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Standard Test Method for
In Situ Compressive Stress Within Solid Unit Masonry
Estimated Using Flatjack Measurements *

This standard is issued under the fixed designation C 1196; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope* pressure multiplied by factors which account for the physical
1.1 This test method covers the determination of thecharacteristics of the jack and the ratio af the bearing area
average compressive stress in existing unreinforced soli@-uniff the jack in contact with the masonry tb) (the bearing area

masonry. This test method concerns the measurement of in-sifif the slot.
compressive stress in existing masonry by use of thin, bladdeh- Significance and Use
like flatjack devices that are installed in saw cut mortar joints ] ) )
in the masonry wall. This test method provides a relatively 4-1 Stress is applied as pressure over the area of the flatjack.
non-destructive means of determining masonry properties if! (e case of multi-wythe masonry, stress is estimated only in
place. the wythe in wh|_ch the flatjack is inserted. Stress in other
1.2 The values stated in inch-pound units are to be regardetfythes may be different.
as the standard. The values given in parentheses are fg( Apparatus
information only. .
1.3 This standard does not purport to address all of the °-1 Flaack _ _ o
safety concerns, if any, associated with its use. It is the 5.1.1 Aflatjack is a thin envelope-like bladder with inlet and

responsibility of the user of this standard to establish appro-outlet ports which may be pressurized with hydraulic oil.

priate safety and health practices and determine the appIicaFl""tj"J‘CkS may be of any shape in plan, and are designed to be

bility of regulatory limitations prior to use. compatible with the masonry being tested. Typically configu-
rations are shown in Fig. 1.
2. Referenced Documents 5.1.2 For determination of the state of compressive stress,

2.1 ASTM Standards3 dimension A should be equal to or greater than the length of a

E 74 Practice for Calibration of Force Measuring Instry-Single masonry unit, but not less than 8 in. (200 mm).
ments for Verifying the Load Indication of Testing Ma- Dimension B should be equal to or greater than the thickness
chines of one wythe and not less than 3 in. (75 mm). The radRJ$or

circular and semi-rectangular flatjacks shall be equal to the
3. Summary of Test Method radius of the circular saw blade used to cut the slot.

stress at that point will cause the masonry above and below tHBat the flatjack in a slot in masonry will be capable of applying
slot to move together. Compressive stress in the masonry mé&perating pressures up to the expected maximum flatjack
be measured by inserting a flatjack into the slot and increasingreéssuré. Metal flatjacks suitable for this purpose shall be
its internal pressure until the original distance between point§1ade of type 304 stainless steel sheet of 0.024 in. (0.6 mm) to
above and below the slot is restored. The state of compressi#%048 in. (1.2 mm) in thickness with welded seams along the

stress in the masonry is approximately equal to the flatjacRdges and incorporating hydraulic inlet or outlet ports.
5.1.4 Calibrate all flatjacks as described in Section 7 to
determine their pressure-applied load characteristics.
5.2 Hydraulic System-An electrically or manually oper-

1 This test method is under the jurisdiction of ASTM Committee C15 on gted hydraulic pump with hydraulic hoses is required_ Hose
Manufactured Masonry Units and is the direct responsibility of SubcommitteeconnectionS shall fit the flatjack inlet port. Measure pressure
C15.04 on Research.

Current edition approved January 1, 2004. Published February 2004. Originally
approved in 1992. Last previous edition approved in 2003 as C 1196 - 03.

2 Solid-unit masonry is that built with stone, concrete, or clay units whose net—————————
area is equal to or greater than 75 % of the gross area. 4 A maximum operating pressure of 1000 psi (6.9 MPa) or less is often adequate

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, orfor older existing masonry, but flatjacks with higher operating pressures may be
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM  required for more recently constructed buildings. Flatjacks manufactured with
Standardssolume information, refer to the standard’s Document Summary page orflexible polymers that have operating pressure ranges of less than 1000 psi (6.9
the ASTM website. MPa) may be useful for stress measurements in some historic masonry.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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r masonry. Remove all mortar in the bed joint, so that pressure
B exerted by a flatjack shall be directly against the cleaned
, surfaces of the masonry units.
U L 6.2 The plan geometry of the slot shall be similar to that of
A the flatjack being used. Plan dimensions of the prepared slot
shall not exceed those of the flatjack by more tharnn. (12
mm).
6.3 Slots
6.3.1 Rectangular slots into which rectangular flatjacks are
B /( to be inserted may be formed by drilling adjacent or overlap-
R ping holes (stitch drilling) and subsequently using a drill, bar,
u \ H or tool to remove mortar and produce a slot of desired
dimensions with smooth upper and lower surfaces.
6.3.2 Cut slots for circular and semi-rectangular flatjacks
CIRCULAR using circular saws of sufficient radius to provide the depth
required (Fig. 1, dimension B). Use carbide or diamond tipped

