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PREFACE

This Seminar is held as a medium by which there
may be a free exchange of information regarding explo-
sives safety. With this idea in mind, these minutes are
being provided for your information. The presentations
made at this Seminar do not imply indorsement of the
ideas, accuracy of facts presented, or any product, by
either the Department of Defense Explosives Safety Board

or the Department of Defense.

JACK MATHEWS
Colonel, USAF
Chairman
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WELCOMING ADDRESS AND INTRODUCTIONS

By

Colonel Jack Mathews, USAF
Chairman, Department of Defense
Explosives Safety Board

At

Twenty~Fourth Department of Defense
Explosives Safety Seminar

St. Louis, HMissouri
28 August 1990



THE 24TH DOD EXPLOSIVES SAFETY SEMINAR IS NOW IN SESSION.

MR. JEHN, MILLICENT WOODS, LTG BRAILSFORD, MG GREENBERG, MG
BENDER, BRIGADIER ARMSTRONG, DISTINGUISHED PARTICIPANTS, AND
GUESTS...

Y

WELCOME TO THE 24TH EXPLOSIVES SAFETY SEMINAR SPONSORED BY
THE US DEPARTMENT OF DEFENSE EXPLOSIVES SAFﬁiY BOARD. WE
ARE PLEASED TO JOIN WITH THE MILITARY SERVICES, INDUSTRY AND
THE INTERNATIONAL COMMUNITY IN SPONSORING THIS SYMPOSIUM OF
EXPERTS DEDICATED TO THE ENHANCEMENT OF EXPLOSIVES SAFETY.

I WISH TO EXTEND OUR APPRECIATION TO ALL OF YOU FOR TAKING
THE TIME AND EFFORT TO MAKE THIS SEMINAR THE VALUABLE AND

UNIQUE EVENT IT HAS BECCME.

OUR SPECIAL THANKS GO TO THOSE OF YOU WHO PREPARE AND
PRESENT THE PAPERS AND DISCUSSIONS UPON WHICH THE SEMINAR IS
BASED, AND THOSE WHO DESIGN AND CONDUCT THE MANY TESTS AND
EXPERIMENTS, GATHER AND ANALYZE THE DATA SO WELL, AND
PRODUCE THE INVALUABLE REPORTS WHICH SPARFK THE PROGRESS

OF THIS IMPORTANT UNDERTAKING <~~~ TO MAKE THE WORLD SAFER
FROM EXPLOSIVES ACCIDENTS. WITHOUT YOUR FINE WORK, WE

WOQULD NOT BE HERE TOLAY.

AT THIS TIME I HAVE THE LDISTINCT HONOR AND PLEASURE TO




INTRODUCE MY BOSS, THE DEPUTY ASSISTANT SECRETARY OF DEFENSE
FOR FAMILY SUPPORT, EDUCATION, AND SAFETY, WHO WILL DELIVER

OUR WELCOMING ADDRESS.

MILLICENT WOODS TOOK HER PRESENT COFFICE IN JANUARY 1950. A
GRADUATE OF MARY BALDWIN COLLEGE, SHE STILL SERVES ON THE
ADVISORY BOARD OF THAT INSTITUTION AND HAS BEEN LISTED IN
WHO'’S WHO IN AMERICAN WOMEN AND OUTSTANDING YOUNG WOMEN OF

AMERICA.

SHE BEGAN HER PUBLIC SERVICE AS SPECIAL ASSISTANT TC THE
UNDERSECRETARY OF THE DEPARTMENT OF LABOR IN THE MID-1970S.
THERE SHE WAS INVOLVED WITH OCCUPATIONAL SAFETY AND HEALTH

ADMINISTRATION ISSUES.

FROM 1980-83 SHE SERVED AS SENIOR VICE PRESIDENT OF POLICY
AND EVALUATION AT THE NATIONAL ALLIANCE OF BUSINESS. THEN
FOR OVER 6 YEARS SHE WAS VICE PRESIDENT FOR CORPORATE
PLANNING AND EVALUATION WITH THE NATIONAL RED CROSS. THERE
SHE DIRECTED STRATEGIC AND FINANCIAL PLANNING ACTIVITIES FOR

THE RED CROSS.

IN HER PRESENT POSITION AS DEPUTY ASSISTANT SECRETARY OF
OEFENSE FOR FAMILY SUPPORT EDUCATION AND SAFETY SHE MANAGES
AND OVERSEES:

-~ THE DOD DEPENDENT EDUCATION PROGRAMS

~ DOD FAMILY SUPPORT, INCLUDING SPOUSE EMPLOYMENT, FAMILY
ADVOCACY, AND CHILD CARE

~ THE IMPORTANT NEW AREA OF TRANSITION SUPPORT, AS WE




PREPARE TO RESIZE AND RESCOPE QUR MILITARY IN THE COMING
PERIOD

- DOD SAFETY AND OCCUPATIONAL HEALTH PROGRAMS

- AND HER PRIMARY ROLE HERE THIS MORNING, AS MY BOSS
SHE IS ALSO DIRECTLY RESPONSIBLE FOR DOD EXPLOSIVES SAFETY.

LADIES AND GENTLEMEN, IT IS WITH GREAT PLEASURE THAT I GIVE
YOU A VERY GOOD FRIEND OF EXPLOSIVES SAFETY, AND AN ABLE
SPOKESPERSON FOR THE IMPORTANCE OF OUR PROGRAMS «--

MY BOSS =---- MILLICENT WOODS

THANK YOU, MILLICENT, FOR THE FINE WORDS ON THE BACKGRCUND
AND IMPORTANCE OF OUR VITAL UNDERTAKING. IT DOES MUCH TO

PUT OUR EFFORTS HERE TODAY INTO PERSPECTIVE.

IT IS NOW MY PRIVILEGE TO INTRODUCE THE KEYNOTE SPEAKER FOR
THE 24TH DOD EXPLOSIVES SAFETY SEMINAR, THE HONORABLE
CHRISTOPHER JEHN, ASSISTANT SECRETARY OF DEFENSE FOR FORCE

MANAGEMENT AND PERSONNEL.

BORN AND RAISED IN CHICAGO, ILLINOIS, MR. CHRISTOHER JEHN
SERVED ON THE FACULTIES OF THE GEORGE WASHINGTON UNIVERSITY
AND THE UNIVERSITY OF ILLINOIS. HE JOINED THE RESEARCH
STAFF OF THE CENTER FOR NAVAL ANALYSIS IN 1972, SERVING IN
VARIOUS CAPACITIES IN THIS ORGANIZATION BEFORE BECOMING VICE
PRESIDENT, NAVY~-MARINE CORPS PLANNING AND MANPOWER DIVISION.
HE ASSUMED HIS PRESENT JOB ON NOVEMBER 20, 1989. NOT ONLY

DOES HIS POSITION INCLUDE RESPONSIBILITY FOR MILLICENT




WOODS'’ FAMILY SUPPORT, EDUCATION, AND SAFETY ~--- AND OUR DOD
EXPLOSIVES SAFETY BOARD --- IT ALSO INCLUDES THE RATHER
AWESOME RESPONSIBILITY OF CHAIRMAN OF TOTAL FORCE POLICY.

IN THIS CAPACITY, HE DIRECTS STUDIES OF THE FORCE STRUCTURE
OF THE ENTIRE DEPARTMENT OF DEFENSE, INCLUDING MILITARY,
CIVILIAN, AND RESERVE STRENGTHS. 1IN A REAL SENSE, HIS
POLICIES WILL AFFECT THE FORCE STRUCTURE OF THE DEPARTMENT
OF DEFENSE FOR YEARS TO CCME.

HE BRINGS TO US AN IMPORTANT VIEWPOINT IN A DYNAMIC AND
CHANGING WORLD. LADIES AND GENTLEMEN, IT IS WITH A GREAT
DEAL OF PLEASURE AND ANTICIPATION THAT I PRESENT TO YOU -~-~-

MR. CHRISTOPHER JEHN

THANK YOU, MR. JEHN FOR THE INSIGHT AND THE CHALLENGE. WE
WISH YOU EVERY SUCCESS AS YOU WORK TOWARD A NEW DOD FORCE
STRUCTURE.

AT THIS TIME I HAVE THE PLEASURE OF INTRODUCING LIEUTENANT
GENERAL MARVIN D. BRAILSFORD, DEPUTY COMMANDING GENERAL FOR
MATERIEL READINESS, UNITED STATES ARMY MATERIEL COMMAND, WHO
WILL PROVIDE US INSIGHTS INTO NEW DIRECTIONS IN THE ARMY

EXPLOSIVES SAFETY PROGRAM.

GENERAL BRAILSFORD COMPLETED CURRICULA FOR BOTH THE RESERVE

OFFICERS TRAINING CORPS, AND A BACHELOR OF SCIENCE DEGREE AT

PRAIRIE VIEW A&M UNIVERSITY BEFORE RECEIVING HIS CO™“MISSION



AS SECOND LIEUTENANT IN JUNE 1959. HE ALSO HOLDS A MASTER
OF SCIENCE DEGREE IN BACTERIOLOGY FROM IOWA STATE

UNIVERSITY.

HIS MILYTARY EDUCATION INCLUDES SUCCESSFUL COMPLETION OF
ARMOR SCHOOL, THE CHEMICAL SCHOOL, THE UNITED STATES ARMY
COMMAND AND GENERAL STAFF COLLEGE, AND THE UNITED STATES

ARMY WAR COLLEGE.

BEFORE HIS CURRENT ASSIGNMENT, GENERAL BRAILSFORD SERVED IN
A WIDE VARIETY OF SIGNIFICANT COMMAND AND STAFF POSITIONS.
TO MENTION A FEW OF THOSE:
- COMMANDING GENERAL, U.S. ARMY ARMAMENT, MUNITIONS AND
CHEMICAL COMMAND.
DEPUTY COMMANDING GENERAL OF AMC COM.

COMMANDING GENERAL, 59TH ORDNANCE BRIGADE, U.S. ARMY,
EUROPE

COMMANDER, 60TH ORDNANCE GROUP, 21ST SUI'PORT COMMAND,
U.S. ARMY, EUROPE

CHIEF, PROGRAM MANAGEMENT OFFICE, U.S. ARMY ARMAMENT
RESEARCH, DEVELOPMENT AND ENGINEERING CENTER,
DOVER, NEW JERSEY.

OF COURSE, IT IS GENERAL BRAILSFORD’S CURRENT POSITION, HIS
SAFETY HAT, THAT WE PARTICULARLY VALUE THIS MORNING: HE IS

THE U.S. ARMY EXECUTIVE FOR EXPLOSIVES SAFETY.

LADIES AND GENTLEMEN,
LIEUTENANT GENERAL MARVIN D. BRAILSFORD.

THANK YOU, GENERAL BRAILSFORD, FOR THE INFORMATIVE




PRESENTATIOM ON THE CURRENT AND FUTURE POSITION OF THE
ARMY'S EXPLOSIVE SAFETY PROGRAM.

(PRESENTATION OF PLAQUES TO THE SPERKERS)

LADIES AND GENTLEMEN OF THE SEMINAR, OUR GENERAL SESSION IS
NOW COMPLETED. FOLLOWING THESE WORDS OF INSPIRATION, WE
ARE READY TO APPROACH OUR WORK AT THIS SEMINAR WITH

A BRIGHT AND POSITIVE PERSPECTIVE. I WILL BE WATCHING THE
SESSIONS WITH GREAT EAGERNESS DJRING THE NEXT FEW DAYS. I
WISH YOU GREAT SUCCESS IN YOUR WORK. THANK YOU FOR TAKING

PART IN THE 24TH EXPLOSIVES SAFETY SEMINAR.







AN ADDRESS TO THE 24TH EXPLOSIVES SAFETY SEMINAR

BY MILLICENT WOODS, DASD(FSE&S)

A BRIEF HISTORY OF THE DDESB

(Cclonel Jack Mathews, USAF, Chairman DDESB, Will Introduce Ms.

Millicent Wocds, DASD(FSE&S)

THANK YOU, JACK FOR THAT YOUR GRACIOUS INTRODUCTION: MR.
JEHN (ASSISTANT SECRETARY OF DEFENSE FOR FORCE, MANPOWER AND
PERSONNEL) -~ GENERAL BRAILSFORD (DEPUTY COMMANDING GENERAL, US
ARMY MATERIEL COMMAND) == GENERAL GREENBERG (COMMANDING
GENERAL, US ARMY ARMAMENT MUNITIONS AND CHEMICAL COMMAND),

REPRESENTATIVES OF THE NATO ALLIANCE, OUR ASSOCIATES AROUND THE
WORLD, DISTINGUISHED GUESTS... I AM HONORED TO EE PART OF THE

24TH DEPARTMENT OF DEFENSE EXPLOSIVES SAFETY SEMINAR.

AS COLONEL MATHEWS NOTED, IN MY ROLE AS DEPUTY ASSISTANT
SECRETARY OF DEFENSE FSE&S I HAVE OVERSIGHT OF BOTH =-- DOD
SAFETY AND OCCUPATIONAL HEALTH POLICY -- AND THE EXPLOSIVES
SAFETY BOARD. THE LAST LETTER IN MY TITLE -~ FSE&S -- STANDS

FOR SAFETY. 1IN MY RELATIVELY SHORT TIME AT THIS BUSINESS OF




SAFETY, I HAVE COME TO UNDERSTAND 2 THINGS. FIRST, I HANDLE NO
"2IVIAL ACTIONS == AND SECOND, THERE ARE NO ROUTINE SOLUTIONS.

SRYTHING IS CRITICAL.

FORTUNATELY, I AM SUPPORTED BY THE GOOD OFFICES OF THE
FIKLT RATE PROFESSIONALS WHO ARE DEEPLY ROOTED 1IN THE
TRADITIONS AND THE DISCIPLINES OF BOTH THE TECHNICAI, AND THE
ADMINSTRATIVE ASPECTS OF DOD SAFETY. AT THIS PARTICULAR
MOMENT, I AM SURROUNDED BY PERHAPS THE LARGEST ASSEMBLAGE OF
TECHNICAL EXPLOSIVES SAFETY EXPERTS WHO EVER GATHERED IN ONE

SYMPOSIUM. ONE CAN SENSE THE POWER IN THIS ROOM.

LET’S REFLECT A MOMENT ON THE REASON WE ARE HERE TODAY ~-
AND HOW WE GOT HERE -~ THE HISTORY OF THE EXPLOSIVES SAFETY
BOARD ITSELF. TO DO THIS, I ASK YOU TO FORGET MOMENTARILY,
THIS SPLENDID MISSOURI SETTING AND THIS SPARKLING ROOM, AND TO
TRAVEL BACK WITH ME TO A SULTRY, STORMY NEW JERSEY AFTERNOON ON

JULY 10, 1926.

STORM CILOUDS HAD GATHERED, SHADING THE AFTERNOON SKY
WHICH GRADUALLY DARKENED AND RUMBLED WITH THUNDER. AT 5:1°%
INTENSE LIGHTNING FLASHED OVER THE LAKE DENMARK AMMUNITION
DEPOT A FEW MILES FROM DOVER, NEW JERSEY. WITHIN MINUTES,
SMOKE BILLOWED FROM TEMPORARY MAGAZINE NUMBER 8.... A LARGE
ABOVE GROUND STRUCTURE, AT THE SOUTHWEST CORNER OF THE

INSTALLATION. THE DEPOT FIRE BRIGADE RESPONDED IMMEDIATELY.




WE ARE TOLD THAT AT LEAST ONE FIRE HOSE WAS MANNED, POURING 2
STREAM OF WATER ON THE FIRE AT 5:20 WHEN AN ESTIMATED 789,000
POUNDS OF HIGH EXPLOSIVES IN THE STOREHOUSE, DETONATED. SIXTEEN
BRAVE MEN DIED THERE, MOST OF THEM AS PART OF THAT FIRST

RESPONSE TEAM OF THE FIRE BRIGADE.

AN ETERNAL FIVE MINUTES LATER TEMPORARY MAGAZINE NUMBER 9,
WITH 1.6 MILLION POUNDS OF HIGH EXPLOSIVES,-- MOST OF IT BULK
TNT -- ALSO DETONATED. THE SECOND FIRE FIGHTING TEAM --ALMOST A
THOUSAND FEET AWAY AT THE TIME -- SUFFERED 25 SERIOUS INJURIES
IN A FORCE OF 38. ACCORDING TO HOUSE DOCUMENT 199, THREE
EXPLOSIONS OCCURRED AT SHORT INTERVALS, THE THIRD INVOLVING
800,000 POUNDS OF EXPLOSIVES. SUBSEQUENT DETONATIONS, ONE
INVOLVING 180,000 POUNDS OF HIGH EXPLOSIVES, WOULD HAVE
QUALIFIED AS MAJOR EVENTS ON ANOTHER DAY. BUT ON JULY 10, 1926
THEY WERE ANTI-CLIMATIC. DURING THE DAY AND THROUGH THE
FOLLOWING NIGHT, THREE MILLION POUNDS OF HIGH EXPLOSIVES,

MERCIFULLY BURNED.

