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Yuan-Cheng "Bert" Fung (born 1919) is a scientist regarded as a founding figure of bioengineering, tissue
engineering, and the "Founder of Modern Biomechanics".

Biography

Fung was born in Jiangsu Province, China in 1919. He earned a Bachelor's degree in 1941 and a Master's degree
in 1943 from the National Central University (later renamed Nanjing University in mainland China and
reinstated in Taiwan), and earned a Ph.D. from the California Institute of Technology in the United States in
1948.

Fung currently is Professor Emeritus and Research Engineer at the University of California, San Diego
(UCSD).

Research

He is the author of numerous books including Foundations of Solid Mechanics, Continuum Mechanics, and a
series of books on Biomechanics. He is also one of the principal founders of the Journal of Biomechanics and
was a past chair of the ASME International Applied Mechanics Division. In 1972, Fung established the
Biomechanics Symposium under the American Society of Mechanical Engineers. This biannual summer
meeting, first held at the Georgia Institute of Technology, became the annual Summer Bioengineering
Conference. Fung and colleagues were also the first to recognize the importance of residual stress on arterial
mechanical behavior.

Honors and awards
    Theodore von Karman Medal, 1976
    Otto Laporte Award, 1977
    Worcester Reed Warner Medal, 1984 [5]
    Jean-Leonard-Marie Poiseuille Award, 1986[6]
    Timoshenko Medal, 1991
    Lissner Award for Bioengineering, from ASME
    Borelli Medal, from ASB
    Landis Award, from Microcirculation Society
    Alza Award, from BMES
    Melville Medal, 1994 [7]
    United States National Academy of Engineering Founders Award (NAE Founders Award), 1998
    National Medal of Science, 2000
    Fritz J. and Dolores H. Russ Prize, 2007 ("for the characterization and modeling of human tissue mechanics



and function leading to prevention and mitigation of trauma.")[8]

Fung was elected to the United States National Academy of Science (1993), the National Academy of
Engineering (1979), the Institute of Medicine (1991), the Academia Sinica (1968), and is a Foreign Member of
the Chinese Academy of Sciences (1994 election).

1991 ASME Timoshenko Medal Lecture by Yuan-Cheng Fung

Mechanics of Man by Yuan-Cheng Fung, University of California, San Diego

The text of the Timoshenko Medal Acceptance Speech delivered at the Applied Mechanics Dinner of the 1991
Winter Annual Meeting of ASME in Atlanta, Georgia.

First of all, let me thank those of you who worked hard to give me this honor. I know how much effort was
involved. I want to thank Dr. Saric, Dr. Bogy, and all the Committee members who indulged in me. And thank
you all here this evening. To Chia Shun's remarks I am speechless. I love him as a brother. I am proud to be
praised by a sibling. He is the Timoshenko Professor at the University of Michigan. With this medal I can catch
up with him to honor our hero.

I am very glad to be given this Award, because Timoshenko is my hero. His books on Elasticity, Elastic
Stability, and Plates and Shells are the ones I cut my teeth on. Another hero of mine is Theodor von Karman. A
third one is Poiseuille, who brought fluid mechanics to medicine. They are my idols, and I am very fortunate to
have been given a von Karman medal by ASCE in 1976, a Poiseuille medal by the International Society of
Biorheology in 1986, and a Timoshenko medal today. I would like to speak about them. I think they have a
common feature in that they developed a mechanics of man, as distinguished from a mechanics of the heaven
and earth.

In character, these three men were different. Timoshenko had a father image and is more immitigable. In the
first lecture I heard from Timoshenko in 1949, he talked about how brilliant St. Venant was in science and
engineering. He questioned why St. Venant was so obscure in French history. He searched for the reasons long
and detailed. I felt it was like listening to a tale about a lost uncle on Christmas Eve.

Another good description of Timoshenko I heard from Den Hartog in his Timoshenko Award acceptance
speech. Den Hartog said that he was working under Timoshenko at Westinghouse Research Lab when he
finished a paper on torsion and hesitated to publish it because he did not know whether it was important enough.
Timoshenko told him, "Who do you think you are! One contributes what one can!" One contributes what one
can! I like that attitude.

