SEAOSC Slender Wall Task Group
UBC 97 and ACI 318-02 Code Comparison
Summary Report

Executive Summary
Introduction
Recognizing there have been questions on the differences between the alternate slender wall design procedures
in 1997 UBC and in ACI 318-02, the SEAOSC Board authorized a Task Group to provide a comprehensive
review of the two design procedures. The ACI procedure was adopted by IBC 2000 and subsequent code
editions. As quoted in ACI 318R-02 Commentary Section R14.8, Section 14.8 is based on the corresponding
requirements in the UBC and experimental research of the Test Report by SCCACI-SEAQOSC.

This summary report includes review of source documents, code comparison, and background of the design
provisions under UBC and under ACI, respectively. A comprehensive review of the 1980 test data was made in
addition to analytical comparison of sample wall panel design under each of the two procedures. Pursuant to the
comparative design and validation of the original data, a list of findings is presented in the Report. Other design
considerations though not part of the code comparison are discussed in order to encourage further studies by
other groups. The report concludes with recommendations to SEAOSC Board and proposed changes to ACI.

Code Comparison

Under 97 UBC Section 1914.8, the cracked moment is based on f, =5 v f *.; and in ACI 318-02 Section 14.8,
the cracked moment is based on f, = 7.5 \ f .. This also means that the M, wec) = 213 Mg (acyy in the application
of the two design procedures. In the 97 UBC, a linear interpolation between A, and A, is permitted in obtaining
Asin order to simplify the slender wall panel design for My > 5V f lg/y:. The ACI procedure employs effective
moment of inertia and a magnified moment for the combined moment due to lateral and eccentric vertical load,
also know as the P-A effect. Table 1 gives section by section comparison between the alternate slender wall
design procedures.

Review of 1980 Test Data

This Task Group was able to review and re-analyze the original test data. Verification of the 1980 data using
adjusted lateral force and deflection data was performed. The analytical result follows closely with the bilinear
load deflection characteristic. Lateral deflection increases rapidly when the moment exceeds two-third (2/3) of
M, (as defined by ACI). The calculated moments for each of the twelve test panel correlate closely with the
empirical test data. The load deflection curves and plots for the low axial loads versus moment interaction curve
further validate the UBC design procedure. ACI needs to improve its methodology in computing M, and I, so
that computed results would follow a bilinear load deflection characteristic.

Summary of Findings

Summary of comparative design examples is given on Table 5. Design based on ACI procedure is normally
controlled by strength with service load deflection less than A... ACI procedure significantly under-estimates
service load deflection in comparison to the UBC procedure with increase lateral force and/ or axial load.
Where wall panel design based on ACI procedures meets strength and deflection limit, the corresponding wall
panel calculation based on UBC procedure may exceed the deflection limit.

Recommendations
= To calculate service load deflection, use E/1.4 for earthquake forces.
= Recommend to appropriate enforcement agencies that adoption of the 2003 IBC provisions on alternate
design of slender wall procedure should incorporate proposed changes to ACI 318-05 Section 14.8.4.
= Modification to ACI 318-05 Section 14.8.4 - delete equations (14-8) and (14-9) and the last paragraph in
total, and replace with the following after the first paragraph:
“ Asg=0.67A ¢+ (Ms—0.67M )(A n— 0.67A )+ (My- 0.67M,); for Mg>0.67M,, (14-8)

A s=5M, 12+ (48E, 1) ; for M, < 0.67M,, (14-9)

= Send a letter to ACI-318 addressing the concerns in using the ACI alternate design of slender wall
procedure and requesting ACI 318 to correct statements under Commentary R14.8.
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Background:

The original code development on alternate slender wall design was introduced into the 1987 UBC
Supplement through efforts of SEAOC Building Code Committee. The provision was based on findings of
Joint SCCACI- SEAOSC Task Committee on Slender Walls pursuant to full scale tests conducted in the
early 1980’s on twelve 4 feet wide by 24 feet high concrete wall panels of varying height to thickness ratios
ranging from 30 to 60. [Refer to “Test Report on Slender Walls”, aka “Green Book™]. The design
procedure is predicated on control of out-of-plane deflection for serviceability under code prescribed forces
in addition to required moment strength.

Issue:

In 1997 UBC Section 1914.8, the cracked moment is based on f, = 5 V f *.; and in ACI 318-02 Section
14.8, the cracked moment is based on f, = 7.5 V f ".. In the 97UBC, a linear interpolation between A, and A,
is permitted in obtaining A, the deflection at service load, in order to simplify the slender wall panel design
for Mg > 5 ', Ig/y.. The conceptual moment-deflection curve shown in the figure below demonstrates the
intent of the UBC provision. At the ordinate of My > 2/3 M, using the straight line linear interpolation
between A, and A,, UBC procedure gives a higher A, deflection under service load, than the corresponding
value based on ACI 318 procedure. When the lower bound is raised from f, = 5 Vi tof, =75V f", the
design of slender wall panels based on ACI procedure may significantly under-estimate service load
deflection.
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Mission Statement

Recognizing there have been questions on the differences between the two design approaches, the
SEAOSC Board authorized a Task Group to provide a comprehensive review of the two design procedures.
In June, 2005, the Committee set forth to accomplish the following missions:
= Document review
Review background of UBC provisions
Review background of ACI provisions
Perform sample calculations on an array of lateral force and axial load combinations
Provide summary of findings
Other design considerations
Recommendations to SEAOSC Board
Proposal for possible code change, if necessary

4, Document Review

Documents reviewed are listed in the reference section. The Green Book, “Test Report on Slender Walls”
by SCCACI-SEAOSC Task Committee on Slender Walls, 1982 edition, was used as the primary data
resource. Records of the 1980 test and data file were retrieved from archive. An abbreviated summary of
the 1980 test panel properties and test data are given in Tables 6.1 to 6.8. Current draft of Design Guide for
Tilt-up Concrete Structures, AClI Committee 551 was used as the source information on the development of
the ACI design procedure.

5. Code Comparison

Table 1 gives section by section comparison between the alternate slender wall design procedure based on
97 UBC and that based on ACI 318-02. The ACI procedure was adopted by IBC 2000 and subsequent
code editions. As quoted in ACI 318R-02 Commentary Section R14.8, Section 14.8 is based on the
corresponding requirements in the UBC and experimental research of the Test Report by SCCACI-
SEAOSC. The ACI Commentary further alleged that the procedure, as prescribed in UBC, has been
converted from working stress to factored load design. This could also imply that the ACI procedure as
written is a direct conversion of UBC procedure. In order to clarify and clearly understand the two
procedures, several examples were used within a range of wall panel thickness, reinforcement ratio, axial
load and lateral forces. Results of the analytical comparison are discussed in Section 9 of this Report.

6. Background of UBC Provisions on Alternate Slender Wall Procedure

Between late 1979 and 1982, a Joint Task Committee including members from the Southern California
Chapter ACI and the Structural Engineers Association of Southern California was organized to study the
design procedure of thin wall panels. Model building codes at that time limited the height to thickness ratio
(h/t) to 25 for bearing walls and 30 for non-bearing walls. However tilt-up wall panels designed with
variable moment of inertia accounting for the influence of axial loads and lateral instability such as PA
moment were exempt from the h/t limitation. Non-bearing wall panels were designed with height to
thickness ratio well in excess of 36.

While the 1980 Task Committee members agreed that elastic lateral instability (buckling) might be overly
stated in building codes, the Committee concluded that full scale tests were needed in order to explore the
inelastic behavior of tall slender wall. As a result of this non-profit research during the early 80’s., results
of the experimental work were presented in a “Test Report on Slender Walls.” The test results gave better
understanding in the performance of slender wall panels. There was no evidence of elastic and inelastic out-
of-plane instability for the loading range tested. Subsequently, members of the SEAOC Building Code
Committee authored and submitted proposed code change to ICBO offering an alternate design procedure
for slender wall panels. The methodology emphasized deflection control in addition to strength to assure a
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wall of reasonable straightness after a service level loading. Required moment strength under UBC
procedure is based on strength design. The slender wall provision was adopted and first included in 1987
UBC Supplement. During the ICBO code development hearing, the deflection limit of 1./100, which was
recommended by the 1980 Task Committee, was changed to 1./150. While other minor changes were made
in subsequent code development cycles on distribution of concentrated load, the alternate design procedure
was not affected.