SUNDAY MORNING BROKE OVER A SHATTERED LAKE DENMARK. ROCK
AND DEBRIS LITTERED THE GROUND AT THE STOREHOUSES TO A POINT
BEYOND THE MAIN OFFICE AT PICATINNY ARSENAL -- 2000 FEET AWAY.
HOMES REGISTERED SERIOUS STRUCTURAL DAMAGE AT DISTANCES BEYOND
4000 FEET. A SHELL DETONATED ON THE PARADE GROUND AT NEARBY

PICATINNY ARSENAL -- ALMOST A MILE FROM ITS SUSPECTED POINT OF

11




ORIGIN (SHELL HOUSE 22). NINETEEN PEOPLE WERE KILLED.

THE TOTAL COST WAS 20 MILLION 1926 DOLLARS.

PUBLIC OUTRAGE REACHED THE HALLS OF CONGRESS, AND INTO
THE WHITE HOUSE ITSELF. MAYORS, GOVERNORS, AND STATE
REPRESENTATIVES TESTIFIED ON THE HILL. THE PUBLIC PROTESTED
THE STORAGE OF MASSIVE AMOUNTS OF HIGH EXPLOSIVES ALONG THE
CRCWDED EASTERN SEABOARD DUE TO ITS INHERENT THREAT TO

POPULATION CENTERS.

WHY WAS THE PUBLIC OUTRAGE SO INTENSE? WHY WAS FEAR OF
HIGH EXPLOSIVES SO ACUTE IN THOSE DAYS? THERE WAS GOOD

REASON. ..

THE EXPLOSION AT LAKE DENMARK WAS NOT THE FIRST OF ITS
KIND IN NEW JERSEY. THE GENERAL AREA WAS WIDELY RECOGNIZED AS
THE CENTER OF EXPLOSIVES MANUFACTURING AND AMMUNITION LOADING

DURING WORLD WAR I.

IN 1916 A BARGE EXPLOSION IN NEW YORK HARBOR EXTENDED TO
A RAIL YARD ON BLACK TOM ISLAND WHICH KILLED PEOPLE ON BOTH
SHORELINES -~ IN NEW YORK AND IN JERSEY CITY. IT EVEN DAMAGED

THE TORCH ON THE OLD STATUE OF LIBERTY.

IN JANUARY OF THE FOLLOWING YEAR, A GLAZING PROCESS

CONTAINING 461,000 POUNDS OF PROPELLANT DESTROYED TWENTY

12




MANUFACTURING BUILDINGS IN A PLANT AT HASKELL, NEW JERSEY,

KILLING TWO AND CAUSING STRUCTURAL DAMAGE OUT TO 6300 FEET.

IN 1918, THE MORGAN PLANT NEAR PERTH AMBOY, NEW JERSEY --
THE LARGEST AMMUNITION LOADING PLANT IN THE WORLD AT THAT TIME
~-= LOST 325 PLANT BUILDINGS IN A SERIES OF EXPLOSIONS INVOLVING

12 MILLION POUNDS OF HIGH EXPLOSIVES. 64 DIED THERE.

IN 1924 THE NIXON PLANT 1IN NEW BRUNSWICK, NEW JERSEY

SUFFERED A MASSIVE EXPLOSIVE EVENT COSTING 17 LIVES.

THIS TRAGIC BACKGROUND GIVES YOU A REFERENCE POINT FOR
THE PEOPLE IN NEW JERSEY WHO FEARED THE STORAGE AND HANDLING OF
HIGH EXPLOSIVES 1IN 1926. INCREDIBLE AS IT MAY SEEM, THIS WAS

NOT THE WHOLE PICTURE OF EXPLOSIVES ACCIDENTS IN THAT ERA...

THERE WERE ELEVEN CATASTROPHIC EXPLOSIONS IN THE TEN
YEARS BETWEEN 1916 AND THE LAKE DENMARK EVENT IN 1926. THESE

EVENTS HAD NO RESPECT FOR NATIONAL BOUNDARIES.

HALIFAX, NOVA SCOTIA WAS PERHAPS THE MOST DEVASTATING --
WITH 5.5 MILLION POUNDS OF "“EXPLOSIVES D" AND TNT -- IN A
SINGLE HIGH ORDER DETONATICN NEAR THE HEART OF THE CITY.

EIGHTEEN HUNDRED DIED THERE.

OPPAU, GERMANY WITH ITS MASSIVE DETONATION OF 9 MILLION

POUNDS OF NITRATES, KILLED 1100.
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ONE HUNDRED FIFTY DIED IN AN EXPLOSION IN FALCONARA,

ITALY AND MANY OTHERS AT STEINFELD, GERMANY.

IN A TEN YEAR PERIOD THESE ELEVEN EVENTS, UNPRECEDENTED
BEFCRE OR SINCE, RESULTED IN DETONATIONS OF 26 MILLION POUNDS
OF EXPLOSIVES, THE DEATHS OF MORE THAN 3000 PEOPLE, AND

INJURIES TO MORE THAN 10,000.

THESE HORRORS WERE IN THE NEWSPAPERS AND IN THE MEMORIES
OF THOSE WHO HEARD AND FELT THE DEVASTATION AT LAKE PENMARK IN

JULY 1926. THEY DEMANDED ACTION FROM THE WAR DEPARTMENT.

BRIGADIER GENERAL SAMUEL HOFF WAS APPOINTED SENIOR MEMBER
OF A JOINT ARMY-~NAVY BOARD~- ESTABLISHED BY THE 70TH CONGRESS
TO REVIEW SAFETY CONDITIONS AT THE STORAGE DEPOTS =-- AND TO
PROVIDE RECOMMENDATIONS FOR REBUILDING PICATINNY ARSENAL.
DURING THEIR DELIBERATIONS, THIS BOARD SELECTED THE NEW JERSEY

LAWS GOVERNING EXPLOSIVES SAFETY AS THEIR STANDARD.

USING THIS CODE WHICH CONTAINED THE AMERICAN TABLE OF
DISTANCES, THE ARMY-NAVY BOARD FULLY EVALUATED THE SAFETY OF
AMMUNITION STORAGE IN THE CONTINENTAL UNITED STATES AND IN

SEVERAL AREAS OVERSEAS.

THE NAVY SOLUTION REQUIRED TWO NEW DEPOTS: -~ HAWTHORNE,

NEVADA IN THE WEST -- AND YORKTOWN, VIRGINIA IN THE EAST.
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THE ARMY FOUND SAVANNA DEPOT ADEQUATE IN SIZE BUT IN NEED
OF NEW MAGAZINES ~-- THE SAME FOR ABERDEEN PROVING GROUND, FORT

BRAGG AND FORT SILL.
OGDEN ARSENAI. NEEDED LAND ACQUISITION.
THE DEPOTS IN DELAWARE, CHARLESTON, SC -~ PIG POINT, VA

CURTIS BAY, MD -- AND BENECIA, CA -~ WERE FOUND UNSUITABLE FOR

BULK STORAGE OF HIGH EXPLOSIVES.

THE ARSENALS AT PICATINNY, RARITAN, AND CURTIS BAY WERE
ALSO UNSUITABLE FOR AMMUNITION STORAGE WITHOUT ADDITIONAL

INFRASTRUCTURE.

AMMUNITION STORAGE 1IN PANAMA, HAWAII AND THE PHILLIPINES
REQUIRED SIGNIFICANT CORRECTIVE MEASURES TO MEET THE NEW JERSEY

STANDARD.

THE APPOINTED BOARD COMPLETED ITS ASSIGNMENT BY ADVISING
CONGRESS OF THE COSTS AND OPTIONS FOR BUILDING NEW FACILITIES

AND REDISTRIBING EXPLOSIVES STORAGE AT EXISTING INSTALLATIONS.

FOLLOWING THESE DELIBERATIONS, A PERMANENT ARMY NAVY
STORAGE BOARD WAS APPOINTED. ITS CHARTER WAS TO ADVISE THE
SERVICE SECRETARIES OF CONDITIONS AFFECTING AMMUNITION SAFETY

AT THEIR INSTALLATIONS. THAT BOARD, WITH VARIOUS REVISIONS OF
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CHARTER AND AUTHORITY OVER THE YEARS, IS WHAT WE NOW KNOW AS

THE DOD EXPLOSIVES SAFETY BOARD.

THE FORMAL BOARD CONSISTS OF ONE MILITARY OFFICER FROM
EACH OF THE THREE SERVICES, AND A CHAIRMAN. EACH MILITARY
BOARD MEMBER HAS A CIVILIAN ALTERNATE. EACH BOARD MEMBER =-- OR
ALTERNATE <-- HAS A VOTE IN ESTABLISHING DOD EXPLOSIVES SAFETY
STANDARDS . THE CHAIRMAN VOTES ONLY WHEN THE THREE BOARD

MEMBERS ARE NOT UNANIMOUS, AND THE CHAIRMAN'’S VOTE CARRIES.

THE DDESB SECRETARIAT CONSISTS OF MILITARY LIAISON

OFFICERS, REPRESENTING EACH SERVICE, A CHAIRMAN WHO ROTATES

BETWEEN THE SERVICES ON A THREE YEAR TERM, AND A CIVILIAN
SECRETARIAT OF ENGINEERS AND ADMINISTRATIVE PERSONNEL. 1IN
SUPPORT OF THE CHARTER, EACH DOD COMPONENT SUCH AS -~- THE
DEFENSE LOGISTICS AGENCY -- THE DEFENSE NUCLEAR AGENCY -~- THE
US ARMY SURGEON GENERAL AND MAJOR AMMUNITION COMMANDS, PROVIDE

EXPERT CONSULTANTS.

THIS GROUP ACTING AS TECHNICAL CONSULTANTS, ADVISE THE
SAFETY BOARD ON THE DEVELOPMENT OF STANDARDS AFFECTING THE
HANDLING AND STORAGE OCF AMMUNITION AT DOD INSTALLATIONS AROUND
THE WORLD. THESE STANDARDS ARE FOUNDED UPON THE RESULTS OF
TESTS -~ CONDUCTED BY SOME OF YOU HERE TODAY -- TO ASSURE THE
PUBLIC IS PROTECTED FROM THE REAL HAZARDS OF EXPLOSIVES AND

AMMUNITION.
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THIS BOARD ENACTED THE FIRST MILITARY QUANTITY-DISTANCE
TABLES BASED ON DATA OBTAINED FROM ACCIDENTS OCCURRING AFTER
LAKE DENMARK, AND DATA FROM THE TESTS AT ARCO IDAHO IN THE
1940’S. ONE OF THE MAJOR SOURCES FOR QUANTITY-DISTANCE TABLES,
AS THEY ARE KNOWN TODAY, WAS THE DEVASTATING EXPLOSION AT PORT
CHICAGO, CALIFORNIA IN 1943 WHICH WAS MORE PAINSTAKINGLY
RESEARCHED THAN ANY OTHER EVENT. THE DDESB HAS UPDATED THESE
TABLES A NUMBER OF TIMES SINCE THE 1940’S BASED ON MORE RECENT

TESTS AND CURRENT DATA.

HAVING REFLECTED ON THE HISTORY OF THE DDESB, LET'’S TURN
NOW TO OUR SEMINAR. THE FIRST DOD EXPLOSIVES SAFETY SEMINAR
WAS ACTUALLY A MEETING OF ONE HUNDRED EXPERTS IN THE ROCKET
PROPELLANT BUSINESS. THEY MET AT INDIAN HEAD MARYLAND IN 1959

AND PRODUCED 180 PAGES OF REPORTS.

IT WAS SO WELL RECEIVED THAT IT BECAME AN ANNUAL EVENT
UNTIL ITS SIZE AND EXPENSE WARRANTED AN ADDITIONAL YEAR BETWEEN

MEETINGS.

AT THE LAST SEMINAR IN ATLANTA ~- WE REGISTERED OVER 700
MEMBERS WHO REPRESENTED 18 NATIONS. THE MINUTES EXCEEDED TWO
THOUSAND PAGES. TODAY WE SEE AN EVEN LARGER ATTENDANCE. I'M
TOLD REGISTRATION AT THIS CONFERENCE MAY EXCEED 800.... A
CONFIRMATION THAT THERE IS WIDESPREAD COMMITMENT AND
PROFESSIONALISM INVOLVED IN ASSURING SAFETY TO THE PUBLIC AT
THE SAME TIME THAT WE DEFEND THE NATION WITH APPROPRIATE
AMMUNITION.
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THE DDESE WAS FORGED IN A LIGHTNING STORM WHICH BROKE
OVER LAKE DENMARK ON A SWELTERING DAY IN JULY 1926. THE
ENSUING BLAST -- WHICH SENT A SHOCKFRONT ACROSS THE NEW JERSEY
COUNTRYSIDE AT A DESPERATE COST 1IN LIVES -- SWEPT ALL OF US
INTO THIS CONFERENCE TODAY. THE STAKES ARE EVEN HIGHER NOW.
WE SEEK MORE INFORMATION, BETTER METHODOLOGY -- AN END TO THE

CATASTROPHIC WASTE OF HUMAN RESOURCES.

THIS SEMINAR INVOLVES THE SCIENTIST, THE ENGINEER, THE
SAFETY MANAGER AND PUBLIC POLICYMAKERS FROM MANY POINTS OF THE
GIGCBE. IN MEMORY OF THAT LONG AGO DAY FILLED WITH FIRE AND
ANGUISH -- OUR TASK OF PROTECTING OUR PEOPLE, OUR RESOURCES,

OUR MISSION -- IS STILL CRITICAL.

I URGE YOU NOT TO FORGET THE PAST, OR YOUR CRITICAL
MISSION -- TO PUT FORTH YOUR FINEST EFFORTS TO INFORM AND TO
LEARN SO THAT OUR PAST BECOMES A LESSON, RATHER THAN A CYCLE TO

BE REVISITED.

PLEASE ACCEPT MY CONGRATULATIONS, COLONEL MATHEWS, FOR
EXTENDING THE FINE TRADITION OF THE DDESB THROUGH THE WORK OF
THIS SEMINAR.

MY OFFICE AND 4Y STAFF STAND IN FULL SUPPORT OF YOUR EFFORTS.

I WISH ALL OF YOU MY BEST.
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KEYNOTE ADDRESS
by
MR. CHRISTOPHER JEHN
ASSISTANT SECRETARY OF DEFENSE (FM&P)
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SAFETY IN CRITICAL TIMES

ITS A PLEASURE TO TALK TO YOU TODAY. YOUR
PROFESSICNALISM AND ENORMOUS RESPONSIBILITY MAKE IT A

PRIVILEGE AS WELL.

SINCE YOUR LAST CONFERENCE, THE WORLD HAS UNDERGONE
MOMENTOUS CHANGE. THE BERLIN WALL HAS COME DOWN,
CHECKPOINT CHARLIE IS GONE, AND GERMANY RACES TOWARD A
UNIFIED FUTURE. THE SOVIET UNION LOOKS INWARD, FACED WITH
SERIOUS INTERNAL PROBLEMS. CITIZENS OF EAST BLOC NATIONS LOOK
TO NEW FRIENDS IN THE WEST AS THEY TASTE FREEDOM FOR THE

FIRST TIME IN MORE THAN 40 YEARS.

THE MEN AND WOMAN OF OUR ARMED FORCES AND THEIR
CIVILIAN COLLEAGUES MUST TAKE ENORMOUS SATISFACTION IN
KNOWING THAT THEIR EFFORTS THESE PAST 40 YEARS HAVE BEEN
REWARDED. BUT NOW THEY FACE SIGNIFICANT CHANGE AND NEW

CHALLENGES. ONE OF THESE NEW CHALLENGES EVOLVES IN THE
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MIDDLE EAST AS WE MEET HERE TODAY.

BUT THE PRESIDENT'S DEFENSE BUDGET FOR FY 1991 PROPOSES TO
REDUCE REAL SPENDING TWO PERCENT PER YEAR OVER THE NEXT
FIVE YEARS. MANY IN CONGRESS HAVE PROPOSED MUCH BIGGER
REDUCTIONS, THOUGH CURRENT EVENTS MAY MODIFY THEIR VIEWS.
IN ANY CASE, WE KNOW WE WILL SIMPLY HAVE LESS MONEY FOR
DEFENSE, AND THAT WILL HAVE NUMEROUS CONSEQUENCES.

IT WILL AFFECT THE DEVELOPMENT AND FIELDING OF NEW
WEAPONS SYSTEMS AND THE MODERNIZATION OF SYSTEMS ALREADY
FIELDED. THE PACE WILL BE SLOWER, MORE SELECTIVE, AND REFLECT

NEW THINKING ABOUT THE THREATS WE FACE.

OUR FORCES OVERSEAS WILL BE SCALED BACK, CONSOLIDATED,
AND MANY OVERSEAS FACILITIES MAY BE CLOSED. AND THE SAME IS
TRUE FOR STATESIDE FORCES. THERE WILL BE FEWER PEOPLE IN

UNIFORM, FEWER CIVILIANS WORKING IN THE DEFENSE DEPARTMENT.

