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ANCHOR 
BOLT 

OR LAG BOLT 
ATTACHED 

TO 
CEILING 

STRUCTURE 
ABOVE 

600 
MAXIM PiCES 

)(I MATELY 
rERS 

)IAMETER 
TYP. 

* HEAVIER BRACES C .OR 
MAY BE REQUIRED 
QalIDEPT C)R SEI:Pq rKA=TA IfF I Z Orlr-r- I lVir I ML 
SHELVES OR OTHER NONSTRUCTURAL ITEMS. OR WOOD SCREWS, TYP. 



Earthquake 
Photo Cred 

4 

STRUCTURE ABOVE ff 

PARTITION FREE TO SLIDEI 
AT TOP BUT RESTRAINED 

METAL OR LATERALLY. PACKING OR 
WOOD STUDS SEALANT REQUIRED FOR 

ACOUSTIC ISOLATION. 
FIRE RATING MUST BE 

* HEAVIER GAGE METAL STUDS AND CHECKED FOR FIRE 
ATTACHMENTS MAY BE REQUIRED IF SEPARATION WALLS 
HEAVY SHELVES ARE TO BE LATERALLY ("1-HOUR" WALLS, ETC.). 
SUPPORTED BY PARTITION. 

* ADDITION OF MID-HEIGHT BLOCKING OR 
SURFACE-MOUNTED "SEISMIC PARTITION FIXED AT BASE. 
MOLDING" PROVIDES FLEXIBILITY FOR 
EQUIPMENT ANCHORAGE LOCATIONS. .7 

* FOR GLAZED PARTITIONS, SEE"WINDOWS".
_ 
- '*~~FLOORA .,1 

Schematic U 

Approximat4 
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ANCHOR... _ .. _ )
-v... -_ DIAGONAI RACING. WIRES 

TO STRUC' 
ABOVE 

APPF 

* PROVIDE 4­
DIAGONAL 
AND COMPF 
STRUT 
APPROXIMA 
EVERY 12 F 
WAY. 

A3 

47 



I SUSPENDED LIGHT FIXTURES


Earthquake Damage: 1994, Northridge, California 
Photo Credit: Wiss, Janney, Elstner Associates, Inc. 0 t0; ; ; 

12 GAUGE WIRES Z EACH 
CORNER 
DIAGONP 
CORNER 

ANCHOR WR 
STRUCTURE 

* FOR EXPOSED 
FLORESCENT I 
BULBS OR FIX1 
LENSES SUBJE 
TO FALLING, 
SECURE IN PL 
WITH 2 WIRES 
WRAP BENEA 
THE LENS OR I 
AND ATTACH 
SECURELY TO 
FIXTURE. 

Upgrade Detail UE 

Approximate Cost 
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ALTERNATE: 
RUN CABLE OUTSIDE 
STEM AND ATTACH JOIST 
TO CEILING JOIST 
WITH A LAG SCREW 

PENDANT LIGHT 
FIXTURE 
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Earthqvaeke ~h0,$~ri ~,: 4 

* TO PREVENT DAMAGE TO STAIRS THEY SHOULD BE MODIFIED TO ALLOW THEM TO 
SLIDE AT LANDINGS WITH "GANG PLANK" DETAILS; THIS IS DESIRABLE FOR 
FLEXIBLE FRAME BUILDINGS. 

* IF STAIR ENCLOSURES ARE CONSTRUCTED USING BRITTLE MATERIALS, SUCH AS, 
HOLLOW CLAY TILE, GLASS BLOCK PARTITIONS, OR SKYLIGHTS, IT IS 
RECOMMENDED THAT THEY BE ENCAPSULATED OR REPLACED TO PREVENT 
FALLING HAZARDS AND DEBRIS IN THE STAIRWELL. 

* PROVIDE ANCHORAGE FOR PIPES, LIGHTING OR DUCTS IN STAIRWELLS TO 
PREVENT FALLING HAZARDS AND DEBRIS. 