7. Review of 1980 Test Data
This current Task Group was able to review and re-analyze the original test data. All test panels were 24
feet in height and 4 feet in width reinforced with a single layer of 4 # 4 reinforcement bars. Analyses
include adjusting the load based on the air bag contact area, the measured panel thickness and location of
flexural reinforcement. Moment is calculated based on the following equation:

Mgesy =Wl>X1.5+Pe+(Pi+Py)A

Where

M sy = equivalent moment based on test, in-kip
I, = panel height, feet

w = applied lateral force on panel, kip

Py = applied axial load, kip

P, = panel weight at mid height, kip

e = eccentricity of applied axial load, inch
A = deflection at mid-height, inch

Results are shown in Figures 1.1 to 1.12. The upper curve shows load-deflection of the test panel, while
the lower curve shows the moment-deflection relationship. On these plots, a ¢ —factor equal to one (1) was
used. The ordinates for ?/; My (cracked moment) and M, (nominal moment strength) are shown. Lateral
deflection increases rapidly when the moment exceeds /5 M,,. A straight line joining %3 M (at 5V f ") and
M, represents the permissible provision under UBC. The calculated moment-deflection for each test panel
correlates closely with the empirical test data. The deflection limit I./150 is also shown on the plots.

An interaction envelop may be drawn for a range of axial load. The P-M values are calculated for a range
of tensile strain up to 0.0020 based on the measured depths to reinforcement bars in each panel. Plots for
the axial loads versus moment are shown in Figures 2.1 to 2.12. Nominal moment strength at an average
load factor 1.5 times the axial load is shown for reference only. Except for wall panels 22 and 27, the
calculated nominal moment strength is within the P-M envelop. These plots further validate the UBC
design procedure.

An overlay of calculated moment-deflection based on ACI design procedure was studied. The plots for test
panels 22 and 25 are shown in Figure 3.1; and for test panels 19 and 28 are shown in Figure 3.2. Below M,
(at 7.5V f “c), a straight line is drawn from zero to A, for moment within the uncracked segment. The
ordinate for M, and A, are calculated based on ACI equations (14-5) and (14-6) for a range of lateral forces
up to 50 Ibs. per square foot and load combination based on ACI Appendix Equation (C-2.) In order to
simulate an idealized bilinear relationship, a horizontal line is drawn from A to intersect with the
calculated value of A,. It is important to note that the test results did not support the ACI 7.5V f *; for
modulus of rupture in any of the test panels. Also, the ACI procedure does not appear to correlate with the
1980 test results.

8. Background of ACI Provisions on Alternate Design of Slender Wall
Prior to the ACI 318-99, wall panels subject to combined axial and bending designed under ACI

requirements must resort to second-order analysis in order to account for slenderness effects and lateral
instability in accordance with Section 10.10. ACI Committee 318-D with input from Committee 551
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introduced code change CD-121 in 1998. This code change was made in an effort to eliminate differences
between ACI and UBC and in time for the adoption in the IBC 2000. For computing service load deflection
the ACI procedure employs effective moment of inertia and a magnified moment for the combined moment
due to lateral force and eccentric vertical load, also know as the P-A effect. Because the effective moment
of inertia and magnified moment are dependent upon each other, some iteration is necessary.

The ACI procedure includes an additional restriction for walls based on the alternate design to be simply
supported with constant cross section over height of panel, and revision of the axial stress limits from
service load stress < 0.04 f “c to factor load stress < 0.06 f “c. The latter is the same as applying a load
factor of 1.5 to service load. Within the normal range of load combinations for walls controlled by flexural
tension as currently required by ACI 318-05, the axial load stress will never approach this stress limit.

In developing the equation for the bending stiffness Ama = Minax/ Ky Where Ky= 9.6 E I/, Committee 551
drew on the similarity of the Euler critical buckling load of P¢, = n° E l./I? = 9.87 E.l/I.%. ACI adopted the
same equation as UBC for calculation of I, based on a rectangular stress block. However, the Branson
equation for I, is used for the calculation of service load deflection.

As an alternative to the second order analysis procedure, AClI Commentary R10.10 and R10.11 explain that
the provisions under sections 10.11 and 10.12 present an approximate design method to account for the
slenderness effect of slender columns based on a moment magnifier. One item lingers on is the 0.75
stiffness reduction factor in the denominators in ACI Equations (14 -5) and (14 -6) and its appropriateness
for slender wall panels. The key question appears the lack of correlation to empirical data. In order to
satisfy an idealized load deflection curve, an equation to express the portion of curve between A and A,
under the ACI procedure would be prudent.

9. Analytical Comparison

Upon reviewing example A from draft document of ACI Committee 551, [Tilt-up Design Guide Examples
— Draft No. 4], this Task Group formulated wall panels of similar geometry for comparative analyses using
the UBC and ACI design procedures. Wall thicknesses of 6.25 and 7.25 inches were used for 29.5 feet high
panels; and thicknesses of 5.75 and 6.25 were used for 24 feet high panels. Basic axial loads of 480 Ibs. per
foot dead load plus 500 Ibs. per foot live load were applied with 3 inches eccentricity. The axial loads were
increased to two times and three times the basic loads in order to explore high axial load parameters.
Lateral forces of 20, 25, 30 and 35 Ibs. per square foot were used in combination with each axial load
condition. The reinforcement ratios generally varied between 0.0126 and 0.0162 which were within the
maximum steel ratio of 0.0171 at 0.6py. Loading increment for both lateral force and axial loadings were
used in order to obtain the data points for moment-deflection curves.

In order to compare the two procedures similar load factors were used from the UBC and from ACI 318
Appendix C. Results of the comparative study are given on Tables 4.1 to 4.4 for single curtain
reinforcement. Graphic representation of moment-deflection based on the range of calculations for seven
wall panels are shown in Figures 4.1 to 4.4. A summary of the analytical comparative design is given on
Table 5.

ACI 318 defines M, at a modulus of rupture of 7.5Vf ".. For the purpose of this Report, the cracked
moment as used in UBC procedure at 5Vf “. will be labeled as 2/3 My,. The load deflection characteristic for
the UBC procedure is represented by a straight line from zero to 2/3 M, for the uncracked stage and
another straight line from 2/3 M, to M, for the cracked stage. For any given wall panel with reinforcement
approaching the upper limit and with increase lateral force and/ or axial load, ACI procedure significantly
under-estimates the service load deflection in comparison to the UBC procedure. In fact, in most cases, the
service load deflection is less than Ag,.

For two curtains of reinforcement, the Task Group used a 29.5 feet high by 20 feet wide wall panel with a
10 feet wide by 15 feet off center opening. Effective pier width of 4 feet and 6 feet, with thickness of 6.25
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10.

inches and 7.25 inches and steel ratios ranging from 0.001 to 0.017, were used in the analytical comparison.
This is similar to Example B under work in progress by Committee 551. Lateral forces of 17, 25 and 35 Ibs.
per square foot were used to provide a range of moments and deflections in this study. Results of the
comparative study for double curtain reinforcement are given on Table 4.5. Contrary to the single curtain
described above, the results for service load deflections are much closer between the UBC and ACI
procedures. Nonetheless, the ACI procedure predicts service load deflection lower than UBC procedure.

A summary of all comparative design examples is given on Table 5. The table includes footnotes for
My/d <Mp; My/d > Mp; As < Ay A < A < 1/150 and Ag > 1/150. Of 28 comparative examples for single
curtain reinforcement and 12 comparative examples for double curtain reinforcement, the ACI procedure
shows 20 cases As < A, and only one case As > 1/150. Similarly, the UBC procedure shows 2 cases As < A,
and 19 cases A > 1/150. The significance of this comparative study demonstrates that ACI procedure tends
to under-predict serviceability.

Findings
Based on an array of analytical studies and comparison of code provisions, our findings are as follows:

1. Verification of the Green Book (1980 Slender Wall Task Committee Report) data using adjusted
lateral force and deflection data was performed. The analytical result follows closely with the bilinear
load deflection characteristic. Lateral deflection increases rapidly when the moment exceeds 2/3 of M,
(as defined by ACI).

2. ACI needs to improve its methodology so that computed results would follow a bilinear load deflection
characteristic observed during full scale testing. There are concerns from other sources researching
appropriateness of I, in the traditional Branson Equation for wall panel out-of-plane deflection
calculation.

3. Both design procedures are applicable to walls controlled by flexural tension. The ACI code now
defines tension control based on tensile strain, € > 0.0050.

4. For wall panels with low percentage of reinforcement, panel design based on ACI procedure is
normally controlled by strength with deflection less than A,;. UBC procedure is more sensitive to out-
of-plane deflection with increase in lateral force and/ or axial load.

5. For wall panels with reinforcement ratio approaching the upper limit, panel design based on ACI
procedure significantly under-estimates service load deflection in comparison to the UBC procedure
and empirical results with increase lateral force and/ or axial load.

6. Where wall panel design is based on ACI procedure meeting strength and deflection limits, the
corresponding wall panel calculation based on UBC procedure may exceed 1,/150 deflection limit.

7. Designs using two curtains of reinforcement show closer correlation between the two procedures.
8. Control of maximum steel ratio based on tensile strain under ACI 318-05 procedure is appropriate.
9. The requirement for minimum reinforcement of M,, > M,/ ¢ is appropriate.

