EM 1110-2-4300
15 Sep 80

CHAPTER 1

| NTRODUCTI ON

l-1.  Purpose and Scope. This manual is issued as a guide for use by

i ndividuals and organizations in the Corps of Engineers engaged in the
pl anning of instrumentation programs and in the preparation, installa-
tion, and collection of data from instrunments and devices for neasure-
ment of structural behavior installed on or enbedded within concrete
gravity prototype structures for civil works projects. The manual de-
scribes new techniques which have evolved from recent technol ogical ad-
vances in electronic instrumentation as well as nethods which have been
devel oped over a long period of time for the preparation, fabrication,
protection, and installation of instrunents and the collection of data
therefrom Efforts to inprove the techniques will be continued, based
on field experience and | aboratory investigations, and the manual up-
dated when appropriate. Instruments described include those installed
for the measurenment of strain, stress, joint nmovenment, pore pressure,
interior concrete tenperature, uplift pressure, |eakage, structural de-
flection, head loss, and distance neasurenent.

1-2.  Applicability. The provisions of this manual are applicable to
all field operating activities having Civil Wrks design responsibilities.

1- 3. Ref er ences.

a. Oher Engineer Mnuals. Portions of the follow ng manual s
relate to aspects of structural design and behavior to which the instru-
ments and devices described herein relate.

EM 1110- 2- 1802 Subsurface Investigations - Geophysical
Expl orati ons
EM 1110-2-1908, parts 1 and 2 Instrunmentation of Earth and Rock-Fill

Dans

EM 1110- 2- 2000 Standard Practice for Concrete

EM 1110- 2- 2200 Gravity Dam Design

EM 1110- 2- 2300 Earth and Rock-Fill Dams General Design
and Construction Considerations

EM 1110- 2- 2501 Wal | Design (Floodwalls)

ER 1110-2-100 Periodic Inspection and Continuing Eval ua-
tion of Conmpleted Civil Wrks Structures

ER 1110-2-103 Strong Mdtion Instruments for Recording
Eart hquake Mtions on Dams

ER 1110-2-1802 Reporting Earthquake Effects

ER 1110-2-1150 Post Authorization Studies
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h. Qher Technical Publications. Appendix A consists of a se-
| ected bibliography of literature pertaining to instruments for and
measurenent of structural behavior of prototype concrete gravity struc-
tures.

1-4.  Program Pl anning and Execution.

a. Responsibility. Structural behavior instrumentation prograns
may be proposed by a field agency when necessary to nmeasure the struc-
tural integrity of a concrete structure or when an opportunity exists to
obtain data which will add to basic know edge, check design assunptions
or aid in the solution of incompletely solved problems. Wen a program
is considered desirable, a reconmendation should be forwarded to the
Chief of Engineers through channels indicating the scope and objective
of the proposed program estimated cost, and justification. The Chief
of Engineers may also direct that such a program be initiated by a field
agency when a need exists. Planning structural behavior investigation
prograns for concrete structures, developnent of guides for the installa-
tion and observation of instrunments, and assenbling, processing, and
di ssenmination of collected data are responsibilities of the Engineering
Divisions in the US. Arny Engineer Districts. Installation of the in-
struments and collection of data during construction in accordance with
prescribed procedures are the responsibilities of the Construction Divi-
sions in the Districts. Collection of data from the instruments after
construction is the responsibility of the Qperations Divisions. Coordi-
nation, review, approval, and termination of such prograns are functions
of the Chief of Engineers.

h. Quide to Critical Readings. Threshold limts wll be estab-
lished for each safety-related instrument in the structural behavior
program  These critical values (usually maxim) should directly reflect
design criteria, be derived from design data, or represent engineering
judgrment and experience. Quantitative linmt values will be devel oped
prior to conpletion of construction, and may be subsequently nodified
as the performance history of the structure is established.

c. Disposition of Results. Preparation of graphical history
plots, schematic diagrams, or tabulations based on the processed data is
required for all approved Structural Behavior Instrunentation installa-
tions. Results shall be available for examination during the schedul ed
periodic inspections, and where appropriate, sunmaries included as a
part of the formal periodic inspection reports.
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1-5. Contract Work.

a. GCeneral. The general policy of the Chief of Engineers is to
performall civil works by contract unless it is in the best interest of
the United States to acconplish the work by Government forces. However,
the specialized nature of instrumentation facilities and the care re-
quired in the preparation, calibration, and placement of test apparatus
demands that these features of work be retained under close operationa
control of the Corps of Engineers. In view of these conditions, direct
procurenent by the Governnent of enbedded neters, cable, tubing, test
sets, microscopes, slide mcrometers, scales, indicating or recording
equi pment, and simlar itens not normally encountered in construction
work, and the utilization of Governnent personnel to acconplish certain
phases of the fabrication and installation work, such as enbednment of
instruments and splicing of cables, is reconrended

h. Work Perforned by Contractor. Work which may be acconplished
by the construction contractor should be limted to the follow ng types:

(1) Furnish and install enbedded conduit and supports for cable
| eads.