Sc a- - ;. - ` 

_ e _ e~~~~~~~~~~~~~~~~~~~~~~~~~~~l 
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u In-,;S 'j, Y,.ss Ja2y 7ItnVaocat sc. ut 0, 

* USE OF TEMPERED GLASS WILL GREATLY REDUCE THE SEISMIC HAZARD. 
TEMPERED GLASS MAY STILL BREAK, BUT WILL BREAK INTO SMALL DULL 
FRAGMENTS INSTEAD OF LARGE DANGEROUS SHARDS. 

* POLYESTER SHATTER RESISTANT FILMS ARE AVAILABLE THAT HELP HOLD 
TOGETHER FRAGMENTS OF ANY PANES THAT CRACK IN AN EARTHQUAKE. 
(TYPICAL SOLAR FILM MAY NOT BE ADEQUATE FOR THIS PURPOSE). 

* USE OF LAMINATED GLASS FOR STOREFRONTS REDUCES SEISMIC RISK AND ALSO 
INCREASES PROTECTION FROM BURGLARY OR VANDALISM. 

* SMALLER, OPERABLE, AND WOODEN FRAMED WINDOWS TOLERATE MORE LATERAL 
DRIFT. 

* FOR NEW CONSTRUCTION, STIFFER BUILDINGS AND GLAZING WITH MORE THAN 
THE STANDARD EDGE CLEARANCES MAY BE DESIRABLE. CHECK WHETHER OR NOT 
THE BUILDING'S CALCULATED SEISMIC DRIFT HAS BEEN CONSIDERED IN THE 
DESIGN OF THE GLAZING. 

design f : t00-0X - ;X y0 0-i t a A 121 1 

51 



7777 
Earihquake �*iiagq: 1 S�8. tome P�'i�b. (afifotnie 
Photo Creditt�Wl�L J.nnsy, Elatner A�sociatea, Inc. 

UNREINFORCED 
BRICK PARAPET 

ANCHOF 
BOLTS 

* TYPICAL BRACE 
CONFIGURATION 
SHOWN; PARAPET 
AND ROOF 
CONDITIONS MAY ANGLE 
VARY WIDELY. 

SchemarticUpgrd DetailAl a; 

App vcoqwmie 5 to i' 
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a Damage: 1994, Northridge, California 
90 I Reitherman 

* SEE APPLICABLE BUILDING CODE REQUIREMENTS FOR LIMITATIONS REGARDING THE 
HEIGHT, AREA, UNIT SIZE, AND UNIT WEIGHT OF EITHER ADHERED OR ANCHORED 
VENEER SYSTEMS. REFER TO THE CODE SECTIONS FOR SPECIFIC REQUIREMENTS 
FOR BACKING, TIES, AND REINFORCEMENT. (FOR EXAMPLE, SECTION 1403 OF THE 
1994 UBC). 

* VENEER SYSTEMS MUST ALSO AT LEAST MEET THE MINIMUM LATERAL FORCE 
REQUIREMENTS FOR NONSTRUCTURAL COMPONENTS. (FOR EXAMPLE, THE 
REQUIREMENTS FOR EXTERIOR AND INTERIOR ORNAMENTATION AND APPENDAGES 
IN CHAPTER 16 OF THE 1994 UBC). 

* REMOVAL OF VENEER MOUNTED OVER ENTRANCES OR OTHER POTENTIALLY 
CROWDED LOCATIONS IS THE MOST RELIABLE UPGRADE SOLUTION. 

graeDetail Al1 5b 
ls:Vies Al 5b 
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I FREESTANDING WALL


EarthquakeDamage: 1994, NorhridgeCaifnie 
PhotoCdit: Robert Retman I :: 

* MANY MILES OF POORLY CONSTRUCTED CONCRETE MASONRY UNIT (CMU) FENCES 

WERE DAMAGED DURING THE 1994 NORTHRIDGE EARTHQUAKE. COLLAPSE OF 

WALLS WITH INADEQUATE OR ABSENT REINFORCING AND/OR FOUNDATIONS WAS 

COMMON IN NORTHRIDGE AND SYLMAR. IN MANY CASES, MOST OF THE 

SIDEWALK WAS COVERED WITH DEBRIS, AS SHOWN ABOVE. 