10. ¢ — factor of 0.90 based on ACI 318-05 Section R9.3.2.2 is appropriate.

11. Load factors and load combinations should be based on generally accepted load factors from model
code (ASCE 7-05.)
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12.

13.

14.

15.

16.

17.

18.

Change of P./A4 < 0.04f "¢ to P,/Aq < 0.06f " for maximum stress at mid-height does not impact design
by either procedure since the normal range of axial load for slender wall does not approach the limit. In
order to comply with tension controlled requirement, the normal range of axial loading will be
substantially below the prescribed maximum stress level.

Approach for cracked moment of inertia (l) is the same for both Codes.

Serviceability requirement of As < 1/150 (or 0.007 1) based on service load is the same for both Codes.
The limit was apparently set by Building Officials. However, it does not appear the ACI procedure
would exceed A, within the range of most loading and load combinations.

Seismic force prescribed on the strength basis will need to be divided by a load factor of 1.4 for
equivalent service load calculations. Further code development for strength design force level should
review the appropriate load factor for conversion to service load in serviceability check in addition to
the appropriate inclusion of dead, floor and roof live loads.

In the ACI equations (14-5) and (14-6) for A, and M,, the 0.75 stiffness reduction factor tends to
increase the required moment strength rapidly. The alternate slender wall design procedure includes
the P-A effect; and it would appear further softening of the cracked moment of inertia is unnecessary.

In order to be consistent with ACI traditional modulus of rupture of f, = 7.5 \f‘cand Mg = f, S, the
corresponding cracked moment in 97UBC should be limited to 2/3 M, For service load deflection, the
UBC procedure should be revised to: A = 0.67A; + (Ms—0.67M,) (A, — 0.67A)+ (M,- 0.67M,)

The following statements in ACI commentary R14.8 are found questionable and should be corrected:

“Section 14.8 is based on the corresponding requirements in the Uniform Building Code (UBC) and
experimental research” and

“The procedure, as prescribed in the UBC, has been converted from working stress to factored load
design.”

11. Other Design Considerations

All engineering design includes considerable judgment in applying practical research and past experience.
Building code provisions may not fully cover all design parameters. Some of those other design
considerations that were discussed within this Task Group include the following:

= Effective Area of Steel —Traditionally, A, = As + P/f,. A unique problem in a double curtain wall
is that the axial load modeled at the center of the wall is being used to increase the steel near the
face of the wall, where its benefit is much greater than in reality. This tends to increase I, and thus
help to reduce the calculated deflection and increase the nominal moment capacity. Further
clarification is needed for double curtain wall reinforcement.

= Service level deflection — the model codes in other countries and practice in some parts of the
United States are using deflection limitation of 1,/100 as was recommended in the “Green book.”
While the original research showed no lateral instability for thin wall panels under combined light
axial load and large lateral forces, the enforcement agencies felt more comfortable with the more
restrictive deflection limit of 1,/150 particularly in consideration of other brittle building materials.
This Report does not address the validity or usefulness of service level deflection limit, except as
an index in comparison of the design procedures. Parallel research is needed in service load
deflection in order to justify different deflection limits.
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= Location of rebar and tolerance — location of reinforcement sometimes is predicated on availability
of commercial rebar chairs and the correct location of bars in orthogonal directions. ACI-318
permits 3/8 inch tolerance for d < 8 inches. Engineers should review if such tolerance would
satisfy the design on thin panels. Construction observation should include the verification of
reinforcement bar location.

= End condition versus simply support — ACI 318 puts emphasis under design limitations the
importance of design based on simply supported wall panels regardless of end fixity. While some
fixity may be realized either due to continuity of wall panels at the floor lines or fixity at a dock
height wall panels, the inclusion of such end fixity to reduce service load deflection may be an
academic exercise and should be based on further research.

= Effectiveness of Branson equation — there has been questions on the suitability of using the
Branson equation, ACI Equation (9-8) for the computation of effective moment of inertia. One
academia from Canada pointed out that the equation may not work well for concrete members
with an Ig/lcr ratio greater than about 4. Using Branson’s method (l.) to calculate service load
deflections in slender walls, particularly with single layer of reinforcement may significantly
underestimate service level deflection. An improve methodology to replace the Branson’s equation
for slender wall deflection calculations is currently understudy and is not available at this time.

= Roof live load — under service load combination, model codes allows exclusion of roof live less
than 30 Ibs. per sqg. ft. when combination with wind or seismic forces. ACI 318 does not address
whether such exclusion is permitted under load combination.

12. Recommendations to SEAOSC Board
= To calculate service load deflection, use E/1.4 for earthquake forces.

= Recommend to appropriate enforcement agencies that adoption of the 2003 IBC provisions on
alternate design of slender wall procedure should incorporate proposed changes to ACI 318-05
Section 14.8.4 listed under Section 13 below.

e Send a letter to ACI-318 addressing the concerns in using the ACI alternate design of slender wall
procedure for service load deflection and requesting ACI 318 to correct the statements in
Commentary R14.8.

13. Proposed Changes to ACI
The following are proposed revision to ACI 318-05

14.8.4 — Delete equations (14-8) and (14-9) and the last paragraph in total, and replace with the following
after the first paragraph:

“  Ag=0.67A o + (My— 0.67M¢ )(A n— 0.67A o)+ (M- 0.67M,); for M >0.67M,,  (14-8)
A ¢=5M; |+ (48E. 1) ; for My < 0.67My (14-9)
Where
Acr =5(Mg) 1 7 + (48 Ecly)

A, =5(M,) | 2+ (48 El,)”
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Appendix
Table 1 — Comparison of Slender Wall Design Procedures UBC vs. ACI
Section Topic 1997 UBC ACI 318-02
Reference
1914.8 | Title Alternate Design Slender Walls Alternative design of slender walls
ACIl 14.8
1914.8.1 | Applicable in lieu of Walls controlled by flexural tension Walls controlled by flexural tension
1910.10 | consideration for
ACI 14.8.1 | slenderness effects as a
ACI110.10 | compression member
1914.8.2 | Limitations Design as simply supported axial loaded
ACI 14.8.1 member subjected to uniformed lateral force;
ACI 14.8.2 Constant cross section over height of panel
1914.8.2 | Maximum axial stress at
ACI14.8.2.6 | mid-height Vertical service load stress < 0.04 f ‘c Vertical stress P,/ Ag < 0.06 f “¢
1914.8.2 | Maximum p <0.06 py ACI 318-02
ACI14.8.2.3 | Reinforcement ratio p <0.06 py &> 0.0050 ACI 318-05
1914.8.2 | Minimum reinforcement
ACI14.8.2.4 OM, > My OM, > My
1914.8.2 | Concentrated load Bearing width plus width at slope of 2V to1H | Bearing width plus width on each side at slope
ACI of 2VtolH;
14.8.2.5 Not to exceed spacing of conc. Load
1909.2.2 | Basic load combinations | 1.4D + 1.7L 1.2D + 1.6(L, or S) + (0.8W)
1612.2.1 0.75 (14D + 1.7L + 1.7W) 1.2D + 1.6W + 1.0L + 0.5(L; or S)
ACl9.2.1 0.9D + 1.3W 1.2D+1.0E +1.0L+0.2S
Or ACI 1.2D + 1.0E + (f,L + ,S) 0.9D + (1.0E or 1.6W)
Appendix 0.9D + 1.0E Note: without Directional Effect use 1.3W in
C.2 place of 1.6W
1909.3.2.2 | ¢ - factor 0.90-2.0P, / f ‘. Ag >0.70 OR 0.90 when g > 0.005
ACI 0.70 + (1-Pu/0.10f *:A,) (0.90 -0.70) 0.65 + (£ -0.002)(250/3) when €< 0.005
R9.3.2.2 ACI318-05
1014.8.3 | Design moment strength | M, < ¢ M, o M,>M,
ACI 14.8.3
1914.8.3 | Required factored My = Wy I2X1.5+Py; €/2 + (Pus + Pu) An M= My + Py Ay OR
ACI 14.8.3 | moment o = Mya+[1= 5Pl +(0.75)48E | ]
1914.0 | Cracking moment for
ACI9.5.2.3 | normal weight concrete | My =5 Vf*. lg/ i Mg = 7.5VF ‘. Iy / v
1914.8.4 | Service Load moment Mg, = wl“x1.5+P; e/2
14.0 M, = W|32X1.5+P1 el2 + (P1 + Pz) As M= Mg + (Pl + Pz) As
ACI14.84 = Mg [1-5P; 1.2 /48 Ecle]
1914.8.4 Effective tension
14.8.3 | reinforcement Ae= (Put+ Af) =1, Ase = Py + Afy) = 1y
1914.8.4 | Moment of inertia of lo=nAg(d-c)’+1,c%/3
ACI14.8.3 | cracked transformed le =N A (d—c)? +hbc®/ 3 ler = (ES/Ee)(ActPy/f,) (d—)? +1, ¥ 3
section ACI 318-05
14.8.4 | Effective moment of
ACI19.5.2.3 | inertia NA le = (Mc/M)? g + [1- (Mo/M)?] ler
1914.8.4 | Deflection at M,
ACI 14.8.3 Ag=5M 12+ 48E, NA
Deflection due to
ACI114.8.3 | factored load NA Ay =5M, |+ [(0.75)48 El]
1914.8.4 | Max. potential
deflection An =5 M, |2 + 48E.l, NA
1914.8.4 | Deflection due to
cracking moment Aa=5Mg |2+ 48E.l, NA
1914.8.4 | Deflection at Service
ACI 1484 Load As = Acr + (Ms_Mcr)(An_Acr) +('vln_ Mcr) As = (SM) Icz - 48Ec|e
1914.8.4 | Permissible service load
ACI 14.8.4 | deflection As =1/ 150 As =1./150