WE ARE HERE TO EXPLORE AN IMPORTANT AND CONSTANT

ELEMENT IN THE DEPARTMENT OF DEFENSE -- THE EXPLOSIVES SAFETY
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PROGRAM. WHAT DO THE CHANGES I'VE BREIFLY MENTIONED MEAN
TO YOU IN EXPLOSIVES SAFETY -- TO ALL OF US IN THIS ROOM?
SAFETY PROVIDES AN ORGANIZED DEFENSE AGAINST AN ENEMY
OTHER THAN THE CLASSIC BATTLEFIELD FOE. THAT ENEMY IS THE
THREAT OF ACCIDENT, AND ITS COST -- VITAL MANPOWER, TIME AND
EQUIPMENT. THE COMMITMENT TO SAFETY CANNOT BE DIMINISHED
ANY MORE THAN CAN OUR OVERALL COMMITMENT TO THE NATION.
THE WAR AGAINST THE SORT OF EXPLOSIONS MILLICENT WOODS
DESCRIBED - DISASTERS TO BOTH RESOURCES AND HUMAN SPIRIT --

MUST CONTINUE TO BE WAGED.

AND AS THE DEPARTMENT OF DEFENSE CHANGES AND BECOMES
SMALLER, THE PROBLEMS OF SAFETY WILL GROW, NOT SHRINK -- AT

LEAST FOR AWHILE.

IT IS CERTAIN THAT A LOT OF AMMUNITION IS GOING TO BE
RETURNED FROM FORWARD AREAS. VAST AMOUNTS OF AMMUNITION
WILL HAVE TO BE REWAREHOUSED, MOVED, AND STORED IN NEW
LOCATIONS, OR DESTROYED. THIS WILL REQUIRE SOLID PLANNING,
THE AVAILABILITY OF SUFFICIENT SAFE STORAGE, AND CAREFUL

MONITORING. WE MUST CONDUCT THESE AMMUNITION OPERATIONS IN
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FULL VIEW OF CONGRESS, THE PUBLIC AND THE WORLD -- AND THEY

MUST BE DONE AS SAFELY AS POSSIBLE.

RECALL, IT WAS AMMUNITION RETURNED FROM THE
BATTLEFIELDS OF WORLD WAR I, OVERLOADING THE MAGAZINES AT
LAKE DENMARK ON THAT STORMY DAY IN 1926, THAT BRINGS US HERE

TODAY.

ANOTHER PROBLEM WILL ARISE AS WE CLOSE DOWN EXPLOSIVES
MANUFACTURING AND STORAGE FACILITIES THAT HAVE SERVED THIS
NATION FOR GENERATIONS. THAT PROBLEM IS CONTAMINATION.
EQUIPMENT, BUILDINGS, THE EARTH ITSELF, MUST BE
DECONTAMINATED TO MEET NEW ENVIRONMENTAL RULES -- SO THAT
FUTURE GENERATIONS WILL INHERIT A CLEANER, SAFER WORLD.
DECONTAMINATION OPERATIONS WILL REQUIRE STRINGENT MEASURES
TO ASSURE THE PERSONAL SAFETY OF THOSE INVOLVED IN THESE

METICULOUS AND POTENTIALLY LETHAL ACTIVITIES.
OLD, FAMILIAR, CHALLENGES WILL ACCOMPANY THESE NEW ONES.

AGING STOCKS MUST BE DEMILITARIZED. THE PROCEDURES, THE

OPERATIONS, THE STORAGE, TRANSPORTATION AND HANDLING OF ALL
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THESE HAZARDOUS ITEMS REQUIRE THE ULTIMATE IN CPERATIONAL

SAFETY.

FUTURE WEAPON SYSTEMS WILL BE DEPLOYED IN CRITICAL
FORWARD AREAS. THESE WEAPONS MUST BE MAINTAINED AND
STORED TO DEFEND US, NOT ENDANGER US. AND THERE WILL BE A
CONTINUING NEED FOR EXPLOSIVES SAFETY IN MANUFACTURING AND
LOADING OPERATIONS, AT PLANTS AND DEPOTS, AT CAMPS AND FORTS,

ON AIR BASES, ON BOARD SHIPS AT SEA.

SO YOUR JOBS WILL REMAIN AS IMPORTANT AND CHALLENGING AS ‘
THEY HAVE EVER BEEN -- AT A TIME WHEN CONGRESS AND THE
AMERICAN PEOPLE WILL GIVE YOU FEWER RESOURCES WITH WHICH

TO DO THOSE JOBS.

THE CHALLENGE BEFORE THIS GROUP TODAY IS HOW TO
MAINTAIN EFFECTIVENESS - SAFETY IN THE DEFENSE DEPARTMENT --
WITH A SHRINKING BUDGET. I THINK THE ANSWERS ARE RIGHT HERE
IN THIS ROOM. YOUR PROFESSIONALISM AND DEDICATION WILL SERVE

THE DEPARTMENT WELL IN THE FUTURE -- AS IT HAS IN THE PAST.




THE PROFESSIONALISM AND DEDICATION OF THIS GROUP IS NO
TRIFLE. YOU ARE SCIENTISTS, ENGINEERS, SAFETY PROFESSIONALS,
AND ORDNANCE PERSONNEL FROM THE DEFENSE DEPARTMENT AND
THE EXPLOSIVES INDUSTRY, ROTH HERE AND OVERSEAS -- ALL
FOCUSED ON THE STATE OF THE ART IN EXPLOSIVES SAFETY. THE
PAPERS YOU PRESENT HERE, THE IDEAS YOU TAKE HOME WITH YOU,
THE INTERACTION BETWEEN PROFESSIONALS, BETWEEN NATIONAL
PARTNERS -- ALL CONTRIBUTE TO THE OVERALIL EFFECTIVENESS OF

THE EXPLOSIVES SAFETY PROGRAM.

YOU WILL HEAR PRESENTATIONS ABOUT THE CONSTRUCTION OF
SPECIALIZED STRUCTURES TO RESIST EXPLOSIVES EFFECTS. YOU WILL
DISCUSS COMPUTER PROGRAMS WRITTEN TO PREDICT BLAST DAMAGE
TO IMPROVE BUILDING DESIGNS. YOU WILL DISCUSS INSENSITIVE
MUNITIONS, FROM BOTH THE U.S. AND FRENCH VIEWPOINTS. YOU'LL
DISCUSS QUANTITY-DISTANCE RULES ALONG WITH THE EVER-PRESENT
PROBLEMS POSED BY LIGHTNING, FRAGMENTATION AND DEBRIS
THROW. EXPLOSIVES WASTE MANAGEMENT AND EXPLOSIVES DISPOSAL
WILL HAVE YOUR ATTENTION FOR A TIME. THE "KLOTZ CLUB" WILL
MEET TO DISCUSS UNDERGROUND AMMUNITION STORAGE AND

TESTING. UNEXFLODED ORDNANCE CLEARANCE AND EXPLOSIVES
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MANUFACTURING CONCERNS WILL BE ADDRESSED, AS WELL AS THE
LATEST REPORTS ON EXPLOSIVES ACCIDENTS. THESE SUBJECTS OF THE
SEMINAR WILL BE DISCUSSED BOTH PUBLICLY AND IN PRIVATE;

BETWEEN INDIVIDUALS, ASSOCIATIONS, AND NATIONS.

THAT IS IN THE TRADITION OF THE SEMINAR, THE SPIRIT OF FREE
EXCHANGE OF INFORMATION AND TECHNOLOGY, THE FINE WORK OF
PROFESSIONALS DEDICATING THEIR TIME AND TALENT TO MAKE A
SAFER WORLD FOR THOSE WHO DEAL WITH THE DANGEROUS TOOLS

OF OUR TRADE.

THESE DISCUSSION SHOULD TAKE YOU FROM THE HISTORICAL
PERSPECTIVE PRESENTED BY MILLICENT WOODS TO THE CHALLENGE
OF CURRENT REALITIES. WE ARE HERE IN THE ECHO OF A FATAL
EXPLOSION 64 YEARS AGO. ITS SERIOUS IMPLICATIONS SHOULD

SUSTAIN US NOW EVEN IN THE FACE OF GREAT CHANGES.

AS I LOOK ABOUT THIS AUDIENCE, I SEE THE GRAY HAIR OF
EXPERIENCE OUT THERE, AS WELL AS THE BRIGHT PROMISE OF YOUNG
PROFESSIONALS. MANY OF YOU HAVE BEEN TO PAST SEMINARS, AND

KNOW THE FUTURE HOLDS GREAT CHANGES AND CHALLENGES. I AM
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CONFIDENT IN ALL OF YOU -- IN YOUR ABILITY TO MEET THOSE
CHALLENGES. I APPRECIATE YOUR CONTRIBUTIONS TO EXPLOSIVES
TECHNOLOGY, TO EXPLOSIVES SAFETY, AND TO THE DEPARTMENT OF
DEFENSE. I WISH YOU WELL IN THE FUTURE OF THIS TRADITION

YOU’VE WORKED SO HARD TO ESTABLISH.

COLONEL MATHEWS, THANK YOU FOR INVITING ME TO THIS FINE

SEMINAR. I WISH YOU ALL SUCCESS IN YOUR WORK. GOOD LUCK AND

A PRODUCTIVE SEMINAR TO YOU ALL!
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NEW DIRECTIONS IN THE ARMY EXPLOSIVES SAFETY PROGRAM

by
LIEUTENANT GENERAL MARVIN BRAILSFORD, USA

EXECUTIVE DIRECTOR FOR EXPLOSIVES SAFETY
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CHAIRMAN, DDESB, TO ADDRESS THIS 24TH DEPARTMENT OF
DEFENSE-SPONSORED EXPLOSIVES SAFETY SEMINAR, MY INTERESTS AND
PERSPECTIVES ON AMMUNITION AND EXPLOSIVES SAFETY RUN DEEP AND
PROBABLY PARALLEL THE CONCERNS OF MOST OF YOU EXPERTS GATHERED HERE
TODAY. OUR OPERATIONAL READINESS AND WARFIGHTING CAPABILITIES
RELATE DIRECTLY TO SOUND EXPLOSIVES SAFETY APPLICATIONS. WE MUST
HAVE POLICIES AND PROCEDURES THAT SUPPORT THE MISSION WHILE
PROTECTING FROM LOSSES OF PERSONNEL AND EQUIPMENT THROUGH EXPLOSIVES
ACCIDENTS.

IN MY NEW POSITION AS THE ARMY’S EXECUTIVE DIRECTOR FOR EXPLOSIVES
SAFETY AND ALSO AS THE EXECUTIVE DIRECTOR FOR CONVENTIONAL
AMMUNITION, 1 INTEND TO AGGRESSIVELY PURSUE EXPLOSIVES SAFETY
IMPROVEMENTS AND CONTINUE MANY OF THE ONGOING EFFORTS TO RESOLVE
SEVERAL HARD-TO-FIX EXPLOSIVES SAFETY ISSUES. OUR ABILITY TO
PRODUCE AND MANAGE SAFE AND RELIABLE MUNITIONS THROUGHOUT THE LIFE
CYCLE MUST CONTINUALLY BE ASSESSED. THE STATE OF THE ART
APPLICATIONS AND EXPLOSIVES RESEARCH, DEVELCPMENT, AND TESTING
CAPABILITIES OF ALL THE SERVICES WHICH YOU WILL BE DISCUSSING AT
THIS SEMINAR ARE KEY TO OUR UNDERSTANDING THE EXPOSURES AND RISKS
THAT ARMY COMMANDERS OFTENTIMES MUST ACCEPT TO ACCOMPLISH THEIR
MULTI-SERVICE SUPPORT MISSION. THIS POTENTIAL FOR LOSS OF LIFE AND
PROPERTY CAN BE OUR MAJOR ENEMY.
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THE ARMY, THROUGH ITS NEW EXPLOSIVES SAFETY MANAGEMENT PLAN, IS
COMMITTED TO IMPROVING EXPLOSIVES SAFETY AND ADDRESSING THE ISSUES.
THE U.S. ARMY TECHNICAL CENTER FOR EXPLOSIVES SAFETY, IN
COORDINATION AND CONJUNCTION WITH THE ARMY STAFF, THE DIRECTOR OF
ARMY SAFETY, THE MAJOR ARMY COMMANDS, AND THE NAVY AND AIR FORCE HAS
TAKEN INITIATIVES IN SEVERAL AREAS OF EXPLOSIVES SAFETY MANAGEMENT,

THE EXPOSURES TO QUR SOLDIERS AND HOST NATION CIVILIANS RELATIVE TO
UPLOADED -AMMUNITION IN KOREA ARE OF CONCERN. THERE HAVE BEEN, AND
CONTINUE TO BE, NUMEROUS CONCERTED ARMY ACTIVITIES IN SUPPORT OF
LIGHTH U.S. ARMY TO IMPROVE THIS SITUATION AND PROVIDE FOR THE
READINESS AND WARFIGHTING CAPABILITY OF THE 2D INFANTRY DIVISION,
THE STORAGE OF LARGE QUANTITIES OF U.S.-TITLED AMMUNITION WITHIN THE
REPUBLIC OF KOREA INSTALLATIONS CREATES UNIQUE EXPLOSIVES SAFETY
MANAGEMENT CHALLENGES FOR THE U.S. FORCES IN KOREA.

THE JOINT U.S./REPUBLIC OF KOREA MILITARY ASSISTANCE GROUP RESOLVED
TO PROVIDE TECHNICAL ASSISTANCE IN JOINTLY DEVELOPING SOLUTIONS TO
THE AMMUNITION STORAGE PROBLEMS IN KOREA. THE PRIMARY OBJECTIVE IS
A RESEARCH AND DEVELOPMENT EFFORT TO PROVIDE THE GREATEST EXPLOSIVES
SAFETY WITH THE MOST EFFICIENT USE OF SCARCE LAND, IMPROVED
SECURITY, AND SURVIVABILITY WHILE INCREASING THE COMBAT READINESS.

IN JANUARY 1990, THIS U.S./REPUBLIC OF KOREA GROUP SELECTED THE
UNDERGROUND STORAGE TECHNOLOGY AS THE CANDIDATE FOR A JOINT RESEARCH
AND DEVELOPMENT PROJECT. SIX RESEARCH AND DEVELOPMENT PROJECT
CANDIDATES WERE SUBMITTED BY THE ARMY, NAVY, AND AIR FORCE.
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A DRAFT MEMORANDUM OF UNDERSTANDING AND A MILESTONE SCHEDULE WERE ‘
ADOPTED FOR APPROVAL BY THE RESPECTIVE GOVERNMENTS. THE MEMORANDUM

OF UNDERSTANDING IS EXPECTED TO BE RATIFIED BY EACH GOVERNMENT BY

THIS FALL. THE ARMY IS EXPECTED 10 PROVIDE A PROGRAM MANAGER IN

THIS JOINT EFFORT.

THE STORAGE OF AMMUNITION IN JAPAN HAS REQUIRED STRONG SUPPORT BY
HEADQUARTERS, DEPARTMENT OF THE ARMY, FOR THE COMMANDING GENERAL,
U.S. ARMY, JAPAN, TO ASSURE FUNDING FOR CONSTRUCTION OF 61 EARTH-
COVERED MAGAZINES NEEBED TO ELIMINATE EXPLOSIVES SAFETY VIOLATIONS.

ANOTHER MAJOR AREA OF REVIEW IS THE MOVEMENT OF AMMUNITION THROUGH
COMMERCIAL SEAPORTS WORLDWIDE IN SUPPORT OF THE DEPARTMENT OF ’
DEFENSE MISSION.

THE ARMY'S PLANNING AND IMPLEMENTATION OF A WORLDWIDE AMMUNITION
PORT SURVEY, WHICH YOU WILL HEAR MORE ABOUT IN AN UPCOMING
PRESENTATION, HAS A LONG IMPROVEMENT POTENTIAL IN THIS VITAL AREA.

EXPLOSIVES SAFETY ASSISTANCE HAS BEEN PROVIDED BY A HEADQUARTERS,
DEPARTMENT OF THE ARMY, TASK FORCE IN AN EFFORT TO ADDRESS

PREPOSITIONED SHIPS AFLOAT IN THE PACIFIC. OPTIONS HAVE BEEN UNDER

REVIEW TO DETERMINE WHERE THE DOWNLOAD OF LARGE QUANTITIES OF

AMMUNITION CAN BE ACCOMPLISHED SAFELY. THIS EFFORT WAS IN SUPPORT

OF THE COMMANDING GENERALS, U.S. ARMY WESTERN COMMAND, AND U.S. ARMY

JAPAN. THE POLITICAL REALITIES OF THAT PART OF THE WORLD HAVE

REQUIRED PURSUIT OF ALTERNATIVES TO THE USE OF SUBIC BAY, .
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PHILIPPINES, THE U,S. NAVY AND U.S. AIR FORCE HAVE PROVIDED MUCH
NEEDED ASSISTANCE IN THIS EFFORT.