* FREESTANDING WALLS OR FENCES BUILT OF CMU, BRICK, OR STONE NEED TO BE 

ENGINEERED AND CONSTRUCTED WITH APPROPRIATE FOUNDATIONS, ADEQUATE 

REINFORCEMENT,AND GOOD QUALITY MORTAR. 

* STANDARD DETAILS FOR LOW FENCES OR SHORT RETAINING WALLS MAY BE 

AVAILABLE FROM THE LOCAL BUILDING DEPARTMENT. 

Schematic Upgrade DetailtAI : 

Approximate Cost: Dependi on the design 
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TOP STRUT, RATHER THAN CHAIN, 
CAN PREVENT "SEISMIC BOUNCING" 

CONNECTIONS 
DIRECTLY TO 
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VARIOUS RESTRAINT 
SCHEMES 
ADVOCATED FOR CABINET: 

CASTERS TO SOMEWHAT 
ISOLATE COMPUTER 
FROM MOTION 

* PRETENSED THREADED 
7o ROD FROM COMPUTER 

CABINET BASE THROUGH 
RAISED FLOOR 

o TETHER CABLES 
\11 

A cAROUNDPLACEANGLESJ\Z), i=~c 7~I11\ 
11 by --- CABLE 
TO::: ~ \\OPENINGS

M /. PREVENTI5 : COMPUTERX ­-
44 FEET FROM 

; 7ma= 7 = n FALLING INTO HOLES. 
PROVIDE DIAGONAL BRACES AND BOLT) 
PEDESTAL BASES TO CONCRETE SLAB ' BOLT PEE)ESTAL BASES TO CONCRETE SLAB(REQUIRED FOR HEAVILY LOADED FLOOR BUSUALLE 
AND TALLER PEDESTAL). CHECK WITH i'UHIGH 'ADEQUATE FOR PEDESTALS UP TO 

VENDOR FOR SPECIAL SEISMIC MODELS. ) 
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$8 

ANCHOR TO WALL (NOTE: 
7STUD WALLS NOT STRONG 
ENOUGH FOR MULTIPLE 
ROWS OR LONG RANGES. 
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wa*qak Damage: 197,Whitie Narrows.Califrni;;; v0 0;7::. 
Phs rdt atqae niern sac nsiue ar asn 
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Fmlu~ofnaeqately up a": rr 'hvin 
eaamae: 198,WhittirNarrws, :California 

"Credit Earthquake Engineering Research Institute, Marswl Lew & G no 
A... .. . \ . . : . , 
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WALL UNIT 
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tsly upgrded shelving; toggle bolt pulled out of gypsum board. 
*,: 1994,. Nor thrdge California f;: I; :: -I :0Inc -I 

;, Jary,0tner Associe _nI I : 

LAG SCREW 

EXTERIOR 
BOOK ANGLE 
CASE BRACKET 

1/4"4 x 2" WOOD 
SCREW (SHOWN) WOOD STUD 

OR 1/4" 4 
MACHINE BOLT SCREW 

WITH NUT & 
WASHER INTERIOR 

ANGLE 
BOOKCASE BRACKET 

-WOOD STUD 
LAG SCREW (1 /4"4 
WITH 2" 
EMBEDMENT INBOOKCASE STUD, TYP.)kWOOD 

METAL, WIRE, OR ELASTIC 
GUARDRAILS OR PLASTIC "Z' CLIP 
STRIP WILL HELP BRACKET 
PREVENT OBJECTS FROM 
FALLING OFF SHELVES WOOD STUD 



Earthquake Damage: 1994, Northridge, Califomia 
PhotoCreit; WIss JanyEltn Aswstes, t1c V 

AKf1I 1I iZrFn Tn TOP NNFCTifNR 
FASTEN UNIT TO TIE UNITS 
WALL STUD 'ETHER TO FORM 
2- 1/4" 4 BOLT A MORE STABLE 
1/4" 4 LAG SCI SHAPE. 