5 K blades to remove all mortar from the slot.
R
‘ ; 7. Calibration

RECTANGULAR

i
U \ | 7.1 Aflatjack has an inherent stiffness which resists expan-
A sion when the jack is pressurized. Therefore, the fluid pressure
SEMI~RECTANGULAR in the flatjack is greater than the stress the flatjack applies to
FIG. 1 Flatjack Configurations masonry. A flatjack must be calibrated to provide a conversion

factor, K., to relate internal fluid pressure to stress applied.

using gages calibrated to a traceable standard having both an7.2 Calibrate flatjacks in a compression machine of at least
accuracy of 1% of full hydraulic scale and an appropriatel00 kip (450 KN) capacity which has been calibrated accord-
operating range. The hydraulic system shall be capable dfg to Practice E 74.
maintaining constant pressure within 1 % of full scale for at 7.3 Pla@ a 2 in. (50 mm) thick steel bearing plate on the
least 5 min. lower platen of the compression machine. The bearing plate

5.3 Displacement MeasuremenMeasure displacements shall be of sufficient size to completely cover the flatjack being
of the masonry by a mechanical gage extensometer whicbalibrated. Place the flatjack on the lower bearing plate such
measures the distance between fixed gage points on ttikat the edge of the flatjack with the inlet/outlet ports is
masonry as shown in Fig. 2. The method or device used teoincident with the edge of the bearing plate. Place steel
measure deformations shall be capable of deformation me&pacers around the other edges of the flatjack. The thickness of
surements up t&is in. (5 mm). Deformation measurements the spacers shall be equal to approximatel fimes the
shall have an accuracy of at leas0.005 % of gage length.  combined thickness of the two sheets used in fabrication. Place

5.4 Gage Points—Use adhered metal discs or embeddedthe upper 2 in. (50 mm) thick bearing plate on top of the shims
metal inserts as gage points during the measurement process\d flatjack, and align it to be directly above the lower bearing
Attach gage points securely to the masonry (using a rigiglate. Position the bearing plate/flatjack/shim assembly on the
adhesive for discs or cementitious grout for plugs) which willlower platen such that the centroid of the area of the flatjack is
prevent movement and ensure the required measurement acsuithin ¥4 in. (6 mm) of the axis of thrust of the test machine.
racy. The gage points shall have a conical depression at thelthe calibration setup is illustrated in Fig. 3.
center, compatible with the pointed elements of the extensom- 7.4 Raise the moveable platen such that the non-moveable
eter. The angles of the depression of the cone and thplaten isin contact with the top bearing plate. Apply a pre-load

extensometer points shall be the same. sufficient to provide full contact between the bearing plates and
i the spacers, equivalent to 10 psi (0.07 MPa) over the gross area
6. Preparation of Slots of the flatjack.

6.1 Slots in masonry are normally prepared by removing the 7.5 The distance between platens must be held constant
mortar from masonry bed joints to avoid disfiguring the during the calibration procedure. Fix the displacement of the
test machine at this point if using a displacement controllable

L machine. If not, attach displacement gages (mechanical or
T P . - N electrical) such that the distance between platens established by
Flatjock & o 0 o _‘;[;{ the procedures of paragraph 7.4 can be held constant when
Gage Point :\E - | ]‘ ‘ﬁ']:% 3 ‘ ] using a force-control test machine.
e e e e M 7.6 Pressurize and depressurize the flatjack three times over
S RN —— the full operating pressure range. Do not exceed the maximum
S S| ; — flatjack operating pressure.
Stress 7.6.1 While holding the distance between the platens con-
FIG. 2 Flatjack Test Setup for In Situ Stress Measurement stant, increase the pressure in the flatjack in equal increments
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FIG. 3 Flatjack Calibration Setup

to within 5 percent of the maximum flatjack operating pressure. 8.5 Prepare the siot(see Section 6) and record the mea-
Use at least 10 equal increments between 0 psi and thgured slot dimensions and the time. Clean slots of all mortar
maximum flatjack operating pressure. At each incrementand brick particles prior to the insertion of flatjacks.

record flatjack hydraulic pressure and force applied by the test 8.6 Repeat step 8.4 after the slot has been prepared to obtain
machine. the initial deviation from the original gage distances.