(2) Furnish and install the basic termnal reading station
facilities, including cabinet, panel board, terminal strips, and power
or lighting outlets therein

(3) Make cabl e connections at reading stations.

(4) Furnish and install uplift cell collector boxes, piping, and
all reading station facilities associated with uplift cells.

(5) Furnish and install pipe shafts for deflection plunb Iines.

(6) Construct reference nonunents in connection with precise
alignnent facilities.

(7) Furnish unskilled |abor required during the enbednent of in-
struments and cable |eads.

¢c. Plans and Specifications. Project plans should show the com
plete instrument |ayout, supplenented by detail draw ngs covering the
size and location of cable conduit, terminal reading stations, pane
boards, termnal strips, uplift cell collector boxes, uplift piping, de-
flection plunb line shafts, and reference nonuments.
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The project specifications should include a separate technical
section setting forth workmanship, naterials,, codes, and standard prac-
tices, and simlar installation requirenments pertaining to itenms of work
for which the contractor will be responsible in connection with the in-
strumentation facilities. Government-furnished equipment should also
be |isted.

d. Measurement and Paynent. Establishnment of units of measurenent
for instrunentation facilities is generally not feasible, and paynent
should be made by lump sum A single lunp sum paynent item covering all
features of the structural instrumentation installation is recomended
for facilities of normal size and scope. For mnor prograns the work
performed by the contractor frequently may be included under one of the
| arger concrete itens, and no separate payment made.

1-6. Types of Instrunents.

a. Relationship to Measurenent of Safety Conditions. The instru-
nments described herein can be grouped into two main categories; those
that directly neasure conditions that relate to safety and those that
indirectly measure conditions related to the safety of the structure.

A further category describes instrunents that could be grouped into
either one of the two main categories.

h. Safety Related Instrunents. Instrunents that neasure overall
movenent, or phenonena that cause overall novenent of the structure can
be grouped into the category of direct neasurenent of safety conditions.
Plunbing, alignment, and uplift pressure neasuring instrunents are in
this category. Seismc instrunents measure the intensity and charac-
teristics of an earthquake as it is happening and therefore do not warn
of unsafe conditions before the fact. They can, however, tell the con-
ditions and forces experienced by the structure during the earthquake
which may be of inportance in determining whether the structure is un-
safe after the shock.

¢c. Instruments Indirectly Related to Safety. Instruments that
neasure quantities such as stress and strain, |length change, pore pres-
sure, |eakage, and tenperature change are not directly related to safety
determination. They generally measure standard conditions of the struc-
ture which if they become extreme or unusual wll indicate conditions
related to structure safety. Certain types of these instruments fall in
a category between the above nmentioned two, that is they sonetines
neasure structural safety conditions directly and at other tinmes in-
directly. For exanple, crack and joint measuring instrumentation normally
neasure expansion and contraction of joints which are an expected nove-
ment, however, if these instrunents are installed over a crack that has
devel oped unexpectedly, then they are primarily being used to nonitor
structural novenent related to safety.
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1-7.  Instrunent Uses. The instrunents described in this manual serve
a variety of jobs, and for that reason, grouping them as to the jobs
they performis also a helpful categorization. Table I-1 is intended

to be used as a quick reference to indicate what instrunents perform
what functi ons.

1-8. Collection of Conplenentary Data.

a. Related Data. The collection of related and supporting data
pertaining to structural behavior is an integral part of the instru-
mentati on program and should proceed concurrently with the readings of
t he enbedded instruments. Types of information required to support or
clarify the instrument observation results include:

(1) Construction Progress. Schematic concrete placing diagram
showing lift placenent dates, concrete placing tenperatures, and lift
t hi cknesses.

(2) Concrete Mxes. Cenment contents, water-cenent ratios, and
typi cal conbined aggregate gradings for interior and exterior nixes,
typical fine aggregate gradings, before and after mxing, and anount of
entrained air, adm xtures used, and how introduced.

(3) Cement. Type, source, or sources, physical and chenical
properties, including heat of hydration.

(4) Aggregates. Types, geologic classification, petrographic
description, source or sources, and chem cal and physical properties.

(5) Curing and Insulation. Type and nethod of curing; type, |o-
cation, and duration of insulating protection.

(6) Tenperatures. Daily maximum and mininmum air tenperatures.