THE WORK IN DEVELOPING A COMPREHENSIVE ARMY EXPLOSIVES SAFETY
REGULATION IS KEY TO ESTABLISHING A SOLID ARMY PROGRAM. IHE LAST
MEETING OF THE DEPARTMENT OF THE ARMY EXPLOSIVES SAFETY COUNCIL
RESULTED IN A GUAL OF PUBLICATION BEFORE THE END OF THE CALENDAR
YEAR 1990. EFFORTS ARE ONGOING TO ACCOMPLISH IT,

WE ARE PROGRESSING TOWARD THE IMPLEMENTATION OF AN ARMY EXPLOSIVES
TESTING PROGRAM. THE NEED TO EXPAND RESEARCH AND DEVELOPMENT AND
TEST EFFORTS IN SUPPORT OF OUR MAJOR ARMY COMMANDS, AS WELL AS THE
OTHER SERVICES, REQUIREMENTS IS UNDERSTOOD. THE INTERSERVICE
RELATIONSHIPS ARE BEING WORKED TO ELIMINATE REDUNDANT TESTING AND TO
SHARE AND ADDRESS THE AREAS OF COMMON INTEREST, LIKE INSENSITIVE
MUNITIONS, THE TRI-SERVICE SYMPOSIUM ON EXPLOSIVES TESTING, WHICH
THE ARMY HOSTED IN MARCH OF THIS YEAR AT WATERWAYS EXPERIMENT
STATION, IS A PRIME EXAMPLE OF THE NECESSARY COORDINATION AND
COOPERATION TO DEVELOP WAYS AND MEANS OF BETTER DEFINING OUR
EXPLOSIVES SAFETY REQUIREMENTS. ALSO WE CAN GAIN THE MAXIMUM
BENEFIT FROM THE DECLINING FUNDING AND FACILITIES AVAILABLE FOR
TESTING., THIS IS KEY TO THIS EFFORT. I AM SURE MANY HERE WERE IN
ATTENDANCE AT THAT SYMPOSIUM. WE NEED TO CONTINUE THIS FORUM OF
INFORMATION EXCHANGE.
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THE IMPORTANCE OF HAVING KNOWLEDGEABLE, TRAINED OPERATORS AND
SOLDIERS GOES WITHOUT SAYING. ACCIDENTS HAVE VERIFIED WHAT HAPPENS
WHEN THIS IS LACKING., WHETHER ON A LOAD, ASSEMBLY. AND PACK LINE OR
IN AN M1 TANK IN GERMANY, UNDERSTANDING THE HAZARDS WHILE KNOWING
AND FOLLOWING PROCEDURES IS A MUST. COOPERATIVE EFFORTS IN DEFINING
ACCIDENT CAUSES AND LESSONS-LEARNED HAVE BEEN AT THE FOREFRONT.

THE NEED FOR OUR AMMUNITION MALFUNCTION INVESTIGATION EFFORTS TO TIE
IN CLOSELY WITH EXPLOSIVES ACCIDENT INVESTIGATION PROCEDURES HAS

BEEN RECOGNIZED IN THE ARMY AND IS BEING WORKED BY THE OFFICE OF THE
DEPUTY CHIEF OF STAFF FOR LOGISTICS AND THE U.S. ARMY SAFETY CENTER.

THE ARMY’S TECHNICAL LIBRARY AT THE U.S. ARMY TECHNICAL CENTER FOR
EXPLOSIVES SAFETY 1S BECOMING AN ESTABLISHED SOURCE OF INFORMATION
FOR AMMUNITION PEOPLE THROUGHOUT THE DEPARTMENT OF DEFENSE. NOT
ONLY DOES THE LIBRARY PROVIDE ACCESS TO OTHER DATA BASES UPON
REQUEST, IT MAINTAINS UNIQUE HOLDINGS OF ITS OWN. AN INITIATIVE
UNDERWAY RIGHT NOW iS 70 AUTOMATE THE LIBRARY CATALOG AS PART OF A
BULLETIN BOARD SYSTEM WHICH WILL ALLOW AUTHORIZED USERS WORLDWIDE TO
BROWSE THE LIBRARY CATALOG 24 HOURS A DAY. A MESSAGE LEFT ON THE
BULLETIN BOARD OR CALL TO THE EXISTING HOT LINE, WILL TRIGGER AN
IMMEDIATE RESPONSE.

WE HAVE BROUGHT ONLINE AN EXPLOSIVES SAFETY INFORMATION DATA BASE
USING THE PRIME COMPUTER AT U.S. ARMY ARMAMENT, MUNITIONS AND
CHEMICAL COMMAND, USERS WORLDWIDE WILL BE ABLE TO ACCESS ONE
LOCATION AND REACH NUMEROUS SOURCES OF INFORMATION PREVIOUSLY KNOWN
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ONLY TO SPECIALISTS FAR REMOVED FROM THE SOLDIER, SAILOR, OR AIRMAN
IN THE FIELD.

IN OUR CONTINUING EFFORTS TO GET EXPLOSIVES SAFETY INFORMATION TO
THE USERS, WE HAVE PREPARED AN EXPLOSIVES SAFETY BULLETIN. MILITARY
PERSONNEL AND DEPARTMENT OF DEFENSE CIVILIANS WORLDWIDE ARE NOW
RECEIVING COPIES. THE FIRST ISSUE OF THIS USER-FRIENDLY PUBLICATION
WAS MAILED TO OVER 2,000 ADDRESSEES IN MAY 1990 AND THE FEEDBACK HAS
BEEN TREMENDOUS. I BELIEVE IN THIS KIND OF AWARENESS EFFORT. 1IN
THAT LIGHT, 1 INCLUDED A PERSONAL MESSAGE IN THE AUGUST BULLETIN.

AS I SAID EARLIER, LIKE ALL OF YOU, 1 AM DEEPLY CONCERNED ABOUT
MAINTAINING A SAFE WURKING ENVIRONMENT, ESPECIALLY IN THIS ERA OF
UNCERTAIN EMPLOYMENT LEVELS AND SHRINKING RESOURCES.

IN AN EFFORT TO ELIMINATE AMMUNITION AND EXPLOSIVES ACCIDENTS AT OUR
AMMUNITION PRODUCTION FACILITIES AND TO BETTER EDUCATE EXPLOSIVES
WORKERS AT BOTH GOVERNMENT-OWNED/CONTRACTOR-OPERATED AND GOVERNMENT-
OWNED/GOVERNMENT-OPERATED DEPOTS AND AMMUNITION PRODUCTION
FACILITIES, WE ARE REVIEWING WAYS TO CERTIFY THOSE PERSONNEL WORKING
IN AMMUNITION AND EXPLOSIVES OPERATIONS TO HIGHER EDUCATION AND
AWARENESS LEVELS. A DRAFT MODEL CERTIFICATION PROGRAM HAS BEEN
PREPARED FOR THE MAJOR COMMANDS WHICH WILL ALLOW THEM TO:

1. ESTABLISH CERTIFICATION PROGRAMS FOR PERSONNEL WORKING WITH
AMMUNITION OR EXPLOSIVES OR,

2, IMPROVE LOCAL EXISTING CERTIFICATION PROGRAMS.
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IN CONJUNCTION WITH THE PERSONNEL CERTIFICATION INITIATIVE, AN
AMMUNITION PRODUCTION LINE VALIDATION PROGRAM IS ALSO BEING
DEVELOPED TO PRESCRIBE THE RESPONSIBILITIES, POLICIES, AND
PROCEDURES NECESSARY TO CONDUCT A PRODUCTION LINE VALIDATION OF
BUILDINGS, EQUIPMENT, AND SYSTEMS. THE GOAL OF A PRODUCTION LINE
VALIDATION PRUGRAM IS TO MINIMIZE THE RISK BY ASSURING STATE-OF-THE-
ART APPLICATIONS AND THE SAFEST PROCESS POSSIBLE PRIOR TO THE
INTRODUCTION OF HAZARDOUS MATERIALS INTO A LINE.

WE WILL CONTINUE TO EXPAND THIS EXPLOSIVES SAFETY EFFORT. I AM
PLEASED TO BE INVOLVED WITH THE PROGRAM. OUR CHALLENGE THROUGHOUT
THE DEPARTMENT OF DEFENSE IN THE FUTURE WILL BE TO CONTINUE WITH
REDUCED MANPOWER AND DOLLARS. THE IMPORTANCE OF EXPLOSIVES SAFETY
WILL BE COMPOUNDED BY THE EXPANDING NEED TO RETROGRADE, STORE, AND
MAINTAIN AS WELL AS DISPOSE OF THE DEMILITARIZED AMMUNITION. THE
LARGE ROCKET MOTOR DEMILITARIZATION PROGRAM IS A PRIME EXAMPLE HERE.

DISPOSAL REQUIREMENTS OF LARGE ROCKET MOTORS ARE CURRENTLY GENERATED
BY STRATEGIC ARMS REDUCTION TREATIES AND NORMAL LIFE CYCLE
MANAGEMENT FUNCTIONS., OVER 84 MILLION POUNDS OF HAZARD
CLASSIFICATION 1.1 AND HAZARD CLASSIFICATION 1.3 PROPELLANTS
CONTAINED IN SYSTEMS SUCH AS THE MINUTEMAN 11 AND POLARIS WILL BE
DESIGNATED FOR DISPOSAL BY 1996.
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. AS A RESULT OF INCREASINGLY STRINGENT ENVIRONMENTAL REGULATIONS AND

PUBLIC PRESSURES, THE CURRENT METHOU OF DISPOSAL, OPEN BURNING/OPEN
DETONATION, MAY BE DISCONTINUED IN THE FUTURE. STORAGE AND

MAINTENANCE OF THE MOTORS WILL EXCEED IHE CAPACITY OF THE DEPARTMENT
OF DEFENSE LOGISTICS BASES BY 1993, UNLESS NEW FACILITIES ARE BUILT,

THE JOINT ORDNANCE COMMANDERS GROUP HAS STUDIED THIS ISSUE AND
DETERMINED FOUR PROMISING DISPOSAL TECHNOLOGIES:

1. BIODEGRADATION.

2. SUPERCRITICAL WATER OXIDATION.
3. PROPELLANT REMOVAL TECHNOLOGY.
4, CONTAINED FIRING WITH SCRUBBER.

DOING ALL OF THE ABOVE WITHIN ENVIRONMENTAL CONSTRAINTS MAKE THE
CHALLENGES ALL THE GREATER.

IT'S AN INTERESTING TIME IN OUR HISTORY AND MANY EXTERNAL INFLUENCES
ARE GOING TO DICTATE OUR PRIORITIES. HOWEVER, NONE RATE HIGHER THAN
PROTECTING OUR MILITARY AND CIVILIAN PERSONNEL FROM UNNECESSARY
LOSSES DUE TO EXPLOSIVES AND AMMUNITION ACCIDENTS IN THIS PROCESS OF
DRAWDOWN AND MAINTENANCE OF OUR DEPARTMENT OF DEFENSE MISSION.

I CHALLENGE YOU TO CONTINUE AND TO EXPAND YOUR EXTRAORDINARY
EFFORTS. IMPROVEMENTS CAN BE REALIZED BY OUR CONCERTED EFFORTS AND
AWARENESS GAINED AT SEMINARS SUCH AS THIS. I AND MY STAFF ARE
AVAILABLE FOR ASSISTANCE IN OUR COMMON DEPARTMENT OF DEFENSE GOAL OF
IMPROVED EXPLOSIVES SAFETY. GOOD LUCK TO ALL OF YOU AND HAVE A

SUCCESSFUL SEMINAR., 37




CHANGES TO TECHNICAL MANUVAL 5-1300
GOVERNING SHEAR REINFORCING REQUIREMENTS
FOR BLAST RESISTANT CONCRETE RXINFORCED STRUCTURES

BY
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ABSTRACT

The new version of TM%-1300 has made significant revisions
to the design provisions for shear reinforcing in blast
resistant concrete structures. These changes allov more
flexibility in tke use of stirrups in lieu of lacing for
linited deflection applications. This paper discusses
these new provisions and compares them with previous
requirements. A commentary on the significance of these
changes is also included.

BACKGROUND OF TH5-1300

The first edition of TM5-1300, "“Structures to Resist the Effects of
Accidental Explosions (Reference 1), was officially published in June, 1969.
The Technical Manual (TM) presented quantitative procedures for design of
structures to resist explosive effects. The original version of TM5-1300
focused heavily on reinforced concrete as the principal material of
construction. Even with advances in technology and many unique types of
materials of construction, reinforced concrete is still the most commonly used
material in blast resistant structures. Material and labor costs associated
with blast resistant concrete structures are greatly influenced by the type
and complexity of shear reinforcement in the element. The old version of
TM5-1300 took a very conservative approach to shear reinforcing in blast
resistant structures designed for support rotations exceeding 2 degrees.
Because of advances in tecbnology and additional testing performed over the
last two decades, the new revision of TK5-1300 (Reference 2) contains
significant departures from the old TM in the area of shear reinforcement for
structures exceeding 2 degrees in support rotation. The new TM also contains
subtle changes which greatly enhance an engineer's ability to design a more
cost effective structure.

HISTORY OF THE REVISION TO TH5-1300

In 1981 a decision was made to initiate a revision effort to TM5-1300.
A significant amount of new test data had been developed since the original
publication of the manual. 1In addition, deficiencies in the existing manual
needed to be corrected and new guidance provided for structures other than
those constructed of reinfofced concrete. Developrent of the new TN was
funded and managed by the U,S. Arny Armament Research, Development and
Engineering Center (ARDEC). The Project Engineer was Kr. Joe Caltagirone.
Revision to the manual was managed by a steering committee with a subcommittee
for blast effects technology and one for design applications. Tri-services
representation was provided on the various committees. Significant

1 U.S. Army Corps of Engineers, Huntsville Division
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contributinns were provided by the Naval Civil Engineering Laboratory (NCEL),
the U.S. Army Corps of Engineers, Huntsville Division (CEHND), the Ballistic
Research Labs (BRL), and the Naval Surface Warfare Center (NSWC). In
addition, recognized experts supported the effort through contract efforts.
These included Mr. Norvall Dobbs of Ammann and Whitney and Mr. Bill Baker, at
that time, from Southwest Research Institute. Because of contracting and
funding constraints, serious work on the manual did not begin until late 1982.
In June, 1984, a draft version of the manual was released in limited
distribution as ARDEC Special Publication ARLCD-SP-84001. Based on
significant feedback on the use of this draft version, the expected formal DOD
approval of the manual is expected to occur in late 1990.

PURPOSE OF SHEAR REINFORCEMENT

As a general rule, both the new and the old versions of TM5-1300 follow
the same basic philosophy for shear reinforcement of blast resistant concrete
structures. Both editions of the TM still break down concrete elements into
three types of cross sections. Shear reinforcement in these cross sections
has varying purposes depending on the design range and type of cross section
being considered. The three different types of cross sections are shown in
Figure 1 and are discussed in the paragraphs below.

The first cross sections (Type I) are elements which are limited to a
maximum support rotation of 2 degrees. Basically, these elements are designed
to remain in the elastic/elasto-plastic stress range and are allowed to crack
on the tension side, but no crushing or spalling of the concrete is permitted.
For these elements, the purpose of shear reinforcement is to simply resist
shear stresses in excess of the allowable shear stress value. Single leg
stirrups are the most popular form of shear reinforcing in this type
cross-section.

The second cross sections (Type II) are elements which are allowed to
achieve maximum support rotations ranging from 2 to 8 degrees. These elements
are designed to remain intact; however, plastic deformation in the form of
crushing of the concrete and permanent deflection is allowed. The purpose of
shear reinforcement in these elements is not only to resist excess shear
stresses, but also to restrain compression reinforcement. The new TM permits
the use of single leg stirrups in this design region, provided support
rotations are less than 4 degrees. It also permits the use of stirrups if
tengion membrane action is present for rotations up to 8 degrees. Lacing can
also be used in this region. Lacing is mandatory for scaled distances less
than one for all types of cross sections.

The third cross sections (Type III) are elements which are limited to a
maximum support rotation of 12 degrees or incipient failure. These elements
usually are used as dividing walls. Both complete crushing and spalling of
the concrete is permitted in these elements. The purpose of shear reinforcing
in this design range is to distribute very high and localized shear loads and
to ensure confinement of concrete Letween the flexure and compression
reinforcement. lLacing is the most common method of shear reinforcement in
this design range except for walls subject to high intensity blast pressures
at a scaled distance greater than 1 that d¢ not attain large deflections. In
the latter case, the new TM permits the use of shear reinforcement in the form
of stirrups.
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COMPARISON OF SHEAR REINFORCEMENT REQUIREMENTS

General:

Shear reinforcement. requirements contained in the new version of
TM5-1300 differ from the old TM for every type of structural element. The
scope of the revision is major for elements with Type II cross sections which
are designed for support rotations between & and 8 degrees. Revisions are
less outstanding for other cross sections, but nevertheless have a very
significant impact on the outcome of designs and the cost of the structure.

A detailed discussion of each change in the TM involving shear reinforcement
requirements for blast resistant structures is provided in the following
paragraphs. A commentary on each change is provided in the following section.

Dynamic Increase Factors:

The only changes in dynamic increase factors for shear reinforcement are
in the increase factors for direct shear and diagonal tension. The old
TM5-1300 recommended that no dynamic increase factor be permitted when
determining shear capacities. The new TM allows a 1.10 dynamic increase
factor to be applied to the minimum yield strength for direct shear (diagonal
bar) and diagonal tension (stirrup/lacing) applications in the "close-in"
design range. It should be noted that a dynamic increase factor of 1.0 is
still applicable to “far-range" design situation for stirrups. Dynamic
increase factors for elements in flexure have also changed. These changes in
allovable bending stresses indirectly influence shear reinforcement
requirements by increasing ultimate resistance. A comparison of dynamic
increase factors conceraning shear reinforcement is shown below:

New Technical Manual O1d Technical Manual
Far Range Close Range

Diagonal Tension 1.00 1.10 1.00

Direct Shear 1.10 1.10 1.00

Static Strength Changes:

The old version of THM5-1300 used 60,000 psi as the minimum static yield
strength for ASTM A 615, grade 60 reinforcement bars. The new version of the
TM allows a minimum strength of 66,000 psi. This change was made because the
ninimum ASTM yield strength is exceeded by at least 10 percent by almost all
reinforceeent bar production mills. Because this value is used to determine
the required area of stirrups, lacing, and diagonal bars, it results in less
shear reinforcement in all types of cross sections.