Note: Editorial changes in ACI 318-05 are highlight.
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Figure 2.3 — Interaction Diagram for Test Panel No. 21
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Figure 2.6 — Interaction Diagram for Test Panel No. 24
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Figure 2.7 — Interaction Diagram for Test Panel No. 25
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Figure 2.8 — Interaction Diagram for Test Panel No. 26
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Figure 2.9 — Interaction Diagram for Test Panel No. 27
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SEAQSC - 50 mfA, P M M g
Slerder Wall Task Group T 00 0 126 105 00170
Devalop intaraction curve / 00005 0 123 106 00162
Wall o, 30 F }r 0001 1 129 107 00167
£= &5 ku Lip 0000 20131 100 o0
£,= 40 ku 25 00106 10 148 134 00139
E, = 28600 ks M, 00213 20 170 141 00118
E.= 3540 ku 00531 50 230 182 0.0073
A= 0196 sqin O0ES B0 235 237 0.0050
b= 4F m 13 ] 010§ 308 15T 0.0042
L= 480 i ] f 0170 160 404 337 0.0020
P= 438 kip 0 T 400 0200 188 437 364 00014
BA, = 0019 ks M lip-in kip-im  kip-ft
M, [dusigni= 13% kip-mn L L, N 5,
" | -
L L '|
- -
o —te—e—e—o 1 T y4
L |
Bar 1 2 3 3 ‘A,

Figure 2.12 — Interaction Diagram for Test Panel No. 30
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Table 4.1 — Comparative Example Task 4 — 03.0 and Task 4 — 03.1

Slender Wall Task Group

Code Comparison

Summary of Calculation Data - Task 4 -03

Based on ACT 318-02 Procedure

Tazk

Lateral Force

Panel Height

Panel Thickness

Panel Length

Eccentricity

Rebar

Rebar d

Steel Ratio

Maximum Steel Ratio

Factored Axial Load

Average Axial Stress

Effective Steel Area

Moment Strength
$=090

Required Strength

Cracked Moment

Service Load Moment

Service Load Deflection

Deflection Limit

W
1
h
Iy
2

0.6py

PyA,

1./150

Based on UBC 27 Procedure

Lateral Force

Axial Load at oud-height

Average axial stress

Effective Steel Area
Moment Strength
=090
Required Strength
Cracked Moment

Service Load Moment

Service Load Deflection

Deflection Limit

W
P
PJA,
Ase
My
My/¢
My
273 Mo
My
Ay
23 Ay
‘.li
1/150

psf
ft
1mn
ft
in

in

Teip
Tesi
iu]
k-in
Y-in
k-in
k-in
k-n
in
in
in

in

psf
Idp
Tesi
iu]
k-in
k-in
k-in
ko
k-in
in
in

in

SEAOSC Slender Wall Task Group

Load Case 2

4-03.0 4-03.0 4030

8.7
295
6.25

15
3.00
1626
313
0.0126
0.0171
371
0.033

7.684
1267

hoObJ LA LA R
e ek L LA ek
=T~ ST =

[ =T T
=N
|

s g L
=]
=

20
203
6.25

15
3.00

16%6
313
0.0126
0.017
31
0.033
7.68
1267
1212
1091
356
428
1498
0.33
0.42
236

31a
0.030
7.68
1267
1142
1009
i
476
13.03
0.37
1.86
2.36

25
295
6.25

15
3.00

l6=6
313
0.0126
0.017M1
371
0.033

7.68
1267
1300
1350
356
329
18.53
035
0.52
236

25

337
0.030

7.68
1267
1284
1134
37
GG
13.05
0.37
451
236

U=

1L03D+H128L +13W

4-03.0 4-030 4031 4031

30
295
6.25

15
3.00

166
313
0.0126
0.0171
371
0.033

7.68
1267
1789
1610
336
641
2211
0.55
0.92
236

30
337
0.030

7.68
1267
1423
1259
in
251
13.05
0.37
7.16
236

e

o B
wh

2
15
3.00
l6=6
313
0.0126
0.0171
371
0.033

7.68
1267
2077
1870

556
763
2568

0.55

1.7

236

35
37
0.030

7.68
1267
1566
1384

in
1039
13.03

0.37

982

236

16.2
24
5.75

15
3.00
l6=6
288
0.0137
00171
324
0.0

1.6
1142
521
469
470
238
33
0.4
0.2
19

0

24
5.75
15
3.00
1626
1.88
0.0137
00171
24
0031
161
1142
633
570
470
288
6.40
0.40
0.24
102

0
203
0.0z8
161
1142
753
G668
314
314
0.61
0.26
0.26
192

Summary Report (January 2006)

4-031 4031 4031

35

24
5.75
15
3.00
166
1.88
0.0137
0.0171
324
0.031

7.61
1142
780
702
470
355
7.88
0.40
0.30
1.92

25
203
0.028
7.61
1142
848
750
314
374
9.61
0.26
0.94
1.92

30

24
5.75
15
3.00
166
288
0.0137
0.0171
324
0031

7.61
1142
928
835
470
421
937
040
0.35
1.92

30
203
0.028
7.61
1142
042
833
314
470
9.61
026
2.03
1.92

35

24
5.75
15
3.00
1646
1.88
0.0137
00171
324
0.031

7.61
1142
1075

967
470
489
10.86

0.40
046

1.92

a5
203
0.028
7.61
1142
1035
916
314
567
9.61
0.26
312
1.92
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Appendix

Table 4.2— Comparative Example Task 4 — 03.2 and Task 4 — 03.3

SEAOSC
Slender Wall Task Group
Code Comparison

Summary of Calculation Data - Task 4 -03

Based on ACT 318-02 Procedure

Task
Lateral Force w
Panel Height 1.
Panel Thickness h
Panel Length Ly
Eccentricity e
Rebar
Rebar d d
Steel Ratio P
Maximum Steel Ratio 0.6p
Factored Axial Load Py
Average Axial Stress PyA,
Effective Steel Area A,
Moment Strength M,
¢=10.90 My'd
Required Strenpgth M,
Cracked Moment M
Service Load Moment M,
Ay
i\'_'l'
Service Load Deflection A,
Deflection Limit 1./150

Based on UBC 27 Procedure

Lateral Force W
Axial Load at mid-height P,
Average axial stress PyA;
Effective Steel Area A
Moment Strength My
a=02%0 Myt
Required Strength M,
Cracked Moment 2i3 My
Service Load Moment M.
Ay
23 AL
Service Load Deflection A
Deflection Limit 1/150

4.03.2

pst 10.8
ft 24
m 375
bid 15
in 3.00
1926

in 288
0.01582
0.0171

kip 495
kst 0.0
i’ 9.2
k-in 1340
k-in 520
k-in 468
k-in 470
k-in 191
m 47
m 0.4
m 02
m 19

SEAOSC Slender Wall Task Group

Load Case 2
4032 4032
20 25

24 24
595 5.73
15 13
3.00 3.00
1926 1946
288 288
0.0162 00162
0.0171 00171
495 493
0048 0048
922 9722
1340 1340
866 1034
779 048
470 470
313 382
T.80 241
0.40 0.40
0.26 0.32
1.92 1.92
20 25
440 44.0
0.042 0.042
922 922
1340 1340
1011 1106
286 969
34 il4
il6 428
1018 10.18
0.26 026
028 137
192 192

U=

4032
0

24
5.75
13
3.00
196
258
0.0152
0.0171
495
0.048
922
1340
1242
1117
470
450
11.32
0.40
0.38
192

30
44.0
0.042

922
1340
1200
1051
314
341
10.18
026
246
192

105D+128L +13W

4-03.2 4033 4033

35
24
575
15
3.00
19£6
2.88
0.0162
0.0171
495
0.048
922
1340
1429
1286
470
523
13.03
0.40
0.58
1.02

a5
4.0
0.042
L
1340
1204
1134
314
654
10.18
0.26
3.55
192

0.0126
0.0171
73.1
0.063
528
1331
613
356
356
169
4.85
0.36
0.11
1.92

20
24
623
15
3.00
166
3.13
0.0126
0.0171
731
0.065
828
1351
1296
1166
536
347
10.18
0.36
0.23
1.92

