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Introduction
The Board of Education of the Salt Lake City School District authorized a study of the seismic
vuinerability of each of the schoois In the district. Once this study was compieted, the board appointed
a selsmic study committee made up of a broad spectrum of cttizens to make recommendations to them
as to what actions should be taken to mitigate the potential life and property losses associated with an
earthquake. The study committee met dunng the falt of 1989 and submitted its report on December
20, 1989. This paper deals with the portion of the overall seismic study committee report that estimated
the number of deaths and imjunes that might be expected f an earthquake occurred when school was

in session. These estimates were based on the expected performance of the buildings as determined

in the previous seismic vulnerability study.

Salt Lake City I1s sited on the west face of the Wasatch Mountain Range in a valley that marks
the transition zone from the mountain country on the east and the desert expanses to the west. A
major earthquake fault parallels the west face of the Wasatch mountains and extends from Nephi on
the south to the Idaho border on the north. The Wasatch fault is part of a larger system of faulting
termed the Intermountain Seismic Zone.

The Wasatch fault has an approximate length of 238 miles and has been determined to consist
of ten individual segments. Geologic trenching studies have determined that a segment of the fault has
moved seventeen times during the last 6,000 years Based upon these studies, #t has been determined
that one of the individual segments of the fault will slip every 340 to 415 years with an average Richter
magnitude of 7.2 to 7.5. The Wasatch fault represents the major source of potential ground shaking

in the Salt Lake Valley but is not the only source. There are other fault systems in the valiey and in
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the mountains to the east and west that could produce bulding damaging ground motion  Recent
studies of this local seismicity has lead to a better understanding of the potential for ground shaking
that exists and for the losses that would result. This increased understanding and awareness in the

community resulted in the decision by the Salt Lake School Board to conduct the seismic studies

Building Inventory

Pricr to the special seismic study committee’s work, the staff of Reaveley Engineers completed
a seismic vulnerability assessment of forty-two individual schools and administrative facilities that
comprise the buillding nventory of the Salt Lake School District. Table | 1s @ summary of the study.
The table hists the school name, the area, the estimated total costs to retrofit the buildings and the
dollars to retrofit the buildings according to the segments of the indwvidual buildings as ranked good.
fair, poor, or very poor. These projected costs were for the structural portion of the work only, and
were projected as costs that would need to be incurred to provide a minimum level of safety Extensive
damage and sorme minimal loss of ife might still occur.

Each building or portion of the building had been assigned a vulnerability ranking of good. farr,
poor or very poor on the assessment of its expected performance in strong ground shaking. These
assessments were made after utihizing the methodology presented in ATC-14. This methodology I1s
based on the premise that the majority of buildings can be identffied as belonging to one of 15 different
structural system types. Figure 1 through Figure 13 are sketches of most of these basic building types
(ATC-21). These basic bulding categories were previously used in the ATC-13 study which presented
a senes of damage/loss estimates for the different types of buiidings. Table 3 is from ATC-21 also, and
lists the various building types.

Past earthquakes have demonstrated that certain building types of older age are more
vulnerable to earthquakes and are, therefore, more dangerous to be in and around when the ground
is shaking. Specmically, load bearing, unreinforced masonry, non-ductile concrete frames, tit-up

concrete construction, precast, concrete buildings, and steel and concrete frames with unreinforced
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masonry infill walls have demonstrated thew vuinerability Other building types can also be hazardous.
but for the most pant  have been found to be less dangerous.

Specific buillding configuration charactenstics when present can dramatically increase the
amount of damage and potentiai for collapse. Figure 14 and Figure 15 are sketches that demonstrate
some specific charactenstics that can contribute to poor performance. The following are broad

categones that have been shown to be potential problems:

] Horizontal torsion 1 seismic system resistance
] Hornzontal plan irregutarities

. Soft stories

] Discontinuous shear walls

. Vertical vanations in cladding systems

L Verticai set backs

[ ] Strong beam weak column systems

In many ways these configuration characteristics are as i/mportant as the basic lateral force
resisting system in determining the amount of damage and injury one might expect in a specific
building. The ATC-21 document, "Rapidt Visual Screening of Buildings for Potential Seismic Hazards:
A Hand Book" reflects this in the methodology presented therein. All of these factors were considered

when developing the ratings for the buildings listed in Table i

Student Population

The official student population in the Sait Lake City School District was 25,012 during the fall
of 1989. With this number of students In the bulfaings on any given day, the study committee wanted
to know what percentage of the students were in the different categories of buildings. Mr. Steven
Harmon, Drrector of Facilities for the district prepared a senes of tables which showed for each school
how many students would be expected to be in each segment of each school during any hour of an
average day. These numbers were accumuiated for the various ratings and represented as Table Il