7.7 Calculate the load applied by the flatjack as internal 8.7 Insert the flatjack into the slot. Shim as required to
pressure times gross flatjack area. Plot flatjack load versus loathieve a tight fit and bridge over any interior voids in the
measured by the test machine with the flatjack load on thenasonry. See the Annex for a description of flatjack shims and
horizontal axis of the plot. The slope of the line is equal to thetheir use.
flatjack constant, that is, the conversion factor: 8.8 Connect hydraulic hoses and fill the calibrated flatjack
with hydraulic oil until pressure begins to develop.

8.9 In order tseatthe flatjack and any shims, pressurize the
atjack to approximately 50 % of the estimated maximum
flatjack pressure (which corresponds to the estimated compres-
8. Procedure sive stress in the masonry). Reduce the flatjack pressure to

8.1 The location at which compressive stress estimates arzeero.
: P 8.10 Increase pressure in the flatjack to 25 %, 50 %, and

performed is dictated by engineering objectives. The basic75 % of the estimated maximum pressure holding the pressure

arrangement IS |Ilu§trated in Fig. 2. At the deslred location Orsteady at each level. At each increment, measure and record the
locations the following steps should be taken:

> ) ._distance between each pair of gage points. Three repetitions of
8.2 Se_lect and mark a visible line on the masonry to Olefln':'t\fiisplacement measurement are required at each gage point. Itis
the location and length of slots to be formed.

8.3 Attach at least four pairs of equally spaced gage discs Orecommended that the test be conducted as soon as possible
: fourpail qually sp gage di Aiter formation of the slot: the time taken for load application
embedded plugs vertically aligned above and below the slot

shown in Fig. 2. Each row of gage points thus formed shall b%oa” be approximately equal to the time elapsed since forma-

equally spaced above and below the flatjack. The minimun} n of the slot to minimize the effects of creep deformations.
gage length shall be 0.3 times the length.whereA is the 8.11 Continue pressurizing until the original gage distances

length of the flatjack as shown in Fig. 1. The maximum gageare restored. The allowable average deviation from the original

. : , gage length shall be the greater60.0005 in. 0.013 mm)
length shall be 0.6 times the length, of the flatjack. The first of ¥ao th of the maximum initial deviation, with no single

and last locations shall be located not less thaof dimension S . .
Ainward toward the center of the slot from each end, as shoquewa“on exceeding the greater0.001 in. ¢-0.025 mm) or

Km = P machine™ Pflatjack 1)
7.8 Recalibrate flatjacks after using five times or whenﬂ
distortion appears excessive.

in Fig. 2.
8'4 Measure the initial distance between each pair of 989€ s The |ocation of the slot shall be at leastTlatjack lengths from wall openings
points. or ends.
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%10 th of the maximum deviation. Tests in which these limits 10.3 Identity and description of the specific test location in
are exceeded shall be considered invalid. Record the findghe structure and reason for the test.

flatjack pressure. 10.4 Description and sources (if possible) of the masonry
8.12 Reduce the flatjack pressure to zero. materials at the test location including a general condition
8.13 A second repetition of 8.10 and 8.11 is recommende@tatement, an elevation drawing, and other pertinent material
to verify the final flatjack pressure. data.

8.14 Disconnect hoses and remove the flatiack. The slot 10.5 Method of forming the slot, a diagram of the slot,
may be filled with mortar or other suitable material of a coloradjacent masonry, location of gage points, and all pertinent

and strength similar to the original mortar. dimensions.
10.6 Description and source of the flatjack used, instrumen-
9. Calculation tation, hydraulic system, flatjack installation, that is, use of

shims, and other pertinent information.

9.1 Calculate the average compressive stress in the Masonty, 4 7 pata sheets listing measurements taken at each pres-

o, as:
sure level.
fn = KiKqp 10.8 The pressure at which the initial gage length was
@ restored.

where: 10.9 Flatjack calibration factok,, and derivation.

K. = adimensionless constant which reflects the geometri- 10.10 Flatjack/slot area ratit,, and calculation. .
cal and stiffness properties of the flatjack, as deter- 10.11 Magnitude of compressive stress and calculation.
mined by Section 7, 10.12 Other observations.