Summary Report (January 2006)

4-03.3 4-033 4033

25
24
6.25
15
3.00
1626
3.13
0.0126
0.0171
73.1
0.065
8.28
1351
1555
1399
536
414
12.22
0.36
0.27

1.92

25
643
0.037
8.23
1351
1320
1145
in
466
8.85
024
1.08
1.92

30 s

24 24
625 623
15 15
3.00  3.00
16#6 16#6
313 3.13
0.0126 0.0126
0.0171 0.0171
731 731
0.065 0063
B28  B28
1351 1351
1814 2072
1632 1865
556 536
482 549
1425 16.28
036 036
032 036
102 102
30 s
643 643
0.057 0.057
B28 818
1351 1351
1415 1510
1227 1310
31 37
615 764
B85 B85
024 024
138 369
102 192
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Table 4.3 — Comparative Example Task 4 — 03.4 and Task 4 — 03.5

SEAQSC

Slender Wall Task Group

Code Comparison

Summary of Calculation Data - Task 4 -03

Based om ACT 318-02 Procedure

Task

Lateral Force

Panel Height

Panel Thiclmess

Panel Length

Eccentricity

Febar

Rebar d

Steel Hatio

Maximum Steel Ratio

Factored Axial Load

Average Axial Stress

Effective Steel Area

Moment Strength
=020

Fequred Strength

Cracked Moment

Service Load Moment

Service Load Deflection
Deflection Limit

1/150

Baszed on UBC 27 Procedure

Lateral Force

Axial Load at mid-height

Average axial stress

Effective Steel Area
Moment Strength
a=090
Beguired Strength
Cracked Moment

Service Load Moment

Service Load Deflection
Deflection Limit

w
P,
PJA,
A
My
My

psf

=1

B = B

k-in
k-in
k-in

in

in

SEAOSC Slender Wall Task Group

Load Case 2

4034 4034 4034

11.1
295
6.25
15
3.00
21#6
313
0.0165
0.0171
371
0.0330
a9
1567
618
336
556
248
6.67
0.53
0.24
2.36

0
295
6.25

15
3.00

2126
313
0.0163
0017
i
0.033
989
1567
1071
964
356
428
11.57
0355
0.4z
236

20
337
0.030

9.89
1567
1187
1048
371
461
14.10
0.37
1.40
236

Summary Report

15
295
6.25

15
3.00

2126
313
0.0165
0.017M
371
0.033
989
1567
1326
1194
356
329
1432
0.55
0.52
236

25
337
0.030

989
1567
1328
1173
an
621
14.10
037
324
236

U=

30
29.5
6.23

15
3.00

21#6
313
0.0163
0.0171
371
0.033
989
1567
1581
1423
336
640
17.08
0.53
091
236

30
337
0.030
089
1567
1469
1208
371
781
14.10
0.37
5.07
236

1LO5D+128L+13W

4034 4034 4035 4033
= 144 20
295 295 295
625 725 725
15 15 15
300 300 3.00
2146 2486 2446
313 363  3.63
0.0165 0.0162 0.0162
00171 0.0171 00171
371 574 574
0033 0044 0044
989 1155 11355
1567 2120 2120
1836 829 1112
1653 746 1001
556 748 748
763 337 430
19.83 571 7.66
055 047 047
166 021 029
236 236 236
as 20
33.7 51.5
0.030 0.039
9.89 11.55
1567 2120
1611 1424
1423 1250
3T 490
941 499
14.10 12.18
0.37 0.32
6.91 0.32
2.36 2.36
(January 2006)

4033 4-0335 403

25
295
125

15
3.00

2425
3.63
0.0162
0.0171
374
0.044
11.35
2120
1364
1228
748
332
9.40
0.47
0.35
236

<
tn

0.039

11.55
2120
1566
1375
499
580
12.18
0.32
0.91
236

a0
295
1.25
15
3.00
24 25
3.63
0.0162
0.0171
374
0.044
11.55
2120
1617
1435
748
633
11.14
047
041
236

30
51.5
0.039
11.55
2120
1708
1500
409
738
1218
0.32
206
236

as
51.5
0.039
11.55
2120
1850
16235
409
895
12.18
0.32
321
236
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Table 4.4 — Comparative Example Task 4 — 03.6

SEAOQSC
Slender Wall Task Group
Code Comparison

Summary of Calculation Data - Task 4 -03

Based on ACI 315-02 Procedure
Tazk

Lateral Force W
Panel Height 1;
Panel Thickness h
Panel Length Ly
Eccentricity e
Eebar
Rebard d
Steel Ratio P
Maximum Steel Ratio 0.6py
Factored Amxal Load Py
Average Axial Stress Py/A,
Effective Steel Area A,
Moment Strength M,
& =090 My
Eequired Strength M,
Cracked Moment M
Service Load Moment Ml
Ay
A
Service Load Deflection /
Deflection Limit 1150

Based on UBC 297 Procedure

Lateral Force W
Axial Load at mid-height P,
Average axial stress PyAg
Effective Steel Area A
Moment Strength My
&=0290 My
Required Strength M,
Cracked Moment 23 M,
Service Load Moment M,
A
23 AL
Service Load Deflection A
Deflection Limat 1./150

SEAOSC Slender Wall Task Group

psf
in
in

in

kip

(%)

in
k-in
k-in
k-in
k-in
k-in
in
in
in

in

psf
kip

()

il
k-in
k-in
k-1
k-in
k-in
in
in
in

in

Load Case 2

4036 4036 4036

5.4
295
125

15
3.00
2426
363
00182
0.01m
797
0.081
11.93
2176
836
746
748
248
5.61
047
0.16
2.36

20
205
125

15
3.00

2426
363
00182
0.omm
197
0.061
11.93
2176
1663
1434
748
486
11.16
0.47
0.31
2.36

20
70.6
0.054
11.93
2176
1787
1563
420

12.28
032
042
236

25
295
7125

15
3.00

2446
363
0.0162
0o
797
0.061
11.93
2176
2019
1802
T48
389
13.56
047
0.37
2.36

-1
= pa
. oh N

=]
[T
h

£

11.93
2176
1941
1687
499
727
12.28
0.3z
1.94
236

Summary Report

1.05D +1.28 L + 1.3W

U=
4-03.6 4036
30 as
203 205
7.25 7.25
15 13
3.00 3.00
24#6 2426
3.63 3.63
0.0162 00162
0.0171 00171
79.7 797
0.061 0.061
1193 1193
2176 2176
2376 2732
2120 2438
T48 T48
691 801
1595 1834
0.47 0.47
0.44 0.61
236 236
30 as
T0.6 70.6
0.054 0.054
1193 1193
2176 2176
2084 2228
1812 1937
499 400
o40 1154
1228 1228
0.32 0.32
347 4.99
236 236
(January 2006)

Page 37 of 47



Appendix

Table 4.5 — Comparative Example Task 4 — 04.0 and Task 4 — 04.1 for Double Curtain Reinforcement

SEAQSC
Slender Wall Task Group
Code Comparison
Suwmmary of Caleulation Data - Task 4 -03 Load Case2 U= 103D+128L+13W
Based on ACI 318-02 Procedure Double curtain reinforcement
Task 4.04.0a 4-04.0b 4-04.1a 4-04.1b 4-04.1a 4-041b
Lateral Force w  psf 17 17 30 30 35 35
Panel Height 1, f 205 295 293 293 2935 105
Panel Thickness h m 625 6325 723 723 7123 1125
Panel Length Ly ft 400 600 400 600 400 5.00
Eccentricity e im 3.00 3.00 3.00 3.00 3.00 3.00
Rebar (2) B &3 (1085 (2) 986 (2) 986 (2)1046 (2)1086
Rebar d d m 444 444 538 538 5338 538
Steel Ratio g 00113 00096 001534 00103 00171 00114
Maximum Steel Ratio 0.6y 0.0171 0.0171 0.0171 00171 00171 0.0171
Factored Axial Load Py Lp 210 283 219 306 229 306
Average Axial Stress Py/A; ksi 0070 0063 0066 0039 0066 0039
Effective Steel Area A, in’ 280 33534 436 448 480 4093
hMoment Strength My, k-in 660 850 1196 1298 1293 1410
&=090 Myd k-in 495 607 651 834 T73 953
Eequired Strength My k-in 445 346 595 750 682 838
Cracked Moment My kn 148 222 199 299 199 200
Service Load Moment M; k-in 233 294 413 498 481 386
Ay in 817 737 538 55F 383 602
Ap m 035 0535 047 047 047 047
Service Load Deflection A, 2.29 127 232 1.7 276 235
Deflection Limit 1150 in 236 236 236 236 236 136
Based on UBC 97 Procedure
Lateral Force w  psf 17 17 30 30 a5 35
Axial Load at mid-height P, Lp 192 256 210 278 210 278
Average axial stress FyAz ksi 0.064 0057 0060 0033 0060 0033
Effective Steel Area A in’ 280 354 436 448 48 493
Moment Strength My k-in 660 850 1196 1298 1293 1410
$=050 My'h  k-in 531 662 T4 907  B4D 1020
Required Strength M, k-in 459 573 649 790 719 888
Cracked Moment 23Mg k-in 29 148 133 199 133 199
Service Load Moment M, k-in 269 324 414 512 480 593
Ay in 908 8460 311 720 832 742
23 A, in 037 037 032 032 032 032
Service Load Deflection A, m 301 243 238 227 27 2.63
Deflection Limit 1150 in 236 236 236 236 236 136
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Appendix
Table 5 — Summary of Comparative Examples