In a von Karman lecture I heard, he opened with a remark about himself. He said that in his youth he missed
inventing the radio, in his prime age he missed inventing the airplane, in his senior years he missed inventing
the nuclear reactor. In his old age he would miss the exploration of space. So he can only talk about waves,
aerodynamics, and aerothermo-dynamics. As a graduate student I did not know what to make of that comment,
but I remembered it. It does make sense to me now against his total contributions and ambitions. The story of
his inventing the vortex street was this: He was in Gottingen and talked to Herr Hiemenz who had spent years
measuring the flow behind a circular cylinder. Hiemenz could not get the flow to be stabilized. The data he



obtained was always oscillating. So Karman went to work on it and wrote out the whole theory in one weekend.
When he presented it at a meeting in Paris, Henri Benard said that he had photographed the vortices earlier and
there were some differences between Karman's theory and the experimental results. Karman made some quick
calculations on the back of an envelope, stood up to explain the differences, and suggested that the street should
be called "Boulevard de Benard in Paris." Such stories make Karman inimitable.

Poiseuille was born in 1797. He attended Ecole Polytechnique and got his Doctor of Science degree at age 31
with a thesis on the measurement of blood pressure with a small bore mercury manometer. He obtained the first
accurate values of blood pressure since Stephen Hales showed the way 119 years earlier (1709). Then, in 1840,
at an age of 43, he published his famous paper on water flow in circular cylindrical tubes. He used pipettes of
diameter 15 microns to avoid turbulence, a diameter similar to capillary blood vessels. After that he published
only one other paper, on the measurement of flow with ether and mercury at the suggestion of the reviewers of
his famous paper. His biographers did not know what positions he held in his life until he was 63 years old,
when he became an inspector of primary schools in Paris. He died on Dec. 26, 1869 at an age of 72. He
exemplifies the case that one paper makes a man.

These three men are not shy in applying mechanics to new areas. They showed that science is developed by
man, and man is helped by developments in science. In hard times like this year of budget cuts, it is worth
remembering this principle, because society always has a need to improve the lot of people, and engineers are
the ones to deliver such improvements. And the society will always provide the needed resources.

I believe in this principle, and did not find too much conflict between personal interest and the necessity for
survival. Let me tell you a little bit about myself.

I was born in China in 1919. I grew up in a period when China was very unsure of itself. My memory of my
childhood was that the Christmas seasons were the time to seek refuge in the countryside, to get out of the way
of the war paths of local war lords fighting for territory. I remember my family crowded in a little boat eating
cold chicken. That's probably why I have liked cold chicken all my life. Later, China's problem of survival
became even more difficult. In my first junior high school year, Japan took Manchuria (the September 18th
event). The next year Japan invaded Shanghai (the January 28th event) and we fled to Peking. At year's end,
Japan invaded She-Feng Kou and we fled back to Changchow. Students struck often to protest the government's
nonresistance policy. I entered college in 1937 when the Japanese militarists started the last big push to conquer
China. I chose to study aeronautics because airplanes were needed most in China's fight for survival.

In 1943, a consortium of American universities offered 20 graduate assistantships to China. The Chinese
government held a national examination, selected the candidates, trained them for language, then sent them on
their way. I got the position from Caltech. When I arrived in Pasadena and reported to Ernie Sechler on Jan. 6,
1946, Ernie laughed heartily by saying that the assistantship offer had expired by over two years! But he hired
me as an RA. I inherited a little wind tunnel built by von Karman and Louis Dunn to study the flutter of the
Tacoma Narrows suspension bridge, and was also given the job to study a drawer full of notes and scratch
papers written by Tony Biot on theoretical analysis of flutter of that bridge, and to write a report about it. That
was how I got into aeroelasticity. Unfortunately, von Karman had retired, Biot had gone to New York, and
Dunn had gone to the Jet Propulsion Laboratory. I was left without a supervisor on aeroelasticity. Professor of
mathematics Aristotle Michal took me under his wing. He taught me Frechet derivatives, with which I began
my thesis on airplane dynamics.



