FOPCRT OF THD GPOLOGIST

May 8, 1930

the Honorable Board of Directors:
olden Gate Bridge and Higiway District,
gan Francisco, Cal iforania.
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Attention of the Chief Engineer;

&

ntleman;

The Golden Gate at San Fremcisoo, which it is proposed to

sran by a susoension bridce, wes at one fime a river gorge thrm which flowed the
greater part of the drainage of Celifornia as a fresh yater stream, Beyond tho
e @ dolta was built out into the deep water out as far as the Faralione
clands, and was spread along the coast by the currents and vaves for many miles

great embenkment, When the mouth of the Sacremento River was on the sur-
face of the delta cutside the gorge, the coast was much higher relatively to sea
level than at present. Vhat is now the Bay of San Francisco was then a broad
valley, like that of Santa Clara on the South, or Napa and Sonoma valleys on the
north., This physiographic condition was changed by the inauguration of & sub-
sidence of the coast in the rogion of the ocutlst of the river and its growing
delta. The subsidence, vroceeding slowly, sllowed the vaters of thoe ooocan
graduaily to invade the river gorge, and then, egually gradually, to expand over
the valley through which the river flowed, till it beceme the magnificent harbor
of San Franciseo Bay. The islands in the bay are the former hills of the walley
lands The bay became & trap for the sediments brought out by the streams fram
the Slerra Heveda and from the east side of the Coast Renges; end the depression
of the old valley has been largely filled with that deposit. But the rate of sub-
sidence has been sufficisnt to provent the dopression from beconing completely
filled, and so converting it agein into a valley floors The total amount of sub—
:.n-:mef :.‘ayﬂ‘bu ascertained approximately from the fact that the doepest part of
he Golden Cate is 63 fathoms or 378 foet, When the gorge was functioning as a
river channel, it is improbable that 1ts bottom wes mure than 30 foet below sea

::::1. Ve may conclude thercforo that the total subsidence has been about 350

At the present time the subsidence, if still in progross, is
mhﬂm that it is not approciable, and there has boen no measure DRTORRS oo
level of bench marka established on rook et Shispaisongbnonsidustac k‘ﬁﬁ.
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strongly indurated es & rule, and are locally metamorphosed into various erystal-
chists, smong whieh are bright blue gleucophane schists containing the rara

and very hard minersl Lawsonite. These continental formations slternmate with

rurine formations of two distinet types, one known as rediolarian chert and the

other as Torsminifersl limestons, both well stratified rocks abounding in minuta,
marine Tossil organiams,
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During the depositlion of these waried strata there wers Scme
sotive volesnoes in the region, for we find ooccesional sheects of lave between the
sadimentary Tormationsi

This entire sggregete of stratified rocks snd lavas is over a
mile in thickmess in the viecinity of San Francisco, and their stratigraphic rela-
tions sre particularly well displayed {n the Murin peninsula, which forms the
north side of the Golden Gate.

After the Frenciscan series had accurulated to tha thickness
of over s mile in & basin cosxtensive with the present Coast RHanges, the ragion
was grestly disturbed by igneous intrusions, and as 8 result, two gensrsl typas
of ignsous rock ars found intruded into it at many loczlities. One of these is
paridotite, now very generally altered to sprpsntine, and ths other is basalt
usually with a pronounced ellipsoidal structurs. It happens that the south pier
ef tho bridge is founded on serpentine and the morth piar cn basalt. The fact
+hat the narrowasst part of the Golden Gute, thut selsctod for the site of tha
bridge, is bounded on tha one sids by s=rpontine and on the other by basslt, is
gignificent of the relsiively great resistsnca of these rocks %o the ordinery
agancies of erosion.

The serpentine st Fort Point, on ths south side of
Goldan Cuta, is derived from peridite by a process of hydrution, whorsby the orig-
inally snhydrous silicate of magnesia tukes up about 13 per cent of its weight of
water, znd so greatly ineresses its velume. To sccommodate this oplargemant the
rock ehears intermally as tha hydration procseds, end when the proccss is complota
it consiets of on ageregate of rosidusl unshesred, meusive spheroids of atrong
gerpuntins ombadded in & matrix of shoared and schistose surpentine having s very
lov tensile stirength. The resifiusl spheroids vary in dismeter from & fow inches
up to 10 feat or mere. Whilo the tonsile strength of this rock is low, undsr
compression and confined, ss it will by, it 1s ontirely adequato to auﬁm the
torminal pior of tho bridpe. The loud strass transmitted from this plar to the
foundation rock is loss than twe hundred pounds to tho squava inch, end thia is
a rolativoly small lond. GSend’ hes no tensilo strength at all hut.unﬂﬂr compros=
sion and confinamont it makes an excollont foundation for structures transmitting
a vory much largur load struss then is hore proposod. Similarly thﬂ.ﬂﬁrﬁﬁﬁ.ﬂ
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The cores of the borings made at the site of the south pler
show that the rock is identiecal with that so well exposed on shore at Fort Point,
and an examination of the cores indicates that the bearing strength of the rock
is not less than that of the rock upon which the test was made.