Design Range For Stirrups:

In the old version of the TM, it was mandatory that lacing be used in
all Types II and III cross sections. This meant that lacing had to be
provided in all elements which exceeded 2 degrees in support rotation. The
new versiorn of TM5-1300 permits the use of stirrups in elements which have
support rotations up to 4 degrees, and in elements which have support
rotations up to 8 degrees if tension membrane action is present. Stirrups are
only permitted in these cases if the scaled distance is greater than 1. This
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represents a significant departure from the old TM because it permits the use
of stirrups in all types of cross sectional elements. Both versions of the TM
still recommend stirrups, when necessary, in Type I cross sections but still
retain the option of lacing.

The 0l1d version of the TN used one formula to calculate the shear stress
permitted on an unreinforced element. This formula appeared as follows:

ve= #1.9 (£'c)2/2+ 2500p] ¢ 2.28 Jlf'c)t/2  where g is equal to 0.85
for all type cross sections

The new version of the TM contains three formulas for calculating shear in an
unreinforced element. The shear capacity of an unreinforced element in
flexure is limited to:

ve= {1.9 (f'ac)t/2 + 2500p] ¢ 3.5 (f'ac)t/2

Significant changes between the above two formulas are that the ¢ factor has
been dropped from the new TH formula and that the use of the dynamic strength
of concrete versus the static strength is now permitted in calculating shear
capacity. The latter change has no real bearing on the outcome of the value
since the dynamic increase factor for concrete in the diagonal tension range
is 1.0. It should alsc be noted that the 2.28 factor has been changed to 3.5
and is now consistent with the American Concrete Institutes (ACI) Building
Code (Reference 3).

The second formula for calculating shear in the new TH is for members subject
to axial tension. This condition was not addressed in the old TK. This
formula appears as:

ve= 2(1 + Nu/500Ag) (f'ac)t’/2 ) O Nu taken as negative

The third formula for calculating shear in the nev TM is for members subject
to axial compression. This condition was not addressed in the old TM. This
formula appears as:

ve= 2(1 + Na/2000Ag) (f'ac)t/2 Nu taken as positive

Shear Reinforcement Design Ranges:

The ranges where shear reinforcement is required have been completely
revised in Che new TM. These revisions were made to account for the design
range (e.g. close-in or far-range) and the type of structural action present.
Minimum design stresses which require shear reinforcement in the old T™
appeared as:

Limits Stirrups Lacing

Vu £ Ve 0 Ve

Ve ¢ vu £ 2V¢ Vu =~ V¢ Ve

Va > 2ve Va = Ve Yu - Ve
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Minimum design stresses in the new TM appeared as:

Cross Structural

Section Action Vu L ¥ ve < vy £1.85v¢ va ) 1.85vc
Far Range

Type 1 Flexure . 0 Ve — Vo V-V

Type II Flexure 0.85vc 0.85v¢ Yu ~ Ve

Type II & III Tension Memb. 0 Va - Ve Vu - Ve
Close-in

Type II & III Flexure or 0.85vc 0.85vc Ve ~ Ve

Tension Membrane

Shear Reinforcement Area Requirements:

The old TM required that stirrups, when necessary, extend a distance of
the depth of concrete beyond the point where theoretically required. It also
required that stirrups be provided between the face of the support and a
section at a distance "d" from the support. The shear reinforcement in this
region must be the same as that required at the critical saction.

The new TM requires that shear reinforcement requirements be determined at the
. critical section of the element and that this amount of reinforcement be
-uniformly distributed throughout the element.

Equations for calculating the area of shear reinforcement required have also
been changed. In the old TM, the formula for calculating the required area of
stirrups appeared as:

Av“Vn - Vg!h!.
Mis (sinec+ cose)

The equation in the new TM now appears as:

Av= (vy - Vo)bysy
Mas

Of particular importance in the above formulas is that the dynamic strength of
the reinforcement steel is now permitted to be used. The (sinet+ coset) term
has also been deleted; however, this value turns out to be 1.0 in most designs
and has a very infrequent effect on the outcome of the shear area value.

The formula for calculating the area of lacing required now appears in the
revised TM as: .

Av= (vy - Vo)bsse
Mas (sinx + cosw)

The only change in this foramula is that the use of the dynamic strength of the
reinforcing steel is now permitted.
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Shear Reinforcement Spacing Requirements:

The old TM required that stirrups be spaced so that every 45 degree line
representing a potential crack through half of the member depth be intersected
by at least one line of stirrups. It further required that when the ultimate
shear stress exceeds bg/(f'c}1/2, every such line be c¢rossed by at least two
lines of reinforcement. The new TM requires that stirrups be spaced at half
the member depth in Type I cross sections and half the depth minus the cover
in Types II and IIX cross sections. In slabs, the new TH requires that
stirrups be placed at each bar intersection as a minimum.

Design For Direct Shear:

After publication of ARDEC Special Publication ARLCD-SP-84001, several
major changes were incorporated into the final manuscript which will serve as
the final version of the new TM. Among these changes were revisions to almost
every paragraph involving direct shear requirements. The discussion below is
based on the amended version of the Special Report (i.e. the final version of
the new TM).

In the old TM for Type I cross section (support rotation less than 2 degrees),
diagonal bars were not required if the actual shear at the support (Vs) was
less than the direct shear which could be resisted by the concrete (Va).

. However, if the reverse case were true, diagonal bars capable of reacting the
full amount of actual support shear (Vs) were required. The amount of direct
shear that could be resisted by the concrete was determined by the formula:

Va=0.18£'chbd.

The new TM makes substantial revisions in diagonal bar requirements for Type I
cross sections and simply supported slabs with moderate amounts of deflection.
The new TH (amended) accounts for the shear capacity of the concrete due to
the fact that cracking should not occur in these design regions. The new TM
assumes that the concrete resists a shear force equivalent to that given by
the formula:

Va=0.18f£'a-bd

Therefore, for Type I cross sections and simply supported slabs with moderate
amounts cf deflection at their supports, the amount of direct shear that must
be resisted by the diagonal bars is the difference in the actuval and the
allowable. The required area of diagonal bars is determined in the new TM
from the equation:

Aa=(Vab-Va) where Va=0.18f'acbd for < 2 degrees rotation or
fassin .8inply supported slabs with moderate deflections.




For Types II and III cross sections {suppori rotations exceeding 2 degrees)
the old TH required that diagonals be provided to resist the applied support
shear. The area of these diagonals was determined by the formula:

Ra=Vgb
fasin

The new TM requires that for support rotations in excess of 2 degrees, simply
supported slabs with exceszive rotations, or for sections in net tension, Vs
be taken as zero. This requires that all direct shear be reacted by diagonal
bars. Therefore, the new TM equation for calculating diagonal bar areas in
Types II and II1 cross sections, where large deflections or net tension is
present is given by the formula:

Ra={Vgb-Vq) where Va=0 for the cases stated aktove.
fassin
CONMMENTARY

Dynamic Increase Factors and Material Strength Changes:

The change in the new TM which permits the use of 66,000 psi as the
minimum static yield strength for reinforcement hars has significant impacts
on shear reinforcement design for all types of cross sections. This change,
combined with the use of dynamic properties of reinforcement in all of the
shear formulas, way allow for significant reducticn in the amount of shear
reinfor 'ement in some blast resistant elements. This change alone may result
in a reduction of 9.1 percent to 17.4 percent depending on the design range
{close-in or far-range) and the ultimate resigtance value of the element.
This change may also reduce construction cost in laced concrete elements
because laced elements utilizing large reirnforcement bars are very difficult
to construct. However, this change may be detrimental in some cases where
minimum shear reinforcemeant is required based on the Ligher ultimate
resistance values.

Design Range for Stirrups Versus Lacing:

This change, as described in the previous section, is one of the most
significant departures from the philoscphy in the old T¥. The use of single
leg stirrups, in elements which can attain support rotations up to 4 degrees
and in elements which obtain support rotations up to 8 degrees when teusion
menmbrane action is present, presents significant material, construction, and
labor savings cver the use of lacing. It should be noted, however, that the
use of single leg stirrups is only permitted when the scaled distance is
greater than 1. The engineer should also note that single leg stirrup spacing
and the size of thke bars may become so congested and large, respectively, for
surport rotations over 4 degreeg that the use of stirrups for constructibility
reasons may become prohibitive.

Shear Capscity and Spacing Requirements:
The formula for calculating the shear capacity of concrete now permits

the use of the dynamic strength of concrete, however this change has no
significant impact on the outcome of the value since the dynamic increase
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factor for concrete is 1.0 for diagonal tension applications. In most cases,
the capacity determined by the formulas in the new TM will yield a larger
capacity than the old ™. The spacing requirements for stirrups in the new TM
tend to negate the benefits gained by increased shear capacities and material
properties, particularly if the engineer is not careful in laying out the
spacing of the main flexure reinforcement. The new TM requires that stirrups
in Type I cross sections be spaced at "d/2" and for Type II cross sections be
spaced at "dc/2". It also requires that shear reinforcement be determined for
the critical section in the elemernt and be distributed uniformly throughout
the element. For slabs, stirrups are required at each reinforcement bar
intersection. A design engineer should keep in mind the spacing requirements
for shea: reinforcement when designing slabs or any other element which may
require shear reinforcement. The spacing of the main flexure reinforcement
may be effected by shear steel spacing requirements.

Equations for calculating the shear capacity of sections in net tension and
compression were added t« the new technical manual. These equations are
particularly valuable when calculating the reduced capacities of elements in
structures such as containment cells.

Direct Shear Requirements:

There is no question that the new TM provides a more realistic approach
to diagonzl bar design. The new TM accounts for the strength of the concrete
vhen sizing diagonal bars for Type I cross sections and simply supported slabs
with moderate support rotations. For Types II and III cross sections and
sections in net tension. diagonal bars capable of resisting the actual support
shear are still required.
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INTRODUCTION

The use of some type of shear reinforcement is required by
current manuals for the blast-resistant design of reinforced
concrete slabs. The primary purpose of this type of
reinforcement, normally referred to as shear reinforcement, is
not to resist shear forces, but rather to improve performance in
the large-deflection region by tying the two principal
reinforcement mats of the slab together. Shear reinforcement
used in blast-resistant design usually consists of either lacing
bars or stirrups (Figure 1). Lacing bars are reinforcing bars
that extend in the direction parallel to the principal
reinforcement and are bent into a diagonal pattern between mats
of principal reinforcement. The lacing bars enclose the
transverse reinforcing bars, which are placed ocutside the
principal reinforcement. The cost of using lacing reinforcement
is considerably greater than that of using single-leg stirrups
due to the more complicated fabrication and installation
procedures.

Two of the most commonly used manuals are the Army Technical
Manuals (TM) 5-1300 (Reference 1) and 5-855-1 (Reference 2).
Reference 1 is volume IV of the draft of the new TM 5--1300. A
limited bank of relatively recent test data that indicate
excessive conservatism in the shear reinforcement design criteria
of these manuals was presented at the 23d Department of Defense
Explosives Safety Seminar (Reference 3). The shear reinforcement
design criteria are directly related to the allcwable response
limits (support rotations) of the slab. More recently, an
extensive review of related test data has been conducted. Data
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for 278 tests were collected. The tests consisted of static and
dynamic loadings of reinforced concrete slabs and box-type
structures having lacing bars, stirrups, or no shear
reinforcement. Although this is a large number of tests, there
remain significant gaps in the data base. A thorough study of
the role of shear reinforcement (stirrups and lacing) in
structures designed to resist blast loadings or undergo large
deflections has never been conducted; however, as discussed in
this paper the available data base is sufficient to allow a
relaxation of the shear reinforcement requirements for the roof,
floor, and wall slabs of some types of protective structures.
Such a relaxation is evident in a recently prepared Engineer
Technical Letter (Reference 4) applicable to protective
structures designed to resist the effects of conventional

weapons.

DI ION OF DATA REVIEW

The data base is presented in a draft technical report
(Reference 5) currently being prepared for publication at the
U.S. Army Engineer Waterways Experiment Station (WES).

Parameters describing construction details, testing conditions,
structural response, and failure modes were tabulated and
discussed. In addition to recent tests, the data base includes
the tests that were conducted in the 1960's and were instrumental
in the formulation of the design criteria given in the original
1969 version of TM 5-1300. As discussed in Reference 3, the
shear reinforcement design criteria have been only slightly
relaxed in the new version of TM 5-1300 as compared to the 1969
version. The data developed in the 1960's primarily pertained to
either laced slabs or slabs with no shear reinforcement;
therefore, it is not surprising that T™™ 5-1300 is more
restrictive for slabs containing stirrups rather than lacing
bars. The data base in Reference 5 is the most comprehensive
collection of data available concerning shear reinforcement
details in blast-resistant structures. Portions of the data base
are presented in Tables 1 through 5. The reader is directed to
Reference 5 for a more extensive list of tests and parameters.

A study of the data base indicates that there are several
parameters in addition to shear reinforcement details that affect
the large-deflection behavior of reinforced concrete slabs.

These primarily include: support conditions, amount and spacing
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3.

of principal reinforcement, scaled range, and span-to-effective-
depth (L/d) ratio. The support conditions will be generalized in
this discussion as either laterally restrained or laterally
unrestrained. The amount of principal reinforcement will be
given as the tension reinforcement ratio (p) expressed as a
percentage of the width and effective depth of the slab. The
scaled range (z) refers to the size and standoff of the explosive
charge weight and is expressed as ft/lb”3. The effects of these
parameters on slab response must be considered in the study of
the rcle of shear reinforcement, particularly since the available
data are from many separate test programs with different
combinations of these parameters. An understanding of how these
parameters interact toc enhance the ductility of a slab will lead
to the design of more economical structures.

Laterally Restrained Slabs

The roof, floor, and wall slabs of protective structures,
particularly those in the data base, are generally laterally
restrained. This is partly due to the extension of the principal
reinforcement of a slab into the adjoining slab. Also, the
adjacent slabs usually exhibit similar degrees of stiffness
(based on thickness, span, and p). Lateral restraint is
necessary for the formation of tension membrane forces that
enhance the large-deflection behavior of slabs. The laterally-
restrained boxes tested at z < 2.0 ft/1b'3 were all buried and
had a p of 2.0 percent. For low values of L/d in the range of
approximately 6 or 7 with z = 1.0 ft/lb”3, damage was slight, but
support rotations (©) were low (5 to 7 degrees) even when no
shear reinforcement was used. Generally, wall slabs of boxes
having L/d values of approximately 10 to 15 experienced large
support rotations (15 to 29 degrees) and were damaged to near
incipient collapse. However, a wall slab that had L/d = 7 and
was tested at z = 0.75 ft/1b'/® sustained a support rotation of 26
degrees without breaching, although there was no shear
reinforcement. Breaching did not occur in this group of slabs
until support rotations reached 15 degrees, and some slabs
achieved support rotations significantly greater than 15 degrees
without breaching occurring. 1In general, no shear reinforcement
was used in this group of slabs.

In addition to components of the box-type structures, the

data base includes slabs that were laterally restrained in test
devices or reaction structures. Many of the nonlaced slabs were
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tested in reaction devices of which the degree of lateral
restraint cannot be determined with great confidence based on the
information provided in the reports on the tests. Only two of
the one-way slabs tested at z ¢ 2.0 ft/1b'3? were definitely
laterally restrained. Although one of these was lightly
reinforced (p = 0.15) with no shear reinforcement and with L/d
approximately equal to 9s it sustained only '"slight" damage when
tested at z = 1.0 ft/lb” . Unfortunately, values for support
rotation or midspan deflection are not available for these slabs.
Damage was described as "heavy" when z was increased to 1.25
£f£/1b"3, L/d was decreased to approximately 7, p was increased to
0.65, and looped reinforcement (apparently, a type of stirrup
forming a rectangular loop around top and bottom bars) was used.
Such variations in the data base are difficult to explain.

A considerable amount of information is available for the
two-way slabs that were laterally restrained with L/d greater
than 20 and were tested at z = 2.0 ft/1b'3, The values of p for
these slabs (0.31, 1.0, 1.5, and 2.5 percent) included low, .
middle, and high values, considering the range of p forthe data
base. For p = 1.0 or 1.5 percent, the slabs achieved support
rotations of 10 to 12 degrees with no failure of the tension
steel and "medium" damage. Even the slab having the low value of
p = 0.31 percent with no stirrups sustained a support rotation of
10.4 degrees with medium damage and no rupture of reinforcement.
The support rotation was limited to 5 degrees due to the high
percentage of principal reinforcement when p equalled 2.5
percent. The slabs that sustained large deflections did not
experience breaching, although z was as low as 0.65 ft/1b'/3,

When the single-leg stirrups (180-degree bends on each end) were
used, they were spaced at less than one-half the thickness cf the
slab.