(7) Pool Elevations. Daily reservoir and tailwater elevations.

(8) Concrete Properties. Specific heat, conductivity, diffusivity,
thermal coefficient of expansion, dynamic and static nodulus of elasticity,
creep, conpressive, flexural, and tensile strength.

(9) Tenperature Control Procedures. Location, size, and arrange-
ment of enbedded cooling pipes, cooling water tenperatures, punping
rates, and sequence or history of cooling operations; extent and method
of precooling concrete m xes.

(10) Foundation Conditions. Final rock elevations, unusual geo-
| ogi ¢ features.

1-5



¢ ao93deyn (3usweansEol ABIUTT) 2dooso1oT 8utansesy YoBAH 9TqRIIOG

¢ pue 7 siaideyp (JusweaInsesy IBLIUTT) 38eH YO3BIDS TBOTUBYIDIR
¢ aeoadeuyn (Juswaanseal] IBDUTT) ?8es TBIQ
¢ a91dey) (uoTiejoy + TruOTSULAWI( ) a8en padeys ,,71,
¢ ao9adey) (3usuwsiansesy TRUOTSUDWIQ 7) 98en ureaas uorirsodriTny
¢ aazdeyp (juswaansesy [RUOTSUSWIQ €) 28en xog-N-TI®d
¢ z91dey) (3uswaansesy TeUOTISUIWI( ¢) 10380TpPUl JulwRdBTdSTI(Q 3JUTOr YITTOUOW
¢ aoadeyp (3Jusweinses) TeUOTISUSWIQ €) I031BDTPU] IUDWDAOR SATIR[SY
s93en TRUIIIXY - JUSWOAOR JIUTO[ IO WOBI)
¢ a9ideyp (Fuswaansea)y 1BSUTT) A9]9uwosualxXy IToyailog uoTiIsog STATITNH
G pue g sa9adeyn (3uswaanseay I1e2UTT) 19319 3IuTor

so8es [eRUISIUI - JUSWSAOK JUTOL 10 NOBIL)
INIWHYASVIR NOILOVYINOD ANV NOISNVIXH

¢ a9iadeyp (3usweINsSEI IBIUTT) 98e9 ureIlg ©OUBISTSIY TEBOTIFVOTH

Z x93deyp (1usuweinseay ABIDUTT) A30oNnpsuel], TeIIUaI9I3TC 9TJIBTIBA IBOUTT]

7 Io9adeyy (3IudWeINSEIl ABSULT) 93en urealg Burzipaepuelg 9I0JUOK

7 a9adey) (JuPWeINSed| IABDUTT) 98en ureilg =aTM SurieIqIA

7 19i1deyn (Juswaanses)] I1BL2UTT) 98e9 i03BIOg TEBOTUBYOSK

7 I9adey) (feuorsusuiq g 10 ) 98B uUTeI1S TEBOTUBYDIDR SI0WDIITUM

so8es TEUIdIXY - JUSWIINSEI UIEBIIS

7z a93deyp (3Iuswoanses)y ABDUTT) 1939 '93910U0) PIOIOIUTSIY

Z 19adeyp (3usweanseay IeIaUT]) 23en uTRIg IOUBISTSOY TEOTIIOOTH

7z aoadey) (2uswaanseal| I1BSUTLT]) 28e9 ure1lg 92aTM SUTIBRIAQIA

Z 19adey) (Juswoanses) avaUTT]) a8en urei3g 9Tqepaquy

7 a9adeyp (Jusweinseay IABDUTLT) 1939 UTBIIS DANIBTUIKR

7z a9adeyp (JudwaInsea I1BIUIT) I9319K urea3ls
S s98es TEBUIDIUI - JUSWLINSES UTBIIS
Q INIWAANSVAR NOILDATAAQ ANV NIVHLS
No
& © uoTIEd07]
- = (ap £q poaedsag)
-9 XAANT TS0 INZWNYISNI
o

1-T d19VL

1-6



EM 1110-2-4300

15 Sep 80

9 a93dey)
193dey)
# 19adey)

~t

193dey)
a9adeyn
# 123deyp

g T

¢ a9adeyp
¢ a93deyp

¢ ae9adey)
xeo3deyn
I93dey)

[3oTNeat

aeadey)
193dey)n
ao3deyn
1s3dey)
193dey)
a93dey)
19adey)

NANMN MM

193dey)
7 Ioadeyn

o~

UOT3IEBO0T]

(FusweiInsesy JuswWLTlILg)
(JusweINSEI TOADT a23eM)
(Jusweanses)y T24a97 urdg)

(Juswaansedy TeoT1do)

(JuowaaInsea MOTH)
(3vowaanseay MOTJI)