Summary of Findings - Task 4 - 03

Task ;t?;}l;t E_aﬁ:in“a LE::E:';L Febar i:zj :-Iiij::::tl w=20psf w=25psf w=30psf “P;S
1. h | 58 | M, M A M A M A M A
ft in ft kip in-kip

Single Curtain Reinforcement - ACI Procedure

4030 29.5 25 150 l6#£6 337 1267 1 3 2 3 I 4 I 4

4031 24.0 575 150 l6#6 293 1142 1 3 1 3 1 3 1 4

4032 4.0 575 150 19£6 440 1340 1 3 1 3 1 3 2 4

4933 4.0 6.25 150 166 643 1351 1 3 3 I3 3

4034 29.5 6.23 150 21#6 337 1567 1 -3 1 3 2 4 14

4035 295 T.25 150 24#6 5135 2120 1 3 1 3 1 3 1 4

403.6 29.5 7.25 150 24#6 70.8 2176 1 3 1 3 2 3 2 4

Two Curtain Reinforcement - ACI Procedure w=17 psf w =30 psf w =35 psf
4-04.0a 205 6:25 40 (2)8#5 192 660 1 4
4-04.0b 29.5 6.23 60 (2)10&5 256 850 24
4-04.1a 20.5 7.23 40 ()96 21.0 1196 1 4
4-C4.1b 205 T7.25 60 (2)9=6 278 1298 1 4
4-04.1a 29.5 7.25 40 (21026 21.0 1203 L 8§
4-04.1b 295 7.25 60 (21026 278 1410 1 4
Notes: 1 Myfb < M, 3 A= AL

2 M/d =M, 4 A< A, < 1./150

s A, 1150

Single Curtain Reinforcement - UBC Procedure

4330 20.5 6.25 150 l6#6 337 1267 1 4 2 5 5 2 5

403.1 24.0 595 150 16#%6 293 1142 1 3 1 4 1 5 1 5

4032 24.0 3.75 150 19=§ 44.0 1340 1 4 1 4 1 5§ 1 §

4033 4.0 6.25 150 16#6 643 1351 1 3 1 4 2 5 2 5

4034 293 6.25 150 21#6 337 1567 1 4 1 5§ 1 5 2 5

4035 29.5 1.25 150 24#£6 5135 2120 1 3 1 4 1 4 I 5

4.03.6 29.5 725 150 24#6 70.6 2176 1 4 1 4 T 5 2 5

Two Curtain Reinforcement -UBC Procedure
4-04.0a 295 6.25 40 (B3 192 660 1 5
4-04.0b 29.5 6.25 6.0 (21085 256 350 1 B
4-04.1a 295 7.25 40 ()96 21.0 1196 1 4
40416 29.5 .25 60 ()96 278 1208 1
4-04.1a 29.5 25 40 (2)10£6 210 1293 1 5
40410 205 7.25 60 ()10&6 278 1410 I §
Notes: 1 Mg < M, 3 A3 A,
2 M/d =M, 4 A3 A <A <1150
5 A, =17150
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Appendix

Table 6.1 — Summary of 1980 Test Panel Properties

SEAQSC - Slender Wall Task Group

Test Recult from 1930 Tazk Commnuttes on Slender Walls - Transeribed from Test Faport

Feference: Feport of the Task commuttes on Slender Walls
ACT SCC - SEADSC Task Committes

Marerial:

Concrete Portland Cement
Washed concrate sand
1 mch gravel
Water

water celment ratio
Lab test resuliz from supplisr
7 daws
28 davs

From Twimng lzboratones
T days Compreszion
Sphitting Tesile

28 davs Compression
Ilodulus of elasticity

Splitting Tensile

Maodulus of mptura

167 davs Compression
Mhiodubns of elasticity
Modulus of mpture

470 Tbs (Ssacks)
1,420 Ths (zhout 14 cu &)
1.815 Tbs {zbout 18 eu &)
317 Ibs (38 gal)
0.67

2282 p:
3,181 pm

2,300 psi
270 pst

3225 p=
3.360 ka
355 p=
695 pa

4009 p=z
3,540 k=
53X p=

Is cast om October 3, 1980 and hfted on October 15, 1980

Panels were stored on edze until testmz

Eeinforcement ASTM 615-78 Grade 60 from Bethlehem
Ml Fapart Tield Soength 72,250 pai
Ult Tensle Strenzth 102,750 p=
Lab Test Tiald Smength 67.500 pa
Ult Tensile Shenzth 102,000 p=
Modulus of elashieity 28,600 ka
Yield Stram 0.0025 to 00032
Elonzation i § mehes 17 %
Average £, 70,000
Average £, 110,000
Honz#3
Mill Raport Yiald Strength 52,730 psi
Ut Tenzle Strength 75910 pa
Yield Stoength 52000 p=
Lab Test Ut Tenzle Stength 79100 px
Modulas of elasticity 2E.000 ka
Elemgation 1 § mches 18 %

SEAOSC Slender Wall Task Group

Summary Report (January 2006)
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Appendix

Table 6.2 — Summary of 1980 Test Panel — Test Results

SEAOSC - Slender Wall Task Group

Typical Concrete Panel

3

3
=
¥
.I 4'0° 1
Placement of Reinforeement
Panal Wo, Thickness (h), inche: Distance (d) from outer face of wall
TWemmimal Tlmasyrmd Rar &1 Rar &2 Rar £ Rar &4
19 9.50 2,60 467 34 448 424
2U WAl w40 4. /b 4549 4.0 476
iy | 9.50 9.50 440 480 470 4 80
] 7.15 7.0 38k 1.00 1.13 1.38
23 7.25 T34 285 335 348 348
24 T.25 738 4,80 4.70 4.30 430
a5 575 6.13 3.70 330 170 360
16 5.75 5,88 3.40 170 3.80 3.60
7 575 &.00 338 350 338 325
28 475 4.82 22 145 286 274
9 4.75 4,78 245 258 290 316
30 4.75 +.89 14 237 166 152
*vamation md= [1-d,,/ meanmed bY] x 100
Variarion ind = peasmred B2 -d,
Slender Wallr Terr Rasale:
Nemumal Vet Leadi@
PmelNo  Thickness  f'c bt Laad. © f Demaf
t. mches pa Fano pi psf miches
12 2.50 +,000 30 320 g7 73
X 8.50 4,000 30 10 L5 53
i | 950 4.000 30 320 23 75
2 725 4,000 40 320 57 54
L] 725 4,000 40 320 52 T4
2 . 4,000 40 550 LT &
25 5.75 4,000 50 B&0 51 81
X% 575 4,000 50 860 42 72
a7 5.75 4,000 50 320 42 g5
i ] 475 4,000 61 320 32 116
4 4.0/5 4,000 Bl 320 34 126
30 4,75 4,000 6l k)] 34 131

SEAOSC Slender Wall Task Group

Ava d

4.66
4.0
463
1.10
329
4353
370
363
335
257
278
255

1213
1r2
118
118
132
111
124
130
iz
152

Summary Report (January 2006)

Varation in d
L nch

3 0.14

] I

3 0.13

11 010

10 033

-3 -0.84

=21 064

-3 -0.69

-11 035

v 0.16

-16 0319

4 010

Date

tested
51481
51381
472781
4728781
429781
L1481
31431
1187381
32331
S/5/81
MViwEL
51481
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Table 6.3 — Summary of 1980 Test Panel Data (Panel Nos. 19 and 22)

SEAOQSC - Slender Wall Tazk Group
Reference: Report of the Tazsk committes on Slender Walls
1980 SCCACT - SEADSC Task Comimittes

Panel No.