A review of data for the laterally-restrained laced slabs
tested at z < 2.0 ft/1b'/? provides some insight into the
difference in the behavior of laced and nonlaced slabs. The fact
that both a laced slab and a slab with no shear reinforcement
incurred heavy damage when tested at z = 1.5 £t/1b"3 and 1.25
ft/1b'/3 respectively, somewhat questions the significance of
lacing. When laced slabs with p = 2.7 percent were subjected to
low z values of 0.3 and 0.5 ft/lb”3, they experienced heavy
damage and partial destruction, respectively. It is interesting
to note that a laterally-unrestrained slab with rno shear
reinforcement and p = 2.7 incurred only medium damage at
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z = 0.5 £t/1b"3, This indicates that the effects of the large p
of 2.7 percent overshadowed the effects of shear reinforcement on
the response of these slabs.

The data base also includes a group of laterally-restrained
slabs (components of box structures) tested at z = 2.0 ft/1b'/3,
The L/d values for these slabs ranged from approximately 6 to 20
and p was relatively large, 2.0 percent (the upper limit of TM 5~
855-1). Support rotations were generally small and the damage
was slight (mainly hairline cracks). Support rotations were as
high as 26 degrees for a wall slab of a box buried in clay.
Typically, the boxes in the data base were buried in sand, which
is generally known to result in less structural response than
when clay backfill is used. A slab with a L/d value of
approximately 6 incurred only slight damage with a support
rotation of 2 degrees when z equalled 2.0 ft/1b'/3., This slab
contained single-leg stirrups, with 135-degree bends on each end,
spaced at less than one-half the slab thickness. The slab that
was tested in clay contained similar stirrups spaced at greater
than one-half the slab thickness. As z was increased to 2.8, 4.0,
and 5.0 ft/1b'3 for some walls, support rotations remained very
small (1.5, 1.0, and 2.0 degrees).

Another type of loading called the HEST (High Explosive
Simulation Technique) was used on the roof slabs of many box
structures. The HEST generally consists of a cavity covering the
entire surface and containing evenly distributed strands of
explosives. The cavity is covered with soil of a particular
thickness to result in a desired pressure decay. Although many
of the HEST tests are often considered to be "highly-impulsive,"
it is likely that they may more accurately represent tests that
have a charge placed at z 2 2.0 ft/1b'3. "The parameter p varied
from 0.5 to 1.2 percent and the boxes usually contained single-
leg stirrups with a 90-degree bend on one end and a 135-degree
bend on the other end. The stirrups were spaced at less than
one-half the slab thickness and the L/d values ranged from
approximately 7 to 17. Generally, very little steel was ruptured
in these tests. The only case in which more than 50 percent of
the tension reinforcement was ruptured was for a slab with no
shear reinforcement and p = 1.2 percent. Also, the principal
reinforcement was spaced at greater than the slab thickness and
the slab experienced support rotations of 15 degrees. When the
principal reinforcement in a similar slab (p = 1.1 percent) was
spaced at less than the slab thickness, no steel was ruptured.
This slab sustained support rotations of 14 degrees. 1In
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addition, a slab with single-leg stirrups (90- and 135-degree
bends), p of only 0.51 percent (spacing less than the slab
thickness), and L/d of approximately 15 achieved support
rotations of 16 degrees with no rupture of steel. This group of
data indicates that slabs with single-leg stirrups (90- and 135-
degree bends) and L/4 values from 7 to 17 are capable of
sustaining support rotations up to 30 degrees with significant
damage and can achieve support rotations of approximately 25
degrees with little to no rupture of steel. Actually, this was
the case for some slabs that contained no shear reinforcement.

In addition to the data groups discussed above, many
laterally-restrained slabs were statically loaded with uniformly
distributed water pressure. In brief, these slabs achieved
support rotations up to 25 degrees when no shear reinforcement
was used or when single-leg stirrups (90- and 135-degree bends)
were used.

Laterally-Unrestrained Slabg

Data for laterally-unrestrained, nonlaced slabs tested at
z < 2.0 £t/1b'? are very limited. One of these slabs contained
looped shear reinforcement, had an L/d value of approximately 7,
and was tested at z = 1.0 £t/1b'%. The damage was described as
partial destruction. The rest of the slabs in the data base for
this category contained no shear reinforcement. The damage
levels ranged from slight damage to total destruction for slabs
that had an L/d of approximately 10, a p of 0.15 percent, and
were tested at z values from 1.7 to 1.0 £t/1b"3. Medium damage
occurred when z equalled 1.1 ft/1b'3. When slabs having L/d of
approximately 7 were tested at z = 0.5 £t/1b'3 one with p = 0.65
percent incurred total destruction, and one with p = 2.7 percent
incurred medium damage. Likewise, an unrestrained laced slab
with P = 2.7 percent incurred heavy damage when tested at z = 0.5
£t/1b'/3, Damage was also heavy for two unrestrained laced slabs
with L/d = 7 and p = 0.65 percent when tested at z = 1.0 ft/1b'/3,
It is obvious that unrestrained slabs with low percentages of
§e7si8g steel are susceptible to major damage when z < 2.0

t/1b'/°.

Data for laterally-unrestrained, nonlaced slabs tested at
z 2 2.0 ft/1b"3 are also very limited. Four of these slabs had
an L/d of approximately 10 and a very low p of 0.15 percent. The
damage levels ranged from total destruction when z equalled
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2.0 £t/1b'? to slight damage when z equalled 2.6 ft/1b'/3, Slight
damage also occurred when L/d was approximately 14, p equalled
0.40 Bgrcent, and z equalled the relatively large value of 3.5

ft/1b'?, All of these one-way slabs contained no shear
reinforcement.
sSummary

The data indicate that the response (support rotations) and
the tendency for breaching of reinforced concrete slabs increase
relatively quickly as z decreases below a value of 2.0 ft/lb”3.
Lateral restraint is required for large support rotations. The
test procedures used in many of the tests that were conducted on
one-way slabs in the 1960's and are included in the data base
were not consistent with respect to support conditions. The
degree of lateral restraint varied and is currently difficult to
define from the available information. It is generally known
that lateral restraint is inherent to two-way slabs even when
support conditions are not laterally restraining.

Although there are gaps in the data base, the data do not
indicate that laced slabs respond significantly different than
slabs containing a similar amount of shear reinforcement in the
form of single-leg stirrups. Actually, the data indicate that
slabs with no shear reinforcement can sustain large support
rotations in some cases due to the effects of parameters other
than shear reinforcement. It appears that both laced and unlaced
unrestrained slabs with low values of p are very suscePtible to
major damage when subjected to blasts at z < 2.0 ft/1b'/3,

In addition to the shear reinforcement spacing, the primary
parameters affecting the response of reinforced concrete slabs to
blast loads are support coenditions, amount and spacing of
principal reinforcement, scaled range. and span-to-effective-
depth rat.o. The data indicate that combinations of some values
of these parameters reduce the significance of the other
important parameters, including shear reinforcement details.

APPLICATIONS

Much of the data described in Reference 5 were taken from
tests on walls or roofs of buried box structures. Other above-
ground tests were typically conducted using bare (uncased)
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explosives, which did not produce a fragment loading and
consequent degradation of the slabs. A study of the data base
has resulted in the development of new shear reinforcement design
criteria and associated response limits (Reference 4) for
protective structures designed to resist the effects of
conventional weapons. This application of the data base reflects
an improved understanding of the effects of construction
parameters on slab ductility, and it results in improved economy.
In brief, the criteria given in Reference 4 are presented in
Table 6.

Moderate damage is described as that recommended for
protection of personnel and sensitive equipment. Significant
concrete scabbing and reinforcement rupture have not occurred at
this level. The dust and debris environment on the protected
side of the slab is moderate; however, the allowable slab motions
are large. Heavy damage means that the slab is at incipient
failure. Under this damage level, significant reinforcement
rupture has occurred, and only concrete rubble remains suspended
over much of the slab. The heavy damage level is recommended for
cases in which heavy concrete scabbing can be tolerated, such as
for the protection of water tanks and stored goods and other
insensitive equipment.

Based on the data base, Refc¢ -nce 4 sets forth some design
conditions that must be satisfied in order for one to use the
response limits given in Table 6. The scaled range must exceed
0.5 ft/1b'? and L/d must exceed 5. Principal reinforcement
spacing is to be minimized and shall never exceed the effective
depth (d). Stirrup reinforcement is required regardless of
computed shear stress to provide adequate concrete confinement
and principal steel support in the large-deflection region.
Stxrrups are required along each principal bar at a maximum
spacing of one-half the effective depth (d/2) when the scaled
range (z) is less than 2 ft/1b'? and at a maximum spacing equal
to the effective depth at larger scaled ranges. When stirrups
are also required to resist shear, the maximum allowable spacing
is d/2. All stirrup reinforcement is to provide a minimum of
50 psi shear stress capacity. Some guidelines for ensuring
adequate lateral restraint are also given in Reference 4 but will
not be given in detail here.
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The following types of stirrups are permitted in Reference 4:

a. Single-leg stirrups having a 135-degree bend at one end
and at least a 90-degree bend at the other end. When 90-degree
bends are used at one end, the 90-degree bend should be placed at
the compression force.

b. U-shaped and multilegged stirrups with at least 135-degree
bends at each end.

c. Close-looped stirrups that enclose the principal
reinforcement and have at least 135-degree bends at each end.

Criteria are given in Reference 4 to account for direct shear
problems. It was observed from the data base that flexible slabs
that are laterally restrained are much less likely to fail in
direct shear because early in the response, lateral compression
membrane forces will act to increase the shear capacity, and
later in the response shear forces tend to be resolved into the
principal reinforcement during tension membrane action. Tests
indicate that direct shear failure can occur in slabs subjected
to impulsive loads. It is generally ! :own that shear-type
failure is more likely to occur in reinforced concrete members
with small L/d values than it is in those with large L/d values.
Since the data base indicates that laterally restrained slabs
with L/d 2 8 are unlikely to experience direct shear failures,
Reference 4 only requires design for direct shear for laterally
restrained slabs having L/d < 8 and for all laterally
unrestrained slabs. This is considered to be conservative, but
the degree of conservatism is unknown due to gaps in the data
base. The design procedures given in Reference 4 for direct
shear design will not be presented here.

CONCLUSIONS AND RECOMMENDATIONS

Several parameters play key roles in enhancing the ductility
of a blast resistant reinforced concrete slab. Allowable design
response limits should not be based solely on shear reinforcement
details and the scaled range. Although more data and study may
be needed prior to the development of new design methodology and
new guidelines for response limits for structures designed to
resist the effects of accidental explosions, new guidelines have
been developed for response limits for structures designed to
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resist the effects of conventional weapons. For these structures
the primary concern is often the completion of a wartime mission
with less emphasis on the continued utility of the structure.

The data base does further indicate that the shear reinforce-
ment design criteria in current manuals are overly conservative.
In particular, the study of the data has indicated that the
development cf the shear reinforcement design criteria in TM 5-
1300 was based on a test program consisting primarily of laced
slabs and slabs with no shear reinforcement. It is now clear
that slabs that contain stirrups and are properly detailed in
other aspects of construction (support conditions, L/d, p, and
reinforcement spacing) are capable of performing as well as laced

slabs.

Some data gaps need to be filled and perhaps proof tests need
to be conducted before guidelines are developed that will result
in more economical facilities used for explosives handling and
storage. A static test series for studying slabs with lacing
bars, stirrups, or no shear reinforcement is planned for FY 91.
Dynamic tests are also needed, as well as further analytical
effort, for evaluating such tests and developing new design
guidelines.
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LATERALLY-RESTRAINED BOXE
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z < 2.0
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LACED SLABS

TABLE 3.

z ¢ 2.0
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Table 6. Design Criteria from Reference 4

Lateral Restraint Damage Response Limit
Condition Level (Degrees)
Unrestrained == «cecce- 6
Restrained Moderate 12
Restrained Heavy 20
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BLAST RESISTANT CAPACITY OF 12 INCH
REINFORCED CONCRETE SUBSTANTIAL DIVIDING
WALLS IN ACCORDANCE WITH TM5-13G0

BY

James P. Manthey
AND
Paul M. LaHoud, P.E.

Corps of Engineers, Huntsville Division
106 Wynn Drive, Huntsville Alabama, 35805-1957

ABSTRACT

Twelve-inch reinforced concrete walls have been constructed
for many years within DoD munitions facilities and the
commercial explosive industry to limit blast effects from
accidental explosions. Such walls are a special category of
"Dividing Walls" as defined by DoD explosive safety
standards. Specific explosive limits are defined for such
existing walls. However use of these walls for new
operations or new construction requires performance based on
rational methods of structural dynamics given in TM5-1300,
"Design of Structures to Resist the Effects of Accidental
Explosions". This paper discusses the performance of 12
inch Reinforced concrete walls and provides charts and
figures which demonstrate the blast resistant capacity of
such walls in several common configurations.

BACKGROUND

Existing Department of Defense (DOD) and related military service
explosive safety standards address the utilization of "Dividing Walls" as an
acceptable means to subdivide explosive quantities and reduce the maximum
credible explosive event for siting and operations. One widely used
structural element used ro achieve this performance is the 12 inch reinforced
concrete wall. Reinforcement provided in such walls is normally number 4
(one-half inch diameter) bars spaced at 12 inches on center, with horizontal
and vertical bars on each face of the wall. Figure 1 presents a typical
configuration for such a wall. Such dividing walls have been constructed in
U.S. military and commercial explosive manufacturing, handling and storage
facilities for more than 50 years. They have become a de facto standard. The
acceptable use of such walls in facilities is addressed in each of the
relevant DoD and service explosive safety standards. The description and
application in the individual service standards are similar to the DoD
standard. However there are subtle differences. These differences provide
"grandfather” relief for existing facilities. Because of the past acceptance
of these walls for certain applications, limitations for new operations may be
misunderstood.
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SUBSTANTIAL DIVIDING WALL DEFINITIONS ‘

The governing DOD explosive safety standard which service specific
standards must comply with is DoD 6055.9 STD (Ref. 1). This document defines
a "Dividing Wall" as:

"A wall designed to te prevent, control, or delay
propagation of an explosion between quantities of explosives
on opposite sides of the wall".

To "prevent" or "delay" propagation implies both Category III and Category IV
protection. Chapter 9 Paragraph B. 2. b. then states that design of dividing
walls in accordance with TMS5-1300, AFM 88-22, NAVFAC P-397 (Reference 2) will
assure the structural performance needed to function as a dividing wall. No
additional guidance is given regarding the use of "12 inch reinforced concrete
walls" as a special dividing wall case.

Within the Army, at government owned facilities, application of Reference
1 is implemented through AMCR-385-100 (Reference 3). This reference provides a
definition of a "Substantial Dividing Wall" as:

"An interior wall designed to prevent detonation of
quantities explosives on opposite sides of the wall".

In this definition, the implication is that Category III protection is

provided and is essentially the same as in the DOD standard. Reference 3

then follows in Chapter 5, paragraph 5-6 with criteria to assure this

performance: ‘

"A substantial dividing wall will be designed in accordance
with TM5-1300, ’'Struciures Designed to Resist the Effects of
Accidental Explosions’, to prevent propagation of detonation
by blast and by ammunition or wall fragments."

This definition is again equivalent to Reference 1. However, unlike the DOD
standard, AMCR-385-100 also provides additional specific guidance regarding
the use of "12 inch reinforced concrete walls". This guidance states:

"Reinforced Concrete walls not less than 12 inches thick
are effective in preventing propagation between bays when
the donor quantity does not exceed 425 pounds of class 1,

Division 1 explosives ...... In gxig;ing_hgil_lgg_ having

such walls, operations shall be planned .....

In this definition "prevention of propagation" is apparently intended to
imply sufficient time delay such that a subsequent detonation in an adjacent
bay will not coalesce with the initial shock wave. This definition provides
no discussion of detailed reinforcement requirements for such walls. An
important point in the application of this standard is that it recognizes the
use of 12 inch reinforced concrete walls in existing buildings to provide
separation for 425 pounds. If completely new construction is planned, then it
should be designed to comply with Reference 2.

For ammunition and explosive production by DoD contractors, required
safety standards are prescribed in DoD Standard 4145.26-M (Reference 4). This .
document provides a definition of a "Substantial Dividing Wall" as:
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"An interior wall designed to prevent 'simultaneous
detonation’' of explosives on opposite sides of the wall,.
However such walls may not prevent propagation".

This definition, while similar to those in References 1 and 3, is the most
complete and accurate of the three, recognizing both Category III and IV
performance. As with Reference 3, this document also provides specific
guidance for the use of "12 iach reinforced concrete® walls.

This guidance is also similar to reference 3 in that it allows use of such
walls for bay limits of up to 425 pounds. It is more specific in that it
describes in detail the design requirements of such walls:

"Reinforced concrete walls may vary in thickness, but will
be at least 12 inches thick. At a minimum, both faces will
be reinforced with rods (defcrmed reinforcing steel) at
least 1/2 inch in diameter. The rods will be spaced at not
more that 12 inches on center horizontally and vertically,
interlocking with the footing rods and secured to prevent
overturning. Rods on one rface will be staggered with
regards to rods on the opposite face and should be
approximately 2 inc.rs from each face. Concrete should have
a minimum of 2500psi compressive strength"

A significant difference regarding reference 4 is that it is silent on

the issue of the use of this type of walls for "existing" or "new"
construction. It seems clear that Reference 3 intended to provide a
"grandfather clause" for existing construction. Reference 4 however caun be
interpreted to allow newly constructed 12 inch reinforced concrete walls to
prevent propagation for limits up to 425 pounds per bay. As will be
demonstrated, analysis of these walls 1n accordancc with Reference 2 will not
allow such limits. To summarize, existing 1Z inch reinforced concrete walls
are generally recognized as acceptable by current standards for preventing
simultaneous detonation (Category IV) for up to 425 pounds of explosive. Most
existing walls of this type are reinforced as described by Reference 4. This
explosive quantity was arrived at through limited full scale testing involving
lightly cased ¢xplosives. Analysis in accordance with Reference 2 would not
support such a value.