WITH 2" MIN. TEEL STRAP AND 

EMBEDMENT 4)BOLT MIN. (USE 
J BOLT WITH NUTWOOD STUD 

& WASHER.) 

TERNATIVE: BOLT 
ES OF ADJACENT 

CABINETS 
TOGETHER AT 4 

RNERS. USE 1/4" 
_T WITH NUT & 2") 
=ENDERWASHERS 

EACH SIDE. 

FOR FREE-STANDING STRONG LATCHES 
UNITS, FASTEN ON DRAWERS 
CONTINUOUS ANGLE TO 
UNITS AND FLOOR 

Upgrade Detail C1 3 

Approximate Cost: $20 per lineal foot 
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I I FLEXIBLE CONNECTION FOR GAS OR FUEL LINES 
I.~~~~~~ 

Flexible connection at pipe attachment to tank 
Photo Credit: Wiss, Janney, Elstner Associates, Inc. 

-1J1 IT -CC \ /A I / ­

FLEXI BLE 
UTILITY ­

PIPING 

D 

-I UVt, UN U I H< UUIPMEN . 

Upgrade Detail C18 

Approximate Cost: $100 for residential appliance; varies for larger items C18 
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I I DRAWER AND CABINET LATCHES 

DU~~~~~ 

4V­V 
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 -:Zzk". 

A 
Unrestrained drawers and cabinets 
Photo Credit: Wiss, Janney, Elstner Associates, Inc. 

INSTALL STRONG MECHANICAL 
CABINET CATCHES (SAFETY HASP, 
SLIDE BOLT, TOUCH-DOOR CABINET 
CATCH, CLIP-ROLLER OR 
SNAP-ACTION CABINET CATCH, ETC.) 

ALTERNATIVE: PROVIDE 
BABY-PROOF CLOSURE 

INSTALL MECHANICAL DRAWER 
CLOSURE (BABY-PROOF 
LATCHES, DRAWER LOCKS, OR 
OTHER SPECIALTY LATCHES) 

Upgrade Detail C1 9 

Approximate Cost: $50 per cabinet C19 
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I I FREESTANDING WOOD STOVEaI I. 
�ip -. 

N 4. 

I1gV ~ f 1 I?0 
Unrestrained wood burning stove 
Photo Credit: Wiss, Janney, Elstner Associates, Inc. 

LIP FLUE TO 
ADIATION 
-HIELD 
r ROOF 

STEEL 
TRAPS 

8" SQUARE 
BRICK 

8" 0 PAD WITH 
\G BOLT W/2" GROUT 
.MBED. IN POCKET GROUT POCKET 
VOOD STUD ALTERNATIVE 

NEW _BOLT 
CREW FLUE BIF 
ECTIONS 
)GETHER. 

NOTPENETRATE 
NER WALL OF 
OUBLE 
ALLED FLUE PIPE. 

... 

':'j;3m;1.j:jjj~'H'l:jm~...i BOLT ALTERNATIVE 

Upgrade Detail C20 

Approximate Cost: $500 C20 



I 
., :I: I 4frsAaDDU2 ean DfAC tV I flIRC 

%F 9U 61Ew6VU z %F'-E 
Uvrcovuoww.,,w,.:1 

so 0

 r 
Mm 

0 
44
 I 

I 


i i 

Earthquake Damage: 1971, San Fernando, California 
Photo Credit: Scientific Service, Inc. 