(T120 33711dn

adrdpueig yatm uoraounfuo)y ufr pasp)
(FudwRINSEOR PBOH 2aANssalg JdTTnNeapLH)
(JusweiInseay] peol 2Inssaig OTTNeIpLH)

(Iuswaansedy 2anssalg JTWRUAPOIPAH)

(1uswaanseay 2Inssaig
(IuswaInseay] 2inssaid
(3usweInsesy 2INssalyg
(Juswsanseay 2iInssaag
(3usweinsesy] 2anssaig
(IuswWwaInNsea) aInssaig

0T31e3150aPLH)
OT31®1801PAH)
OT3BIS0IPLAH)
0TI1'1S01PAH)
OT1831S0IPLH)
013€31S01P4AH)

(3uoweansSeIK S$S9131§ 23910U0)H)
(JuowaiInses)| S$s911§ 939I0U0))

SurTeAeT 281091y
I9319 2497 I23BM TyBezZa9o]
194870330979
JUSWAINSEI)] SSOUTDADT
sjouwuntg Te>T1dQ
seurT qunig peiloaul
S2UTT qunTgd
JUDWOINSBIY SSoUqUNTJ
INTWIYNSYVER NOILDATAAA ANV ‘ONILTIL “HNIANEL
I939) yadsag Te°OTITI)
IT9M YOION-29A
INIWHIASVAR AOVAVAT DITAVAdAH

J107EBOTPUT [OADT I93EBM
T190 3311dn w8eayderq
1120 23T1dn =drdpueas

JUuswWaINSEIR ainsseid 3IITTdn
93en sanssold OTWRUAPOIPAH
119D =anssalig I93BM 910g OTIEIS0IPLH
1979WO0ZaTd ©ITM SuT3IBIqQIA
1T9D 9anssalg OTIBISOIPAH SAM
wa1sLg A131swWATa] JuIINSesd 2inssaig SAM
TI9D @anssalg [923120T9H
23en 2ianssaig SIM

JUBWOINS B3 9INSSa1J
A319 SS91318 2ITM BuriBIAqIA
1239} SS313§

JusuWRINsSe’d)] SS3I1S

INHWNHINSVIN Jd(1SSHYd ANV SSHYLS

(panuriuo)) T-T T14V1

1-7



L

191dey)

[ pue g sieidey)

EM 1110-2-4300
15 Sep 80

8

0 o0 O

O O O O

1a3dey)n

aeadeyp
191adeyp
193deyp

a3deyn
193deyn
a91dey)
193deyn

191dey)
a9adeyn

UOTIBOOT

(£1031STH 2WI3 ON)

(pepnTou0)) 1-T FTEVL

aTdnooouxayy,
JI933WOUIBY] 20URISTSOY
INIWHINSVIN HENILVIddWAL
adoosousTag
99TA9(Q BuTanse’d)] opnituldel
sa8en 2anssaig OTwWeUApPOIpAH
S19319W013 920y Suipesy yesaqd
§1339WOI3TIIIY UOTION Suoails
JjusweInseay AIOISTH =UWT]
INIWHINSVIN DIWSIAS
JuBWaANSEI IIUBRISTJ OTUOIIDSTH
8uranseay 20uUBIST(Q
SurTeA9] ©STO91d
JuaWe 1398
UOTIBIIIBITIL
uorjerndueTa]
JUBWRINSEIRN JULWUSTTY 9ITTopoayl
JjusuweInses) JUsWuUITIVY I9SeT]
JuswWuUd I TV

INIWHIASVIN INHWNDI'TV dSIDddd



EM 1110-2-4300
15 Sep 80

h. Time of Collection. Mich of the preceding listed information
will usually be available from investigations carried out prior to and
during the project design stage or will be obtained under usual construc-
tion control operations. A special supporting |aboratory program for the
determination of those concrete properties required in the analysis of
results may be necessary for the larger or nore inmportant instrumentation
install ations.

c. Periodic Ohservation. Chservers should be alert to detect
cracks or simlar evidences of structural distress which may devel op,
and record time of occurrence, initial size and extent, subsequent
changes in size and extent, and any corrective action taken.

1-9. Comments. It is requested that comments concerning the instru-
ments contained in this nmanual, or ones that should be included in the
next change, be furnished to the Departnent of the Arny, \Waterways Ex-
periment Station, Corps of Engineers, P. O Box 631, Vicksburg,

M ssissippi, 39180, ATTN. WESSC, and a copy furnished to HQDA ( DAEN-
CVE-DC), WASH DC 20314. Two types of comments should be nade: (a)
Recommendat i ons concerning the format of the manual, and (b) Recommenda-
tions for additional information on instrunents proposed to be included
in the manual .
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