CURRENT APPLICATIONS

Existing facilities, both at government and contractor owned facilities,
are continuously being modified to incorporate new production, maintenance or
storage missions. These modifications mus: comply with the latest
interpretation of explosive safety regulations. Thus operating conditions for
which an existing substantial dividing wall was originally acceptable, may now
be unacceptable. An example of this wouid be a new requirement to assure
personnel protection in adjacent bays for operations which are now considered
hazardous. The definition of personnel protection in Reference 1 is
overpressure not to exceed 2.3 psi and no exposure to fragments with greater
than 58 ft-1bs of energy. The 425 pound limit for non-propagation is clearly
not compatible with such a personnel pootection requirement. These personnel
protection limitat:ons are recognized by reference 3 in Chapter 25, paragraph
4 which discusses operational shields. This requirement limits explosive
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quantities to 15 pounds when a 12 inch reinforced concrete wall is used to
provide personnel protection. This limit has been arrived at through analysis
based on reference 2 and is a prescriptive value accepted as providing the
desired personnel protection. It should be emphasized that all new
construction of dividing walls should comply with the principles of reference
2 to assure the desired protection level.

ANALYSIS OF TYPICAL 12 INCH WALLS

The remainder of this paper will present the results of analysis and
discussion of some recent test data on 12 inch reinforced concrete walls. The
information presented is sufficiently accurate to provide an insight into the
expected performance of such walls., It is not intended to represent an exact
structural analysis of the capacity for all such walls. The analysis is based
nn methods consistent with reference 2.

Reference 2 provides design criteria for maximum wall rotation limits
intended to provide personnel protection and to prevent simultaneous
propagation. Shown in Table 1 are the limits for various conditions.

TABLE 1 - STRUCTURE FAILURE CRITERIA TM5-1300

SECTION TYPE SUPPORT ROTATION

INCIPIENT FAILURE MAXIMUM DESIGN ROTATION
., . STHRRZS 2° 1°
FL“UKn!. ./ STIRRUPS 4° 2°

Most existing 12 inch reinforced concrete walls cre orly lightly reinforced
for flexure, and have neither stirrups nor lacing to resist shear Therefor
the 1 degree rotational limit will govern for personnel protection (7xtegcry
I) and 2 degree rotational limit for non-propagation (Categery IV). Spall
fragments and overpressures for personnel exposure are treated separately.
The response of several typical 12 inch walls will be represented using
Pressure-Impulse (P-I) Diagrams for a 2 degree rotation limit. The pressure
and impulse capacities for 1 degree rotations are very similar to those for 2
degree rotations., Therefore this paper will use 2 degrees to represent both
category I and IV damage. P-I Diagrams describe the approximate pressure and
impulse capacity that exist for any structural element given specified limits
of rotation. The asymptotes that descrihe the pressure and impuise limits are
connceted by a transition region which represents the pressure-time response
region. A detailed discussion of P-I Diagrams is found in Reference 5.
Figure 2 through 4 illustrate approximate Pressure-Impulse (P-I)
Diagrams for walls with three different boundary conditions; cantilever, two
adjacent sides supported and three sides supported. Each figure shows the
results for both a 15x15 and a 20220 foot wall. The data for these figures
were derived using Single-Degrec-Of-Freedom (SDOF) analysis over a range of
donor sizes and stand-offs. Superimposed on these figures are selected
explosive quantity curves which allow the user to estimate whether the
limiting 2 degree rotation design criteria will be exceeded at the charge
weight and stanc-off distance being considered. The explnsive quantity
curves are based on the refiected pressure and impulse data taken from Figure
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5 for any particular scaled range. As an example we will use Figure 4 which
is for a wall supported on 3 sides. This would be representative of the back
wall of a 3 wall cubicle. This figure shows that for a 20 by 20 wall, peak
reflected pressuras less than 7 psi will never cause wall rotations to exceed
2 degreas regardless of the total impulse. It also shows that for a total
roflected impulse less than 250 psi-msec, regardless of pressure, the wall
displacement will never exceed 2 degrees rotation. Consider now a 425 lbs
explosive donor. For this donor the explosive quantity line crosses the
limiting impulse asymptote of 250 psi-msec at a scaled range of approximately
6. 1his equates to a stand-off distance of about 45 feet. the peak reflected
pressure at this distance is about 90 psi. At any stand-off closer than this,
the wall will exceed the maximum allowable 2 degree rotation. This
demonstrates the discrepancy between the arbitrary 425 1b allowable limit for
all storage stand-offs and the approved criteria in reference 2. Now consider
a quantity of 25 lbs of explosive. In this case, The explosive quantity line
crosses the impulse asymptote at a scaled range of about 2.5. This results in
a peak reflected pressure of approximately 1000 psi and the stand-off distance
would be about 7 feet. Observations of wall rotation in an actual test of a 9
foot wall recently performed in Reference 6 agree well with this analysis. A
general observation from this P-I diagram is that for for the small quantities
typically stored in cubicles (less than 425 1lbs) the duration of the load will
be small with respect to the period of the wall and response will be governed
by the impulse capacity. Assuming a typical 3 foot stand-off, the explosive
storage limit for a 20 foot square 12 inch wall would be about 20 pounds for
structural damage thirough rotation only. This would be the limit of explosive
to prevent incipient failure of the wall as defined by reference 2. We will
now evaluate the same wall for spall damage and leakage overpressure to
determine the personnel protection limits for the adjacent bay.

Reference 2 and 7 provide methods for estimating the presence of
spalling. Based on this approach, several donor quantities at a typical 3
foot stand-off are plotted on Figure 6. This shows that backface spall would
begin to occur for a quantity of 25 1bs at a stand-off distance of 2 ft or
less. Since spalling would likely generate fragments which would exceed the
58 ft-1b limit, this stand-off is distance is too close to be allowed for
personnel protection.  The occurrence of spall for this quantity and stand-off
agrees reasonably well with recent test data (Reference 6). Reducing to a
donor limit of 15 1lbs would eliminate the spall risk and result in acceptable
protection at the same stand-off. This result is consistent with the quantity
allowed in Reference 3 for operational shields.

Last we will look at overpressure snd the 2.3 psi limit required by
Reference 1. Figure 7 is based on methods given in Reference 8. This
procedure is based on test data and estimates an effective range from the
Donor to the receiver which empirically accounts for the refraction of the
shock waves over the wall. This data indicates that to limit overpressure on
a standing operator behind the back wall of a three wall cubicle, the donor
explosive limit must be limited to less than 5 lbs for a 15 high ft wall and
Just under 15 1lbs for a 20 ft wall. These estimates assume that the cubicle
walls do not extend through the roof of the building. If the walls reached or
penetrated the roof, then the spillover pressure would be resisted by the
roof over the receiver bay. If this roof was capable of resisting the
pressure then the receiver would be protected If not, then the roof would
collapse and become a fragment hazard to the receiver personnel. In this
example, without a roof, the requirement of 2.3 psi for persemnel protection
limits the explosive quantity substantially below the general limit of 15 lbs
allowed in reference 3. A comment is appropriate her¢ The 2.3 psi limit is
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considered a threshold value for temperary hearing loss. If the operators
were wearing hearing protection, then an overpressure of 5 psi would not pose
a significant injury risk considering the short duration and impulse of these
quantities. If we consider an overpressure limit of 5 psi, then the explosive
limit will lie between 15 and 20 lbs for the 15 and 20 foot walls. The
results of this analysis agree well with effects observed in several accidental
axplosions (References 9-11). This result also agrees well with the general
guidance in Reference 3. In any event, the personnel exposure to overpressure
is clearly the governing criteria for explosive limits of dividing walls in
the configurations considered in this example. For cubicle walls that are
cantilever or supported on two sides (a side wall and the floor), the shock
wave would also refract around the side wall and this would reduce the
allowable explosive limits even further.

CONCLUSIONS

Twelve inch reinforced concrete walls have been given special
consideration within DOD explosive safety standards. This consideration
recognizes the large number of walls that are in existence and performing a
valuable safety function at this time. The 425 1lb explosive limit for
category IV protection was established based on limited test data. Design
criteria for new construction as required by reference 2 would not support
such a limit. The 15 1b limit for personnel protection (operational shields)
is an acceptable limit for gross wall damage and spalling. Is marginal for
overpressure protection at the 2.3 psi level for wall heights less than 20
feet unless they extend through the roof. It is even less conservative for
short walls that are cantilever or supported on the floor and one edge.

It is clear that when an existing 12 inch wall is being considered for a
new operational function requiring personnel protection, a detailed analysis
should be provided to assure its performance.

There is room for differences in interpretation of References 1, 3 and 4,
Reference 1 implies compliance with Reference 2 is required. reference 3
limits use to existing facilities. Reference 4 is silent on the subject of
such walls in new construction. It is believed that the intent should be for
all new construction to comply with Reference 2. 1t is also believed that the
performance of 12 inch walls with 425 1lb storage limits should be clearly
defined as Category IV, Future revisions of these standards should be
coordinated and reconciled.
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MICROCOMPUTER ADAPTATION OF A TECHNICAL MANUAL

David W. Hyde
US Army Engineer Waterways Experiment Station
Vicksburg, Mississippi 39180

ABSTRACT

The Tri-Service Manual "Structures to Resist the Effects of Accidental
Explosions®, has recently been revised and published. The latest version of this
technical manual contains updated information on a variety of explosion effects
and structural response. The manual has been adopted for microcomputer usage
by the Structural Mechanics Division, Structures Laboratory, US Army Waterways
Experiment Station, in the form of a microcomputer program presented by this
paper. This program allows the user to display the text of the manual on a
microcomputer monitor, search for key words and phrases, display the figures from
the manual on a monitor, produce hard copies on a plotter, retrieve data points
from curves, and perform a variety of response calculations.
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MICROCOMPUTER ADAPTATION OF A TECHNICAL MANUAL

David W. Hyde
US Army Engineer Waterways Experiment Statien
Vicksburg, Mississippi 39180

Introduction

The U.S. Army Armament Research, Development and Engineering Center (ARDEC)
has recently completed a revision of the Tri-Service Manual "Structures to Resist
the Effects of Accidental Explosions". Pending approval of this draft revision
as a Tri-Service Manual, the six-volume set has been published as Special
Publication ARLCD-SP-84001 by ARDEC (Reference 1). To avoid confusion, this
manual will be referred to by its Army designation, TM 5-1300, throughout this
text. The latest version of this technical manual cnntains updated information
on a variety of explosion effects and structural response. The itanual has been
adopted for microcomputer usage by the Structural Mechanics Division, Structures
Laboratory, U.S. Army Engineer Waterways Experiment Station (WES), in the form
of the computer program presented here -- TM.

TM allows the user to display the text of the manual on a microcomputer
monitor and search for key words and phrases. It also allows th2 user to display
the figures from the manual on a monitor, produce hard copies ci» a plotter,
retrieve data points from curves, and compare test data to the theoretical curves
from the manual.

Risplaying Text

T™ is a menu-driven program writter for commonly available desktop
computers using the Disk Operating System (DOS). From the program’s main menu,
the user may select to: read or print the table of contents, appendices, or body
of any of Volumes 1-6 from TM 5-1300; select a subject from an index; or display
the figures of the manual.

While displaying text from TM 5-1300, ali of the functions of TM are
controlled by the PC's cursor control keys and function keys. The cursor controli
keys are used to scroll up or doww one line or one screen at a time. Scrolling
may be repeated rapidly by holding down the cursor control keys. In addition,
the function keys enable the user to search either forward or backward through
the text for a key worc or phrase. The search is not case sensitive. The user
may also place a temporery "bookmark" at one place in a passage of text for later
return. With che prope:r hardware, the user may also: change the current screen
colors; switch to 43 lines of text per screen (rather than the normal 25); and
speed up the keybnard response for faster scrolling.

Displaying Figures

Data for most of the figures from the manual is stored in separate files.
The data files for illustrations are of one of three forms: 1) Hewlett-Packard
Graphics Language (HPGL) instructions, 2) Tagged Image File Format (TIFF) bit-
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mapped images, or 3) Files containing drawing instructions recognized by TM (see
Figures 1 and 2). The data files for figures consisting of curves (Figure 3)
contain either the data points necessary to recreate the curves, or the
coefficients and exponents of polynomial equations used to generate the curves.
In the latter case, TM will generate 200 equally spaced data points for each
curve in the figure. Figures may be reproduced on most commonly available
microcomputer graphics adapter/monitor combinations and on pen plotters
supporting the Hewlett-Packard Graphics Language.
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Figure 1., 1Illustration of lacing reinforcement (Fig. 4-3, Ref. 1)
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Figure 2. Equivalent cylindrical explosive casings (Fig. 2-242, Ref. 1)

If the selected figure consists of a curve or a set of curves (rather than
an illustration), the user has the options of retrieving data points from a curve
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or zooming .in on a portion of a curve. An example of the zoom feature is shown
in Figures 3 and 4. The data retrieval function returns a Y value which is
interpolated from the data points for each figure. The accuracy of this function
is dependent on the spacing between data points, not on the resolution of the
display monitoz.
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Figure 3. Fragment size parameters (Fig. 2-241, Ref. 1)
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Figure 4. Zoomed Figure 2-241, Ref. 1

While data for most of the curves from the manual are stored in separate
files, this was not a practical solution for recreating the response charts found
in Volume 3 of the manual. Volume 3 contains over 200 response charts for
maximum displacement, time of maximum response, and time of yield for a
single-degree-of-freedom system with a bilinear resistance function due to a
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bilinear loading. Since a closed-form solution for the response of these systems
is mathematically awkward, a numerical method is generally used to find the
displacement-time history. To adequately reproduce each of these figures with
data points would require a large amount of storage space; however, since the
numerical solution for the response is fairly straightforward, TM generates the
response charts at run-time rather than reading the data from separate files.
One advantage to this technique is that the user will not have to interpolate
between charts when his loading does not match one of the lnadings in the printed
manual; all parameters for the loading are specified by the user. An example
of a maximum response chart generated by TM is shown in Figure 5.
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Figure 5. Response chart for bilinear pressure-time loading

Portability

The major routines of TM are written in ANSI standard FORTRAN-77. However,
the program makes considerable use of assembly language subroutines to perform
graphics operations, scroll menus, and achieve fast screen writing. TM achieves
fast screen output by writing directly to display memory, bypassing the slower
Basic Input/Output System (BIOS) video functions. Because of extensive use of
agsembler routines for menu generation and other video output, it would be
difficult at best to move TM to another computer and/or operating system.

Graphics

All of the graphics routines used by TM were develcped for microcomputers
at WES. TM supports graphics on the following standard graphics adapters, and
exploits the capabilities of certain "super" EGA’s and VGA'’s,

Sraphics Card Resolution x Colors
Hercuies Graphics Card 720 x 348 x 2
Color Graphics Adapter (CGA) 640 x 200 x 2
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Enhanced Graphics Adapter (EGA) 640 x 350 x 16/64
Video Graphics Array (VGA) 640 x 480 x 16/256K

Plotters that support the Hewlett-Packard Graphics Language are also supported.

Availebility

TM is currently in a draft stage and is being reviewed by the sponsors at
the Department of Dafense Explosive Safety Board (DDESB). When approved for
release, the program will be available to govermment agencies from the DDESB.

1. U.S. Army Armament Research, Development and Engineering Command, 1987,
*Structures to Resist the Effects of Accidental Explosions," Picatinny Arsenal,
New Jersey.
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This paper presents the history, organization, operation, assessment, and future of the NATO
Insensitive Munitions Information Center (Vugraphs 1 & 2).

The conference of National Armament Directors (CNAD) of the North Atlantic Treaty
Organization (NATO) recognized that a lack of an agreed assessment methodology for safety and
suitability for service was a major impediment to increased interoperability of conventional
munitions within the Alliance (Vugraph 3). To remove this impediment CNAD formed the Action
Committee (AC)/310 in December 1979 as a tri-service cadre group. AC/310 is tasked to establish
agreed international terminology, design principles, criteria, procedures and tests to cover all aspects
of the assessment process for safety and suitability for service.

AC/310 was organized into four Sub Groups reporting to a Main Group (Vugraph 4). The Sub
Groups are chartered to work on qualification of explosive materials (explosives, propellants and
pyrotechnics); qualification of fuzing systems (including safe and arming devices for rocket motor
ignition); the development of environmental tests (mechanical, climatic, chemical, and electrical);
and qualification of the assembled munition system. The Main Group coordinates efforts within
AC/310 and with other Groups within NATO.