The south anchorage of the bridge will have to be designed to
depend upon dead load rather than upon the tensile strength of the rock or upon
the frictional resistence of the latter to the pull of the anchors

The north pler of the bridge at Lime Point is founded on basalt
containing inclusions, laerge and small, of radiolarian chert, an adjoining forma-
tion into which it wes intruded. There are present in this rock the usual joints
which affect all rooks and some shears; but the rock is very strong and is amply
edequate to sustain the load of the pier. The cores from the drill holes show
that it is uniform in character except for the occasional inclusions of radiclar-
isn chert, which do not in any way detraot from its strength. Sintce the suba-
quecus slope at the pier site is rather steep I recommend that the foundation ex=-
cavetion be carried to & depth of not less than 25 feet bolow low tide end that

the south face of the pier be located not less than EQ feet north of the present
low water shore line,

The north anchorage iz located partly in sandstone and partly

in greenstone, & dishess variety of the boselt. Both rocks are 21l that ocould be
desired for the murnoeea of anchorasc.

Once or twice in a ecentury, it may remsonably be assumed, the
region of San Francisce will be sheken by a violent earthquake, Six miles to the

west of the proposed bridee is the trace of the San Andrvess farlt upon which &
sudden slip ocourred in 1906, with disastrous results to the city ol San Francisco,
Every design for a lamge structure on San Frencisco Bey should taoks into account
the stressas which mav be engenderéd by & repetition of that movement. or by o
farlt sliv elsevhere in the regicn. S0 far as I o3 oware there is nﬂ'&nnger of n
disiceation In the @olden Gate itself, whorcby a diffevential movement of the

twe eads of the Lridze might be causeds The dangor to bo guarded against is the

BXDOLTIVO -_'-ﬂ;"?-;‘i*l_": of the bridge induced by the vibwmiier ond comction of the
anrt:. 1z to & olip om acme femlt within a radius of & enty miless In such an
earth o B - :

gyt "‘T:';L'Jtﬁ”"‘“_’ r3 birce componentd of motion 53 be sonsidereds (1) that
F“a"-:r_' sz @ lanth of the bridge, (2] %hna% tramverae to tke bridee and {5’
the woculial sompoaeit, e parallel movement Wil hvow a sulden abrain upon
® anchomges, flrst on one and then on tho cther, and the atiain will oates
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: In the socond case, wherc the chiof component of the carth
ibraticn is transverse to the bridge, the effoct would be to ceuse the structure
swing normal to its lemgths If the bridgo be hoterogencous in structure, thot
if it be not built thruont of the same materisl, it will suffer morethan if
¢ homogeneous. Thus, if the bridge is corried on masonry towers the mesonry
have onéperiod of vibretion and the stodl another, and the two structures
will hammer each other violently. The destructive cffoct of this rociproecal
lammoring wns woll displayed in tho destruction of the clity hell of Sen Froneisco
in 1906, 1t is important, therefore, in the design of the structurc to make i€
homogentous. The bransversc swing of tho bridge may be nugmented by resonance,
if the nntural period of the structuro hnppens to be the some as that of the
porth woves. Sinco such o rosonant swing would hove s much greater amplitude than
thet of the oarth woves it might bo chocked by lntornl guys cxtonded on either
side, not only fram the piors tut slso from the suspended structure. Any hori=-
sontnl transversc swing which may bo induced in tho bridge by an carthquake will
opuse extraoriinary stressés to develop in the piors es the load of the bridge is
thrown from one side to tho othor, and latoral tilting of the piors will be in-
ovitrblo, This caon bo minimized by using heavier 'sicel scetions thon would
otherwisc be nocessary, nnd by scourcly anchering tho picrs into the concroto
foundetions, The third component of the earth motion, the verticnl,will be effoo~
tivo ohiofly as a hammor blow upwerd on the basc of the plers. Owing to the
groat inortia of tho mnss supportod by thepicrs, this suddon blow will tond to
tuckle the steel of tho :icra bofore the upwnrd movonent cen be trrnsmitted to
the structure As a wholc. This tendeoncy mey be mot by moking the lower part of
the piors stronger and more rigid than would be nccessarr merely to support the
dond load of the bridge.
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In gonersl, tho risk of dnmege to the bridge from cnrtlmunke
shock is not so gront as it is in the caso of tho skyscrapers of San Frencisco.
Tho latter arc not homogoncous structuresd but arc bullt of steel and mesonry, and
thess will not swing in unison, btut will tomd to bo matually destructive. In tho
fling of tho strong stecl frmmes She vonoer of mneonry will be throwm off in meny
onses, crusing gront damego in the strocts. The bridgo, on tho othor hand, if

tuilt wholly of stocl, will have tho adventage of homogeneity.

Evon whon we contemplate the possiblo destruction of the bridge
by an excoptionally violent oarthgquake the frot should bo borne in mind that tho
1ife of a stocl bridgo menr the salt wntor is limltcd, and that its 1:fe, if
novor affcoted by oarthquakes, is probably loes than tho menn intorvni botwoen
hoavy, dunt;uﬂti?ﬂ shocks. Any onrthqueko, so violoat thet it would costroy tho
bridgo, would nlso dostroy San Fromeisco. Yot, tho it fnces possiblo Aostruction,

Smn Francleco doos not stop srowing, and theat prowth nocossor
eroction of lnrge nnd cxponsivo utr;nturuu_ E esanrily invalves the

I trust thnt tho forogoing momorandum mwny be of sorvice to you,

Rospeotfully submittod,

(8igncd) ANDR™ C. LAWSON,
Conmlting Engincer.