19

Date Tested 51481
2.60 inch concrete

Mnterial:
Reinf. Bar:
I =

4 Nod

253
7.5
4.0

133
T

130

Az= 079 =g im.
n= 81
= 3830
sif'e= 316
= 0.a7
= 042
= 016

Adj. Load Mid ht Vert. Le Wall Wi. vl *1L5

paf
1ii
156
0.8
Lz
416
510
62.4
674
L6
751
T6.6
s
758
0.6
753

A
0.0z
001
0.0z
0.05
0.06
oor
0.09
0.23
0.23
312
410
531
6.54
Al
864

P,
13
128
128
118
128
128
128
128
118
128
128
128
128
118
128

i)

E3p

710
1078
1438
1787
2187
PRyl
1510
1805
1646
1678
P |
750
1706

100
100
100
100
00
100
10.0
100

SEAOSC Slender Wall Task Group

p= 00035
Pon = 00030
i
pal
in
in
in
(B=Fu M,
0.2 49
01 64
¥ 52
04 118
05 154
0.5 190
0.6 126
L7 145
17 263
7 3
30.2 s
el a7
481 31
57.0 2
3.6 144

SEADQSC - Slender Wall Tazk Group
Reference: Report of the Task commities on Slender Walls

Panel Nao.

12

Date Tested 42581
7.40 inch concrete

Mlaterial:
Reinf. Barz
I =
f,
f.
E,
E .=
Effd
A =
M, =
M, =
L=
Ay =

iNod
158
615
40
25,600
2540
410
087
139
13

Adj. Load Mid bt Vert. Le Wall We. wl,’51.5

paf
104
1546
0.8
6.0
Lz
6.4
36.3
413
156
1.7
536
54.6
554
56.1

A
0.03
a0
0.09
.09
010
0.14
0.35
LES
116
346
527
717
.04

11.33

By
138
128
128
128
128
128
128
128
128
128
128
128
128
128

1980 SCCACT - SEADSC Task Comumittes

As= 079 sqin p= 0LOM40
P = 00030
n= 81

= 1621 in'

5Yf'c= 316 psi

= 03 i

€= 042 i

hae= 021 i

Be (B~FM M.,
B,
408 389 5.6 0.2 45
469 538 B4 046 63
469 TL8  B6 05 81
460 897 86 0S5 9
469 1077 86 06 117
469 1256 B6 08 135
469 1253 86 X1 136
460 1429 86 31 1M
460 1577 86 129 1T
469 1708 86 207 200
469 1853 86 34 22§
469 1886 86 428 140
469 1014  B6 540 28
469 1938 86 474 IT0
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Table 6.4 — Summary of 1980 Test Panel Data (Panel Nos. 20 and 23)

SEAQSC - Slender Wall Tazk Group

Reference: Report of the Tazk committes on Slender Walls
1980 S3CCACT - SEADQSC Task Committes

Panel No. 0
Date Tested 51281
Ndaterial: 9.40 inch concrete
Reinf. Barz 4 Nod As= 079 =g in.
L= 288 in
f= 675 ki
.= 40 lsi o= 81
E, = 28600 ki
E = 3540 loi
Effd= 470 in
A = 089 sgin = 3amn
M, = 1M kipin s4fc= 216
M,= 272 Lkipin = 037
I,= 1l in = 043
A,= B0l i ha,= 01§
Adj. Load Mid bt Wert. Le Wall We.wl,*sl.5 Pe
psf A B, By
104 002 128 505 150 0o
156 004 128 505 s39 09
08 006 128 508 TIO 09
60 007 128 508 0T 09
12 008 128 585 10TT 0o
364 009 128 505 1154 09
415 005 128 505 1436 09
467 013 128  E05 1618 0o
10 015 128 505 1708 09
71 017 128 §0& 1072 09
6221 017 128 &85 1151 0o
674 019 128 585 2130 (T
6 022 128 E08 2810 0o
741 022 1218 505 1563 09
730 L1§ 128  &08 1854 09
756 Léd 128 585 1411 08
776 316 128 505 2681 09
T80 506 128 585 1606 oo
767 614 128 595 1651 09

SEAOSC Slender Wall Task Group

p=

P min.

B,

EEETE

(By+P,M

01
0.3
04
05
06
0.4
0.3
oo
11
12
12
14
18
14
23
195
218
6.6
44.4

00035
00030

M

16

6

52
100
1s
136
154
17
190
08
126
144
262
268
74
190
01
6
19

SEADSC - Slender Wall Task Group

Reference: Report of the Task committes on Slender Walls
1980 SCCACT - SEADQSC Taslk Comumittes

Panel MNo. 23
Date Tested 42081
Material: 7.34 inch concrete
Eeinf Bars 4Nod As=
I = 258 im
L= 615 laoi
.= 40 k=i
E = 28600 lui
E = 3540 Iasi
Effd= 319 in
A = 087 sgin
WM, = 134 ldp-in ]
M, = 183 ldp-in
I = s in'
A,=  TE in

Adj. Load Mid bt Vert. Le Wall We. wi 'zl 5

o Y P, P,

104 006 128 465
156 007 128 465
WE 012 128 465
B8 0 128 465
A1 031 128 465
362 042 128 465
413 053 128 465
456 213 128 465
460 409 128 465
401 465 128 465
508 563 128 465
526 638 128 465
527 863 128 465
520 1081 128 465

Summary Report (January 2006)

0.7% =q.in.
n= 81
= 14
df'e= 21§
= 036
= 042
na,=  0m

Pe

=0 85
g10 85
718 55
806 85
1074 85
1251 85
0 85
1577 85
1622 85
160.6 8.5
1757 85
1816 85
1521 85
1807 85

p= DO0E0
Fin = L0030
in*
psl
in
in
in
B+ My,
0% 45
04 63
oT 81
12 o
13 118
15 136
3l 155
1LY 178
243 108
27.6 206
334 1%
40.8 131
571 148
4.1 155
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Table 6.5 — Summary of 1980 Test Panel Data (Panel Nos. 21 and 24)

SEADSC - Slender Wall Task Group
Reference: Report of the Task committes on Slender Wally
1980 SCCACI - SEAOSC Task Committes

Panel No. 11
Date Tested 42781
Mdlaterial; 9,50 imch concrete
Reinf. Bars 4 Nod As= 0B g in, p= 00035
I = 8 e P = L0030
L= &5 Il
f, = 40 i n= 81
E, = 28600 Ioi
E. = 3540 loi
Effd = 463 in
A = 089 sqin, L= 3430 in
WAL = 18 Lip-in dfe= 316 pai
M, = 268 Lip-n A= 03T
,= 18 i €= 04 in
= 510 in La,= 016 in
Adj. Load Mid bt Vert. LeWall We.wl 115 Pe (P~F,} M,
pil A B, P,
4 001 1.28 601 359 89 0l 46
186 00l 118 .02 LK) op 01 o4
08 004 118 6.02 ne o 0.3 B2
0 005 128 602 B0 00 03 100
L 006 128 602 1078 09 04 118
#4007 128 602 1356 00 05 136
45 008 128 602 1436 99 06 184
467 009 128 602 1615 09 0d  Im
FLE 010 128 6.02 1TRE be 0.7 190
11 ol 128 602 1974 e 08 108
623 o012 128 602 2154 28 09 114
675 013 128 602 2133 99 0 24
TL7 015 128 602 21813 09 11 162
765 L66 128 602 2645 0 99 111 287
TTE 381 118 602 2689 05 185 307
759 40 1.28 602 164 88 HDd 3
&0 714 1.18 dor 1B g B21 187
T4 a0 128 6.02 1558 e ERA 38
781 993 118 602 2505 88 728 A2
76T 1143 128 602 2616 2 99 834 388

SEAOSC Slender Wall Task Group

Summary Report (January 2006)

SEADSC - Slender Wall Task Group
Reference: Report of the Task committes on Sleader Walls
1980 SCCACT - SEAOSC Task Committes

Pauel No. ]
Date Tested 3/24/81
Mdaterial: 7.38 inch concrete
Reinf. Bary 4 Nod Av= DR aqin p= 00036
I = 88w Poin = 0.0030
L= &5 Il
f, = 40 b o= Bl
E, = 8600 ks
E, = 3540 lui
Effd= 453 in
A,= 091 sgin L= 168 o'
M, = 138 Lip-in sif'e= 316 pai
M, = 265 Lip-dn am 037 @
= 13 ' €= 04 dn
= §M in A= 0N in
Adj. Load Mid bt. Vert. Lo Wall We.wl 115 PBe (F=F, M,
pif A P, P,
g 002 344 468 M) 3.0 0.2 57
147 001 344 468  EDB 3.0 0.1 T4
24 000 4 468 660 3.0 04 b1l
ME 003 344 468 BP0 03 108
6 006 344 468 1024 20 05 126
31 016 344 468 1216 130 13 146
29 018 344 468 1MMF B0 L5 16
M9 025 344 468 1851 2a0 10 180
o0 L 344 468 1ep3 10 102 202
FLT 496 344 468 1786 o 402 41
14 795 344 468 1844 130 645 m
S8 1193 344 468 1701 230 968 200
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Table 6.6 — Summary of 1980 Test Panel Data (Panel Nos. 25 and 28)

