heet 1 of 1
Date(s Logged Checked
Date(s) 6/30/98 - 6/30/98 By MA Younis By RD Pinciotti
i Drill Bit " Total Depth
prling, Hollow Stem Auger Size/Type 3 Drilied (feet) 5.4
it Ri Drillin: Sampler
Do Skid Rig CME-45 QoS tor  GESERVICES CORP. Topers) SPT
Groundwater Level Hammer Approximate
and Date Measured DY 6/30/98 Data 140 LBS Suface Elevation 499-7
Comments gg(r:?(r&tlalle Yos
SAMPLES
5 - 5& ' R®| 28
B, & gz |£8| Sa MATERIAL DESCRIPTION _E| 35| REMARKS/
58 3P|y € |83 23 82| ®o| OTHER TESTS
g o g'. = 5 | o= o= Lo
oIE Z |ae ol O (=E
T Gray, plain CONCRETE (sidewalk slab);(4.5")
Medium dense, moist, brown, clayey siity f SAND, trace gravei
6 o (SM-SC); (il yey silly 9
o7 33| 4
2| 3
495
- o5 100 | 10075 Gray, plain weathered CONCRETE (existing foundation) 47
100 L
- 10
Template: GEO_1CB  Proj 1D: R98506.GPJ WOOdWﬁTd-Clyde 9 Printed: 7/0/98
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GRAIN SIZE (mm)

o GRADATION ANALYSIS

@ B4 53 3550

Brown "clayey silty" SAND, trace gravel

TESTED BY: JMK DATE: 7-4-68
CHECKED BY: 8K SHEET: 2 of 2