Ka = the ratio of measured area of the flatjiack to the 11 pracision and Bias
average measured area of the slot, and S . .

p = flatjack pressure required to restore the gage points to 11.1 The test data which is available shows the coefficient of
the distance initially measured between them within variation of this test me_th_od to be as great as 20 % and it is
the tolerance allowed, psi or MPa. recommended that a minimum of three tests be conducted in

the same general area to verify test results. Additional data is

10. Report being assembled to verify the precision of the test method.

. o _ 11.2 Laboratory studies have shown that the in situ stress
10.1 Report each in situ stress determination including thgest exhibits no inherent bias in predicting the state of com-
following information: pressive stress present in the masonry, that is, the method may

10.2 Description of the testing conditions, for example, site gyer or under estimate the actual compressive stress.
geographical location, environmental conditions, (for example,

temperature), building identification, date of construction (if12. Keywords
available), and name of the engineer/technician conducting the 12.1 compressive stress; flatjack; in situ; masonry; nonde-
test. Include details of the type and quality of construction. structive evaluation

ANNEX
(Mandatory Information)

Al. FLATJACK SHIMS

Al.1 The use of shims may be necessary during testing to T
achieve a tight fit of the flatjack in the slot and to ensure > “

uniform transfer of pressure (stress) to the masonry over the \ e ‘

complete area of the flatjack. Excessive deformations of the
flatjack will cause inaccurate test results and could change the

the local behavior of the masonry.

: |
Semi—Rectangular

] X R i 3 Circular
flatjack calibration factoK,,. Also it may be difficult to remove
the flatjack from the slot after testing if it has deformed into /< 7
voids. Grouting of the flatjack in the slot is not allowed, as the ¢ nquiar 3 m]
grout from the slot would flow into voids and cracks, altering ’J &\ - [

Al.2 Three types of shims may be used: single piece shims,
multiple piece shims, and fluid cushion shims.

Al1.2.1 Single Piece ShimsStiff metal shims having the
same shape and size as the flatjack can be used to span vojdaced between the flatjack and the irregular masonry surface,
in the masonry (see Fig. Al.1). Single piece shims should band should be of sufficient thickness such that the flatjack fits

FIG. Al.1 Single Piece Shims



A0y c 1196 - 04
“afl

@L@ AL

Tobs for

shim
removal
Rectangular 4]
o o o [s]

Semi—Rectanqular
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tightly in the slot. To avoid damage to the flatjack after testing,shims. The fluid shim or shims should be inserted adjacent to
it is recommended that the single piece shim be removed frorthe working flatjack, against the surface of the masonry. It may
the slot before attempting to remove the flatjack. be necessary to use more than one fluid shim if the slot is thick
A1.2.2 Multiple Piece Shims-Metal shims made of several in order to ensure a tight fit of the working flatjack in the slot.
pieces can be used if the slot is irregular or of nonuniformin this case, install fluid shims above and below the working
thickness over its length (see Fig. A1.2). The individual piecegjatjack. The fluid shims are seated initially by pressurizing to
must fit tightly together and, in the case of an irregular slot,75 1o 80 % of the maximum predicted masonry in situ
shall _be of s_ufﬁcient thicknes_s to ensure a tight fit qfthe ﬂatjaCkcompressive strength. This allows the shim to deform into
over its entire area. To avoid damage to the flajack after thgyigs and irregularities in the slot. The shim pressure should be
cpmpletm_)n of testing, it is recommended that the m.umpk_areduced to 5to 10 psi (0.03 to 0.07 MPa) and the hydraulic line
piece shims be removed from the slot before the flatjack 'Tlosed before proceeding with the test. After completion of the

removed. - . . . .
A1.2.3 Fluid Cushion Shims-Additional flatjacks, of ge- ;re()srtn t[ir:(;\(gtthe working flatjack and the fluid cushion shim(s)

ometry identical to the working flatjackmay be used as fluid

8 A working flatjackis one used in the test to estimate in situ stress and is the
active flatjack as opposed to flatjacks used as fluid shims.

SUMMARY OF CHANGES

Committee C15 has identified the following selected changes to this standard since C 1196 — 03 that may
impact the use of this standard.

(1) Section 7 was modified to clarify the language describing
the calibration procedure.

Committee C15 has identified the following selected changes to this standard since C 1196 — 92 (1997) that may impact the
use of this standard.

(1) Section 5.1.3 and Footnote 4 were modified by removingpsi, but lower values are allowed. It is required that at least 10
the requirement that the flatjack be capable of applyingequal increments of pressure be used for the calibration
operating pressures up to 1000 psi and adding the requiremepitocedure.

that the flatjack be capable of applying an operating pressurgs) The metric equivalents in sections 5.1.2, 5.1.3, 7.2, 7.4,
up to the expected maximum flatjack pressure. 7.6,7.6.1, 8.11, and A1.2.3 were modified to reflect the correct

(2) Section 7 was modified to allow the calibration of flatjacksirn lied accuracy and to make them consistent throughout the
other than metal flajacks that are calibrated to 1000 psi. Th‘aogument y g

maximum pressure in the flatjack during calibration is 1000
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