The students were assumed to be In a normal classroom session, therefore, some of the building
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segments were assumed 10 be unaccupied for the inury/aeath study. The resuits of this gecision

shows up 1n Table Il where there are only 23 students listed as being in buildings rated "Fair

Estimates of Death and Injury
The request that estimates of death and injury be provided was met with considerable
apprehension To project these numbers, it was felt that this could only be done on a best guess basis
This guess was based on experence gamned from observing earthquake damage first hand. from
reading earthquake reports, and from reviewing the estimates contained in ATC-13. It was requested
that the estimates been given for Richter earthquake magnitudes of 6.2 and 7.4 considerng an
earthquake on the Sait Lake segment and on the two adjacent segments of the Wasatch fauk. Table
4 and Tabie 7 st the percentage of deaths and injuries that were projected for this particular set of
builaings. As can be seen from the tables, the estimates are very high
Earthquakes on the Salt Lake segment would be directly under the city. The adjacent segments
of the fauit are between 10 miles and 30 miles away from the majority of the buildings and would,
therefore, have a reduction in ground shaking intensity due to the attenuation that takes place as the
wave passes through the earth. These effects were somewhat compensated for in the estimates.
The primary factors that were considered in making the estimates were.
A. The basic vulnerability
B. The number of stories in the structure
C The construction type and weight of the buildings
These factors are not independent and must be considered together when attempting estimates
of this type. The vulnerability assessment provided the vanation in the probability of collapse. The
number of stores provided an element of total mass that might land on an individual. Whether the roof
structure was concrete or of ighter construction, such as wood or steel framing, influenced the decision
The three story buildings in this set of buildings all have concrete roof structures. The majority of the
floors are constructed out of concrete. Tables 5 and 6 are the actual estimates of injury and death In

numbers of students based upon the population of students.
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Results of the studies

The seismic study committee, which had a broad based community representation, concluded
that the number of injuries or deaths was unacceptable for the community to accept The committee
made strong recommendations to the school board to reduce the hazard to which the students were
exposed. The recommendations were 10 eliminate the gross problem over a twenty-year period The
three-story most hazardous buidings were to be fixed or replaced within a five-year period. Between
that point and the twenty year time mark there is to be a steady reduction of the hazardous buildings

that were rated as poor or very poor.
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Salt Lake City Schoot Oisinct Je:smue Repon