I got my Ph.D. in Aeronautics in 1948, and stayed on the faculty. Ernie Sechler was my mentor. I have an
enormous love and respect for him. Whatever I did he could show me a way to make it simpler. He was a wise
counselor, and a warm friend. We worked together for 20 years on swept wing design, shell buckling, ICBM
base hardening, rocket structure, fuel sloshing, etc.
In 1957, I began my self-study of physiology. I had a sabbatical leave in Gottingen, Germany. I stayed at
Prandtl and von Karman's old Institution. I found its work on aeroelasticity rather dull, but the library on
physiology next door was excellent. The causal factor for my going to the library was my mother's glaucoma. I
translated newly published articles on glaucoma into Chinese and sent them to her in China to give to her
surgeon. On returning to Caltech I began working on physiology with Sid Sobin, Wally Frasher, and Ben
Zweifach. Together we wrote papers on the capillary blood vessels, red blood cells, the interaction of cells and
vessels, and the mechanical properties of living soft tissues. I found continuum mechanics indispensible in
clarifying these topics. In 1966, I resigned from Caltech and went to UCSD to devote full time to physiology
and bioengineering.

I wanted to demonstrate that physiological problems can be solved with engineering methods. Together with
Sid Sobin, I chose to work on the blood circulation in the lung. It was surprising that a thorough search of
literature yielded very little reliable basic data on the pulmonary vasculature. The basic information we needed
on the anatomy of the lung and biorheological properties of the materials did not exist. We had to obtain them
by ourselves. Hence we had to turn ourselves into anatomists and histologists before we could use mathematical
tools for physiology. The program was straightforward, but the road was long. For pulmonary circulation, it
took us 12 years before we could close the first round. But we had fun on the way, and found many pretty
pebbles right and left. The data we collected can be used to solve other problems. The theory worked out can be
used clinically. Our patience was pretty good because a master plan existed and we knew the value of every link
in the chain. But the importance of longevity became evident.

On approaching retirement, I entered another field: that of the relationship between tissue growth and physical
stress. The question began at home. My wife, Luna, has a little high blood pressure which can be controlled
with diazyde. But she does not like to take medicine. So she takes diazyde until her blood pressure lowers, then
she stops to wait until the blood pressure rises again before taking another pill. This is not what the doctor
ordered, and I wanted to know if it was a good idea. So I made a research project out of it. The project turned
out to be full of surprises. For example, I found that our blood vessels remodel themselves rather quickly when
the blood pressure changes. If the blood pressure was raised as a step function of time, structural change in the
blood vessel wall will be detectable in one or two hours. Generally, the inner wall of the blood vessel will
thicken first, doubling its thickness in two or three days. Then the outer wall thickens, and can be doubled in
about 10 days. Furthermore, the residual stress in the vessel wall changes. Residual stress can be revealed by
cutting a vessel segment into a ring, then cutting the ring open radially. The ring opens into a sector. The
opening angles of normal arteries vary from place to place in the range of 0 to 90°, but in the aortic arch region
it could be about 180°. In the pulmonary trunk it can be 360° or larger, i.e., it has so much residual stress that if
it were given a chance to reach zero-stress, the vessel will turn itself inside out! Isn't that amazing! With a
stepwise increase of blood pressure, the opening angle will increase first, reach a peak in 2 days, then decrease
to an asymptotic value. The up and down swing of opening angle can be as large as 90-100° in some places.
Our blood vessels are that alive! Associated with the structural changes, the mechanical properties change also.
The constitutive equation changes with time. They are not constitutional laws at all.

These results are published in refereed medical journals such as Circulation Research, Journal of Applied
Physiology, American Journal of Physiology, Journal of Biomechanical Engineering, etc., so I am not just



telling you stories. You understand the mechanics instantly. I wish the medical people were as easily convinced
as you are.

Fortunately, when the blood pressure is returned to normal, the changes are reversible to a large extent. Hence it
appears that my wife is right. So she said, "All right. Then why don't you stop here? Why do you still talk about
generalization, and more experiments? Why do you have to have a stress-growth law as you call it, sort of a
constitutive equation squared?"

I offered Poiseuille as my excuse. I said, "Poiseuille knew that his paper No. 5 is his best. I still think that my
next paper will be a better one. I am still experiencing my normal experience. My normal experience is
something like this: A problem arises. It looks difficult. It is impossible to crack. I work on it day after day. I
draw a blank. Then suddenly it becomes clear. It becomes simpler. Soon it is so simple that it is indeed trivial. I
wonder why I did not see it before. So I throw the scratch paper into the waste paper basket. But the experience
is pleasant. I call it life's little pleasure. I am still getting these little pleasures. But although the big one has not
come, I like the little ones. That's the secret of my life I want to share with you.

Now I will conclude with sincere thanks to the Applied Mechanics Division for this heartwarming recognition
from colleagues and friends. Thank you all, I wish you all the best.