1/4" DIAI 
SCREW 
EXPANS 
ANCHOF 
CONCRE 

CHAIN RESTRAINT 
GAS 3/16"4 MIN. WELDED 
CYLINDE CLOSED-LINK STEEL CHAIN 

(SAFE WORKING LOAD 500 LB.) 

1/4" 4Ml STRONGER HARDWARE AND 

THREA[ WALL SUPPORT REQUIRED 

CONNE( FOR MULTIPLE CYLINDERS. 
(SAFE \ ENGINEERING RECOMMENDED. 
LOAD 5C 

Upgrade Detail C21 
CZIApproximate Cost: $30 per lineal foot; $50 for single units 

65 



a 

I CONTAINERS OF HAZARDOUS MATERIALS~.*D;' 

Spilled pharmaceutical and medical supplies. 
Earthquake Damage: 1994, Northridge, California 
Photo Credit: Robert Reitherman 

m71 -- SUPPLY SHELF111M
i-1 i' 

-
I 

ANGLE 
BRACKET 

Ta Iani. .A-AI ND Ml rYI~rI AI
VVUUU, MrI I /AL, JK r-LMAI'L^J 
"LIP" EDGE SCREWED TO 
SHELVING UNIT 

OR 

PROVIDE NYLON STRAP 
OR BUNGEE CORD 
A nal l ln IkIMlIl .I IAI
Mr¶UUNLU INUIVIUJML 
ITEMS 

SUPPLY SHELF 

'PACKING BOXES OR 
"EAGGCRATE" BOX TO HOLD 
SMALL BOTTLES 

METAL WIRE, OR 
ELASTIC GUARDRAILS. 

,EYE BOLT 

* ANCHOR STORAGE 
SHELVES 

* PROVIDE SAFETY LIP OR 
SHELF EDGE 

* PROVIDE MECHANICAL 
LATCHES FOR CABINETS 
AND DRAWERS 

* STORE SMALL OR 
BREAKABLE ITEMS IN 
ORIGINAL PACKING OR 
EGGCRATE BOXES, NOT 
LOOSE ON SHELF OR IN 
DRAWER 

* STORE INCOMPATIBLE 
MATERIALS AT A SAFE 
DISTANCE TO AVOID 
MIXING IF THE 
CONTAINERS FALL 

* ORDER HAZARDOUS LAB 
CHEMICALS IN 
UNBREAKABLE PLASTIC 
BOTTLES OR IN GLASS 
BOTTLES WITH AN 
EXTERIOR PLASTIC 
SAFETY COATING 

Schematic Upgrade Detail C22 

Approximate Cost: Varies C22 



I:FRAGILE ARTWORK I
. - - - - -- 7 -- - - \7 : 

_I 

BEE'S WAX OR DENTAL 
WAX CAN RESTRAIN MO NO--FILAMENT FISHING 
SMALL LIGHTWEIGHT OBJECTS. USED FOR GUY W3RES 
(REMOVE WITH CARE - WAX MAY 
LEAVE SMALL STAIN ON BASE OF OBJECT). 
ALTERNATIVE: USE PATCHES OF 
HOOK AND LOOP MATERIAL. 
[CAUTION - GLUE MAY AFFECT 
FINISH ON BASE OF OBJECT]. 

BENT W3RE ARMS 
TO ENCIRCLE THE 
OBJECT. PROVIDE 

EPADDING TO 
PROTECT ARTWORK. 

PLACE OBJECT 
.iN CLOSE-FITTING 
GLASS OR 
PLEXIGLASS 
DISPLAY CASE. 
PEDESTAL MUST 
BE ANCHORED. 

ANGLE BRAC KET 
IT m-Y~-- IDISPLAY 

\ N= CASE 
N 

WOOD, PLASTIC, OR PLEXIGLAS 

.I + 

y LIP EDGE SCREWED TO 
SHELVING UNIT. 

; I I : : r : , I 

Upgrade Detail C26 : I II I 

Approximate Cost: Varies CC26 




