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Dr. Sanjay Mehta is Chief Technical Officer at Preload Inc., New York.
He is a licensed Professional Engineer in many States in the United State
and the Province of Alberta, Canada. He is also a licensed Structural
Engineer in the State of Washington. His areas of interests are
earthquake engineering and seismic design, finite element analysis,
design and construction of wirewound prestressed concrete tanks,
seismic design and evaluation of long span truss bridges and software
development. He is actively involved in ACI 350-F, subcommittee and
AAWA D110 committee.
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PRESENTATION OUTLINE

1. DESIGN AND CONSTRUCTION OF AWWA D110- TYPE 3 TANKS
2. SEISMIC LOAD PATH AT WALL BASE JOINT

3. PULL OUT TESTS FOR SHOTCRETE-DIAPHRAGM INTERFACE

4. THEORETICAL BASIS FOR “DEVELOPMENT SURFACE”

5. PULL TEST FOR SHOTCRETE-DIAPHRAGM-BASE CABLE SYSTEM

6. CONCLUSIONS
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CONCERN....

4 TABLE 2 SPECIFIES VALUE FOR BOND STRES!

E . APPLICABLE IN HORIZONTAL DIRECTION WHERE DIAP
IDE MECHANICAL INTERLOCK WITH SHOTCRETE

5 APPROPRIATE VALUE OF BOND STRESS IN VERTICAL DIREC

RE ANY NEED TO CHANGE DIAPHRAGM FABRICATION PROCES
THER INCREASE THE BOND STRENGTH IN VERTICAL DIRECT!

OUGH INFORMATION AVAILABLE IN THE LITERATURE- UNIQU
ON FOR THIS TYPE OF STRUCTURE IN HIGH SEISMIC ZONES

'CONDUCTED SOME TESTS TO ANSWER THESE QUESTIO

TEST SPECIMENS

26 CAGE
HAPHRAGI

JENS AS SHOWN WERE FABRICATE )

. STEEL v/s DIAPHRAGM S

TORS THAT INFLUENCE THE BOND STRENGTH OF

BAR HAVE BEEN STUDIED FOR WELL OVER 100 YEARS-

| 408R IS THE STATE-OF-THE-ART REPORT

REBAR IS A LINE ELEMENT

DIAPHRAGM FABRICATED PER ASTM A 1008 IS A THIN

SURFACE ELEMENT- 26 GAGE (0.017in).

EN #3 BAR (0.375" DIAMETER) IS 22 TIMES THICKER
1AN DIAPHRAGM

ND STRENGTH OF DIAPHRAGM SHEET IS NOT STUDIED

OROUSLY AS REINFORCEMENT BECAUSE SUCH A
ON OCCURS ONLY IN TYPE Il TANKS

EST SPECIMENS...
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ORCEMENT
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RESULTS

Stress Failure Mode
67Lbs 26.2psi  Diaphragm slip/ bond fa
TESTSeEC S 938Lbs 32.3psi  Diaphragm tension failure
DIAPHRAGM TENSION

diaphragm bond strength by introducing
on in vertical direction will simply change the
diaphragm slip to diaphragm fracture.

he design approach for seismi
otcrete to base cables

MOBILIZE SUFI

AREA OF DIAPHRA : )
£1AL 1 INTERFACE SUCH e strength of the diaphragm:

MODE IS GOVERNED =
S OF BASE CABLES. s
T T = cross section area of diaphragm per unit wid

width of the diaphragm= 1’-6” in this case

U S— yield strength, maximum of 40ksi per ASTM A 1
BY CONCRETE

ond strength of the diaphragm:

FB =W xLx7|

imate bond stress per unit surface arez
agm embedded in shotcrete=

ELOPMENT SURFA

ND STRESS OVER L4 X W IS MOBILIZED
HRAGM PULL-OUT OR TENSION FAILURE WILL

FT = FB ENSILE STRENGTH OF BASE CABLES TO BOND STF
RFACE AREA “A” (Ly X W) WILL ENSURE DUCTILE FAILU

MENT LENGTH L q :(ADx fY)/(144><‘r)

Ld =2.83ft SHOTCRETE AREA "A"
SEISMIC CABLE TIE Ylua TE WRE

FOR
7=26.3psi
fY =40ksi

AD:0.267sq.in/FT

DEVELOPMENT SURFACE= Ly X W RING FOOTING—
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FAILURE MODE

OND STRENGTH OF 42.3PSI IN VERTICAL DIRE
OUT CONFINEMENT AND PRESTRESSING EFFEC

ONSTRUCTION MORE ROBUST THAN TEST SET UP:

°RESTRESS AND CONFINEMENT FOR THE TEST SET UP
'URVATURE OR REDISTRIBUTION EFFECTS

ESE ADD TO STRENGTH/DUCTILITY OF THE SYSTEM

CONCLUSION

OF DIAPHRAGM IN CASE OF A SEISMIC UPLIFT
BY PROPER DETAILING

TTEMPT TO INCREASE BOND STRENGTH (WITHOUT
ASING TENSILE STRENGTH) WILL NOT IMPROVE SYSTE

ILITY BECAUSE THE FAILURE MODE WILL SIMPLY SHIFT

DIAPHRAGM PULL OUT TO DIAPHRAGM TENSION FAILUR

R DETAILING TO MOBILIZE SURFACE AREA OF
RETE IS THE BEST METHOD TO ENSURE THAT FULL
GTH AND DUCTILITY OF BASE CABLE IS MOBILIZED
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