In 1983, prompted by input from U.S. Representatives, AC/310 became aware of the emerging
requirements of "Insensitive Munitions" (I.M.) programs (Vugraph 5). AC/310 recognized that these
requirements should be considered an adjunct to the munitions safety program. The rationaie for
this being that safety and LM. programs both deal with the survivability of munitions to
environments, e.g. safety to those presented by the user in normal handling, storing, etc. evolutions
as well as in reasonably forecast accident scenarios, while the L. M. program deais with munition
survivability in the abnormal or combat induced environment. The very restrictive "acceptance”
criteria which were being identified for LM. related tests indicated to AC/310 that achieving the
criteria would be virtually impossible without knowledge of appropriate technology to apply to the
design. AC/310 considered that a Focal Point within NATO may be beneficial to advise munition
developers of existing or emerging technologies to facilitate their efforts in meeting the new more
stringent safety and LM. requirements.

An Ad-Hoc Group was formed under AC/310 and entitled the "Restricted Editorial Working
Group” (REWG) to determine if such a Focal Point was desireable, and if so where in NATO was
a logical location (Vigraph 6). Based on a REWG report, AC/310 decided that such a Focal Point
was desireable and that it was logical to be associated with AC/310. Since the NATO structure did
not allow formation of another Sub Group another method of formation was required. An
Information Exchange Working Party (IEWP) was formed to validate within NATO that the Focal
Point was desired and to determine how it should be structured. To this aim a workshop was held
in London in October 1986. During the workshop, technical presentations were given relative to
a particular .M. problem area, namely Sympathetic Detonation. Attendees were polled after the
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three day session whether such information would be beneficial for the stated purpose of facilitating
munition design to requirements. The attendees from government and industry of various

NATO nations, as well as from various NATO groups, concluded a NATO Focal Point for
information exchange would be of value. Accordingly, AC/310 decided to push forward with its
efforts and formed an Information Center Working Group (ICWG) to establish the Focal Point.

The ICWG concluded that an immediate need existed for information exchange and that
development of the Center warranted priority attention. It was therefore decided to form a Pilot
NATO Insensitive Munitions Information Center (Pilot NIMIC) and a Memorandum of
Understanding (MOU) was developed with the U.S. agreeing to act as the host nation.

In April of 1988 the MOU was signed by France, Netherlands, Norway, United Kingdom, and
United States (Vugraph 7). Canada signed an amendment one year later. The Pilot NIMIC
became operational in Columbia, Maryland. The funds for salaries of the core staff of Program
Manager, Information Specialist and Technician and a Secretary were provided by the host nation,
as were funds for the operation of the physical plant. Other participating nations provided either
technical specialists or funds. The Pilot phase was for a three year term concluding in April 1991.

The Pilot NIMIC operates under the provisions of its MOU which prescribes the daily management
functions of the Center to be the responsibility of the Program Manager. The Program Manager
is ultimately responsible to the Steering Committee for all matters. The Steering Committee is
composed of a representative of each participating nation with an elected Chairman.

The MOU directed that Pilot NIMIC establish and validate an Information Analysis System and
will (Vugraph 8):

(a)  Collect, store, and disseminate scientific and technical information on LM.

(b)  Provide and maintain a comprehensive data collection to facilitate design efforts for IL.M.
and minimize R&D efforts.

(¢)  Respond to technical inquiries by using the data base to analyze and generate recommended
design approaches for LM.

Identify technology deficiencies that prevent requirements from being achieved and propose
remedial actions.

Analyze data and prepare data books and "state of the art” reports on LM.

Prepare for the transition to a permanent NIMIC at NATO Headquarters.

91




The above functions are to involve three major areas of concern namely (Vugraphs 9 & 10):
(1) Combat Threats - Fragment impact, bullet impact, sympathetic detonation, fuel fire, etc.
() Explosives and Munitions - Rockets, missiles, bombs, torpedoes, fuzes, propellants, etc.

3) Technical Areas - Ignition, thermal explosions, deflagration to detonation transition,
mitigation devices, etc.

Pilot NIMIC realized, early on, that the L. M. concept was new, and that not all nations recognized
the designation of LM. (e.g. the UK. preferred "low vulnerability* and the French "Munitions a
Risques Attenues” (MURAT) (Vugraph 11). Consequently, search strategies using the LM. term
even in the U.S. may prove fruitless. Nations were therefore requested to search their archives on

safety.

Pilot NIMIC provided all nations with guidance in performing searches by identifying areas of
interest in the "Pilot NIMIC Thesaurus" (Vigraphs 12 & 12a).

Information has been received from participant searches of formal data bases such as the U.S. ‘
National Technical Information Service (NTIS), Defense Technical Information Center (DTIC); the

UK Defence Research Information Center (DRIC); Canadian Defence Scientific Information

Service (DSIS), the French CEDOCAR, and others (Vugraph 13). Other inputs have been received

from industrial and government agencies in all the participating nations, as well as from searches

of the world patent index, chemical abstracts, etc.

Information is stored in two types: Hard copy and machine-readable and searchable. The former
make use of a conventicnal file system in which the documents are identified and located by
numerical sequence (NIMIC TR numbers). The machine-readable data is in a text-based data base
(Bibliographic Retrieval Services (BRS) search format on a hard disc backed up on magnetic tapes.
A multi-user version of BRS is used for searching the data bases. The most efficient and rapid
method for entering data is to receive it in machine-readable form such as a floppy disc, or directly
from a national inforn:ation storage system. Some reformatting is usually required but significant
time in abstracting and manual input efforts are saved.

The Pilot NIMIC maintains seven data bases (Vigraph 14). The major ones being the NIMIC
Information Data Base (NIDB) which contains bibliographical data on reports for which hard copies
are available (over 4,000); The Patent Data Base of worldwide patents of interest (over 260); the
Journal Article Data Base which is self explanatory as to content; STANAG containing AC/310
developed test and requirement agreements and the Insensitive Munitions Points of Contact .
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(IMPOC) (over 400). This latter base contains a listing of individuals or laboratories having
expertise in specific areas related to Insensitive Munitions related programs. These individuals and
facilities have agreed to council the Pilot NIMIC staff as required to solve problem areas referred
to the Pilot NIMIC.

Statistically Pilot NIMIC has reviewed over 14,000 citations for relevance to the data base and has
entered over 5,700 into the data base system. Other documents await entrance into the system.
Interestingly Pilot NIMIC has some 180 documents originating in non participating nations in the
system. These have been either submitted by the originating nation or provided by a participating
nation.

The subject matter in the data bases by type of information is as follows (Vugraph 15): The
leading three categories are energetic materials, munitions, and detonics (DDT, XDT, etc.) with
munition components, tests and trials, requirement statements, mitigation and fixes, platforms,
accidents and cost benefits following in order. The first three subjects cover about 60% of the data
available. The oldest documents in the system date back to 1969. However, about 35% are dated
in the 70’s and 54% in the 80’s. Obviously input from the 90’s is just commencing and much more
data from the 80’s is anticipated.

What is it that sets Pilot NIMIC apart from any of these documentation sources from which it has
drawn or from efforts taking place under existing Data Exchange Agreements (DEA’s) (Vugraphs
16 & 17)? The answer is that Pilot NIMIC performs an analysis function. This function is
performed in two fashions: One in response to technical inquiries received from government and
industrial agencies within a participating nation. These inquiries, if originated by a government
agency are forwarded directly, if by industry via the national Focal Point, to Pilot NIMIC where
the data base is examined and when coupled with the technical expertise of the staff a response
is drafted. Since the achievement of all LM. goals can seldom be achieved by the application of
a single technology, often seemingly unrelated technologies are recommended together, (e.g.
energetic materials and mechanical stress relief devices). The response often will deal with the
synergistic effects of applying recommended design fixes, since indeed the environments of the full
logistic life cycle must be considered in evaluating the true ability of design fixes to solve a stated
problem. The expertise of the technical staff is often complemented by using the national experts
identified in the IMPOC data base. Nowhere else in NATO or the western world does such a
capability exist.

The second type of analysis performed by the staff involves a critical review of the data bases to
identify gaps in the technology available and make recommendations to the participating nations
which may lead to collaborative programs to fill the gap. Such collaboration will reduce the cost
of R&D efforts as well as redundancy. Also resultant from such reviews will be state-of-the-art
reports on specific technology areas which will provide comprehensive summaries of data on a
specific technology topic. The state-of-the-art reports are published as developed and made
available to participants.
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Pilot NIMIC recognizes that its data base is in its infancy and therefore immature for providing in
depth responses to some technical inquiries. This situation places added emphasis on the technical
expertise of the staff and the ability to access information from the POC to provide meaningful
responses. By the same token, since LM. initiatives are relatively new, the LM. policies and
programs of many participating nations are in their infancy, a situation reflected in the essence of
many inquiries and in the type of data submitted to Pilot NIMIC. As the concept of LM. matures
nationally so will the NIMIC data base mature, allowing the Center to respond to the more
demanding inquiries certainly to be developed in future years. The success of NIMIC in providing
quality responses to the needs of munition developers will always require the expertise of the
technical staff to research the constantly increasing data base with respect to a given problem area.

As of 1 July 1990, 156 inquiries have been received and responses have been developed for 125
(Vugraph 18). The three leading subject categories numerically are: energetic materials, munitions,
detonics (SDT, XDT, etc.). Next in line are questions on munition components, requirements, tests
and trials. The remaining subject categories in order are: mitigation and design fixes, platforms,
accidents, and cost/benefit analyses. The frequency of receipt does not necessarily reflect the
importance of a given subject category in the realm of LM. programs as understood today. As a
matter of fact one of the most significant subject categories in national .M. policy making decisions
is that of cost/benefit analyses. Obviously this topic is one of the more demanding to deal with on
the part of the technical staff.

This stated immaturity of the Pilot NIMIC data base also hinders the ability of the staff to identify
gaps in the technology which would be worthy of additional effort to remedy (Vugraph 19). At
present the staff is aware of certain areas requiring technical solutions but confirmation is required
before a recommendation for action is appropriate. Confirmation will be possible with the growth
of the data base. As an example of a potential area of deficiency is the availability of small scale
tests to predict the outcome of full scale munitions to .M. tests and trials. The costs in required
hardware and personnel to perform full scale munitions tests limit the number of tests performed
to a quantity representative of low statistical value. The capability to predict and validate the few
full scale test results with data from smail scale tests has not been achieved. Specific areas for °
added effort need to be identified.

A more readily identifiable data base problem is in determining gaps in the data base itself. Pilot
NIMIC has made known gaps in its data base and has requested participants take action to search
for and input data in specific areas such as: physical and thermal data for energetic materials and
munition construction materials, Hugoniot and critical-diameter data on energetic materials.

Pilot NIMIC has developed and is currently developing state-of-the-art reports on the topics of
(Vugraph 20): Norwegian Multipurpose Ammunition; Methodology for I.M. Cost Benefit Analysis;
LOVA Propellants; Thermal Stress as Related to Munitions. Pilot NIMIC also recognizes the need
to develop synopsis papers on mechanical (impact) and shock stresses in relation to LM. test
requirements.
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As has been stated, Pilot NIMIC began operations in May 1988 for a three year period. Based on
an assessment of the ability of the Pilot NIMIC to perform the assigned tasks, a determination was
to be made to proceed with the final phase, a permanent NIMIC to be located at NATO HQ in
Brussels. A formal assessment report was drafted in April 1990 (Vugraph 21). This report was
provided to the participating nations for staffing. (Copies were also provided potential future
participating nations for their review and comment).

At the June 1990 meeting of the AC/310 Main Group nations were polled relative to their
"willingness to participate” in the NIMIC phase. All current participants indicated this willingness
as did three other nations. Based on the results of this poll, AC/310 requested the Conference of
National Armament Directors (CNAD) to approve the formation of NIMIC as a NATO Project
Office. Given an affirmative reply by CNAD, a MOU governing NIMIC will be placed for
signature before CNAD at their October 1990 meeting. Operation of NIMIC in Brussels would
then commence 1 May 1991.

As one of the stated functions of Pilot NIMIC is to prepare for transition to NIMIC in Brussels,
much recent effort has been given to this planned action (Vugraph 22). Resultant from this effort
some items of interest are:

« NIMIC Staff was Defined as: Program Manager A5
Information Technician A3

Information Specialist B-6

Secretary B-3

(4) Technical Specialist A4

« Facility needs and availability at NATO HQ have been established.

« Administrative support is available from NATO International Staff and a Letter of
Agreement has been developed.

+ Funding is to be furnished by participants on share basis. Based on the relative size of
the dispense budgets nations will provide either one or two shares.

All NIMIC positions will be filled by selectees under the NATO hiring procedures. The NIMIC
Steering Committee will have influence in the final selection process particularly for the Program
. Manager and Technical Specialists. Technical Specialists will be required to have a broad
experience in the field of munition design, acquisition, and use.

In conclusion, it is to be noted that Pilot NIMIC is a small international data base and likely will
remain of moderate size cven in the NIMIC phase. By virtue of its unique requirement to perform
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data analyses in the field of .M. and safety of munitions it stands apart from any other data base.
After less than three years of operation, (the first portion of which involved many administrative
tasks such as establishing the physical plant, drafting procedural and security guidelines, etc.), Pilot
NIMIC has realized the goals assigned to it. It has also established the fact that the NIMIC
concept is capable of providing the required assistance to munition developers to facilitate meeting
the more stringent design requirements and thus improve the potential for munition interoperability
within the alliance.
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TECHNOLOGY TERMS - MAIN AREAS OF INTEREST

BULLET IMPACT
BULLET IMPACT
BURNING
COOK OFF
DEFLAGRATION
DETONATION
DETONATIONS
DROP TESTS
ELECTROMAGNETIC RADIATION
ELECTROSTATIC CHARGE
ELECTROSTATIC FIELDS
ENERGETIC MATERIALS
EXPLOSIONS
FIRE SAFETY
FIRE HAZARDS
FIRE PROTECTION
FRAGMENT ATTACK

. FRAGMENT IMPACT
FUEL FIRE
HAZARDS
IMPACT SHOCK
IMPACT SENSITIVITY
IMPACT TESTS
INSEN§ITIVE
LIQUID FUEL FIRE
LOVA (PROPELLANTS)
LOVUM (ROCKET MOTORS)
LOW VULNERABILITY
MULTIPLE FA
MULTIPLE BI
MULTIPLE BA
MULTIPLE FI
RATTAM (RESPONSE TO ATTACK OF AMMUNITION)
SAFETY
SENSITIVENESS
SENSITIVITY
SHOCK TESTS
SPALLATION
STORAGE MAGAZINES
SYMPATHETIC DETONATIONS
TRIPLE BASE (PROPELLANTS)
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@  HIERARCHICAL LISTING OF HARDWARE TERM COVERAGE

+ + + « « Hydrostatic fuzes

AMMUNITION COMPONENTS ¢ o+ v o« « Magnetic fuzes
. « Ammunition fragments « « + + » Radio proximity fuzes
. « Bursting charges + + « « ROCket fuzes
.« Cartridge cases « v+« Self destroying fuzes
+ + » Combustible cartridge cases o v o+ Superquick fuzes
+ » Depth charge components . +ee. Time delay fuzes
« + Explosive trains . wess Time fuzes
. « » Boosters(expiosives) -+« Powder bags
+ + + » Mine boosters . « Projectile caps
+ + « Delay elements (explosive) « » Projectile cases
« + « Explosives initiators + + Rotating bands
« ++« Detonators
« + + + » Electric detonators AMMUNTTION
~ + s+ Primers « +» Aircralt ammunition
« + ¢+« Electric primers + » Ammunition cases
+ « Firing mechanisms(ammunition): . « Antiaircraft ammunition
+ « « Arming devices . » Antiarmor smmunition
. « » Fuzes(ordnance) « » » Antitank ammunition
« + + » Bomb fyzes « + « Armor piercing ammunit,
o oo Toil fuzes « « Antimaterie] ammunition
+ « « « Electric fuzes(ordnance) « » Antipersonnel ammunition
‘ « + « « Electromagnetic fuzes - » + « Antipersonnel mines
« «+ .+ Infrared fuzes « + « Canister projectiles
e oo o » Optical fuzes + « Antiship ammunition
+ + + » Exploders + « « Antiship missiles
« «++ . TOrpedo exploders + « « Antisubmarine ammunit,
+ « « « Fuze functioning elements , + + « » Antisubmarine missiles
v+« . Arming devices + « + » Depth bombs
v+ v+ Clock delay mechanisms + « « « Depth charges
v o+ 1+ Fuze selters v o TOrpedoes
v+ 0. Primer cups o + + « » Acoustic torpedoes
. « o » Grenade fuzes v o + » Aircraft torpedoes
v v+ » Quided missile fuzes + o + « Antitorpedo torpedoes
oo+ o Impact fuzses + + « «» Homing torpedoes
+ + « .. Base detonating fuzes + « « » Quiet torpedoes
« + + . Point detonating {uzes + + + » Torpedo components
+ + + » Mechanicel fuzes : o ¢+ » ToOrpedo exploders
v« + « Mine fuzes + « + + » TOrpedo motors
v « + » Miniature fuzes +» ++ » Torpedo propellants
v+ + « Mortar fuzes v+ v+« Torpedo turbines
o+« Nose fuzes v+« + » Torpedo warheads
++ + . Point detonating fuzes + » Artillery sammunition
v+ + » Point initiating fuzes + » Cartridges
++ + .« Projectile fuzes + « » Cartridges(pad)
. v+ + » Proximity fuzes + » » Photofiash cartridges
«+«++ Electrostatic fuzes + » Caseless ammunition
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