SEADSC - Slender Wall Task Group SEADSC - Slender Wall Task Group
Eeference: Feport of the Tack committes on Slender Walls Eeference: Eeport of the Task committes on Slender Walls
1980 SCCACT - SEAQSC Task Committee 1080 SCCACT - SEAQSC Task Committee
Panel No. 15 Panel No. 15
Date Tested 4/27/81 Dhate Tested /5781
Adaterial: 6.13 inch concrete Material: 4.82 inch concrete
Reinf Bars 4 No.d As=  O7W agin p= 00044 Reinf. Bars 4 Nod As= 0T sgin p= 00064
L= 88 in P = L0030 L= 18 in B = 0L0030
f,= 675 ki f,= 615 Isi
Fi = 40 ks n= 81 = 40 ks n= 81
E, = 18600 ls E = 25600 lsi
E, = 380 Li E = 350 lsi
Effd= 37 o Effd = 157 in
A,= 080 sgin = m A,= 035 sqin = g8 in'
LM, = 85 Lip-in sdf'e= A6 ps WM, = 50 lLipin sVfe= 36 pei
M, = 217 kkipin = 03 in M, = 137 ldpin = 035 in
1, = 78 in' c= 043 in I.= i ' c= 041 i
A, = 661 im hi,= 0 i A, = 1016 in A= 032 i
Adj. Load Mid bt Vert. LiWall We. wl,f15 Pe (P,=FA M. Adj. Load Mid bt. Vert. Lé Wall Wit wl'x15 PFe (F~F)a AL,
wl A P, P, ml A Py P,
83 001 344 388 36 M8 01 51 b R 1 O B 105 a0 68 o0 16
A 014 34 388 IS e 10 a4 52 Mol 1 105 180 69 o0 15
M5 025 34 388 BT MR 18 107 78 Mz 1n X I T 1 0l LT
M4 030 344 388 1016 108 12 115 W4 005 1 105 358 68 02 43
300 2111 3 358 108 18 155 157 130 008 123 105 449 69 0.3 52
B0 400 344 358 131§ 8 wi  1: 156 016 123 105 538 69 07 a1
27 604 344 388 1476 08 42 12 152 022 12 305 627 69 10 7
453 T4 3 358 1584 209 567 236 W6 061 123 X ) S 1 24 81
455 012 A4 388 15T1 9 668 245 08 11T 1n 105 TI8 69 93 89
453 1088 344 388 1566 M8 505 158 714 386 113 LI b - T 1 167 101
452 1270 3 388 1862 18 |an  2m 29 53 1M s TR (1] B1 1w
130 676 1M 105 86 69 w3 19
M8 THT 1n 105 857 60 M5 1
63 MOl 1M 105 M8 60 w0 137
273 101 11 305 M43 69 42 148
74 121 1B 305 M7 68 28 154
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Table 6.7 — Summary of 1980 Test Panel Data (Panel Nos. 26 and 29)

SEAQSC - Slender Wall Tazk Group

Eeference: Report of the Tazk committee on Slender Walls

Task Committes

SEAOSC - Slender Wall Task Group

Referemce: Report of the Task committee on Slender Walls
1950 SCCACT - SEADSC Task Committes

1980 SCCACT - SEAOQSC
Panel Mo, 26
Date Tested 3/15/81
Material: 588 inch concrete
Eeinf Barz 4 No.d As=
L= 2885 in
E= 675 ki
f'o= A0 ks
E, = 28600 o
E. = 340 hu
Effd = 363 im
A= 089 sgin
WM, = 87 lhp-in
A, = 07 lkdp-in
I, = 75 in”
A,= 677 im

Adj. Load Mid bt Vert. LdWall Wt. vl *5l.5

paf
122
16.0
197
19
04
33.0
36.9
ize
40.0

384

A
008
013
020
021
028
314
562
650
5.63

10.52

B
ERL
34
EXE)
ERC
ERES
ERL
ERE]
R
EXE]

EXE]

B
imn
T2
imn
AT
imn
imn
imn
imn
3mn

i

421

079 =g in

31

I
ES L]
0.37
043
0.14

Pe

0.4
0.4
0.4

4
0.4
4
0.4

0.4
0.4

SEAOSC Slender Wall Task Group

p= L0045
Poge = 00030
in"
psi
in
in
in
@FrFdd Mo
0.6 1]
09 7
14 20
15 108
20 124
15 157
402 188
404 204
615 m
753 ]

Panel No. i
Tiate Tested 51581
Material: 4.75 inch concrete
EReinf Bars 4 MNod As= 0.78 sgin p= 00058
= 18 in P = 00030
f,= 675 Isi
o= 40 s n= 81
E = 18600 lsi
= 3540 lksi
Efd= 178 in
= (.8 =qin = 47
YL, = 88 ldpim sf'e= 216 pu
= 149 lip-in a=  M3F  in
I = m ' c= 04l im
= 91 in LAL= 03 i
Adj. Load Mid bt. Vert. Lé Wall Wt. wl’T15 Fe (P~F)a M,
pf A E, F,
£1 011 L8 0: 179 69 0.5 15
W4 01 128 103 350 69 0.9 ET|
155 045 L8 i0a 536 69 0 62
194 175 118 103 670 ] 7.5 51
W3 2315 118 a0: T0a 69 9.7 87
711 3134 128 0: 70 69 16.6 o6
221 485 128 a0 763 69 0o 1M
118 588 128 apr 753 69 53 108
117 646 128 i0: 784 ] 78 113
137 737 18 i0a 810 1] a7 1
154 014 118 103 877 ] 04 1M
151 8BS 118 a0 871 ] 10 135
260 1133 L28 03 930 ] 485 149
68 1368 128 i03 926 ] 0 150
68 1582 128 202 927 69 682 168
266 1813 128 a0 010 69 1 1M
317 13 128 103 1096 69 831 00
357 1960 L8 03 1233 69 844 115
W8 1982 128 i0a 1375 69 854 130
410 03T 128 103 1453 e 8785 M3
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Table 6.8 — Summary of 1980 Test Panel Data (Panel Nos. 26 and 30)

SEAOQSC - Slender Wall Task Group SEAOSC - Slender Wall Tazk Group
Eeference: Report of the Task committes on Slender Walls BReference: Report of the Task committee on Slender Walls
1980 SCCACT - SEAOSC Task Committes 1050 SCCACT - SEAQSC Task Committes
Pamel No. 27 Panel No. 0
Date Tested 320/81 Diate Tested 514/81
Material: 600 inch concrete Adaterial: 4.80 inch concrete
Reinf Barz 4 No.d As= 079 sgin p= 0.0049 Reinf. Bars 4 Nod As= 079 sgin o= 00064
L= 88 in P = 00030 L= I8 in B = 00030
75 o f,= 675 Lsi
= 40 L n= 81 = 40 Lsi n= 8.1
E, = 28600 ks E, = 18600 Lsi
E = 3540 I E = 3540 lksi
Effd = 335 in Effd = 185 in
A,= 086 sqin L= 86 i A,= 085 s:qin = 468 im'
M, = 91 lipin 59f'c 316 psi YM, = 60 lkipdn 54fc 316 e
M, = 184 kip-in a= 036 in M, = 136 ldp-in a= 035 i
I = 61 o' c= 042 in I = 12 in' c= 041 in
A= T30 im A= 02 in A= 102 in WAL= 032 in
Adj. Load Mid ht Vert LdWall Wt wi*x15 P (P=Pga M,
pf A F, F, Adj. Load Mid bt. Vert. Lé Wall We. wl't15 P (P+PJa M,
87 014 138 3180 a7 e .7 i1 psf A P, P,
147 01§ 138 380 S07 i 0.0 50 §1 010 118 i 17e T 04 5
01 024 128 180 69S 77 12 78 104 020 128 am 3s0 0 00 u
156 032 138 380 E8.6 77 14 98 130 030 118 310 448 T 13 53
28 037 1328 R T 77 19 109 155 041 128 1 EE 0 18 62
30 208 138 380 1139 77 ws 13z 177 236 118 al0 613 T 103 b
3§ 305 138 380 1161 77 .1 144 185 404 1218 310 G40 T 177 o)
M8 572 128 380 1205 il w1l 15T 196 470 118 il 18 T 0.6 [
268 718 128 a0 171 77 ¥s5 1M 210 641 128 i T8 0 90 108
/6 788 128 380 135 77 400 181 179 T4 118 i 790 0 6 19
386 886 138 380 1333 77 450 186 141 547 118 310 83s T 71 18

254 915 128 310 377 70 40.0 135
171 1058 118 ERli] @37 0 46.3 147
135 113 118 ER L] ngs i 518 157
W0 135 118 Alo 1001 70 03 166
208 1484 128 A10 1030 70 641 174
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