TABLE I

SALT LAKE SCEOOL DISTRICT
SEISHIC VULNERASILITY ASSESSYENT - COSTS
DECEMBER 20, 1989

SCEO0L § PER SCI0OL §/SQ FT  TOTAL SQ FT  SF/GROD SF/FAIR  SE/POOR  SF/VERY POOR
104 3aCKMAN $404,278 $9.2. 43,900 4,700 0 39,200 i}
108 BEACOK ZEIGETS $733,760 §13.61 53,900 7,000 0 0 16,900
204 3ENNION 50 50.00 64,181 11,732 52,449 0 0
112 BONKEVILLE §605,300 §10.89 55,514 0 10,464 11,310 13,800
124 DILWORTE $233,800 §7.40 31,602 3,200 0 28,402 0
132 EDISOK $560,000 §12.12 46,200 3,800 0 0 37,400
136 EMERSON 50 $0.00 62,300 62,300 0 0 0
144 ENSIGK $0 $0.00 52,000 52,000 0 0 9
148 FRANKLIX $591,000 §12.42 47,600 §,200 0 2,400 31,000
176 ZAWTIORYE 50 50.00 63,000 63,000 0 0 0
180 ZIGELAND PARY §1,393,000 $10.00 139,300 0 0 139,300 b
184 I¥DIAN 3ILLS $747,460 $14.37 52,020 4,600 0 47,420 0
188 JACKSON 50 $0.00 48,000 48,000 0 0 0
196 LINCOLY §92,400 $1.32 70,000 0 10,000 0 0
206 LOWELL $633,600 §12.00 52,800 0 0 52,800 0
216  NEADOWLAX §74,000 §1.32 56,000 0 56,000 0 0
160 HOUNTAIN VIEW $353,308 §7.22 49,040 7,440 0 41,600 0
220 KEWMAX $412,153 $9.17 44,950 4,700 0 40,250 6
224 ¥IBLET PARK $654,380 $15.01 43,590 7,130 0 36,460 0
242 PARKVIEW $77%,000 $10.3¢ 79,250 23,250 0 0 52,000
244 RILEY $589,000 $13.73 42,900 6,100 0 0 36,3
252 R0SE PARK $736,000 $14.06 52,360 5,788 1,600 0 44,972
256 ROSSLY¥ ZEIGETS §554,875 §11.61 47,800 5,900 0 8,500 33,400
268 DIKTAR §570,175 $11.02 51,720 0 5,200 0 46,520
272 WASATCH 50 $0.00 54,000 54,000 0 0 9
276  WASEINGTON $185,000 §3.15 58,776 42,000 0 16,776 a
288 WAITTIER $815,500 $14.43 56,500 0 0 0 56,300
404 BRYANT §7,000 $0.06 114,000 114,000 0 0 0
408 CLATTON §1,917,000 $18.69 102,575 575 0 102,000 0
412 GLENDALE §2,036,000 $17.25 118,050 2,700 0 115,350 0
416 3TLLSIDE $1,318,000 $6.51 202,400 0 5,400 197,000 0
440 NORTEWEST 51,779,000 $16.87 105,450 1,600 3,850 100,000 0
704 EAST §3,426,250 §8.70 393,700 67,000 0 71,700 255,000
708 EIGELAND $1,936,460 §6.63 292,216 54,600 0 28,978 208,538
716 WEST §2,122,938 $5.20 408,404 72,534 78,000 0 257,370
750 SALT LAKE COMM. BIGE  $900,844 $10.04 89,740 0 0 89,740 0
116 COLIMBOS §278,027 §6.74 41,254 15,474 7,780 18,000 0
212 MATSESON $313,5%0 $10.36 36,075 0 0 36,075 9
511 GARFIELD $471,238 §15.20 31,010 2,400 1,050 0 27,360
285 DOUGLAS $310,158 $9.16 33,860 0 0 33,860 0
556 MAINTENENCE SEOP §784,300 $12.94 60,600 0 17,820 42,780 0
536 AD BUILDI¥G. §598,270 §8.63 69,297 960 47,424 0 20,313
TOTALS 29,976,564 53.75 3,613,894 761,683 357,037 1,299,901 1,195,273
DEFIXITIONS:

GOOD - Would not significantly jeopardize life
FAIR - Lov Life Hazards

POOR - Appreciable Life Hazards

VERY POOR - digh Life Hazards
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NUMBER OF STUDENTS AT RICK IN

TABLEII

SALT LAKE CITY SCHOOLS
Risk Category Number Number Percentage
of of of of
Building Stories Students Students
High Life 3 3,904 15.61
Risk 2 2,201 8.80
(Very Poor) 1 3,033 12.13
Appreciable 3 558 2.32
Life Risk 2 4,222 16.88
(Poor) 1 4,888 19.54
Low Life
Risk
(Fair) N/A 23 0.09
Minimal
Life Risk
(Good) N/A 6,183 24.72
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TABLE III

Structural Type
Identifier

S1
S2
S3
S4

Cl

C3/85

TU
PC2

URM

. | Descrinti

Wood buildings of all types
Steel moment resisting frames
Braced steel frames

Light metal buildings

Steel frames with cast-in-
place concrete shear walls

Concrete moment resisting frames
Concrete shear wall buildings

Concrete or steel frame buildings with
unreinforced masonry infill walls

Tilt-up buildings

Precast concrete frame buildings
Reinforced masonry
Unreinforced masonry

Figure 2-6 Combinations of materials in structural types
(after ATC, 1987).

ATC-21
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Roolfloor span systems: wWall systems:
1. wood pist and rafter 4. stud wall (platform ar balloon framed)

2. diagonal sheathing 5. horizontal siding
J. siraight sheathing

At

i
]
K
NI “

==
:#:r 'l
e
A
b
Foundatiorv connections: Bracing and details:
6. unbraced cripple wall 9. unreinforced brick chimney
7. concrete foundation 10. diagonal blocking
8. brick foundation 11, let-in brace (only in later vintages)

Figure 2-7 Wood stud frame construction

Figure 1

ATC-21
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Figure 2-9 Steel moment resisting frame

Figure 2
ATC-21
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CORRUGATED METAL BXIN:

LIGHTWEIGHT PURLINEG TYP,

DIAPHRAGM
TIE-RCQD
BRACING

)
X ] e
o \ 1)
‘ / 20° TYP.

b

15 ] LONGITUDINAL
e >
\ / TIE-ROD
1 BRACING

TRANSVERSE STEEL
MOMENT-RESISTANT

FRAMES

Figure 2-11 Light metal construction

Figure 3

ATC-21
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Steel frame with shear wall




Roal/floor span systems: wall systems:

1. steel lraming with concrele cover 3. non-oad-beanng concrete wall
2. wood iloor joist and diaphragm 4. non-load-bearing unreinforced
{diagonal and straight) masonry cover wall

‘ f ]

2 .
‘!":H};:EI:;:;& : : — = TP &
LY, LT T -
st T ] 00 00 000000
g:r"::':';'%"' Ll
'.:l 1
: 21;:1:
i H

Delails; Openings and wall penetrations:
5. unreinforced and unbraced parapet angd cornice 7. window penetrated fron! facade
6. solid party walls 8. large openings of street fevel shops

Figure 2-13 Steel frame with URM infill

Figure 5
ATC-21
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Rool/floor diaphragms: Cuntain wall/ non-structural infill:

1. concrete watfle slab 4. masonry infill walls

2. concreta joist and slab 5. stone panels

3. sieel decking with concrete topping 6. metal skin panels
7. glass panels

8. pracast concrele panels

—
3
i

; ﬂ
J0jL}

| ﬁTﬁuﬁu

[ o) 1

Il

R
- —_—
g

 —
| S

ey
\‘-‘J
Structural system: Details:
9. distnbuted concrele frame 10. typical tall first floor (soft story)
Figure 2-14a Concrete moment resisting frame
Figure 6
ATC-21
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UNREINFORCED REINFORCED
MASONRY CONCRETE

INFILL
WALL

FRAME

Figure 2-14b Concrete frame with URM infill

ATC-21

Figura 7
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Roo{ffloor span systems: Wall system:

1. heavy timber ratter roof 4. Interor and exterior concrele
2. concrele joist and slab bearing walls
3. corcrele flal slab 5. large window penetrations of

school and hospital buildings

—_—"

3

00 M B]H]msﬂlmmmmmmmmmnn
D 0 o¢ I D O000mOnoooonoo

L f [UB]D][U[U qooonc

Figure 2-15 Concrete shear wall

Figure 8

ATC-21
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Roolfloor span systems: Roclticor d‘uaphraqrrs:
1. glue limanated beam and joist 4. plywood sheathing
2. wood truss

3. light steel -web joist

5
3]
Details: Wall sy:nams
5. anchor bolted wooden ledger 6. casi-in-place columns—
tor moticor suppont square, “T" shape, and "H" shape

7. walded steel plate type panel connection

Figure 2-16 Tilt-up construction typical of the western United States.
Tilt-up construction in the eastern United States may incorporate a steel frame.

Figure 9
ATC-21
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Roolfloor span systems: Wwall systems:

1. structural concrete "T™ sections 4. load-bearing lrame components (cross)
2. structural double "T~ sections 5. multi-story load-beanng panels

3. hollow core concrete slab

Curtain wall system: Structural system:
6. precast concrete panels 8. precast coumn and beams
7. metal, glass, or stone panels

Figure 2-17 Precast concrete frame

Figure 10

ATC-21
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Rool/lloor span systems: Rooldleor diaphragms:
1. wood post and beam (heavy timber) 4, diagonal sheathing
2. wood post, beam, and joist {mill construction) 5. siraight sheathing

3. wooed truss— pitch and curve

Details: Wall systems:
6. typical unbraced parapet and cornice 8. bearing wall—~ four or more wythes of brick
7. flat arch window opennings 9. typical long sohd party wall

Figure 2-19a Unreinforced masonry bearing wail

Figure 11
ATC=-21
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Rool/floor span systems: Roolfloor diaphragms:
1. wood post and beam (heavy timber) 4. diagonal sheathing
2. wood post, beam, and joist (mill construction) 5. straight sheathing

3. wood truss-— pitch and curve

Details: Wall systems:;
6. typical unbraced parapet and cornice 9. bearing wall-- four to eight wythes of brick

7. flat arch window opennings
8. small window penelrations (if bidg is originally a warehouse)

Figure 2-19b Unreinforced masonry bearing wall

Figure 12

ATC-.21
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Roolfloor span systems: Roolffloor diaphragms:
1. wood post and beam (heavy limber) J. diagonal sheathing
2. wood post, beam, and joist {mill construction) 4. straight sheathing

11

/EBBBBB\
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;§> i e e
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Details: Wall systermns;
5. typical unbraced parapet and comice 9. bearing wall— four to eight wythes of brick
6. Hat arch window opennings 10. typical long solid party wall
7. typical penetrated facadse of residential buildings 11. light/ventilation wells in residential bldg
8. large opennings of ground floor shops 12. non-structural wood stud partition walls
Figure 2-19¢ Unreinforced masonry beanng wall
Figure 13
ATC-21
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